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ANNUAL REPORT OF THE BOARD OF TRUSTEES.

St. Louis, Mo., Feb. 4th, 1907.

Members and Associates, American Cer.a.mic Society :

We have the honor to submit to you the following report of the

Society's affairs for the year beginning February 1st, 1906 and ending

February 1st, 1907.

PUBLICATION OF VOLUME VIII.

At the Philadelphia meeting, a resolution was adopted providing

that publication of the Transactions in quarterly journal form be

discontinued, and that the entire mass of transactions for the year be

assembled in one volume, as prior to 1906. The proceedings of the

Philadelphia meeting with some subsequent additions, made a very

good volume of 411 pages.

As will be shown later, the cost of this method of printing has

been much less. The speed of publication has not been improved. In

fact, this year the volume has appeared later than ever before. This

is not chargeable to the change from journal form to an annual, but

to conditions entirely separate from this question.

As recommended by the Board last year, the cost of editing was
reduced to $100, and the Secretary undertook the labor of publishing

the edited manuscript when it was ready. This was not until Septem-

ber 15th, and the printing was subjected to still further delays so that

it was December 1st when the volume was finally sent out. This has

been unfortunate in many ways, not the least that it leaves too little

time for new investigations, suggested by the book, to be carried

through in time to report at the next meeting.

The publication question is the most serious thing which the

Society has to face. No wholly satisfactory solution of the matter can

be expected until the Society employs a permanent salaried oflBcial as

Secretary, whose whole time shall be given to the Society's business,

as is done by the American Institute of Mining Engineers and other

important technical organizations. Then and only then, will it be

possible to have this important task carried through with precision

and speeds At present it is a voluntary burden, borne in addition to

the regular duties of a busy life, and promptness cannot be exacted or

expected under such conditions.

24
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REORGANIZATION OF THE BUSINESS METHODS OF THE
SOCIETY.

Last year, the retirement of former Treasurer Burt made a change

in the business methods of the Society necessary. The Treasurer had

been up to that time collecting all dues and conducting all financial

correspondence, making all sales, etc. This had made the position so

onerous that it finally led to the retirement of the Treasurer. The new
Treasurer and Secretary have joined in evolving a new method, much
more in harmony with the usual practice in other organizations.

The Secretary was authorized by the Board last year to employ a

permanent clerk and bookkeeper, at a moderate rate per hour, limiting

the amount to be paid during the year to $200. Accounts were kept

for a short time, and it was found that the time used in conducting

the ordinary business of the Society at 25 cents per hour more than

covered the $16.66 per month available. Since that time the maximum
rate has been paid as a salary, without further account keeping, and

the work has been kept up regardless of what time has been necessary.

At the same time, the Secretary has undertaken, by means of this

new help, to open a regular set of books, to make all collection of

dues, to sell all publications, and collect the money, and to prepare

all accounts for payment, leaving for the Treasurer only the task of

keeping the Society's funds and paying its bills by the voucher system.

The change has led to a great improvement in our business meth-

ods. There has been no further trouble about sending out publications

to members in arrears and none of the old delays in selling literature,

due to the division of responsibility. In fact, the Society's office work
is now on a plane with that of any well regulated business concern.

NEW QUARTERS.

In consequence of the transfer of the Secretary's office and de-

partment into a fine new building, it has been possible to equip a

small room there as the storage room for the Ceramic Society's publi-

cations, and these have all been gathered into this one place, under
lock and key. At the same time, the volumes were all over-hauled and
put into separate jackets for mailing, so that every volume now on
hand is salable, and in a perfectly protected place. At the same time,

the insurance rate has been cut in two.

The following table shows the present condition of the publications

of the Society which constitute its chief asset, and into which its in-

come chiefly goes:

A. C. S.— 3.
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Volume I

Volume II

Volume III

Volume IV

Volume V
Volume VI

Volume VII

Volume VIII

Manual Ceramic Calculations

Branner Bibliography of Clays

and the Ceramic Arts . .

.

Remaini'g
Feb 1,1906

292

280

175

255

231

244

281

185

1943

Rec'd
Since

606

1005

Sold
Since

Otherwise
Disposed

of

30

30

30

30

30

29

45

236

33

61

1611 553

Remaining
Feb. 1, 1907

1§

30§

20°

50

262

250

257*

225

201

230*

231*

241

139»

914

2960r

*Miscount in former years.

§23 for exchange list, 1 Mrs. Kalb, 1 Dr. Branner, 2 Library of Con-

gress, 1 Clerk's desk, 2 Secretary's desk.

°19 to Dr. Branner, 1 Secretary's desk.

tNet gain by changes in count, 100.

These volumes are insured in the sum of $2,000. Their value, at

the estimate of $3.00 each for the Transactions, $1.0'0 for the Manual,
and $2.00 for the Bibliography is $7,627.

THE BRANNER BIBLIOGRAPHY.

As reported to the Society in 1906, the Branner Bibliography was
largely completed at that time. The actual date of delivery of the

volume from the Bindery was April 10th. Since then the sales in-

cluding those made at the Convention last year have only reached 61.

The fault for this lies largely on the Secretary. The pressure of

other business has been so great that it has seemed impossible to take

up the task of properly advertising this book. It is a sort that appeals

to libraries and ceramic scholars chiefly, and can only be sold by bring-

ing it to the attention of this class of customers. On the other hand,

the members of the Society have not done what they could. Only
about 40 volumes have been sold to members, out of a membership
list of 230. This lack of support of the Society's enterprise, and one

which redounds so greatly to its credit, is difficult to understand or

sympathise with. Certainly every member of the organization out of

loyalty to the Society if nothing else, should purchase one of these

volumes. If not desired for his own book shelves, the nearest library

will thankfully receive it.
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The cost of the printing, binding, and casing for shipment has been
^701.60 for 1005 copies. It did not prove necessary to borrow any money
In order to handle the payment on the volume. This was due to the

fact that the publication of Volume VIII was so much delayed that it

gave time for the accumulation of funds to meet that expense.

If the book can be properly advertised this year, there should be
no trouble in selling enough copies to more than pay for the cost. It

is a book for which there will always be an occasional enquiry, and
without doubt the whole issue will sell in time.

FINANCIAL STATEMENT.

Since the secretary now collects the money and sells the publica-

tions, the analysis of the year's accounts is due from him rather than

from the Treasurer, whose accounts are now very simple. The follow-

ing analysis of the year's business has been prepared and checked
against the Treasurer's report:
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RECEIPTS.

Brought forward from preceding year $548 . 43

Received as dues and initiation fees

—

182 Associates @ ?4.00 $728 . 00

53 Associates initiation fees @ $5.00 265.00

1 Associate (balance due) @ $2.50 2.50

1 Associate (balance due) @ $1.50 1.50

2 Associates (excess payment) @ $1.00 2.00

1 Associate (excess payment) @ $0.25 .25

4 Associates (back payment) @ $4.00 16.00

1 Associate (back payment) @ $3.00 3.00

4 Associates 1907 dues @ $4.00 16.00

3 Associates initiation fees 1907 @ $5.00... 15.00 1,049.25

41 Members @ $5.00 205 . 00

7 Members initiation fees @ $5.00 35.00

1 Member 1907 dues @ $5.00 5.00

1 Member advance payment @ $0.25 .25 245.25

Received from Sales of Publications

—

30 Volume I $33.90

30 Volume II 68.40

30 Volume III 44 . 40

30 Volume IV 59 . 42

30 Volume V 70.40

29 Volume VI 62.40

40 Volume VII 122 . 58

12 Volume VIII 40.40

33 Manuals 31.66

61 Branner Bibliographies 122.00

13 Sets of Seger's (of which only $38.00 is net

gain) 195.00 850.56

Total receipts $2,693 . 49

Amount collected in January not yet

turned over to Treasurer 174 . 05

$2,519.14

EXPENDITURES.

For printing, binding and casing Branner Bibliography $701.60

For Volume VII Transactions

—

Illustrations, drawings and engravings $32.27

Binding the three parts together 23.58

Cases 4.35 $60.20
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For Volume VIM Transactions

—

Stenographic report — 252.75

Illustrations, drawings and engravings 94.90

Editing 100.00

Printing and binding 461 . 00

Cases 6.00 $914.65

For Collected Writings of Seger

—

To Chemical Publishing Co 157.78 $157.78

For Expense of Secretary's Office

—

Secretary's assistant $199 . 92

Postage, stationary and supplies 133.48

Insurance and care of publications 18.35

Refund 2.50

Convention circulars and expenses 35.50

Incidentals 3.00 $392.75

Total $2,226.98

Balance in Treasurer's hands 292 . 46

$2,519.44

Total cash resources available (292.46+174.05)= 466.51

The preceding statement is of great interest. It shows an increase

of $255.83 in our revenue, and an increase of $511.80 in our expendi-

tures. The causes of this are. First, the employment of a bookkeeper

or Secretary's assistant at a salary of $20'0 per year, while prior to

that time the expense of this work was carried privately. Second.

The payment of $701.60 out of our cash for the Branner Bibliography

while receipts from this source were only $122, a net loss of $579.60 on

this account. Third. The cost of the regular volume of the Transac-

actions was reduced from $1,326.06 to $914.65, a saving of $411.41. Of
this $50 came from reduction of the cost of editing. The balance came
in part from a slightly smaller volume, and less illustrations, but

chiefly for a very much lower rate for printing and binding. Fourth.

The cost of opening a new set of books and providing an unusual

supply of the new kinds of stationary required.

The financial outlook for the coming year is good. We shall have
no unusual expenses, so far as are now known, and shall in all proba-

bility derive a considerable increased revenue from sale of publications

now on hand. The cost of Volume IX will probably be somewhat
higher than Volume VIII, but not more than the income will easily

justify.

GROWTH IN MEMBERSHIP.
The growth in membership has been more rapid than at any time

in the history of the organization. There were unusually large acces-
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sions at the last Annual meeting and also a considerable number at

the Summer meetings, and there are now a considerable number await-

ing admission at the Ninth meeting. The present status of our rolls

is as follows:

Brought forward February 1st, 1906

—

Honorary members 1

Full members, resident 34

Full members, foreign 1

Associate members, resident 133

Associate members, foreign 16

Total 185

Accessions

—

By election to honorary membership 1

By election to full membership 7

By election to associate membership 57

Total gain 65

Losses

—

By death—associate member 1

By resignation, members 1

By resignation, associate members 6

By promotion to full membership 7

By failure to pay dues, after notice 8

Total losses 23

Net gain 42

Present Status, February 1st, 1907

—

Honorary members 2

Full members, resident 40

Full members, foreign 1

Associate members, resident 168

Associate members, foreign 20

Total strength 231

Percentage gain in year 22.7%.

The number of outstanding applications now on file brings this

number up to 245. This gain in membership indicates a most health-

ful condition in the Society's life. Increase in membership is greatly

needed, to enable the Society to undertake certain needed improve-

ments in its method of work and its scope. In fact, greatly improved

results over what is now being done are not likely to be gotten until
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a considerably increased revenue is available. On the other hand,

increase in membership must not proceed faster than the knowledge
and acceptance of the Society's aims and principles; otherwise the

increase becomes a disintegrating instead of a strengthening influ-

ence. The problem which all members should hold in mind con-

stantly, is to get new men into the organization, and at the same time

so enthuse these new men with the high principles, the fervor for

scientific research, the brotherly good will, in short, the spirit which
actuated the founders, that they shall speedily become not only

among us but of us.

THE DECENNIAL MEETING.

The meeting of 1908 will make the close of the Society's first

decade. Although not officially organized until 1899, the meetings out

of which the Society grew were held in Pittsburgh in 1898, and the

organization was carried to such a pass that a program was arranged

for the subsequent year, when the formal organization was made. The
proceedings of the meeting will constitute our 10th volume of Trans-

actions though only nine years have elapsed since the date of the

Official organization.

An extra effort should certainly be made to signalize this decen-

nial meeting by a programme of unusual excellence. Every charter

member should make this date not only one for attendance, but for

contribution of a research worthy of the work which the American
Ceramic Society has inaugurated and made possible in America.

Respectfully submitted.

The Board of Trustees,

By Edward Orton, Jr.,

Secretary.



TREASURER'S REPORT.

Columbus, O., February 1, 1907.

Members and associates of the American ceramic Society:

My statement is as follows:

RECEIPTS.

To collections at Philadelphia $225.00

To check from S. Burt 548.43

To check from H. B. Wells 4 . 00

To April collection by Secretary $279 . 55

118.98

140.35

64.75

29.00

108.79

$741.42

To Money order, R. T. Stull 4 . 00

To May collections by Secretary 125.40

To June collections by Secretary 244.13

To July collections by Secretary 142.60

64.25

206.85

To September collections by Secretary 124.20

To October collections by Secretary 49.52

To November collections by Secretary 118.43

To December collections by Secretary 84.25

To January collections by Secretary 39.70

To Sale of postage stamps 4.11

Total collections $2,519 . 44

EXPENDITURES.

By cash to H. L. Roberts, Philadelphia 10.00

By cash advanced, Mrs. Kalb 50.00

By vouchers 2,166 . 98

Total expenditures $2,226 . 98

By balance 292.46

$2,519.44

I
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Bank balance 311 . 83

Vouchers issued but not yet presented to

bank for payment 19 . 48

1292.46

Respectfully submitted,

Ellis Lovejoy,

Treasurer.

Audited and approved by

C. W. Parmelee,
Alfred S. Porter,

M. P Post,

Committee.



RULES.

OBJECTS.

The objects of the American Ceramic Society are to promote the

arts and sciences connected with Ceramics by means of meetings for

social intercourse, for the reading and discussion of professional

papers, and for the publication of professional literature.

MEMBERSHIP.
The Society shall consist of Honorary Members, Members and

Associates.

Honorary Members must be persons of acknowledged professional

eminence, and shall not exceed five in number.

Members shall be persons competent to fill responsible positions

in Ceramics and have suitable qualifications.

Associates shall include persons interested in Ceramics and the

allied arts.

Honorary Members shall be proposed by at least five members,
approved by the Board of Trustees, and receive at least 90 per cent,

of the votes cast by letter ballot at the annual meeting.

Members and Associates shall be proposed by at least three

Members or Associates, approved by the Board of Trustees, and re-

ceive at least 75 per cent, of the votes cast by letter ballot. A candi-

date for admission must make application on a form prepared by the

Board of Trustees which shall contain a written statement of his age,

professional experience, and that he will, if elected, conform to the

laws, rules, and requirements of the Society.

All Honorary Members, Members and Associates shall be equally

entitled to the privileges of membership, except that only Members
shall be entitled to hold oflBce and to vote. Applicants for a change

in grade of membership shall conform to the requirements of a new
applicant.

Any person can be stricken from the membership of the Society

on the request of five or more members, on the recommendation of

a majority of the Board of Trustees, if he fails to resign on the advice

of the Board of Trustees. Such person, however, shall be first notified

of the charges against him, and be given a reasonable time to appear

before the Board of Trustees, or present written defense, before final

action is taken by the Board of Trustee*.

DUES.

Honorary Members shall be exempt from all dues.

The initiation fee of Members shall be ten dollars, and of Associ-

ates five dollars, which if not paid within six months after election,

will render the election void.

34
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The annual dues for Members shall be fixed by the Board of

Trustees, but shall not exceed five dollars per year.

The annual dues for Associates will be fixed by the Board of

Trustees, but shall not exceed four dollars per year.

Any Member or Associate in arrears for over one year may be

suspended from membership by the Board of Trustees until such

arrears are paid.

OFFICERS.

The affairs of the Society shall be managed by the Board of

Trustees, consisting of a President, Vice President, Secretary, Treas-

urer, and three Trustees, who shall be elected from the members at

the annual meeting, and hold office until the adjournment of the meet-

ing at which their successors are elected.

The President, Vice President, Secretary and Treasurer shall be

elected for one year, and the Trustees for three years; and no Presi-

dent, Vice President, or Trustee shall be eligible for immediate re-

election to the same office.

The duties of all officers shall be such as usually appertain to

their offices, or may be delegated to them by the Board of Trustees or

the Society; and the Board of Trustees may at its discretion require

bonds to be furnished by the Treasurer.

Vacancies in any oflice shall be filled by appointment by the

Board of Trustees, but the new incumbent shall not thereby be ren-

dered ineligible to re-election at the next annual meeting to the same
oflSce. 0« the failure of any officer to execute his duties within a

reasonable time, the Board of Trustees, after duly warning such

officer, may declare the office vacant, and appoint a new incumbent.

A majority of the Board of Trustees shall constitute a quorum;
but the Board of Trustees shall be permitted to carry on such business

as it may desire by letter.

ELECTIONS.

At the annual meeting, a nominating committee of five Mem-
bers, not officers of the Society, shall be appointed, and this commit-

tee shall send the names of the nominees to the Secretary at least 60

days before the annual meeting, who shall immediately forward the

same to the Members. Any other five members may also present

the names of any candidates to the Secretary, provided it is done at

least 30 days before the annual meeting. The names of all candi-

dates, provided their assent has been obtained, shall be placed on

the ballot without distinction as to nomination by the regular or an
independent nominating committee, which shall be mailed to every

member, not in arrears, at least 20 days before the annual meeting.

The ballot shall be enclosed in an inner blank envelope, and the

outer envelope shall be endorsed by the voter, and mailed to the
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Secretary for collection. The blank envelopes shall be opened by

three Scrutineers appointed by the Chair at the annual meeting, who
will report the result of the election. A plurality of the votes cast

shall elect.

MEETINGS.

The annual meetings shall take place on the first Monday in

February, at such place as the Board of Trustees may decide, at which

time reports shall be made by the Board of Trustees, Treasurer, and

Scrutineers of election, and the accounts of the Treasurer audited by

a committee of three appointed by the Chair.

Other meetings may be held at such times and places during the

year as the Board of Trustees may decide, but at least 20 days' notice

shall be given of such meetings.

Seven members shall constitute a quorum at any regular meeting,

and a majoritj' shall rule, except where otherwise specified.

The order of business at the annual meeting shall be:—
1. Reading of Minutes of last meeting.

2. Reports of the Board of Trustees and Treasurer of the Society.

3. .Announcement of Election of Members.

4. Announcement of Election of Ofiicers.

5. Appointment of Nominating Committee.

6. Old Business.

7. New Business.

8. Reading of Papers.

PUBLICATIONS.

The Board of Trustees shall act as a Publication Committee, and

decide as to what to publish. The publications of the Society shall be

sent to all Members and Associates not in arrears. The Secretary will

furnish each author with reprints of his papers at cost price, pro-

vided due notice is given that reprints are desired.

The Society is not, as a body, responsible for the statements or

opinions expressed in its publications.

PARLIAMENTARY STANDARD.

Roberts' "Rules of Order" shall be the parliamentary standard

on all points not covered by these rules.

AMENDMENTS.
These rules may be amended at any regular meeting by a two-

thirds vote of a letter ballot at the subsequent annual meeting, pro-

vided a written notice of such proposed change is sent to each mem-
ber at least 30 days before said annual meeting. Said proposed

amendments shall be printed on the ballot for officers and counted

by the same Scrutineers.



PUBLICATIONS.

The publications of the Society are as follows:

Description of Volume.

Vol. I. Transactions for

bound in paper,

1899, 110 pages.

Vol. II. Transactions for

bound in paper,

1900, 278 pages.

Vol. III. Transactions for

bound in paper.

1901, 230 pages.

Vol. IV. Transactions for

bound in paper,

1902, 300 pages.

Vol. V. Transactions for

bound in paper.

1903, 420 pages.

Vol. VI. Transactions for

bound in paper,

1904, 278 pages.

Vol. VII. Transactions for

bound in paper.

1905, 454 pages.

Vol. VIII. Transactions for

bound in paper.

1906, 411 pages.

Manual of Ceramic Calculation (contained in

Vol. II as a part thereof,) 86 pages, bound
in paper.

Price to

Members

1.00

Price to

Others

$0.60 14.00

2.00 4 00

100 4 00

1.50 4.00

2.50 4.00

1.50 4.00

2.25 4.00

2.00 4.00

1.00

The Collected Writings of Dr. Hermann Aug-

ust Seger, Volume I. Contains (A) Trea-

tises of a general scientific nature, (B)

Essays relating to Brick and Terra Cotta,

Earthenware and Stoneware, and Refrac
tory Wares. Pages, 552. Bound in cloth. 7.50 7.50

The Collected Writings of Dr. Hermann Aug-
ust Seger, Volume II. Contains (B) Es-

says on Whiteware and Porcelain. (C)

Travels, Letters and Polemics. (D) Un-
completed works, and extracts from the

archives of the Royal Porcelain Factory.

Pages, 605. Bound in cloth. 7.50 7.50
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Description of Volume. Price to

Members
Price to
Others

A Bibliography of Clays and the Ceramic Arts,

by Dr. John C. Branner, 1906, 451 pages.

Bound in cloth. Contains 6027 titles of

works on Ceramic subjects. $2.00 $2.00

Cost of full set, not including manual $31 26 $49.00

At the Cincinnati meeting, the Board of Trustees fixed a sliding

scale of prices to apply to the sale of volumes of the Transactions,

when the number unsold falls below 200 copies. As the copies become
scarcer, prices will be increased to both members and others. The
supply of one of the volumes has already fallen below 200 copies,

and others will probably pass below this mark during the coming year.

Members and Associates who do not yet own full sets are advised to

procure them at once.

At the same meeting the following resolution was adopted:

Resolved, that the custom by which members and associates may
obtain copies of the Transactions at reduced or so-called "members'

rates," is intended only to enable each person to obtain one complete

file of the transactions.

The necessity for this resolution arose from the expressed desire

of a member to buy a copy of the transactions, with the intent to sell

it to a friend for whom he wished to save the additional price charged

to non-members. In accordance with the spirit of this resolution the

Secretary will not supply more than one copy of a volume to a member
at reduced rate, except when loss or destruction of a volume gives

good cause for so doing.

Every member or associate receives one copy of the Transactions

free for each year for which he pays dues. He is entitled to purchase

copies for the years antedating his connection with the Society at

the costs indicated in the first column. All others can obtain copies

at the prices listed in the second column by sending order, accom-

panied with check, to

Edward Orton, Jr.,

Secretary.

Columbus, Ohio.



PAPERS AND DISCUSSIONS
39





ADDRESS OF THE RETIRING PRESIDENT

WiLLARD D. Richardson^ Columbus, f>hio.

My brief term as President of this Society is about to

expire. My duties Iiave beeu ligbt. Whether I have per-

formed them well or ill matters little to the Society. With
the aid of our Secretary aud with your kind indulgence, I

was able to preside at our last meeting, if not with satis-

faction to myself, at least without serious detriment to

the proceedings, and during the year I have faithfully and
promptly signed all vouchers for disbursements. The re-

sponsible officers of such an organization as this are the

Secretary and Treasure]'. The Secretary is the worker
aud upon him depends the welfare of the Society and the

success of these annual meetings. I need not say, what you
all know, that our Society is I'emarkably fortunate in this

respect.

The office of President is an honorary one, and as such

I appreciate it. I shall never attain a higher honor, and
I am grateful to the Society for this evidence of their

regard. My elevation to this position has naturally in-

creased my intercut in the work of the Society, not only

for the year, but for life. 1 have given special thought in

the past year to the progress of the Society. I have recalled

its inception and reviewed its growth and development
with pride and admiration. We have certainly set a high

standard of excellence and we must maintain it. Our
Secretary said in his letter to us a few days ago, "noblesse

ohlifjc,'' and the program presented for this meeting evi-

dences the appreciation of this by our members.
It is not within my province to review^ the work of

pr(?vious years, but it is my privilege to review the work
of the past year, as recorded in the volume of transactions

issued during my term of office. Volume VIII will form a

valuable contribution to American ceramic literature. It

is probably not the best we have done, but it averages well
A.C. S.—

4
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and is a credit to the Society, It may be said that some
of the papers do not show enough research work, but they

have paved the way for investigations that will doubtless

bear fruit in the near future. A paper may be of no value

to the technical man engaged in the special line of manu-
facture of which it treats, but, nevertludess, it may be

highly appreciated by those of us who are not familiar

with the subject, and by students and beginners in this

line who are looking for a description of modus operandi

not elsewhere obtainable. Moreover, such papers may at-

tract the attention of others engaged in these special lines,

and induce them to come to us with accounts of their

experience.

But such papers should not form a large part of our

transactions. We sliould have for the most part reports of

elaborate investigations of the properties of the materials

that we employ, of special problems of manufacture, of the

causes and prevention of the troubles and losses that occur.

We want also detailed reports of the cost of construction

and equipment of plants and the cost of production of

various wares.

In making such estimates as an engineer is frequently

called upon to do, it is of great help to have some one else's

figures besides his own, especially to have well-worked out

records of actual operations, under definitely stated con-

ditions. There is room for more such papers as that

of Mr. Fickes' at our last meeting. One need not fear that

such papers will .show figures so high as to cau.se some to

attribute the results to bad management. It is not likely

that anyone will be working under exactly the same con-

ditions, and those who know will undoubtedly commend
your work. On the other hand, don't fear that the figures

will run so low as to encourage others to engage in the

same business, and thus invite competition. Those who
make investments in the.se lines would not be attracted by

any such reasonably moderate and legitimate profits as

you are making. It is the extravagant profits shown in

the prospectus of the promoter that readily secures cai)ital
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for new enterprises. Actual facts and records are not

what he wants. The well trained and conscientious en«>i-

ueer is not a promoter, and he does not want to mislead.

He aims to base his fijjures upon practic(» and not ui)on his

imaf»ination.

At our last meeting Uvo papers were read, one by

Mr. Iloi^e and one by Mr. Weelans, that show what some
of the losses in manufacture are and to what they are

due. Some one in every plant should make a careful, sys-

tematic study of the losses in manufacture. Whether the

results of this study are satisfactory to you or not, bring

the reports of them to these meetings. Such a presentation

and the discussions that follow will help you as well as

others.

At our last meeting we had an interesting paper from

Mr. Geijsbeek that adds to our knowledge of the clays of

Colorado. The Secretary, in his circular letter to our

members, asked for more of these papers on areas of clay

territory not elsewhere described. There is no lack of such

areas and will not be in our day. Practical clayworkers

who make a study of the geology and occurrence of clays

give us the best accounts we get. They understand Avhat

it is that we want especially to know. The Ceramic engi-

neer is frequently searching for information of the geology

and clay deposits of the places he is called upon to visit.

He is greatly helped by previous work done in the same
field, the publication of which is accessible to him. In ad-

dition to the work done in this line by the National and
State governments, there is much that can be done by
individuals in their own localities. We are glad to record

such investigations in our transactions.

Mr. Hice gave us timely suggestions in his paper upon
"What Should be Embraced in a Geological Study and
Report on Clays," and the matter should be followed up
by the Society. Action should be taken towards represent-

ing to the Government in a formal way the help that could

be given to the clay industries by a systematic study of the

mineralogical, physical and chemical properties of the
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(lays of the United Htates, such iis can only be done by

trained specialists with elaborate e<iuipinent that can only

be atiorded by the Government. It seems to be the policy

of the (government to undertake such investij^ations when
urged to do so by those most interested in the results to be

attained. Our Society should not delay in nmking known
to the proper authorities our desires in this matter.

In reference to the work done by the State Govern-

ments it would be well also that the Society, as Mr. Walker
expressed it, make "friendly suggestions" at the proper

time. Whenever it is learned that a Legislature has au-

thorized an investigation and report of the clays and clay

industries of its State, the Society should appoint a com-

mittee to confer with the proper authorities, and outline

for them sucli work as we Ixdieve to be most helpful to the

clay industries, and also to suggest the training and ex-

perience of the man who is to have charge of the work.

Our volume of transactions Uw the past year gives an
account of some of the most valuable work that can be done

by a state in the interests of the Ceramic industries. I

refer to the paper by .Mr. AVilliams on the ''Physical Tests

of Iowa Limes,'' and the paper by Mr. Purdy upon
"Ceramic Educatiim in Illinois." Not every state can or

should establisli a ceramic school, but every state can and
should supi)ort a Department of Economic Geology, and
make studies and reports upon the mineral resources of

the state, and how to develoj) them.

I want to make mention in this connection of the con-

tributions that we are receiving from cmr Government at

Washington through its able represent^itive from the Road
Materials Laboratory, Dr. Allerton S. Cushman. We ap-

preciate the benefit of his association with us, not only

from the instru<ti(m he gives us, but from his pleasing and
admirable jxTsonality. His paper at our last meeting

brought out many interesting facts. We hope to have

fiirthei* papers from him and from others who may be ap-

j>ointe<] to niake s])ecia1 researches n])on clays. We trust
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that they will bring the results of their investigations froin

time to time to our [Society for discussion.

Mr. Conkling's paper upon "Kilns for Burning Archi-

tectural T(M-ra Cotta" cremated much interest, as the subject

of kilns and burning always does. I am jjieased to note

that the subject of terra cotta kilns is to be continued at

this meeting. There is abundant room for further papers

like Mr. Conkling's and Mr. Hull's.

I want to make a suggestion as to the manner of pre-

senting one important item of information on these sub-

jects. In making statements of the amount of fuel used

in burning, give the percentage of the weight of the fuel to

the weight of the ware burned, as well as the cone to which
it was burned. In this way, we are able to compare results

and estimate the economy of the work. It is of little value,

for instance, to state that you burn your brick, in down
draft kilns, with 1200 pounds of coal per thousand brick,

without giving the Cone to which you burn, or tlie weight

of the burned brick; but if you state that your brick are

burned to Cone 2, and that you use 20 per cent, of bitumi-

nous coal, that is, the weight of the coal used is 20 per

cent, of the weight of the brick burned, we can form a

definite opinion of the economy of your burning. Terra
Cotta manufacturers usually make their calculations in

this manner, but brick manufacturers do not, and hence,

there is great confusion as to the amount of fuel that

should be required to burn brick under various conditions.

Another reason that makes this information of value to

the engineer, is that the figures presented in this manner
enable him to calculate in an easy and practical manner
the grate surface and stack area for kilns.

Mr. Staley's paper upon "The Manufacture of Enam-
eled Iron Sanitary Ware" was an interesting one, espec-

ially to those of us who are not familiar with such manu-
facture. It is the first paper upon the subject that I have
ever read, and I am glad to have it printed in our trans-

actions. The paper may not be of any direct benefit to

those who are engaged in this line of work, but it has
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opened up the subject to our Society and we trust will

cause others who are engaged in the manufacture of iron

enameled ware to come to us with a discussion of some of

the special problems they encounter and upon which more
light is needed. There is a value to us in such papers, out-

side of their technical value, there is an eilucational value

to the rest of us, and a prospect of bringing into our So-

ciety more of those engaged in this sj)ecial line of manu-
facture. We would like to have a similar paper upon
sheet-iron enameled ware, and upon other special lines of

manufacture that have not yet been discussed in cmr trans-

actions. We want to make them a veritable storehouse of

information upon the manufacture of all ceramic products.

An interesting question was raised by Prof. Binns in

his discussion of Mr. Jackson's paper upon "Seger Porce-

lain with Materials Accessible to American Potters." Is

it desirable that American potters should strive to produce

the true porcelain? Could they afford to do it? Would
the buyers of German and French porcelain buy an Amer-
ican porcelain, even if it were equally good? In other

words, if the true porcelain were made here, probably by

imported workmen, would the business of making it be a

commercial success? I have several times been asked why
the true porcelain is not made in this country. I am not

able to answer such a question intelligently. I would like

to hear it discussed further, even if no good comes of it

save the making of some of us better informed.

The paper of Mr. Minton upon "Refractory Materials

for Glass Works Construction" gives a clear description

of the manufacture of glass tank blocks, but it is especially

interesting in its last paragraph where he promises "to

furnish data as to the results of experiments strictly along

the line of chemical and physical conditions governing the

manufacture of high grade fireclay products, especially for

use at high temperatures, combinetl with strong fluxing

action and great friction under heavy pressure, as adapted

to the different classes of reciuirements in the glass indus-

try." This is the kind of information that the manufac-
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turers jiiid uscis of refractory products need, not alone in

the j»lass industrv, but in all other industries where re-

fractory materials are recjuired. There is a crying need

for tirehrick and other refractory products that are es-

pecially adai)ted, in their composition and texture, to the

special uses to which they are to be put, to stand the

special strain placed upon them. Firebrick manufacturers
in this country <^ive too little attention to the adapting of

their product to special uses, and engineers who use these

brick are not often themselves able to specify, as is fre-

quently done in (jrermany, the exact composition and tex-

ture of the most durable and satisfactory brick for their

requirements. Here is a fine field for study and investiga-

tion by our young ceramic graduates like Minton, and we
hope to have many such papers as he promises.

Another subject that is deserving of mention in our

last volume of transactions is that of scumming and ef-

florescence. The papers by Mr. Lovejoy and Mr. Jones give

the best presentation of this trouble that we have had, and
yet, they leave many questions open for further investiga-

tors. As the Secretary stated in his letter following the

publication of the volume, "We want the experience of

others in their efforts to overcome scumming and efflor-

escence."

Our last meeting was also notable for the introduction

of the subject of producer gas. The illustrated lecture of

Mr. Wyer could not be printed in our transactions. It

gave a clear record of the history of gas producers and of

the principles governing their construction and operation.

The discussion that followed set us all thinking, and has
no doubt resulted in many experiments for the application

of producer gas to the burning of clay wares. The interest-

ing letter of Mr. Robert Russell to Mr. Ramsay shows
that producer gas can be used cold and piped to a distance,

if it is first washed and scrubbed to free it from soot and
tar. But this is not practical for kilns and hence, as the
Secretary stated, producer gas must be "served hot." Even
in this case, provision must be made for burning out the
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soot tliat will collect in the flues. So that we can only state

with our present knowledge that the only practical appli-

^•ation of producer gas in the clay industries is with the

continuous kiln. Mr. Wyer opened up for us a question

of great interest. What we want now, are papers giving

the results of experience of our members with producer
gas.

In making this brief review of Volume VIII^ I have
t^poken only of those subjects that especially appeal to me,
"though there are others that are equally deserving of

mention.

The Secretary, in his letter, suggests drying as a sub-

ject ui)on which we should have further papers. I want to

emphasize this suggestion. There are some clays that are

practically worthless, because of the difficulty in drying

the ware made of them. Why is this so? What is it that

makes some otherwise desirable clays practically impos-

sible to dry without damage? We want to know more
about the drying properties of clay. Moreover, we want a

standard method of testing the drying properties of clays

and a standard method of expressing numerically the

rapidity with which a clay can be dried under certain

standard conditions, so that we can compare clays intelli-

gently and give them a rating that will be understood and
that will assist the engineer in specifying the proper form
of drier in each special case.

In addition to publishing the volume of transactions,

the Society has in the past year publishetl the Branner
Bibliography. That we have been able to assume this

large expense without borrowing or running in debt is a

subject for congratulation. It was not expected that we
could meet this expense from our revenues, and authority

was obtained at Philadelphia for borrowing money. That
we have not been obliged to make the loan is due to our

increased membership and to the demand for our ])ubli<a-

tions. This reveals to us the possibilities of the work of

our Society wth an increased revenue. I had this in view

when in my remarks upon taking the chair at Philadelphia
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I uryjcd my fellow brickiuakei-y to unite with u«. It is

becoming more widely known each year that the publica-

tions of the American Ceramic Society are a valuable in-

vestment. It is right and proper that the Society should

copyright its transactions, but it has been our policy to

permit the publication of any part of the transactions after

our volume has appeared. I question the wisdom of allow-

ing the publications of the Society to be copied. It is often

the case that a man buys the volume for one paper that is

of especial interest to him. Our engineering company is

frequently asked to recommend literature ujjon some ce-

ramic subject, and we are in many cases able to refer the

inquirer to a certain volume of the American Ceramic So-

ciety. During the discussion of the scumming and efflores-

cence question in the Convention of the N. B. M. A., at

Philadelphia, some one asked where Mr. Lovejoy's paper

before the Ceramic Society could be obtained and the edi-

tor of one of our trade journals immediately answered that

it would be published in his journal. Now, if papers and
discussions at these meetings are to be copied from our

transactions, ad libitum, a large part of the force of my
argument that brickmakers should join our Society falls

to the ground. Gentlemen, it is merely a question of

policy,—of dollars and cents and the good they can accom-
plish. Can we further the object of our organization bet-

ter by allowing trade journals to copy our transactions, or

by withholding the privilege, and thus increasing our mem-
bership, and the sales of our literature? We certainly need
a larger revenue to carry on the legitimate work of the

Society.

Our Society should lend its influence to the establish-

ment of uniform units and measures. We are constantly

dealing with temperatures, but in order that listeners or

readers may understand our expressions, we must repeat-

edly name the thermometric scale we use. Would it not
be better for the Society to adopt the Centigrade or Fah-
renheit scale and thus save words and prevent confusion?
I notice that in various English publications, the Centi-
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grade scale is used, witliout name, as though there were no
other scale. Can it be that we are the only nation using

the Fahrenheit scale in the measurement of high tempera-

tures? Probably most of the members of the Society use

the Centigrade scale in measuring kiln temperatures, but
in expressing ourselves here and in our publications, we
think we must repeatedly name the scale. Further ques-

tions in this line are: To what extent should we use the

metric system? Shall we express heat units in the Calorie,

or in the British Thermal Units? I would suggest that a

committee be appointed to consider these matters and re-

port to the Society.

Our Ninth Annual Meeting, which we are opening this

morning, will be the busiest meeting we have ever had. Our
program is filled for every session, and the evenings also,

and even the extra sessions will not give us time to hear

and discuss all of the papers that have been contributed.

This evidence of growth and activity is gratifying.

Gentlemen, I feel that I have taken up too much of the

limited time of this session, and I only want to add my
thanks to you for the honor you have done me. I shall

soon step down, but not out. I shall be glad to resume my
former position as one of the rank and file, and to continue

to work with you, to the extent of my abilities and oppor-

tunities in advancing the interests of this beneficent auil

beloved institution—The American Ceramic Society.
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Stanley G. Burt^ Cincinnati, Ohio.

I fully appreciate this honor. In fact, it was not in

any way necessary that the kind words of the retiring

president should have been spoken, to make me appreciate

this honor. Serving you, as I did, as treasurer for the first

seven years of the Society's life, 1 had a peculiar oppor-

tunity, I think, for fully realizing the modest start, the

continued growth, and the ultimately great success that

has been attained in this comparatively brief time; and I

feel that it is a distinct and a very great honor to preside

over an organization with such a record.

In fact, as I look back and think of that first little

group of men who gathered in Columbus, in 1899, I cannot

help but think they must have been wonderful optimists.

They knew that the clay industries formed probably the

most conservative of all trades, and that their secrets have

been most jealously guarded, to such an extent that a

father often hesitated to tell his son of them. Yet this

group of men were so optimistic, that they believed it pos-

sible to gather together from this conservative trade, a

body of men actually willing to aid and assist their com-

petitors. Today, on looking at the past achievements of

the Society and at this large and representative gathering

we realize they were right.

I think they were optimistic in another way. They
believed that because we as Americans had so easily become
leaders and teachers in new industries, as they developed

from day to day, we ought to be able—there was no reason

why we should not be able—to become leaders and teachers

in this oldest of industries—the clay industry. They
knew we were behind in experimental work. When in Ber-

lin, visiting the Royal Berlin Porcelain Works, I spent

some time in the museum with its collection of pieces, some
of them a hundred and fifty years old. There were also

51
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records of invosti«*atioiis and experiments rnnninii way
back tlirouf^h the decades. Think what that rc^presents.

The careful experimenting of many minds for many years.

Now, our little band of optimists realized our disadvantage

in this line, but we thought we could adopt one of our

American short-cuts, and this, I gather, was the idea : one

man would take up a problem and work it out during the

year, realizing at the same time that there were many other

problems he could not work out. He would meet at the

end of the ye^r with, say, ten others, each of whom had

worked out a different problem. He would not lose by

giving what he had worked out, for by exchanging informa-

tion he would have the benefit of ten times the work he had
done. So we may say it is a "short cut/' saving nine years

of labor, by this interchange of ideas, and we are by this

means able to advance many times as rapidly as by the old

method. The work which one man could not do is thus

accomplished by many. Co-operation and sharing of our

troubles and our successes has ever been the spirit of this

Society, and it is the spirit that moves the world.

There is another great good accomplished by our so-

ciety. I do not think any man can do his best work unless

he is thoroughly interested in his work—unless his daily

work itself is a pleasure. It is not the man with his eye

on the clock, anxiously waiting for the time to stop work,

who accomplishes results. It is the man who is so keenly

interested that lie forgets there is a clock. Now, if you
have not this interest, how will you get it? If you go to a

theatrical performance given in a strange language, what
pleasure do you get out of it? Very little. But, if you

have a comprehension of tliat language, if you understaiul

it, you may get acute pleasure from the performance. The
mere fact that you do not undc^rstand tlu' language, and do

not get pleasure from the i)erformance, does not imply that

the pleasure is not there, but simply that you lack the

knowU'dge to get that pleasure. Now, I say if you go <iut

to your kilns and what is going on there does not mean
anything to you— if you do not know that language of the
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kiln, its chemistry and its physics—you get no pleasure.

But if you understand the beautiful chemical reactions,

the wonderful physical laws there shown, you are bound
to have keen interest and evergrowing pleasure in the

work. And I believe that in this way our society lias

wrought a great work, helping us to enjoy our work and
thus helping us to do our best, for ourselves and incident-

ally for others.

I thank you again for the great honor you have shown
me and assure you I appreciate it.



THE TESTING OF THE RAW MATERIALS FOR A
WHITE WARE POTTERY

BY

HARnisoN E. Ashley, Newell, W. Va.

The following description of the tests used in my daily

practice is not put forward as being either complete or

satisfactory. It is simply a record of what tests have been

tried and adopted for the present until some better ones

are discovered or made known. It is desired that this

paper will provoke discussion, and it is hoped that faults

and possible improvements of these methods may result

from the criticisms of those who are making systematic

tests of their materials.

CLAYS.

Inspection. Clays are all inspected in the car. Search

for foreign material injurious to color is carefully made
around the doors, on the ledges and floor of the car, and on

the clay itself.

WliittJed Test. Lumps of clay are whittled into test

pieces about 6x8x1 cm., taking care to have a piece of clay

representing each variation of color or appearance in the

car. On the lump is scratched the name of the clay, plant

and bin where used, car number, date received, and any

peculiarity; e. g.

:

I»each N P 2

10032 07-1-15

Buff.

After drying the whittled test piece has a 5 cm. circle

struck on its face with dividers, and is ready to fire. The
shrinkage of the whittled test pieces are very erratic.

Sample. An average sample of the car contents,

lump and fine in proper proportion, about 1200 grams, is

taken in a dish. 200 grams is used for cast tests and the

balance for moistiire determination.

54
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Moisture. The moisture variation is often consider-

able. 1000 grams is none too large a sample for this test.

Water for Slip. To the 200 gram sample for the cast

test is added 300 grams water. This gives pretty closely

the strength of ordinary English China Clay Slip. If too

thick to lawn easily after working with the hand, the

water is increased to 200 per cent. This is required by a

few china clays and is sufficient for many ball clays;

though the best require 250 per cent., which is about the

strength of ordinary English ball clay slip. A few clays

will take 300 per cent, water before they will lawn readily.

From the amount of water required and the readiness with

which the hand works the clay into a slip, and the feel of

the clay while doing so, a pretty good idea of the plasticity

is obtained.

Sagger clays are tested in the same manner as china

and ball cla^'s except the lawning, glazing, and color com-
parison are omitted.

Residue on Lawn. The slip is lawned through the

same number lawn as used in the slip-house. The residue

is washed clean, transferred to a cup, examined, and fired

in the kiln. It may consist of mica, car cinders, lignite,

etc. Sometimes it is weighed.

Cast Test. The lawned slip is sufficient for tAvo flat

test pieces, made in plaster paris moulds of exactly 100

mm. diameter and about 5 mm. thick, after the example
of Mr, Ernest Mayer. These are dried at once on the

shelves of a pottery stove-room, (unless too rapid drying
Avould crack the test piece). The diameter is measured
for the air shrinkage, and the discs are then placed in the

bisque kiln, fired, measured for total shrinkage, dipped,

dried, fired in glost kiln, and their color compared with

others in use previously.

The new moulds are used for china clay, then for ball

clays, and finally for sagger clays ; and are discarded when
the diameter has increased to 101 mm.

Mechanical Work. In making cast tests, every pre-

caution is taken to leave the structure exactly as left by
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the water depositiou, i. e., to do no iiieclianical work upon

the clay. In this way only may regular shrinkage be ob-

tained ; the personal factor is eliminated. It is much more
difficult to get uniform results with pressed trials. Differ-

ent people differ as to the proper stiffness for plasticity;

some workmen wisliing stiff", others soft clay.

Speed of Drying. The speed of drying cast trials af-

fects the results. Trials air-dried in an open room will

often show quite a different shrinkage from those dried

in a stove.

Bisque Plaeiiuj. The dry trials should be placed on a

round grained sjind, whose rolling will permit free fire

shrinkage. Clays of very different shrinkage or color

should not be piled on each other. Four high is as high

as the trials should be stacked, or the bottom trial may not

show the normal shrinkage. The sand should l)e placed

between every two pieces.

Loss of Weight. It is an easy matter to weigh ti-ial

pieces before and after tlie bis<iue fire; and is of some value

in comparing china clays.

Dipping. Dipping with me is a matter of judgment.

With thin and tliick glaze tubs, 1 endeavor to produce a

uniform thickness of glaze, but am not always successful.

A friend advised me that by soaking all his trial piect^

in water and then dipping in thick glaze he was able to

secure uniform thickness of dip. In trying to follow his

example, I was troubled with rolling up of the glaze, llis

glaze was of a different type, less bulky than that I used.

Color Standards. China Clays. For comparing the

color of china clays I have prepartnl a series of standards

by blending the whitest china clay found on the mai'ket

with a buff colored Tennessee "ball" clay. The mixtures

follow

:

Wliite Clay.

Buff Clay.

100 1)9

O 1

98

2

97

3

80

20

70

80

(50

40

50

50

30

70

10

90 100
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A set of these iiiixtures was fired in the bisque to eacli

There is hardly any difference in color with the different

cones 2, 4, and 8; and then all fired together in the glost.

bisque fires. But the standards with the higlier percc^ni-

ages of Tennessee ''ball" clay in them are very different in

color on the two faces; the face next to the plaster mould
in making is very decidedly lighter in tint. I attribute this

to the decolorizing effect of lime upon the irou that ])ro-

duces the buff color. I use only the face that was not in

contact with the plaster when making comparisons.

Matching Colors. In matching color, I hold the test

piece between two standards, shifting the left hand stand-

ard to the right, and the right hand standard to the left

very frequently; for if two objects are of exactly the same
color, the left hand one of the two always appears darker.

Many china clays have a pinkish tint and some a grayisli

tint; but rather than increase the number of standards,

these are matched as well as may be against the buff tinted

standards.

Ball Claij Color Standard. For ball clays, however,

I find a yellowish gray series necessary. The same whitest

of china clays was blended with a very dark ball clay as

follows

:

WliiteClay... .

Dark Ball Clay

100 90 80 70 60 50 40 30 20 10

10 20 30 40 50 60 70 80 90

100

This series was fired at cones 2, 5, and 8 bisque fire,

and all at the same glost fire. There was some color differ-

ence due to differing bisque fires. At the china clay end of

the series, those tests with low bisque fire crazed and those

with high bisque fire did not craze. At the ball clay end,

on the contrary, those with high bisque fire crazed con-

siderably and those with low bisque fire crazed but very

little.

POTTERY FLINT.

This is sampled in the cars like clays.

Knoclings. 500 grams is made up into a very thin
A. C. S.—

5
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slip, shaken tbrougli the test hiwn, and the residue washed
on the lawn with the stream from a hose pipe. The residue

is washed onto a dish, dried, sifted through 20 and 80 mesh
brass wire sieves, and each portion weighed separately.

The residue on the 20 mesh sieve is accidental ; fragments
of flint pebbles, pellets of machine oil and "flint," etc. The
sand from which our "flint" is ground passes 20 mesh and
07 per cent of it is retained on 80 mesh. The material

passing 80 mesh and retained on the lawn is coarse ground
"flint" that is not available for the body.

Color. A couple teaspoonfuls of "flint" is put loosely

into a bisque cup, covered, and fired in the bisque kiln.

Samples are kept for comparison. Moistening either the

raw or fired "flint" eliminates the whiteness due to fine

grinding.

Moisture. The remainder of the sample is weighed,

dried, and reweighed.

FELDSPAR.

Sampled in the cars like clays.

Knockings. A 500 gram sample is used as with

"flint," but the total residue on the lawn is weighed to-

gether.

Melting Behavior. Large samples of the feldspar

most used are kex)t as standards. A portion of the stand-

ard is fired with each trial. Seger cones are not as reliable

or as sensitive as the appearance of the feldspar standards,

especially at cones 5 and 6.

About two teaspoonfuls of feldspar is put into a small

bisque cup, pressed down firmly but not smoothly, leaving

ridges. The smoothing out of the ridges is a very good
indicator of the progress of fusion.

The feldspar trials and standards may also be made
into the form of seger cones; in which case differences are

more easily noted by an unpractised eye. They are good
for exhibition purposes.

A feldspar which melted at cone 4 in an updraft muffle
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test kiln was not melted in a bisque kiln when placed so as

to receive a cone 7 fire.

Moisture. Moisture is determined as with "flint."

PLASTER OF PARIS.

The sample is taken from a barrel at random.
Sieving. 250 grams is sieved through 20 and 80 mesh

brass wire sieve. Plaster can be obtained in the market
which has only 0.2 per cent, retained on the 80 mesh sieve.

A building plaster may show more than 10.0 per cent, on
the same.

Heating Test. 100 grams plaster is put into 75 grams
water in a bowl, and rapidly stirred to a uniform consist-

ency. A thermometer is inserted and readings of the time

and the temperature are made to determine the occurrence

of minimum and maximum temperatures.

Plate 1 gives results of some tests by this method.

The horizontal distances, abscissas, show the time at which
observations w^ere made; while the vertical distances, ordi-

nates, show the variation from the original temperature of

the mix. In most cases the temperature falls for some
minutes, then rises more and more rapidly to a maximum
and falls again. The mixture begins to show a stiffening

at about the time when the temperature starts rising.

Curves A, B, C and D are plasters of the same brand, B
and D of the same shipment. E is a plaster of another

brand. The figures above the curve "12-1-6" are the date

stenciled on the barrel by the maker. Below the curve
"12-11" the date tested, and "0.2 K" the per cent, of residue

on an 80 mesh brass wire sieve. D was complained of as

making soft moulds. E was said to sink to the bottom and
not stay properly suspended in the water when blending.

CRAZING.

Besides the foregoing tests on the raw material the

following test on the finished product is also made

:

The piece of ware is dressed, and then chipped slightly

in a number of places so that water may enter the pores of
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the body. The piece is then boiled in satnrated salt water

for eight hours, rapidly transferred to cold water, and then

thoroughly dried at a gentle heat, i. e., not much over

100°
C'

I am indebted to Mr. (1 H. Walker, of the Homer
Laughlin China Co., for this method.

I would suggest that tile intended to be set in plaster

paris should have plaster paris substituted for salt in the

above test.

I have produced spitting on ware by the above pro-

cedure, omitting the drying, preliminary to firing in the

decorating kiln; but do not think the spitting problem
solved.

Any piece of ware can be crazed by heating sufficiently

high and dashing into cold water. The above test corres-

ponds to any reasonable use.

CONCLUSION.

The foregoing tests are not always carried out in their

entirety, but are usually employed. The object is to insure

uniformity and avoid trouble.

2^'ote. This pai)er was read by title at St. Louis and hence had no
opportunity for discussion. It merits a full and free discussion and those

having exjjerience are urged to bring in their data for next year.

—The Secretary.



THE KAOLIN DEPOSITS OF BOLLINGER COUNTY,
MISSOURI.*

BY

Edward Orton, Jr.^ Columbus, Ohio.

The existence of white burning kaolinitic clays in

Bollinger countj, southeastern Missouri, has long been

known. Various reports of the Missouri Geological Survey

have commented on it, more or less fully, the best discus-

sion being that by H. A. Wheeler, in Vol, XI. The follow-

ing information was collected for private jjurposes, but

now being released, is made public under the impression

that it furnishes some information on this interesting lo-

cality additional to that which has appeared in official or

other print.

The clays are best known under the title, the Glen

Allen kaolins, from the fact that the little hamlet of Glen

Allen is the geographical and financial center of the dis-

trict where the clays are obtained, and it is from this point

that most of the clays have been marketed. The district

lies in the center of Bollinger county, and the principal

openings and known exposures are in Township 32 North,

Range No. 9, East of the Fifth Principal Meridian, or in

the northern half of Township No. 30 North, in the same
range. The accompanying maps show the position of the

district in the state and county, and the exact position of

the deposits inspected as shown on the general land map
of the area.

HISTORY OF THK DISTRICT.

The following historical statements have been gleaned,

chiefly from the report of Prof. Wheeler.

*In 1903, the writer was employed by the fimi Vermilye & Co., Bank-

ers, New York, to make an examination and reix)rt of the kaolins on a

number of properties then held by them under options. These options

having long since expired, the following data is published with the consent

of the former managers of the firm, whioh has now been dissolved.

62

i



THE KAOLIN DEPOSITS OF BOLLINGER CO., MISSOURI. (iS

' TKANS am ceo 50C VOL IX opTON. Plate i

Sketcli Map of Missouri showing location of Bollinger County, and

the Archaean granite areas to the northwest.
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The kaolins were first opeued aud clay shipped from
them in 1857, by a Cinciunatiau, who was operating a

pottery at that place. This pottery is still in existence and
is known as the Brockman Pottery Company. Shipments

were carried on for about five years.

In 1872-74 the industry was revived, and a good deal

of prospecting done. Fift}' or more pits were opened, and
shipments made to Cincinnati and East Liveri^ool, Ohio.

The market soon fell oft' on account of irregularity of

quality of shipments, some of which were stained and dis-

colored.

In 1881 another attempt was made to revive the indus-

try. Some clay has been shipped almost every year since,

but always against an uphill market. The prejudice

against the material all seems to have come from ignorance

or carelessness on the part of the miners or shippers, who
l)ersisted in sending out stained and irregular clay. Part^

of the clay was good, and readily accepted by whiteware

potters, but two shipments were seldom alike.

In 1893, the first practical step was taken to over-

come this trouble. A Avashery was established on the

banks of Crooked creek, about one mile north of Glen Al-

len, which expected to buy clay from all the pits, and by

washing and blending it on a large scale, to equalize the

product so that its quality could be guaranteed from day

to day and month to month. This plant operated about a

year, when it failed, owing to rascality in the management.

It was in the hands of its creditors for several years, and

finally was dismantled. It seems to have been a technical

success, so far as making the clay reasonably uniform in

grade is concerned.

Since 1895, the district has been practically at a stand

still. A few tons of clay are mined and shipped each year.

;Most of the pits are caved in, however, and only one place

was found where any stock of clay was mined and ready

for sale.

This in brief is the story. Clay has been mined here

nearly fifty years. It has had several periwls of prosperity
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and activity, always brought to a sudden stop by flooding

the market with ungraded, unselected, and unwashed clay.

After each stoppage, a number of years have elapsed be-

fore the odium of the last failure could be lived down, and
the clay consumers be induced to try it again.

Also, it must be said that the deposits have never been

worked with the least system, or with any intelligent com-
prehension of the needs of the pottery industry, or with

any familiaritj* with the methods of mining or preparing

clays for the market.

GEOLOGY AND ORIGIN OP THE DEPOSITS.

Nearly all important beds of kaolin come from the

weathering of feldspathic rocks, or from felsites, trachytes,

or similar igneous rocks whose silica, alumina and alkali

ratio are similar to feldspar. It is unusual to find kaolin

of any reasonable purity far removed from these rocks

from which it has sprung. As it is transported from its

original site by water, it generally becomes mingled with

other sediments and in almost every case is discolored by

them, red or yellow, so as to be useless for kaolin purposes.

The Glen Allen deposits do not seem to be an instance

of the common type. They are not situated upon felds-

pathic rocks, nor are there such anywhere near them.

They rest upon a plateau of magnesian limestone, which

can be seen in great ledges, 50 to 75 feet thick, along the

banks of Crooked creek, in sections 21 and 22, near the tun-

nel on the railroad, and can be found in numev(ms ravines

and gullies all over the vicinity.

Lying upon this limestone is an irregular mass of

clays, chert beds, sands, and occasionally semi-compacted

beds of sandstone. The top and sides of the low rounded

hills are covered with a mantle of such materials, which

usually conceal the limestone core of the hill except where

steep slopes or land slides have exposed it. The thickness

of tins cherty, sandy, clay is variable—probably from W
to 150 feet, and averaging 40 or 50 on most of the slopes,

and less on the rounded tops of the hills.
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Prof. Wheeler has advanced the theory that these beds

of clays, sands, and cherts, including the kaolins, are re-

sidues from the gradual solution of very thick beds of lime-

stone, which formerly lay in thick beds on top of that

which is now seen in the base of the hills. Limestones

often contain chert beds, and always some clayey matter,

and when the lime is removed by solution, these are often

left behind as residual clays of secondary character.

Though in this case the quantity of cherty clay to account

for is very large, and stands for the removal of an immense
amount of limestone, still there is nothing contradictory or

impossible about this theory from a geological point of

view.

The unusual, in fact unparalleled, part of the situa-

tion, is in the fact that in this mass of clays, chert, and
sand beds, are found the white burning kaolins. The}' oc-

cur intermingled with the other strata, at no particular

level, or in no particular sequence as regards the other

materials. They sometimes outcrop at the actual surface.

They generally are covered by a few feet of soil or stained

clay. They are broken up by chert beds, sands, beds of

stained clay, etc. It cannot be said, from what could be

seen or learned from residents and clay miners, that

there is any regular sequence in the kaolin beds, or that

they can be depended upon to become purer by going

deeper into them. In fact, the deepest shafts often showed
stained clays at deep levels, while white clays had been

taken out close to the surface in near-by pits.

If Wheeler is correct in attributing these kaolins to

the same source to which he ascribes the stained clays,

sands and cherts, then we have in these deposits a unique
occurrence. It presupposes. First, that the limestones

which were dissolved, contained white kaolin and fine white
sand, or possible feldspathic sand previously uiiweathered,

as a part of its mineral make-up. In the latter case, the

kaolinization may have occurred at the same time and con-

current with the solution of the lime. Second, that they
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(lid not contain much iron, and in places were practically

free of it. Tliird, that during solution and removal, the re-

sidual materials were not disturbed much, or intermingled

with other sediments from similar sources near by. Each
of these suppositions is possible, but not probable; to find

them all occurring in conjunction, would certainly be be-

yond any reasonable expectation.

The other source to which these kaolins would next

be ascribed, is the granite rock of the Pilot Knob district,

which lies about 20 miles to the northwest of Glen Allen.

At that point, there is an area about 30 miles in diameter,

containing about 500 or 600 square miles of Archean or

ancient granite rocks, which project uj) through the sur-

rounding limestones in the form of bald rugged mountain
masses. These mountains have been very heavily worn
down by erosion, so the reports of the Missouri Survey

state, and the direction of much of their waste material

would be southeast towards the great valley of the Mis-

sissippi. Especially during the glacial period, when the

ice border lay only a little to the northwest of this region,

the probabilites of the waste sands, clays, kaolins, etc., of

this district being carried oil" to the southeast and spread

over the country in irregular strata would be very strong.

Among these granite mountains, kaolins are formed

to some extent. Their rocks are of the sort that are every-

where known and recognized as a source of kaolins. The
short distance from Pilot Knob to Glen Allen makes it

perfectly possible that kaolin has been transported and

deposited, without more contaminatoii than is actually

found.

The kaolins of Georgia are found in I'ocks of ('reta-

ceous and i)Ossibly of Tertiary age, in many places a con-

siderable distance from the nearest Archaean rocks of the

Piedmont plateau, and the kaolins of Florida are 250 or

300 miles still further away, but both are ascribed by

Ladd to the weathering of the feldspathic rocks of the

Archaean. If this view be accepted, then there should be
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no difficulty in exi)laininjjj the Glen Allen beds as another

and simpler illustration of the same sort of occurrence.

But if the Glen Allen kaolins have such an origin, we
should expect to find marked evidences of stratification

;

we should expect to find the beds, if not exactly continu-

ous, at least of reasonably large area. A bed of a number
of acres or several square miles would be (\\ute the normal
thing, if these sediments had been carried by moving waters

and deposited in lakes and ponds. Further, we should ex-

pect to find large masses of clays of a practically uniform
tint, having been floated into the same lake or pond, by

the same stream, and settled in one continuous period.

On the other hand, if Wheeler's theory is true, we have

little reason to expect to find either kaolin or any other

residual material forming a bed of great extent or marked
continuity. It would be likely to lie in little pockets or

lenses, wherever the original limestone had been exception-

ally pure, and where the residual blanket has not since

been much disturbed.

From what was visible of these beds at the time of the

writer's visit, the facts as to the occurrence and distribu-

tion of the white clays undoubtedly support Professor

Wheeler's view more strongly than the other, for they are

found both over and under cherty clays which bear every

appearance of the ordinary residual matter left by the

solution of limestone, and they do not show the evidences

of orderly stratification which the second theorj^ demands.
One difficulty in accepting Wheeler's view is the failure to

find in such limestones as are left in this locality, or so far

as the writer is aware in others, the presence of white kao-

linitic matter or fine white silica, or fine white feldspathie

matter in large quantities. Analysis of the limestone now
remaining in this district does not disclose any key to the

problem.

A further peculiarity of the beds is the very frequent

occurrence of little round, flattened, or ovoid nodules of

silica, generally hollow, whose surface is mammillated and
looks like the convolutions of a brain. These peculiar little
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couoretious could be picked up by the quart wherever the

white clays were near the surface. If these silicious

growths are derived from the solution of limestones by
rain water and the leaving of the insoluble matter behind,

the limestone should show the presence of similar nodules

still embedded. Examination of the limestone on which
the kaolin rests at a number of points failed to show any-

thing of the sort. If these nodules came from the limestone,

they came from layers which have been completely removed
over the whole district.

Regarding the remarkable quantity of immensely
finely divided silica of which there is often more than of

kaolin, and which nearly all passes a 200 mesh sieve with-

out any grinding, it can only be said that it is an abnormal
ingredient, whose presence in a limestone residual clay is

A\ithout parallel. In connection with the silica nodules,

and a great deal of white flint or chert, it s(x?ms to indicate

that chemical agencies of some sort were operating in the

formation of these clays and that this silica was brought

into its present condition by other than simple solution

of the surrounding limestone. It is probably a precipitate

or by-product of some sort of chemical action other than

the ordinary kaolinization of feldspathic minerals. It is

by no means assured that kaolinization of feldspar pro-

duces a concurrent gi'owth of quartz from the silica which

is set free by the reaction. In fact, in beds of primary kao-

lin of the usual type, we find the quartz which was in the

original rock before decay began, in coarse grains which

have not been atlected, but we do not find a large amount
of increasingly fine grained silica which seems to be a

by-product.

On still another ground, it seems to the writer that

we must call in a third hypothesis before reaching even

tolerably satisfactory footing. The presence in these

kaolins of a large amount of purple, pink and reddish

stains, which are of organic nature, since they disappear

during burning with little permanent effect on the color

of the product, seems significant. This stained clay is Id
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lar<;(' iinioiint, and has been generally rejected in the past.

It is by far more abundant than the pure white, or the yel-

low stained day in which iron is the coloring agent. The
constant presence of some organic stain and its peculiar

distribution—being horizontally strefiked to some extent,

but also mottled and marbled without visible stratification

in many other cases, also suggests that some chemical pro-

cesses have ben operating here, probably in connection with
the decay of organic matter, which has exercised a purify-

ing effect on the residual limestone clays and leached out
tlie iron, while leaving an organic coloring matter in its

place.

Without suggesting specific chemical reactions, the

writer thinks that ordinary solution of limestone and the

accumulation of clay beds from the insoluble residues

does not satisfactorily account for these white clay beds,

but that chemical agencies of some sort have played the

most important part in their formation. It may be that

the cliemical agencies merely purified the residual clay ma-
terials left by the limestone, or it may be that they brought
the components of the white clays into existence at this

[)oint by some sort of synthetic reactions. Whatever it

was, it seems clear to the writer that we must bring in the

aid of some such theory to make either of the others at all

tenable.

OPENINGS INSPECTED AND SAMPLES TAKEN.

A considerable number of properties were inspected

on which options were held but on which no white clays

had at that time been shown to exist. Only those proper-

ties are here mentioned on which openings were found or

made and samples secured.

Peter Rhodes Tract ( See Fig. I, on Map No. 2 )

.

This tract has been the scene of a kaolin mining indus-

try of some considerable activity in years past. The mines
are located up a small ravine, about 200 yards from the

main valley and about 100 feet above the valley level. A
small area of about one acre, on which the actual mine



72 THE KAOLIN DEPOSITS OF BOLLINGER CO., MISSOURI.

Stands, has been sold or leased to outside parties. The kao-

lin must certainly coAer many times as much area on the

Rhodes tract as on the acre of land which their farm en-

closes.

The workings now open are represented by one sliaft

30 feet or so deep, showing yellow and purple streaked

kaolin all the way down, from about three feet below the

surface. No clean white clay was to be seen in this shaft.

No means of getting down it were at hand, but its size

enabled me to see the bottom. The old workings from
which merchantable clay has been taken, 10 or 15 in num-
ber, are now caved in, and are represented by depressions

full of water. A storage shed has been erected, and in it

was a pile of perhaps ten or twelve tons of a beautifully

white kaolin, which was the last taken out. It had lain

there for some months. The pile was originally much
larger, what I saw being merely the unsold residue.

The last workings were said to be about 20 to 25 feet

deep, and that the bottom 12 or 15 feet was almost solid

white clay like that in the stock house. The mining was
of the crudest, and consisted in sinking a shaft, and then

''hogging" out all they dared, before it caved in. Occa-

sionally, a little drift has been run from the bottom of tlie

shaft on the level and timbered up crudely.

Past operations have been confined to digging one or

two such shafts per year. The total tonnage taken from

this spot may be estimated at not more than 500 tons at

the outside. The (me acre tract has not been nearly ex-

hausted, so far as dotting its surface with pits is concerned,

and probably the quantity of white clay on it has not been

seriously reduced by the pits sunk up to this time.

Since no sample could be obtained from the pits, the

stock pile was carefully sampled, and about 100 pounds

was taken. It was white, in the main, but a good many
thin purple streaks wrvo seen. It was marked No. 3.

Levi Lincoln's Tract (See Fig. II, Map No. 2).

On this tract, clay has been mined on a commercial

scale a few years ago. Seven pits were counttnl. About
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three cais of clav were sold from these. All (he j)its are

now caved in, and ikotliine: could be seen of (he (day they

<'ontained.

In convei'sation with the man who dug the last (day

from these pits, it was ]<^arned that the last shaft was
about 24 feet dee]), with two feet of pure white clay in tlie

bottom. There were ten feet of streaky white clay above

it. About 35 tons was t^ik(Mi from this liole, when tlnn'

were driven out by water.

The waste piles or dumps rej)r(^seuted the oidy remain-

ing source of information here. They consisted of a grey

white clay, with a very few rt^d streaks in it, full of flints

and chert fragments. A sample was taken from this waste

material, marking it No. 4,

The James Baker Tract (See Fig. Ill, Map No. 2).

This tract lies closer to the railroad than any other

])()int at which kaolin has been mined and marketed. The-

distance is about li/;{ or ly^ miles, straight up a broad
ravine oi' "hollow ,"' through which a track could be cheaply

laid.

The mines arc io<ate<l in the middle of a small tract

of 6 to 10 acres, which has l)een sold out from the Baker
land, which still surrounds or nc^arly surrounds the tract

on wdiich the mine is located.

The mine has betm one of the largest and Iwst (i(]uipped

in the district. Its waste pilc^s are large, and indicate c(m-

siderable digging. There is a good sized stock house, and
the remnants of a power hoist. A pit has been cut out of

the hill side, about 30 feet by 50 feet and 18 or 20 feet deep,

exposing the clay in its w^alls. The clay now visible is

mo.st of it pink- and purple-stained and unpromising in ap-

pearance, 1)ut near tlie bottom of the hole a b(mch of clean

white clay was projecting, the prettiest I saw anywhere.
It was very silicious, however, nnd was more neiirly a fine

white silica than a kaolin.

To get at the cliaracter of the kaolin which had b(^if-

taken from this mine in years ]>ast and shipped away on a'

commercial scale, the clay from around and under the-
A. C. S.-^5
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lloor of the old stock houso was carefully gatliered up and
marked sample No. 13.

An effort was made to supplement this information

with some facts obtained from new samples, and the face

of the bank was cut, coming down step wise, intending; to

take a sample from the faces of these freshly cut steps.

This was carried as low as possible, in fact until water

filled the hole as fast as it could be bailed out. When ready

to cut the (T'oss section of tiie bank, a heavy storm came
on and stopped proceedings.

The strata which ^\ere fi-eshly exposed by the trench

were wliitish clays, marbled full of pink and purple veins,

and interstratified with red sand, white sand and chert

veins. None of it was very promising.

On the east edge of the pit, near the bottom, the clay

formed a white vein or ledge, which was sampled and
marked No. 15.

Sample No. 16 was taken from another ledge of the

kaolin on the south side of the pit. The sample is a col-

lection of cuttings taken from a cross sertion of the vein

as far as it could be uncovered, ^^'ater obscured the base

of the layer and red sand came in just above the kaolin, so

that a total height of only three or four feet were rey)re-

sented in this sample.

The Stevens Tract (See Fig. IV, Map 2).

This property has been for years past one of the best

known centers for the digging of such kaolin as could be

sold from this locality. The property is large in extent,

and is flanked by another property on the east which has

also long been worked for kaolin. A railroad of about 2y2
miles up a fairly accessible valley would have to be built

to get at the clay. The mines are located on the top of a

hill and part way down one side. The clay could be taken

by incline to a railroad at the foot of the hill.

The pits or workings at this place are probably twenty

or thirty in number. No sheds or stock houses have been

built, indicating that the trade here has never taken on the
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l)i'op()rti()Lis of r('j;u]ar business, hut lias been worked inter-

mittently and fre(iuentlj.

Only one hole was open in which the clay could be

seen. This was a shaft about 16 feet deep. Men were at

work on this shaft at tin* time, excavating a small lot of a

ton or so for a sample. They were (tutting this from the

side wall, about 12 feet below the surface. They were
employed by the writer to clean out the shaft to its full

former depth of 16 feet and also to drill 4 feet or more into

the clay at the bottom of the shaft with an auger. This

work was accomplished with much difficulty and some
danger, as the sides of the pit were caving in frequently

from recent rains.

The section of the clay cut was as follows

:

FEET
Surface soil 1

Yellow clay and chert 2

Whitisli clay with pink stains and reddish sand stones ... 6

Nearly white clay with few stains 7

Nearly white clay with flint and chert boulders, by drill . . 4

20

The first sample taken was a vertical cut from the top

of the white clay to the bottom of the shaft, excluding

coarse lumps of chert or sand rock, but putting in all the

clay, whether pink or purple or ocher-color or white. Thia

was designated Sample No. 6.

In order to see what the idea of good clay was in this

neighborhood, the most expert clay digger in the locality

was engaged to go to the Stevens mine, and take out a

couple hundred pounds of the finest clay he could get. This

man had worked in the clay pits off and on for years, and
his father before him. Tlsey represent the best and most
conscientious labor the mines have ever used. His sample

was taken without any aid or directions, in order to get

light on the methods of sorting and grading prevalent.

This sample was numbered 7. The clay he selected was
from a small pocket about 13 feet from the top, of the

"fattest," i. e. least sandy, clay he could find. All red,

purple or yellow portions were carefully rejected. Tt was
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a very pretty lot of eluy to look at. Not more than two or

thrtH^ feet of the twenty feet cross-sectioneil h\ the shaft

ton tallied clay as white and uniform as that selected by
this miner. Evidently <olored clay has been considered

bad, whatever the source of its color might be.

The pink clay and i>urple (-lay which composes the

upper part in the Stevens shaft, and indeed, in most of the

openiniijs seen, was made the subject of a special sample,

and number 11 was taken from the most stroni;ly stained

material.

Sam] tie No. iL* represented an ochre-.streaked material

which looked as if it were colore<l with ii'on. This seemed
likely to be a much more dangerous impui-ity than the pink

colored clay composing sample 11.

The Watkins Tract (See Fig. V, Map No. 2).

This property, lying immediately east of the Stevens

property, and originally comprising a part of it, has been

the scene of a good deal of digging. Probably 25 to 30 pits

have been dug, many of them (juite deep and large. Two
or three only were open at the time of this visit, and all

but on<: of these were dangerous to enter. This one was
aved in about ten feet from the top.

Diggers were employed to clean out the fallen clay

from this hole. After two days' labor they accomplished

only about 4 feet, on account of fresh caving and water,

which rose rapidly in spit€ of all the bailing that could be

done. The hole extended seven fe<^t dee])er originally, but

it could not be reached at this time.

The following samples were taken at the Watkins
mine:

Sample No. 17. (.-lay from the crib or stock hoij.s<' at

head of the pit which was partially cleaned <mt. A few

hundred pounds of clay had been left in this crib, and of

it a samj^Ic of 10() pounds was taken carefully by averaging.

This sample represented N\hat they were selling from

this hole, when it was worked last. l>ut, in the part of

(he h(>I<' exposed by the cleaning uj), but little clay was
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found >\hich compared to this in color. The top lo feet of

the hole was very much stained and streiiked. The wliite

clay of sample No. 17 was said to have come out from the

bottom of the pit—5 to 7 feet below the i)oint we reached.

To see what the top clay was like, a vertical cross

section was cut from the top to the bottom (13 feet) and
blended all together into one batch, marking it Sample
No. 18.

A last sample from this mine was then t^ken to see

how good a quality of clay could be gotten by a selection

such as was used in sample No. 7 of the Stevens mine.

This sample was numbered No. 19.

The Washeri/ (See Fig. VI, Map No. 2).

This has been described at some length in the preced-

ing pages. Enough of the plates of washed clay, as it came
from the filterpresses, to make up a good sample of 100

pounds or so, was found around the edges of the floors and
underneath them. This represented a blend of the various

kaolins mined and sold to the washery from the whole dis-

trict. The sample thus collected was marked No. 10. This

sample represents about what would be produced by a

blend of samples Nos. 3, 7, 13, 17 and 19. However, the

washer used water from Crooked creek, and this may have
contaminated the kaolin somewhat.

The amount of material composing the samples varied

with the purpose for which it was chosen. In samples 3, 6,

7, 10, 13, 16, 17, and 18, where the purpose was to find out

what the clay was like in the average, samples of 100 to 200
pounds weight were taken. These were obtained by cross

sectioning in some cases, by selection of the best material

in others, by collection of every available fragment in

others.

The small samples chosen to determine the cause or

effect of the colors of the clay and for similar detective

purposes were mostly small, 15 to 25 pounds being selected.

The samples taken in all of these places were not

satisfactory. They were taken under very disadvantageous
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circumstances, wet weather, and caving pits. While they

were not conclusive, so far as the sampling itself is con-

cerned, they show such a very marked uniformity of char-

acter as to give the evidence more weight than it could

otherwise receive.

TESTS MADE ON THE SAMPLES.

The samples were carefully marked, inside and out-

side of the sacks. Wooden tags, with the numbers whittled

into them were put in with the clay, as well as labels writ-

ten on cloth label tags, which were rolled into a tight mass
and tied and thrown into the sacks. The wisdom of these

precautions was borne out by the fact that a number of the

tags which were tied carefully on the outside of the sacks

were torn off or rendered illegible in transit.

At Columbus, the samples w'ere all ground by passing

them through a clean dry pan, which brought them to 8

mesh in the case of the flint or cherty impurities, and much
finer in the case of the kaolin itself.

Samples for analysis were obtained by quartering

down the dry pan powder till a pound or so was secured,

which was dried and pulverized to 100 mesh and sent to

the chemical laboratory. The samples for physical tests

were obtained in the same way from the dry pan powder
in the large samples, or from the hand ground powder in

the smaller samples.

The chemical analyses were not complete, only silica,

aluminum and combined water being reported. Iron was
not determined, because practical tests showed the clays

to be very white after burning. Similarly, the alkalies and
other fluxes were found to compose so small a part, that

they were not determined.

The physical tests were fineness of grain or mechani-

cal analysis, slirinkage in drying, shrinkage in burning,

tensile strengtli, plasticity (by feel), drying behavior,

hardness after firing, color after firing.

The results are giv^n in the table on pages 80 and 81

:
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GENERAL CONSIDERATIONS ON THE RESULTS
OF THE TEST.

The foregoing list of samples lias shown us a series

of clays, on which the following generalizations can be

made

:

1st. Geographical distribution—shown, by old and
new pits and workings, to dot the surface of an area of

four miles by eight miles, at the least. The number of pits

scattered about in this area prove the Avide spread charac-

ter of the beds.

2nd. Geological distribution—They occur in a heavy

bed of ordinary clays, chert fragments, sandstone, etc.,

overlying the limestone floor of the county. They were
found at all levels and in all parts of this clay sheet—on

tlie tops of the hills, and in the valleys and on the slopes.

There is no special level or horizon on which to look for

them.

3rd. Chemical and mineralogical character. They
are a most unusual mixture of fine white kaolin, with fine

white silica. They contain hardly any iron, except in the

joints or cleavage planes of the clay and near the surface.

In many places, ochre or iron stain is nearly wanting. They
are colored with some pink or purple organic substance,

which spoils their appearanre when raw, but which burns
out leaving practically no evidcn<e of having been there.

The proportions of kaolin and silica vary from 30%
kaolin and 70% sand in sample 16 to 60% kaolin and 40%
sand in sample 7. The average is represented by sample
10, containing 45%. kaolin and 55% sand.

4th. Physical structure—They are immensely fine

grained. The coarsest contained 60% of material which
would pass a 200 mesh screen. The finest passed 200 mesh
completely. Sample after sample lost less than 10% in

passing 200 mesh.

They are very weak, on account of the large quantity

of fine silica. They crumble like chalk when dry, and show
almost no tensile strength. They are plastic, as any fine

grained mass is plastic, but they liave almost no fatness,
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PeterRhodes' tract

Berry's Mine 100

Selected from stock
house. Represents what
mine was producing
when last worked

78.64 14.33 5 43 98.40

4 Levi Lincoln tract 75
Waste from the dump.
No clean clay available

13
James Baker tract

Dobachnltz Mine 100

Scraps of clean clay left

in old stock house. Rep-
resents character of pro-

duct marketed

72 98 18.89 6.28 98.16

15 James Baker tract
Hand
Sample

A piece of particularly
handsome white clay: not

an average sample

16 James Baker tract 50 Cross section of lower
four feet of bank 84.45 12.77 3 52 100 74

6 Stevens tract 100
Cross section of bed from
top of white clay down

17 feet

77.37 17.03 5.70 100 00

7 Stevens tract 200
Best clay ; sampled and
selected by local clay

miner
64.47 *16.40 8 66 89 53

11 Stevens tract
Hand
Sample

Strongly colored, pink
and purple streaked

12 Stevens tract
Hand
Sample

Yellow or ocher colored
clay, found mixed

among white

17 Watkins tract 100

Average of clay stored
in stock house. Repre-
sents quality marketed

hitherto

76 32 16.80 5 60 98.73

18 Watkins tract 100

Cross section of IS feet

of clay in shaft. Did not
get down to where the
good clay was said to be

77 84 16 05 5 47 99 36

19 Watkins tract 75
Best clay; selected by

local clay miner

10 The Washery 100
Scraps of washed clay

collected In and under-
neath the old stock house

74 23 17 98 6 64 98 86

•The Alumina in this determination li undoubtedly wrong. It Is probably 26 10, as there was noth-

Ing else la the clay but silica, alumina and water.
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37 1.46 0.92 0.62 76 0.74 01 91.13 18.4 6.25
Fat-
ter.

Soft;

easily
cut

Very
fine

while
12.91

Iron, inappreciable
trace.

[

soft
Gray;
with

specks

Better colors than
would be expected.

80 1.55 1.26 79 0.95 31 0.20 93.13 20 6 6 25 Lean
barely
cut;

hard't
of all

Fairly
white;
less so

t'n olh's

8.47

Very
Lean

Soft Very
white Very high In siUca.

14 8.54 9.03 2 97 5 63 67 1.07 58.93 17 2.10 Lean
Very
soft

and
weak

Vy. faint

cream
tint;

good

4.21
Very weak pink \i\

raw condition.

45 0.59 0.34 35 0.58 trace trace 94.68 16 2 2.10 Lean
Very
soft

and
weak

Good;
c'nsid'g
sample
was fine

8.34

Only a trace of iron

Badly striped with
colors in bank, but
burns white.

ce trace trace trace trace trace trace 99.90 15 4.16 Fat-
ter.

fairly

hard;
can be

cut

Fine
white 9.59 Very weak.

Fair
white

Proves pink and
purple stain not per-

manent.

Yellow
streak'd

Proves yellow stain

must be avoided.

84 1.78 0.56 50 45 26 trace 91.80 22.6 2.10 Lean Very
low

Excel-
lent

8.39 Iron, trace.

28 4.60 4.70 3 03 4.30 0.67 trace 74.34 80.5 3.16 Lean Low
Almost
as good
asNo.17

6.38
Pink stains not pre-

judicial to color, in

this average section

Fine
white
color

Beautiful clay. Very
silicious.

little

dirt
99.0 26.4 Lean Low

Very
good
white

6.66
Averaged by wash-
ing from many pits,

from whole district.

81
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or eoliesiou, or bonding power. Tliej would not do to add
to other clays as a bond—they would weaken them instead

of helping them. They shrink little in drying, since they

have little clay left in them to shrink.

5th. Behavior on firing. They shrink but little at a

high temperature, remaining soft and porous. They will

not vitrify or flux at any temperature in ordinary use.

They remain or become most unusually white on firing to

a high temperature.

Stisceptihilitu to Improvement.

It has been urged by Wheeler that these clays have
never been worked with any kind of skill or good judg-

ment ; that they have never been wisely selected or care-

fully or persistently watched in the grading; that they

have never been sold with discrimination, or to parties who
could properly use them.

The writer's observations at Glen Allen bear out the

truth of all these assertions. The clays never have been

so treated as to do what they can do. Professor Wheeler
sees ground for thinking that a great industry will arise

from them some time, because they have given such fair

results with such ignorant treatment as they have received.

The writer cannot agree with Professor Wheeler on this

point. The clay can be better mined, better graded, and
better sold than it has been ; but, its fundamental character

can not be changed. It will never become a normal kaolin,

which may be use<l as other kaolins are, no matter what
kind of treatment it may be given.

The peculiarity of the clay is its great proportion of

fine silica, and in the fact that tliis is inseparable from the

kaolin on account of its infinite fineness. The above tests

show that the grading of the clay has been unnecessarily

severe in the y)ast ; that most of the pink and purple and

even yellow stained clay which has heretofore been re-

jected, really burns white enough for any purpose. But
these tests, made on samples from a number of widely sep-

arated localities, shows this remarkable peculiarity always
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present. Not a siiij>le sample avoids it, not does extra fine

wasliin«^ (200 mesh) improve them to any extent.

Still fuitlier summarizing, it may be said that these

clays ai-e N\idely distributed, in great quantity, easily ac-

cessible, usually fine grained and usually white burning,

while on the other hand, they are usually weak, porous, and
spongy, before and after firing, and contain a large amount
of fine silica as their single impurity, of so fine a grain that

it can never be separated from them by any commercial

treatment.

POSSIBLE USES.

Since the opinion has been definitely reached that

these clays are not susceptible of material improvement
the question at once arises, what uses, if any, can be found

for the material as it is, or as it can be made by proper

washing and blending?

White burning clays have a well defined field. In

general, we may say that two methods of utilizing them
are open.

First : To sell them on the market as a commodity.

Second : To use the clay as the basis of manufacture
of some sort of clay product.

Considering the first of these two possible uses, the

marketing of white clays as a commodity depends chiefly

on the following three uses

:

A—For the manufacture of white pottery or white

ceramic products of any sort.

B—For use as a paper filler.

C—For use as an adulterant or "filler" for various

substances.

A. These clays can not be successfully sold in compe-

tition with other white burning clays, because they lack

the customary properties which purchasers expect to get

when they buy a white clay. They are notably deficient in

plasticity, bonding power and tensile strength. Their color

is fine and they wash easily and without loss, but if used

to replace other kaolins on the market, pound for pound,
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they siniplj will not do the work. Commercial kaolins

contain generally from 90 to 98% of kaolinite. The Glen
Allen clays contain 40 to 50% of it.

Commercial kaolins are mixed in bodies with about
an equal quantity of flint and feldspar or some equivalent

flux, to bring them to the desired composition of firing.

The Glen Allen kaolins could not be given any more flint

—

in fact, they already contain too much. It would be neces-

sary to actually buy ball clays to strengthen them, instead

of fluxes and non-plastics to dilute them.

The point may be raised, why not accept them for what
they are, and add the ingredients they need, and go ahead
and make white pottery from them? This is entirely

feasible, as the writer showed, by merely adding 10 parts

of feldspar to 90 parts of the clay and firing to cone 8,

when a very pretty white ware body was obtained. But, to

ask the regular old-time potter, in whose hands the potting

business still largely remains, to completely revise his

customary procedure, is to ask too much—they will not do
it, unless they are forced to do so. As long as there is

plenty of good white clay which they can buy at reasonable

figures and to which they are fully habituated, it would be

useless to ask them to take up another material which
could not be used except by a fundamental reconstruction

of their whole mixture. For this reason, the writer sees

no future for the Glen Allen clay as a commodity to be

sold to the potters.

B. As a paper clay, they are still more fatally defec-

tive. Paper clays must be first of all, fat and unctuous in

feel and free from grit which will scar the polished surface

of the cii lender rolls. These clays are full of sand

—

very fine it is true, but silica nevertheless. Obviously they

cannot be sold to the paper men.

C. As an adulterant, they might do, but this trade is

an inconspicuous one and hardly justifies the establish-

ment of an industry for this purpose alone.

Second. Can these clavs form the basis of a success-
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fill uiauufactnriiiii industry at (Jlcn Allen or at other iiear-

bv points?

This must be rojisideretl under a nuinber of heads.

D. White Ceramic l*roduets— Pottery, porous or

vitreous, AVall Tiles, Electrical Porcelain, etc.

E. Construction Materials, Fire Proofing, Refractor-

ies, Terra Cotta, Roofing Tiles, etc.

I). Since it has already been shown that the Glen

Allen kaolin lias naturally about t\ui same proportions of

fine white quartz and fine white kaoliuite that is ordinarily

useil in the mixing of a white ware body, and that by the

addition of from 10 to 15 percent, of feldspar or equivalent

and about an equal quantity of ball clay to increase the

plasticity and strength in the clay state, a body can be ob-

tained first class in all respects, the query arises why can

not these clays form the basis of a white-ware industry in

Missouri. Why not put the venture in tJie hands of a

trained ceramic chemist, who would have the courage to

break over all the old traditions and use these clays as

their chemical composition so clearly shows they should be

used?

Technically, such a course is perfectly feasible. There
are a number of men in the country now, who have the

practical knowle<lge and the chemical training to do this

successfully. Rut, the great question is, will it i)ay? As
far as the body mixture is concei-ned, a large saving could

surely be ma<le. Ruying the Tertiary ball clays of west-

ern Kentucky and Tennessee, there would be only a short

haul over a fairly direct line. The fiux only w'ould have to

be hauled, and it only amount to 10% ov so of the body.

By using part lime in place of feldspar, the freight could

be still further reduced. Such a body, mixed at Glen
Allen, ought not to cost more than one-third what the ordi-

nary white ware body is costing in East Liverpool or

Trenton.

But, the body cost is only a small part of the cost of

pottery ware. The labor is the big item, and there would
b(» no suitable labor at Glen Allen. Imported labor would
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be expensive labor. Hence, the advantage of the cheap

body would be otlsot, in part at least, by the expensive

labor.

The other great co.st in ceramic work is for fuel. The
coal in this district is from soutlicin Illinois mostly, and
is poor stuff. The St. Louis clayv. orkers complain greatly

of it, even for burning sewer pipe and bricks. The Glen
Allen district would have the same coal, with added cost of

freight over a small branch line.

Wood is the other alternative. While there is much
wood still to be had in the district, the timber is being cut

over the second time, and the second cut is taking out

everything which can be used at present. Only the low

scrubby stuff is left, which is available as fuel. But, even

in this district, the use of ^^ood fuel would not be very

cheap now, and will become more and more costly as time

goes on. The fuel (]uestion therefore, is not as favorable

here as in the East.

It appears, therefore, that any advantage from cheap

body would be offset by higher and more fluctuating labor

and more expensive and less desirable fuel, and that for

white wares, porcelains, or plastic-made electrical goods,

that there is no really strong inducement to make the

experiment.

But with wall tiles the case is different. These are

made wholly by the drypress process. The labor employed
is less skilled and less organized. The product is all made
together and hence is not dependent on any special labor

supply. All advantages as to cheap body hold good for

tiles as well as for pottery, while the fuel is the only un-

favorable factor. It is not by any means prohibitory, and

in the opinion of the writer these clays could be made the

basis of a tile industry with every prospect of success.

E. Construction Materials.

These industries may be classitied for the purposes of

this present discussion into two groups and several sub-

divisions, as below

:
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/Paving and Foundation Brick

illai'd Building Brirk

Vitrified or jSewer Pipe

close-bodied \j<31ectri('al Conduits

'Roofing Tile

Constructive ' \Encaustic Tile

Clay Wares

Face Brick

Unvitrilied or JEnameled Brick

yopen-bodi(?d JFire Brick and Refractories

IFIi-e Proofing

In the first group, or vitrified wares, no hope of these

clavs becoming of high value can be held out. It has al-

ready been shown that they remain soft, open grained, and
porous, even after high temperatures. To bring them into

the vitrified condition would require the use of an amount
of fiux, and a thorouglmess of blending wliicli would be

entirely too expensive. The country is full of raw material

well suited by nature to make into vitrified wares. It would
be foolish to attempt to use these clays, in the face of this

fact.

In the second grouj) of industries there is a situation

that may be worth considering.

Face Brick. In general, these clays are not suited for

face brick ; the latter do not have to be vitrified, but should

be hard and weather resisting. There has been a gradual

tendency towards liarder and harder face brick of late

years.

On the other hand, there is a demand for white bricks,

and for light clean gray bricks. White bricks are now very

difficult to get, and are not really white, after all. These
Glen Allen clays would make a brick as white as chalk, far

ahead of anything now on the market. They vrould require

some flux to harden them, but as the basis of a white face

brick industry, they are exceptionally well suited.

For this purpose, the clays could be mined with practi-

cally no sorting and thei-efore very cheaply. They could
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be worked by open pits, ou the hill sides, so as to drain

themselves. If netessary, a steam shovel could be used to

strip the discolored soil and top clays ott", or even to dig

the white clay itself.

For making gray bricks, two things are needed : First,

a white body day, second, a black material to make the

spots. The Glen Allen clays would make a finer gray brick

than any on the market. At present, buff or cream colored

clays form the body matrix for grays, but their color does

not give a pure gray. This clay would make a pure gray,

i. e., a mixture of black and pure white. The black spots

would be gotten by manganese oxide, or by use of impure
parts of the white clay, possibly. In any case, they are pro-

duced inexpensively.

In addition to grays by manganese, greens by «opper,

and blues by cobalt could also be made with exceptional

ease. The advantage for producing these colors would lie

in the ichitoicss of the body. No other clay now on the

market for bricks is so white, and delicate tints of blues

and greens could be made on such a base which would be

very ugly on buff or cream colored base.

To make these white clays into a sufficiently bard
brick to meet the present idea of the market would require

the extensive use of some flux which could do its work
without changing the color of the white. Such a flux is

at hand in the limestone which is found in vast quantities,

rt could either be used raw, ground to a fine powder, or

burnt, slaked to an impalpable powder. Thre<* to five per

cent, of it would ho sufficient, and the cost would not be

excessive.

/•JnanirJrd or (ilaz<;<] lirick. In enamel brick making,

tbe clayworker lias two propositions on hand. 1st, making
the brick, 2nd, making and firing the enamel.

For making the bricks, what has been said in the pre-

ceding section as to the mining and sorting of the clays

and making the bricks, holds hei-e ('<|ually. And in addi-

tion, enamel bricks are largely used for inside work, and
for such work are not nvjuired to be frost proof. Flenie.
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the soft brick produced in a face brick plant could be enam-
eled and sold at as good profit as those that received fire

enough to make them fully hard and weather proof. Thus
the two industries would supplement each other to the

very best advantage.

As to making the enamel, the Glen Allen clay itself

would furnish the main and bulkiest ingredient. Feld-

spar, lead oxide, lime, and zinc oxide would be the chief

additions. The lime could be used from local supply. St.

Louis is one of the cliief lead and zinc markets of the coun-
try, and the feldspar would not be prohibitive in cost. No
location in the country could be found where enamel could
be made so largely from local materials and so cheap.

Fire Brick and Refractories. The clays of the district

contain almost no fluxes. Iron is practically absent. Lime
and magnesia are certainly low, as the analyses and burn-
ing tests show. The clays have all been fired to cone 10,

a temperature well above the usual heat of ceramic kilns,

and has been shown, are still soft and porous.

The composition of this clay makes it impossible for

it to ever become a hic/h grade refractory. Silica alone is a
powerful flux, if the heat is high enough. xVny of these

clays being very high in silica would therefore vitrify and
flux, by itself, at temperatures from cone 26 to 30. And,
if used where other strong fluxes could reach them, these

clays would melt like butter. They are unusually suscep-

tible to attack of fluxes, on account of their fineness of

grain and mineral constitution.

But, there is a large demand for fire brick, so-called,

which are never expected or designed to stand really high
temperatures. For mantles and grates, for common house
furnaces, for heating stoves and buildings, for boiler set-

tings, for annealing furnaces and for many similar uses,

bricks are used by the million which do not need to stand

high temperatures at all.

The Glen Allen clays would make bricks which would
stand anything but the very severest temperatures, if not
A. C, S.—7.
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subjected to the attack of fluxes. No ordiiiary furnace

would affect them by heat alone.

Fire Proofing. This industry demaFids a very light,

porous, soft material, for making fireproof floors and par-

titions. The materials are made purposely rough and ill

finished, so that mortar will stick to them. Tlie Glen Allen

clays, however, are probably too weak to be used profitably.

The material itself, when in place, would be all right and
of good quality, but 1 think the losses in manufacture and
in handling would be heavy.

Terra Cotta. This class of wares calls for th.e highest

qualities in clajs. Great plasticity, great strength while

still unburnt, not too great shrinkage in drying or burning,

good strength after burning, not too vitreous a structure

to permit cutting with stone cutter's tools, and a uniform
color behavior on firing are the main points.

The Glen Allen clays would not meet these conditions

by themselves, and could only be used as the minor part

of a terra cotta body.

But, their qualities would make them of very great

value to a terra cotta maker as an ingredient of some of

his mixtures. Their shrinkage and color are unusually

suitable to use in connection with fat, rich fire clays, or

even with red clays. A market for these clays at a low

price, like .^1.00 or .fl.50 per ton could be found, by which
many hundreds of tons a year could be sold. It could be

rained cheaply by steam shovel and put on the cars for 30

to 50 cents per toi). The demands of terra cotta makers
and similar clayworkers are so ver^^ different from the pot-

ters, that while any attempt to enter the latter field should

be discouraged, a market might be found in the former.

Other Possihh' Uses.

There is some opportunity to use clays for industries

outside of the usual field of clny nuinnfactuie, and a few

sucli uses are suggested in tliis connection.

PoriJaud Cement. Portland cement is an artificial

silicate, composed of lime, alumina and silica. The two
raw ingredients used are limestone or some source of 4ime,

and clay. The latter is about 30% of the mixture.
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PortlaiK] cement is beiug- used to an enormously in-

creasing extent and the manufacture is taking on mam-
moth proportions. Single plants are making 10,000 barrels

per da^^, and many are making 4,000 to 5,000. The con-

sumption per annum is doubling every two or three years.

One of the great demands of the day is a white hy-

draulic cement. There is no very good one on the market.
The obstacles to its manufacture are two-fold. 1st, diffi-

culty in getting good combination between the silica,

alumina and lime, without the aid of iron as a flux. 2nd,

the difficulty of finding a suitable clay. The Glen Allen
kaolin removes this last objection. Its composition and
physical structure are ideal.

The successful cement industry requires for its basis

:

1st. A large supply of cheap, easily accessible lime,

(either limestone or marl) practically free from magnesia.
2nd. A supply of clay or other mineral in which

silica and alumina are present in certain ratios, and in

suitable fineness of grain.

3rd. A supply of cheap fuel, low in sulphur.

The limestone of the Glen Allen district is unfortu-
nately magnesian, which completely removes it from con-

sideration as a Portland cement material.

The fuel situation has already been discussed. It is

not favorable to cement manufacture.
It becomes evident, therefore, that if this clay is to be

made into a cement, it would be better to move it to the
site of the lime and coal than to move the lime and coal

to it. Its wonderful fitness in silica-alumina ratio and
immense fineness of grain, may make it possible some time
to ship this clay away for cement manufacture.

Polishing Poivder. This clay is so silicious, so fine,

so white, or so delicately pink in color, that I believe a
small industry could be maintained in putting it up in

packages in dry powder form, or in brick form, to be used
as a polishing agent for plate glass, brass, metal work, etc.

It would be a small industry, but nearly all profit. The
cost of the washed and blended material would be only a
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few dollars per ton, and it would sell for several cents per

pound, if at all.

Manufacture of Filters. By selecting the more sili-

cious clays, molding in plastic state into plates, tubes, etc.,

and firing to cone 10, I think this clay would make a filter

equal to the Tripoli or Infusorial earth, or French Cham-
berland-Pasteur filter. This is a very special industry, but
is capable of profitable development.

CONCLUSIONS.

In conclusion, it should be said that nature has placed

in this locality a very remarkable deposit, and in appar-

ently large quantities. Its qualities differ so much from
those of clays sold under the same name, that all previous

attempts to work it have failed, because they have gone at

it wrong end foremost. The material must be utilized for

what it will do, instead of trying to make it do what it

will not.

Its properties do not specially attract the usual indus-

tries in which kaolin is used, but for a number of other

industries, it has capabilities which should make it a finan-

cial success.

It is distinctly not a speculator's investment. The
promoter will almost certainly fail, and drag investors

down to failure, if this clay is put on the market as a com-

modity, or manufactured on the spot. It needs the foster-

ing care of a real clayworker—one who has pride in his

profession and who will take this problem, and solve it by

slow, patient, and probably at first unremunerative work.

For such a man, backed by reasonable financial help, this

deposit opens a prospect of a sound and ultimately a pro-

fitable enterprise.

DISCUSSION.

Mr. H. A. Wheeler. As regards these kaolins, the

residual origin of which from limestone beds Professor

Orton considers doubtful, I may add that the southern

edge of tlie ghicial drift is at tlie Missouri river, which is

about 150 miles north of (Ut-u Allen, so they cannot be
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traced to a glacial origiii. Also, while knobs and islands

or Archaean granite and porphyry occur 20 to 50 miles

northwest of Glen Allen, they are all more or less fer-

ruginous and all of the clays thus far found that have re-

sulted from their disintegration are highly iron-stained;

in fact, the famous Iron Mountain and Pilot Knob deposits

of iron ore occur in them.

White clays are found in old sink-holes at Regina

about 100 miles north and in caves at V in eland about 80

miles north of Glen Allen in a similar cherty magnesian
limestone, but as in both cases the clay has been trans-

ported to some extent, it is free from the sand and chert

that characterize the Glen Allen deposits, while sufficient

plasticity has been developed to entitle it to be called ball

clay.

Again, near Jackson, in Cape Girardeau county, which

adjoins Bollinger county on the east, pockets of a much
purer, more plastic kaolin occur in old caves in limestone.

These cave clays have undergone sorting action by water

that has freed them of chert and sand, while the abrasion

and comminuting action of transportation has developed

decided plasticity. A few miles from the latter, occur beds

of very fine, white, amorphous silica that are evidently of

residual origin, for in the lenses or pockets of this material

can be found complete graduations from hard solid nodules

of unaltered chert to the completely-rotted amorphous
fine white silica. Evidently the leaching out of the one

to four per cent, of carbonate of lime that the chert orig-

ally contained has completely broken up its rock structure

and left it in the soft pulverulent form.

Chert is nearly pure nodular silica that occurs more or

less abundantly in most limestone and which has been

found by microscopic examinations to consist of the ac-

cumulated spicules of sponges and other silicious remains

of animal life that existed at the time the limestone was
being formed as a soft mud or ooze at the bottom of the

sea.

While a little white kaolin occasionallv occurs in these
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tine Jackson silica beds, either the former limestone that

contained the chert had very little cla}-, or else the clay has

been washed out and occasionally been caught in the old

quiet pools and caves as before cited.

The intimate and irregular association of weathered

and also unaltered angular chert with the Glen Allen ka-

olins is conclusive evidence to the writer that the origin is

local or residual. In the very slow accumulation of the

kaolin, some of it seems to have had an opportunity to re-

tain some organic coloring matter that gives the bright

purple and pink stains.

While the writer agrees with Professor Orton that the

Glen Allen kaolin is not attractive to use by itself for white

ware, on account of its high silica and slight plasticity, yet

it is a clay that that can be advantageously mixed v»ith ball

clay and spar, if uniform material is shipped. Too many
thousands of tons have been shipped and used by Ohio

white ware potters to questions this, and the fact that so

much has been used when it scarcely has been possible to

get two similar carloads is conclusive evidence that it has

been found to have some merit. Rut unless uniform re-

liable shipments are maintained year by year, no com-

mercial potter can afford to »ise such variable material, no

matter llo^^ attractive one or two carloads may be, and un-

til uniformity is guaranteed through careful, reliable and
intelligent .«;ele(tion and washing, the Glen Allen kaolins

are better left on the hill-sides where tiiey liave formed.

^^'hen the time arrives to assemble at a railroad and
labor (enter, like St. Louis, the kaolin, ball <lay, feld.spar

and Hint that occur in southeast Missouri, with the Siiggar

clay of St. Louis, it will be found that good pottery coal

can be secured in southern Illinois. While the central

Illinois coals are of low grade and high in sulphur, as

stated by Professor Orton, there are much higher grade

conls in the sonthein fields, esjiecially if the wasl^ed pro-

duct is us<m1, :\nd they have been tried and foimd .satis-

factory for bnrning white ware.



FRITTED GLAZES; A STUDY OF VARIATIONS OF THE
OXYGEN RATIO AND THE SILICA-BORACIC

AQD MOLECULAR RATIO.

BY

Ross C. PuRDY AND Haruy B. F()x% Champaign, Ills.

Two systematic studies of raw lead glazes, published

in the Transactions of the American Ceramic Society,

have done much to indicate the limits of variation in their

composition and heat treatment.

Accounts of similar studies of fritted glazes could not

be found by the writers, after a search in the literature of

ceramics. This want of definite information is certainly

not because fritted glazes are unimportant or little used,

for, on the contrary, they form the basis of decoration for

the most costly wares, and are to the white-ware manufac-
turer the glaze par excellence in the making of non-crazing

china.

This dearth of information regarding fritted glazes is

no doubt due largely to their complexity in composition

and the consequent difficulties in making the necessary

calculations. When there are but two variables as in the

case of raw lead glazes, only the simplest calculations are

required to formulate series in which one or both numbers
vary in some predetermined ratio, but when three variable

factors are to be considered, as in the case of fritted glazes,

the planning of a like series presents serious difficulties.

Mr. Ashley^, in his able discussion of the two papers

on the composition of biscuit bodies that appeared in Vol-

ume VII of the Transactions, demonstrated clearly the in-

completeness that is apt to follow an attempt to determine

the limits of variation of three factors when taken in oairs

'Trans. Am. Cer. Soc, Vol. VII, p. 90.

95
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ill six or more wholly independent series. As a further

illustration, several series of fritted glaze studies were
formulated, in each of which either the AloO;j, SiOo or

B^jO;. was varied in an arithmetical ratio. Several good
glazes were developed in each series, and consequently it

was thought a very wide range in the composition of fritted

glazes at certain temperatures had been determined. Such,

however, did not prove to be the case, for, when the glazes

had been compared as to their oxygen ratio, SiOj—B2O3
ratio, and AI2O3 content, it was found that but a very nar-

row range in composition had been used. As a result, the

large amount of experimenting had practically been for

naught.

Confident that the difficulties in the case of fritted

glazes could be overcome, the senior writer gave consider-

able thought to methods by which the range in the varia-

tions of the three factors, AI2O3, SiOg, and B2O3 could be

determined. The one given in the following report seemed
to be the most feasible for the purpose. Many improve-

ments in the details of the original plan were made by the

junior writer, and it is felt that the method as here pre-

sented is simple in its detail, and permits a very broad

stud}' of the limits of variation in fritted glaze composition.

There are important details of the fritted glaze prob-

lem which cannot be determined by an}' consideration of

the oxygen ratio, the molecular ratio, nor in some cases,

even the ultimate chemical formulae of the glazes. As an

illustration, oxygen ratio does not seem to be a factor in

determining the kind and (juantity of the several ingre-

dients that should be inc()r])orated into the fritt, and what
should be added 'raw', in order to obtain a given fusibility,

coefficient of expansion and contraction, fluidity, solvent

effect on body, production of color tints, etc., etc., conse-

quently such questions are not considered in the experi-

ments here reported, jiltliongh as stated before, their im-

portance is recognized.

Owing to the scarcity of reliable scientific data on the

fritted glazes aclnally used in (he <lift"eretit cerainic indus-
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tries, but very little idea of tlie limitH of variation iu the

composition and heat ti'e<itnient of such j^lazes could be

obtained.

The following are a few of the formulae studied

:

White Ware Glaze, E. Mayer, Trans. Am. Cer. Soc, Vol. I, p. 57.

0.084 KiO 1 ... o, ^.(^^
0.192 Na20' f^-^^ ^^^'

* io.28 AhOaJ
'

V^Fm]' 10.384 RO, Cone 2-4

Earthen-ware Glaze, Dr. H. Hecht, Thonindustrie-Zeitung, 1897,

quoted by Ashley, Trans. Am. Cer. Soc, Vol. VII, p. 92.

0.10 K2O 1 (2.\ Si02
0.30 OaO } 0.2 AI2O3 {
0.60 PbO j 10.4 BzOs Cone 010

White Ware Glaze, K. Langenbeck, p. 122, Chemistry of Pottery.

0.25 KNaO^ fS.O Si02
0.50 CaO } 0.3 AI2O3 <^

0.25 PbO J 10.5 B2O,! Cone 04

Wall Tile Glaze, R. O. Purdy, private notes.

0.095 K2O 1 . , gore a,-n
0.071 Na20L,^ Alo/
O 2'>1 HaO r"-^2 Al2U3<^

0:645 PbO J
l-O'^^^ E^O" ^^"^ ^^

Wall Tile Glaze, R. C. Purdy, Trans. Am. Cer. Soc, Vol. VII, p. 81.

0.49 PbO J

IO.57B2O3 Conel

GENERAL PLAN OF INVESTIGATION.

A study of these successful commercial fritted glazes

revealed the fact that there were four factors to be con-

sidered in the make-up of the chemical formuhe.

1st. The character of R. O. i. e. the kind and equiva-

lent amounts of each present,

2nd. The oxygen ratio, i. e. the ratio of the total oxy-

gen in the acids to the total oxygen in the bases.

3rd. The molecular ratio of the silica to boracic acid.

4th. The equivalent content of alumina.

It is quite obvious that since there are oxides of seven

or eight different basic elements used for different purposes
in fritted glazes, there are a great many possible RO com-
binations that could be and should bo tried if the study of



98 FRITTED GLAZES.

the entire field of fritted glazes is to be attempted. Since

for each KO there is a large number of possible variations

in the other factors, it is evident that it would be imprac-

tical to include all possible combinations in one investiga-

tion. It was decided, therefore, to limit this study to one

arbitrarily chosen RO.
The RO. The following was taken because it repre-

sents the average character of the RO used in white-ware

and wall-tile glazes.

0.126 Na20
124 K2O

0.500 CaO
0.250 PbO

The Oxygen Ratio. In order to not only cover the

range of variation in the oxygen ratio of the commercial

fritted glazes studied in the preliminary survey of the sub-

ject, but also to determine if possible the practical limits

of such variation, it was thought best to go beyond what
was taken to be the extreme minimum and maximum. Since

the most workable oxygen ratio in a raw lead glaze has

been found to be 1 : 2, and since one of the fundamental

objects in the use of fritted glazes is to secure increased

acidity and consequent reduction of the coefficient of ex-

pansion and contraction, this ratio (1 :2) was adopter! as

the minimum. At the time the study here reported was
made, it was thought that the oxygen ratio of 1 : 4 was the

maximum in use, and therefore a ratio that would repre-

sent a step beyond this limit was chosen as the maximum.
During the progress of the investigation it was found

that the maximum limit possible under all conditions had

not been choscMi, for, not only, were there good glazes de-

veloped with this oxygen ratio, but it has since been found

that Seger had used leadless barium fritted glazes that

ranged as high as 1 : (J with reported success.
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The following- are the oxygen ratios adopted

Oxygen in Oxygen in

Total Bases Total Acids

2.00
2.60
3.»'0

3 50
3 75
4.(10

4.50

The Silica-Boracic Acid Molecular Ratio. It was in-

ferred from a study of commercial fritted glazes that the

silica-bora cic acid molecular ratios varied from 1:0 to

1 : 0.20. and therefore 1 : 0.25 was chosen as the maximum.
Here also it has since been learned that the possible maxi-

mum ratio was not adopted, for Edwards and Wilson^

report the successful use of a much higher ratio.

The silica-boracic acid ratios adopted in this study

were

:

1

0.25

1 . 1 . 1 . 1 . 1 . ^ and ^

0.20
'

0.17
'

0.18
'

0.U9
'

05
'

0.01

TJie Range in Alumina Content. It is quite obvious

to those who have made a study of glazes in general, that

the permissible maximum equivalent of AlgOg is dependent
upon the temperature at which the glaze is designed to

mature, and since cone 10 had been arbitrarily chosen as

the maximum temperature at which to burn the glazes of

this study, it was decided that 0.45 equivalent would be a
larger equivalent than would be used commercially in the

vast majoritj^ of instances. It is common experience that

a small equivalent of AI2O3 is quite necessary to the devel-

opment of an insoluble or stable glaze, and that as a rule

white ware glazes contain from 0.25 to 0.40 equivalents. It

'Trans. Eug, 0. S. 1904-5, p. 24.
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was thought, therefore, that 0.1 equivaleuts could, with
justice to the study, be considered as the minimum amount
feasible.

The equivalent molecular variations of AlgOg chosen
were 0.1; 0.15; 0.20; 0.25; 0.30; 0.35; 0.40 and 0.45.

Shown in tabular form these three variable factors can
be represented as follows

:

Division into Groups by
Oxygen Ratio

Division of Groups into Series
by the Molecular Ratio of

SiO, : B,03

Division of Series into Members
Differentiated by their AljO,

content

Group No. O. R. Series No. Ratio Member
Designation

AI.Oj Equiv.

I

nm
IV
V
VI
vn

2 00
2.50
3.00
3.50
3.75
4 00
4.50

1

2

3

4

5
6

7

8

1 : 0.25
1 :0.20
1 :0.17
1 :0.13
1 :U 09
1 :0.05
1 :0.01
1 :0.00

a
b
c
d
e
f

g
h

0.10
15

0.20
0.25
0.80
0.35
0.40
0.45

CALCULATION OP^ THE GLAZES.

The calculation of the proportions in which the var-

ious extremes in these series are to be blended to produce
any given glaze of the 448 provided for in the above scheme
is somewhat perplexing, and as before stated, was made
the subject of a good deal of thought. The following method
of calculation was finally found to be the most satisfactory.

Considerable more space is given therefore to the detailed

explanation of the method than would perhaps be justifi-

able in ordinary cases.

First Method : Formula of Glares. The oxygen ratio

of a fritted glaze can be expressed by the formula

2y-j-3z

in which O. R. stands for oxygen ratio; y represents the

molecular equivalent of SiOo present; z the molecular

ecjuivalent of boracic acid ; x the molecular eciuivalent of

alumina; and the numeral 1, the oxygen in the RO when
the total e<iuivalent of RO is reduced to unity. In the
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statement of conditions for any one glaze, the oxygen ratio

and alumina equivalent are given, i. e. known. Each for-

mula thus contains only y and z as unknowns. Sin(!e the

ratio of y to z is also given in the silica-boracic acid ratio,

we have the equation

( B ) y : z : : 1 : b or z=by.
With these two simultaneous equations y and z are readily

determined.

Since the AI2O3 equivalent varies regularly in each

series, it is quite obvious that the SiOo and BgO.; content

of the several glazes in each series differs by a constant

factor that can be obtained by subtracting the Si02 and
B2O3 in the first member (a) from the SiOs, and B2O3
equivalent in the second (b), so that only the first two
members of the series need be calculated by equations (A)
and (B).

Second Method. It was developed in the actual carry-

ing out of the calculations by the first method that only

the first two terms of the series in the end groups need be

calculated by the above equations. After obtaining the

SiOo and B2O3 for the members of each series in Groups
I and VII as given in the first method, the corresponding

serial members of the intermediate groups, it was found,

could be obtained by a blending calculation on the basis of

the difference in the oxygen ratio and the rule of extreme
and mean differences. The blending factors for the

groups are

Parts of Group I Parts of Group VII

Group I 1.0
II 8 0.2

Ill 0.6 04
IV 0.4 6
V 0.3 0.7
VI 0.2 0.8

" VII 0.0 1.0

Equiv. Si02 for S 1, G I " a" (.9454) times 0.8 = 0.75632
" " " SI, G VII "a" (2 1 "3) times 0.2 = 0.42547

" SI, GII"a" then 0.75632 + 0.42546 or 1.1811
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By this method the SiOg and BgOg content of the

glazes in all the groups can be very readily obtained by the

use of simple factors as above shown.

Blending of the Glazes.

There are many ways in which the glazes indicated

in the above table could be blended, but it was decided that

this could be done most readily and with the greatest ac-

curacy when the number of "original" or weighed glaze

batches was the smallest, so that the fritts might be melted

in large quantities at one time, and thus errors in weighing

fractional quantities made as small as possible. Each
individual glaze can then be made by weighing portions

of these few made-up glazes as explained later.

The minimum number of "weighed" glazes that could

be used in this blending scheme was found to be eight, aa

follows

:

1. Groap I. Series 1 member a

2. Group I. 1 h

3. Group I. 8 a

4. Group I. 8 h

5. Group Vn. 1 a

6. Group VII. 1 h

7. Group vn. 8 " a

8. Group VII. 8 h

Of these eight glazes the first four are from Group I

and the last four are from Group VII. In the first group,

therefore, the maximum amount of each of the first set of

four glazes will be used and in Group VII the maximum
amount of each of the last set of four glazes. The amounts
of the glazes in each set that are used in the intervening

groups are iu the same proportion as the oxygen ratio of

those several groups. By again noting the extreme and

consecutive variations in oxygen ratios in the tabulated

statement of the groups and series, it will be seen that

these proportional amounts for each group as noted above

are as follows:
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Group I 1.0 0.0

Group II 0.8 0.2

Group III 0.6 0.4

Group IV 0.4 6

Group V 0.3 0.7

Group VI 0.2 0.8

Group VII 0.0 1.0

Total, 3.3 3.7

That is, ill the first group, 10-33 of tlie total amount
of the first four weiglied glazes \Yill be used; in the second

group 8-33 of the first four and 2-37 of the second four, etc.

Having thus calculated the distribution of the eight

weighed glazes in the several groups, the next step is ob-

viously the determination of the proportional amount of

each of the "weighed" glazes in each series.

Since the "weighed" glazes represent series 1 and 8

of each group, by making blending calculations on the

basis of the silica content, the intermediate series of each

group are made up of proportional parts of the extreme
series as follows:

Series
Weighed Glazes of

1st Series
Weighed Glazes of

8th Series

1

2
3
4
5
6
7
8

1.0000
0.8461
0.7451

5984
0.4363

1^558

0542
('000

0.0000
0.1539
0.2549
0.4(116

0.5637
0.7442
0.9458
1.00(10

Total 3-9359 4.0641

To illustrate how this proportional distribution of

the weighed glazes is made in the separate groups take

Group II, Series 4. It was determined that for Group II

there should be used 8-33rds of the total amount of the

weighed glazes belonging to Group I and 2-37ths of the
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weighed glazes belonging to Group VII.

Group II, therefore, there would be used :

/ 0^^984 ^ _8_\ of '^v^eighed glaze 1 and 2.
\3.9i359 33 /

/0^5984 ^ ^\ of weighed glaze 5 and 6.

\o.yooy ot /

V 4~U64T 'W/ weighed glaze 3 and 4.

(0.4016 5J \
4l)64l ^ ~^) °^ weighed glaze 7 and 8.

In Series 4, of

Similar calculations were made for each series in each

of the groups.

The sum or mixture of the proportional parts of the

total amount of "weighed'" glazes 1, 3, 5, and 7, as shown
above, would constitute the first member or "a" of Series 4,

Group II and the mixture of the proportional parts of the

total amount of "weighed'' glazes 2, 4, 6, and 8, as above

shown, would constitute the last member or "h" of Series

4, Group II.

Having thus the proportional part of the total amount
of the "weighed" glazes in the first and last members of

each series in each of the groups, the further distribution

of the "weighed" glazes in the intermediate members of

each series must be made on the blending proportions as

obtained on the basis of the difference between the alumina

content of each member. These proportional factors are

found to be as follows:

Proportion of "a " Proportion of " b"
Members of Series in each Member in each Member

a l.nooo 0.0000

b 0.8571 0.1 4J9

c 0.7142 0.2ao8

d 0.5714 0.4286

e 0.4286 0.5714

d 0.2858 0.7142

f 0.1429 8571

g 0.0000 1 0000

Total 4.0000 4.0000
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Series 4 Groiii) il theu may he made up by blending

the eight "weiglied" glazes in the proportional amount of

the total of each of the ''weighed'' glazes as in the table on

page lOG-107.

To demonstrate tlint the factors there dev(^loped give

true results, the chemical formiihi of glaze d, Series 4,

Group II, is calculated as follows

:

RO A1,0, SiO, B,0,

0.00526 E
0.00394

00341

qv. glaze No. 1 contains
" No. 2
" No. 3
" No. 4
" No. 5
" No, 6
" No. 7
" No. 8

0.0052
0.0039
0.0034
0.0026

0011
0.0008
0.0007
0.0006

0.0005
0.0018
0.0003
0.0012
0.0001
0.0003
0.0001
0.0002

0.0049
0.0067
0.0044
0.0060
0.0025
0.0034
0.0022
0.0030

0.0012
0.0016

0.00256
0.00117
0.00088
0.00076
0.00067

O.00O6
0.0008

Total 0.0181 0.0045 0.0331 0.0042

Multiplying these totals through by an amount which
will bring the KO to unity, or 55.24, we have the following-

result :

(1.8284 SiO,
0.9998 RO, 0.2486 Al^Oj ]

(0.2320 B^O;,

of which the oxygen ratio is l:2.41)-j-

Since the sum of the elements brought in by the re-

spective amounts of the various weighed glazes employed
makes a glaze whose formula satisfies all the conditions for

glaze ^d', Series 4, Group II, the above method of calcula-

tion must be correct in principle.

In the same manner, the eciuivalent amounts of the

eight "weighed" glazes required for a mixture or blend,

having the chemical composition of each of the 448 glazes

required for the whole investigation can be calculated and
tabulated.

These equivalents or factors are parts by molecules
but not by weight. In the calculation of the required parts

by weight of the eight "weighed" glazes, the total amount
of each glaze required, and the difference in the combining
A. O. 8.-8.
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Calculation for Compoundirig

Proportion of

Weighed Glaze
Number 1

Proportion of
Weighed Glaie
Number 2

Proportion of
Weighed Glare
Number 3

0.5984 8

3 9359 33

0.4016 8

0.0368

0239
a 4.0641 33

5984^^ 2

8 9369 '^ 87

0.4016 2

4 0641 37

.< M s, 8671
* -^ 4 000

. ., 1429
^ 4.000

0079 00512

b
0.001376

* ^ 4 OOCK)'

-^ 4 000

00667 0.004267

c
00263

"a" v^^^^*^ 4.000

-^ 4 000

0.00626 0.003414

d
00394

* ^ 4.000

^ 4.000

00394 00266

e
00526

..^..v. 0.2858
^ 4.000

"h"X^^^*^

0.00263 0.00181

f
0.00657" ^^ 4.000

„ „ ^
1429

* ^ 4.000

wh„w 8571

0.001316 0.000854

E
0.007885

^^ 4 000

5984^ 8
0868

8 9369'" 33
"

4016 2

h
4.0641 ^ 87

0.4016 8

4.0641 ^^ 33

0.6984 2

3 9369^ 37
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Series 4, Group II.

Proportion of

Weighed Glaze
Number 4

Proportion of
Weighed Glaze
Number 6

Proportion of
Weighed Glaze

Number 6

Proportion of
Weighed Glaze
Number 7

Proportion of
Weighed Glaze

Numbers

0.00822

0.00535

00176 0.001146

0.000864 0.000294 0,000191

00147 00096

00181 0.000587 000382

0.001174 0.00076

0.00256 0.00088 0.000573

00088 000573

0.003414 0.001174 0.00076

0.000587 0.000382

004267 0.00147 0.00096

0.000294 0.000191

0.00512 0.00176 001146

0.00535

0239

0.00822

1
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or batch weij»hts of each of the "weighed'' ghizes must be

considered. This latter consideration has not until lately

been noted in the blending of series of glazes or bodies and,

so far as the writers can learn, it was first suggested and
made use of h\ the senior writer, in class exercises in ce-

ramics at the Ohio State University in 1903, and was first

mentioned in published papers by E. Ogden, who was a

student at Ohio at that time.^ Mr. Ogden has amply set

forth the necessity of noting the difference in the batch

weights of the extremes, so that further discussion of this

point at this time is superfluous. The importance of tak-

ing cognizance of the differences in combining weights of

the several glazes to be blended is illustrated in the fol-

lowing :

Calculation of required total amount of ^'weighed"

glazes for entire c.rperiment. By trial it was found that

about 60 grams of fritted glaze was necessary to make a
coating one-sixteenth to one-eighth inch thick on five 3 inch

by 1 inch by II/2 int!h wall tiles. It is obvious that the

maximum quantity of any one of the "weighed" glazes in a

given blend would be re<iuired in the case where the

"weighed" glaze is used alone, or unblended with any of

the others. Considering this as a safe criterion by which
the total amount of each tlie "weighed" glazes required in

the entire series of blends can be estimated, it is quite ob-

vious that since, in the case of "weighed" glaze No. 1, for

illustration, as shown in the development of the blending

factors, 10-33 of the total amount is required for the first

1

group; and of the (piantity require<l for the first

3.9350

group is used in the first series; and Vt o^ that used in the

first series is required in the first member or ^a', it follows

10 1 1 10

that —X X— or of the total annmnt of

33 3.9359 4 519.54

'Trans A C S., Vol Vlf p .•{TS.
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''w(M<»li('(r' iilazo No. 1 used in the entire system of bleniLs

10

must be equal to 60 grams. Therefore 60 -j or

519.54

3117.24 grams is the total amount of "weighed" glaze No. 1

required.

Having calculated the batch weight of the eight

''weighed" glazes, as shown later, it was found that the

combining weight of "weighed" glaze No. 1 was 213.78.

Since 3117.24 Avas so nearly 15 times the combining

weight of "weighed" glaze No. 1, 15 was adopted as a fac-

tor by which the combining weights of each of the eight

"weighed glazes should be multiplied to ascertain the total

amount of each required for blending the entire number of

glazes in this experiment, as shown in the following table:

Weighed Glazes Combining Weight Factor Amount Required

1 213.78 15 3207
2 296.78 15 4452
3 206.52 15 3097
4 305.34 15 4580
5 298.00 15 4395
6 462.32 15 6935
7 303.97 15 4560
8 481.47 15 7222

Means of Minimizing the Number of Weighings in

Above Blending Scheme. By simple calculations it was
found that if the above scheme of blending was carried out

in detail as given, 2976 separate weighings Avould be re-

quired. By first weighing up the "weighed" glazes pro-

portionally into groups, then thoroughly mixing the

blended glazes by passing them tlirough a 60 mesh sieve six

or seven times ; taking these blended glazes, now 46 in num-
ber, and blending them proportionally into series, and then
finally into the separate members, in other words, by mak-
ing the blends in three stages, there would be required only

656 or less than i/^ <>f the number of weighings that would
be required if the amount of each of the "weighed" glazes
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requisite for the proper blending of each member, was
weighed out direct. Tliis was accordingly done.

THE FRITTS.

Opinion and custom differs widely as to what parts of

the glaze should be incorporated in the fritted portion. As
a rule, there is no cognizance taken of the solubility of the

resultant fritt, nor any attempt to harmonize its chemical

composition with that of the glaze. Since there is neither

law nor general custom in this matter, the following rules

were arbitrarily chosen:

1st. The fritt should constitute at least 50% by
weight of the glaze.

2nd. Its oxA'gen ratio sliould be the same as that of

the whole glaze.

3d. The fritt should contain (1) all of the alkaline

salts including the feldspar; (2) all of the boracic acid

and borax
; (3) all but 0.05 equivalent of the required clay

;

(4) all but 0.10 equivalent of the total calcium oxide; (5)

all of the free aluminum oxide; (6) only sufficient silica

to maintain the required oxygen ratio. This left to be

added raw to each of the "weighed" glazes the following:

. 25 Eqv. white lead

0-10 Eqv. whiting

0.05 Eqv. china clay

X Eqv. flint

The fritts were made in a crucible fritt furnace^

fired by gas. The fritts when fused dropped from the

crucible into cold water for granulation. It was found

that all but two of the fritts were reasonably insoluble in

water, but the comparatively ready solubility of the fritts

belonging to weighed glazes No. 3 and 7 developed a belief

that the fritts should not be run into water but rather out

'Manufactured and donated to the Ceramic Department, Univer-

sity of Illinois, by W. D. Gates, Americjin Terra Cotta and Ceramio

CJompany, Chicago, Illinois.
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onto a cold slab, refritted and then iironnd dry. Mr. J. F.

Krehbiel suggested tliis plan, and lias carried it out with

good effect in tlie crystaline glaze experiments.

With the exception of the solubility of the two fritts

cited, all eight fritts seemed to be normal. Their fluidity

was sufficient to permit free flowage through the orifice of

the crucible, and in no case was excessive heat or time re-

quired to affect the complete melting of the fritt.

Materials Used.

The following materials were used in this series of

experiments

:

C. p. Sodium Carbonate Na2C03
C. P. Potassium Nitrate KNO3
Wliiting CaCOa
White Lead Pb(0H;2 2PbC03
Flint Si02

Borax Na2B407 IOH2O
Boracic Acid (Flaky) B2O3 8H2O
Calcined Aluminum Oxide A1203

Soda Feldspar. The analysis was as follows

:

Per cents.

Si02 69.36
AI2O3 17.00
Fe203 0.63
CaO 0.62
MgO 0.88
K2O 6.31
Na20 4.79

The molecular formula of the above is

:

0.385 K2O 1 1 1PR Ai n ^0.526Na2oil-136Al2O3|
0.075 CaO fnn9^Ppn I

^-^^^^'^^

0.014 MgO J
"-^2^ ^^''^s J

of which the combining weight is 669 6.

Potash Feldspar, from Brandywine Summit, Pennsylvania. The
analysis was as follows

:

Per cents.

Si02 68.60
AI2O3 18 40
Fe203 54
CaO . 0.30
MgO .. 0.14
K2O 10 52
Na20 2.00
Moist 0.17
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The molecular formtila of which is

:

0.7314 K2O 1 1 17Q Aio ^
0.2109 Na,0 P '^'^ AI2O3

|
0.0349 CaO L n^o tt^ n i

0.0228 MgO J
^-^2 FesOs j

of which the combining weight is 663.79.

Georgia Kaolin, The analysis was as follows:

Per cents

Si02 44.02

AI2O3 39.51

Fe203 1.09

CaO 0.36

MgO 0.12

KNaO 0.23

H2O 14.60

The molecnlar formula of the above is

:

KNaO (» 0175 ^ 1 .00 AI2OS W.89 SiOa
OaO O.Ul^fi

} }MgO (1.0077 J 0176Fe2O3J 2.09 H2O

of which the combining weight is 257.78.

PREPARATION OF THE Gr.AZES.

The fritts were wet-ground to pass freely a 100 mesh
sieve, dried in newly-made plaster evaporating molds, and
finally dried thoroughly by subjection to artificial heat.

As no water was poured off and thrown away, the

only portion of the soluble materials in the fritts that was
lost, was the trifle that entered the pores of the plaster

evaporating molds. The uncertainty as to the absolute

constitution of the fritts when finally ready for use was
the only known irregularity in the whole experiment, and
the writers believe that this is not very serious.

The eight "weighed" glazes were then weighed, wet-

ground for a half hour, passed through a 100 mesh sieve,

and dried in plaster evaporating molds.
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From the fore^oiiij;' tables it is readily seen that the

difference in composition and batch formulae lies wholly

in tlie constitution of the fritt, except that each group con-

tains progressively more and more free flint. For each

group, however, there is a definite equivalent of free silica.

The ecpial ecjuivalent of fritt used in each case insures uni-

formity in the make-up of the several glazes, so that the

difference in behavior of the glazes, one from another, can

be said to lie wholly in their chemical constitution.

The actual formulae of the glazes, giving the AI2O3,

SiOa and B0O3 content of each, has been prepared in tabu-

lar form, but in order to facilitate close comparison be-

tween the composition of the glazes and their results on
firing, the tables, marked Group I, Group II, etc., appear
in connection with the results, instead of at this place.

BODY USED.

The body used in these experiments was furnished by
the U. S. Encaustic Tile Co., of Indianapolis, Ind., through
the courtesy of Mr. E. M. Ogle. It was delivered to the

laboratories of the Ceramic Department of the University

of Illinois in the shape of normally burned biscuit wall tile

of apparently uniform density. The composition of the

body as given by Mr. Ogle is as follows:

Ball Clay 40

China Clay. 40

Cornwall Stone 20

Flint 22.6

122.5

PREPARATION OF THE TRIAL PIECES.

The question of how thick a layer of the glazes should

be placed on tlie tile was considered seriously, for it was
doubted if the difference between the behavior of the sev-

eral glazes would be sufficiently exaggerated or emphasized
if applied as thin as is the practice of the china and white

ware potters, or even the wall tile manufacturers. Between
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oue-sixteeiith and one-eiji^btb of an iucli was finally adopted
as the thickness. The glazes that stand as "good"' at this

thickness will surely stand well when applied thinner, and
those glazes which would have a tendency to craze or shiver

would have that tendency increased by increased thickness,

and tliereby display their peculiarities almost at once after

drawing from the kiln.

Five tile, marked in pencil with the proper group, ser-

ies and member symbols, were thoroughly saturated with

distilled water, placed side by side and the glaze paste ap-

plied over all five tile at once, with a spatula. After dry-

ing, the tiles were separated, fettled, and re-marked with a

cobalt stain.

PLACING OF THE TRIAL TIECES.

The tiles were placed in the tile setters of such capacity

that each held one whole series. The members of each ser-

ies were placed in a setter in regular order, so that in case

any of the tile should be stuck to the bottom of the setter,

as a consequence of the running off of a portion of the ex-

cessively thick glaze, as happened in a few cases, each mem-
ber of the series could be readily identified by its position

in the setter. The identification of one specimen in each

setter was, therefore, sufficient for the identification of the

remaining members of the series.

For nearly all burns above cone 010, the tile were
placed on small wads with sufficient space between the tile

and the setter bottom to permit of considerable running of

tlie glaze without seriously cementing the tile to the setter.

BURNING or THE GLAZES.

The glazes were burned in a side down-draft kiln de-

signed by the senior writer, and built for tlie Ceramic Lab-

oratory of the University of Illinois, as shown in Plate I.
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This kiln was fired with coke, on the following time sche-

dule:

Cone 010 in 12 hours, 1 hour soaking, raj)id cooling.

Cone 05 in 14 hours, 1 hour soaking, rapid cooling.

Cone 1 in 16 hours, 1 hour soaking, rapid cooling.

Cone 5 in 18 hours, 1 hour soaking, rapid cooling.

Cone 10 in IS to 24 hours, 1 hour soaking, rapid cooling.

These heats were easily attained in the time allotted,

with a very thin (3 inches) bed of live coals and an average

of 20 to 30 minute firing periods. In fact, in all but the

cone 10 burns, the raising of the heat was intentionally

checked, so as to insure as close approximation to the above

temperature schedule as possible.

In one of the cone 010 burns and one of the 05 burns,

the kiln was "smoked" in the early part of the burn, which
caused a deposition of carbon in the glazes that colored

them black. This, however, did not injure the character or

reduce the value of the results, for fortunately the smoked
glazes were not in the series that matured at these tem-

peratures.

Twenty-eight series or one-half of the entire 448 glazes

were burned at a time, thus necessitating ten burns in all.

The setters were placed in four bungs. In the first few

burns, cones were placed near the top and bottom of each

bung. In as much as the cones burned down equally in all

eight positions, a fact that checked similar experience in

this kiln in several previous burns on other forms of ware,

sufficient confidence in the absolutely equal distribution of

heat in all parts of the firing chamber was established, so

that in the later burns only two and sometimes one set of

cones was used in a burn.

RESULTS OF THE VARIOUS I5URNS.

Group I.

A table of the compositions of the 04 glazes com posing

this group follows on juige 110.
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Fired at Cone 010.

Series 1. .VU fused to glasses; noue attacked the body.

Members a, b, c, devitrified and badly crazed in both

thin and thick places.

Member d sliglitly devitritied, crazed, good gloss on
most of surface.

Members e, g, f, h, good glazes where thin, but have

small pin holes on surface where thick. Pin-holing

increases as BgOg decreases. Crazed whetlier thick or

thin.

Series 2, 3, 4. All devitritied and all effloresced. Devitri-

tication decreases with increase of AI2O3.

Series 5, 6, 7. Are like 2, 3 and 4 except that with low

AI2O3 crackling or separation of the glaze begins in

series 5 and increases progressively until it is the most
manifest in series 8.

Series 8. Is very badly crackled, the glaze patches exhib-

iting a vitreous sheen.

Summary of Group I at Cone 010.

(1) The Eqv. content of AL.O.. with which the best glazes

are developed at this temperature ranges from 0.30 to

0.40, with the ratio of SiO, to B2O3 1:0.25.

(2) Devitrification decreases with increase of AI2O3 and
the decrease of B^O.,.

(3) Efflorescence was general in whoh' series.

Fired at Cone 05.

Series 1. Devitrification is less at this temperature than

at cone 010. Crazing is finer meshed in the glazes

which have lower equivalent of AUO3. Crazing more
pronounced in all glazes at tliis temperature than at

010.

Series 2, 3. All glazes of these two series are dimmcHl less

at this temperature than they were at 010.

Tlie most fusible member of both series is "e,'' having

an AI2O3 content of 0.30 l<]qv. In both series, it has

but a trace of dimness.
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The lucinlxTs f, s;, Ii, in both series show <i;ra(led in-

crease in refractoriness.

Series 4, 5, (i. These three series exhibit a most peculiar

appearance in that they have passed from what ap-

peared to be devitrification in the cone 010 burn, to a
blistered dull surface due to the boiling that precedes

(juiet fusion,

Members e and f seem to l)e the most fusible of these

series.

Series 7. Members a, b, c, preseut same crackled appear-

ance as at cone 010.

Members d, e, f, are devitrified, matt-like in appear-

ance; e being a beautiful matt, but badly crazed.

Series 8. Carbonized badly, but are apparently more
fused than at cone 010.

Siimmari/ of Group 1 at Cone 05.

(1

(2

(3

(4

(5

(6

(T

(8

Good glazes having an AI2O3 equivalent of 0.3 to 0.4

occur in Series 1, 2 and 3.

Devitrification decreases with increase of AI2O3 and
decrease of BgO^.

None effloresced.

Fair matt surface occurs in Series 7 with 0.30 Eqv.
AI2O3.

Crazing is more pronounced in cone 05 burn than

at 010.

Glaze e, series 1, has the longest range so far devel-

oped, being good at 010 and at 05.

Glazes f and g are very nearh^ matured at 010 and
fully so at 05.

Crazing decreases with increase of AlgO.. and changes
from fine mesh to long hair lines.

Fired at Cone 1.
*

Series 1. Members a, b, c, d have good gloss; are perfectly

matured; crazed in fine meshes and have eaten into the

body, glaze ''a" being the worst in this respect.

A.C. S.—

9
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^lonibei-s o, f, ji aro liood, well matured *>lazes; "e" is

considerably crazed but the craze lines are long and
some distance apart ; "f" is less crazed and "g" has but

one craze line.

Member g is not quite matured.

What is stated in the discussion of the 05 burn in re-

ference to the decrease in devitrification phenomena of ser-

ies 1, seems to find confirmation in the cone 1 burn, for the

glazes that were badly devitrified at 010 were less so at 05,

and not at all at cone 1, but at cone 1 the edges of the tile

are eaten away by the glaze, and this eating away of the

edges decreases as the glaze increases in AlgOo. This lends

support to the doctrine (1) that AI0O3 counteracts devitri-

fication; (2) that glazes having the acidity of this group

must contain at least 0.30 Eqv. of ALO.. to satisfy the acid

content.

This series brings out another very significant fact

that has been noted in many other isolated examples, to-

wit : that when the glaze is compelled to feed upon the

body to gain the AUG;, required to make a perfect glaze,

fine mesh crazing is sure to follow. This increase in craz-

ing with increase of AL^O:- does not accord with Seger's

law in which the introduction of bases of high molecular

weight is credited with power to decrease crazing. But, as

will be noted later, Seger's laAV in regard to decrease of

crazing with increase of Al,0.. does bold true when the

original content of ALO-j of the glaze is considered. In-

crease in AUG., by eating into the body increases rather

than decreases crazing.

No scumming or devifi-ific ation was ai>panMit in any
member of this series.

Series 2, 3 and 4. The members of these series resemble

series 1 in every respect save that of maturity. Tn

series 1, all menibers but h are fully niatured, while

in series 2, 3 and 4 g is likewise unmatured.

The fine-mesh crazing in a, b, c, d, and to some extent

in e, is shown ifi fli(»s(» serii^s as in series 1, hnt the
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nuMubcrs f, «;•, h, arc freer from ('i*azin<> as tlio lioO.;

decreases, i. e. progressively from series 1 to s(U'ies 4

inclusive. This would seem to be rather sij^nificant

ill view of the fact that all the succeeding series have

dimmed surfaces which resemble devitrification more
than immaturity.

Series 5 and (J. Not a single member of these series is

matured.

Members a, b, c, d, and e show ])rogTessive decrease in

dimness (probably devitrification) with increase of

AloO;.. None have eaten into the body.

Series G. Members a and b are smooth, devitrified and
fine-mesh crazed.

Other members are in the "boiling'' stage. ]M(Mnber d

with 0.25 AUO3 exhibits this more than the oth.ers.

Series 7. All members of this series cover the tile perfectly

showing that increase of heat treatment from cone 05

to 1 has been sufficient to cause these glazes to fiow

enough to pass fiom a crackeled condition to a perfect

coating of glass.

Series 8. All members are dim with slight evidence of devi-

trification.

All are crazed in fairly tine meslies.

Summary of Group I at Cone 1.

(1) Good Glasses developed at this heat are as follows:

Series 1 a to h inclusive.

Series 2 a to g inclusive.

Series 3 a to g inclusive.

Series 4 a to g inclusive.

(2) Good glazes, having only hair line crazes, or none at

all and being free from pinholes.

Series 1 e, f, g, h.

Series 2 e, f, g.

Series 3 f, g. ^

Series 4 f, g.
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(3j Glazes d, v, f, sei-ies 7, that exhibited <»ooil matt t<'xt-

ure at cone 05 \vere "boiliuj]^" at eoue 1, showing that

at cone 05 their matt surface was due entirely to im-

maturity.

(4) .\t this tempt /ature, eatiii<i; into the body decreases

with decrease in BgO.-j and incrc^ase in AloO-.

(5) Crazing- passes from fine mesh to total absence with

increase to AI.O3. With low AI2O3 (0.1 to 0.25 and 0.3

iuclusive) decrease in BoO.. does not seem to att'ect the

character or amount of crazing, but with higlier AlgO^

tliere is shov.n a progressive decrease in crazing with

decrease of B^O,;. This would indicate at least four

important facts.

(a) Increase in AI2O3 decreases crazing.

(b) Increase of SiO^, retaining constant oxygen

ratio, likewise decreases crazing, but

(c) AI2O3 is a more powerful factor than SiO^

in checking crazing at this heat treatment

and oxygen ratio.

(d) The facts noted in a and c only hold true

when the original AloO;. content is consid-

ered. Wlien the ghize is compelled to borrow

AloO;; from the body, a strain is established

that increases crazing in proportion to the ex-

tent to which the glaze has attacked the body.

On looking dow 11 into the thicker portions of the glazes

which have eiiten into the body, and which exhibit this fine

mesh crazing to the greatest degree, there ap])ears to be a

Reparation or s])liHing between ])ortions of the glazes next

to the body and those nearer the surface. It is quite evi-

dent from this, that the portion of glaze in contact with the

body is of a ditVerent comjiosition from that near the sur-

face. There cannot be ready diffusion of materials in

glazes of this oxygen i-atio, even when relatively high in

B2O.V From the fact that the glazes lowest in Al.,0,

have eaten into the bodv most, exhibit fine-mesh crazing to
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the «;i*('Jit('st dej^rec, mid show a .separation between the por-

tion of j^laze contijjjiious to the body and that above, it is

concluded that this fine-niesli crazing is due more largely

to extraction of AI2O;. than to the extraction of SiOg froin

the body, which owing to its viscosity, diffuses very re-

luctantly, and further, that this fine-niesli crazing increases

with the increase of AloO;^ so obtained by the glaze.

(6) Devitrification extends only from series 5 to 8 in-

clusive, or over a proportional range of Si02 B^O.i fioin

1 : 0.9 to 1: 0.

(7) It is indeed a most surprising fact that with the

oxygen ratio of 2, which is best suited to the development

of good glossy raw-lead glazes free from boracic acid, tliere

should not be developed a good glass, when a portion of

the glaze is fritted, until the ratio of silica to boracic acid

has been raised to at least 1 : 0.13 and then only within a

very narrow range of variation in AI2O:;. Indeed, as will

be seen in the study of this same group at cone 5, fritted

glazes having an oxygen ratio of 2 have a heat range that

is limited to but a slight variation from cone 1 until the

ratio of SiOo to B^O., has reached 1 : 0.2. Even at the

SiOo—B^O:^ ratio of 1 : 2.0 at least cone 1 is required to ma-
ture the glaze, and at cone 5 it has withstood its maximum
heat treatment.

On the other hand, when the boracic acid has been in-

creased until the ratio of SiOa to BaO,^ stands at 1 : 0.25

there seems to be established a degree of fusibility and a

restraint against devitrification that permits of heat treat-

ment ranging from cone 010 to at least cone 5 inclusive,

provided that AI2O3 content originally incorporated in the

glaze is at least equal to 0.3 or 0.4 equivalents.

Fired at Cone 5.

Series 1, 2, 3 and 4. All glazes are crazed, fine-mesh craz-

ing the most pronounced with low AUO^ and increas-

ing 620.5. Glazes that were not crazed at Cone 1 are

crazed at Cone 5 in long hair lines.
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Except for crazing, tbe following are good glazes:

Series 1 d, e, f, g, li.

Series 2 c, d, e, f, g. li.

Series 3 none.

Series 4 f, g, li.

In series 1, fine-mesh crazing is about as it Avas in

same series at Cone 1, except in case of member d,

which has flowed and run off the tile, leaving only a

comparatively thin coating of glaze. While the body

shows evidence of having been attacked to some extent,

the glaze is coarser crazed and freer from horizontal

crazing than member e, which is thicker. This fact

suggests three things.

(1) Fine-mesh crazing can be decreased by de-

crease in thickness of glaze, thus permitting equal

diffusion of the AlgOg obtained from the body through-

out the whole mass.

(2) The body will be attacked less the thinner

the glaze.

(3) That fine-mesh crazing is due almost en-

tirely to the unequal coefficient of expansion and con-

traction of the upper and lower portion of the glaze

layer.

In all of the series of this group, the fine-mesh crazing

is exhibited in glazes which at cone 05 were either free

from crazing or were crazed only in hair lines. ^I embers

g and h in all series are still free from this fine-mesh

crazing, but it is evident that as the heat increases in in-

tensity, even though not in length of time, the glazes

originally higher in AUG.. are beginning to attack the body,

causing tension between the upjjcr and lower portions of

the glaze, that causes either actual or incipient horizontal

as well as vertical crazing and as a consequence, fine-

mesh phenomena; and that in the glazes originally low in

AloO.T the alumina incorporated from the body is much
more thoroughly diffused, causing, as a consequence, a de-
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creiise in the fine-mesh crazing" over that shown with less

intense heat. These facts are very clearly shown at cone

10, where tlie ji,hizes having the finest niesli crazing were

originally highest in AI2O3 and at lower heats, in some
cases, are entirely free from crazing.

Series 5, C, 7 and 8. Devitrification is now shown only in

members a, b and c of series 6 and 7, and in all

members of series 8. None are free from crazing.

Members having highest original content of AUO3 ex-

hibit pin-holing. No glazes of promise shown in any
portion of these series.

Summary of Group I at Cojie 5 will be included with
the summary of the facts deduced from the Cone 10 burn.

Fired at Cone 10.

All members of every series of Group I at tliis heat

treatment are crazed in fine meshes.

In series 1, member a is not so very finely

crazed, but the fine craze meshes increase regularly

from a up to f, which had originally 0.35 Eqv.

ALO;i and then decrease slightly from member f

to 'h.

In series 2, member f again marks the point of

maximum fine-mesh crazing.

From series 2 to 8, the area of mazimum fine-mesh

crazing increases until in series S, evei-y member is

crazed in exceedingly fine meshes.

Every glaze ate into the body considerably, those-

showing maximum fine-mesh crazing being no worse
in this respect than those showir.g this feature in a

less degree.

Summari/ of Group I at Cones 5 and 10.

(1) It is quite evident that for fritted glazes of this

oxygen ratio and RO, on this body, cone 5 is beyond the
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luaxinium limit of temperature, for all the glazes are more
or less crazed in fine meshes. On a body that would not
^ive up any of its constituent i)arts to the glaze, or if the

glazes were dipped as thin as is the practice in the white

ware industry, many of these glazes may have a heat range

that would inchule at least cone 5 if not cone 10. The ex-

treme thickness at which these glazes were applied, per-

mitted the formation of two strata, the one next to the

body containing without a doubt additional AI2O3, while

the upper strata was not altered materially in composition,

'except by the normal volatilization of BoO., and alkalies.

Coii<-hi,sioii on Group I.

1. The good glazes developed at the several tem-

peratures are noted in the following table. The glazes

which have a question mark beside them are good glasses,

which might have been good glazes if they had been ap-

plied thin enough to prevent the formation of two strata

in the glaze layer, thus causing fine-mesh crazing. Normal
crazing is not taken into account in designating a glaze

as good.

Series Cone 010 Cone 05 Cone 1 Cone 5 Cone 10

1 efgh d?e?fgh b?c?d?ef g h b? c?d?e?fgh (a toll)?

2 e?f b?c?d?efg b? c?d?e?f?g? (a toh)?

3 ef b?c?d?efg (a tog)? (atoh)?

4 c? d? e f g (a to g)? (b to h)?

5 f?g? (b to c)?

6 f?g? none

7 e? f ? g? none

8 (btof)?

2. Series 8 of this group demonstrates the fact which

was stated by the senior writer, in 1904; viz., a fritted glaze

must have a higher oxygen ratio than 1 : 2 or that normally

used in raw lead glazes. True, good glazes with a fair

temperature range were developed in this group, but they

required the maximum content of V*»0..
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o. Fiiie-nu'sli ci'a/.iu;^ jippcars lo he (iiu- lo iiii('(|ii;il

dissemination of constitiuMits tnkci) fioin ihr \hh]\, ;iihI i.s

more pronounced at tlie low lemperalnres in those <;hizes

that are lowest in AL^O... irreHi)e(tive of their i>v().. content,

and as the intensity of the heat increases, fine-mesh craz-

ing- decreases in the |»lazes low in ALOo, in conse(iuence

of the coniponnds extracted from the body, and progresses

steadily with increase in intensity of heat until the glazes

having an Al^jO^ content of 0.3 to 0.4 Eqv. that were per-

fect at the lower heat treatment because crazed in fine

meshes at the higher heat treatment.

4. Devitrification decreases as the AUG.; increases,

eitlier as originally added or taken frojii tlie body.

(J roup II.

A table of the compositions of the (14 glazes composing

this group follows on page 130.
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Fired at Coitv 010.

Series 1-8 1. All were heavily inipregnated with carbon,

so that but little cau be said of the behavior of the

j>lazes of this liroup at 010.

2. Members d, e and f, of series 1, '2, 3 and 4, seem to

be the most fusible.

Fired at Cone 05.

(1) 31embers d and e of series 1, were the only two
j>ood glazes developed with this heat treatment and
thickness of glaze.

The entire group had evidently been subjected, in

burning, to the inlluence of carbon, shortly after mem-
bers d and e had been fused into perfect glasses, for

the less fusible glazes show either an undulating or a

pimply surface, where they are thick, on account of

the expulsion of CO or COg generated by the com-

bustion of the carbon, but were smooth, well developed

glazes where thin.

(2) The glazes retaining the carbon to the end of the

burn are to the left of a line drawn diagonally from
member a in series 1 to member h in series 8. This

according to Seger^ demonstrated that the glazes

to the right of this diagonal line were nearly formed

into glasses at the time that the kiln was "smoked."
• Further, those glazes which were fairly well devel-

oped at cone 010 and are good at cone 1, show least

of this undulating and pimply surface.

From these facts at least three conclusions cau be

drawn.

(a) The most fusible mixture in series 1, 2 and 3

is that with 0.30 Eqv. of AI2O3.

(b) In series 4, the most fusible mixture contains

0.35 Eqv. of AI2O3 ; in series 5 and 6, 0.45 Eqv. of AI2O3.

^Collected Writings of Herman A. Seger. Amer. Cer. Soc. trans.

Vol II, p. 592.
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(3 ) Judging from the appearance of the glaze where thin,

and the relative degree of maturity at cone 010 and cone 1,

the following glazes would have been well developed had
they not been "smoked.''

Series 1 d, e, f, g, h ?

Series 2 c,?d,?e, f, g?
Series 3 c?d?e, f, g?
Series 4 e? f ?

Series 5 0.

Dimness of surface is e(ivmlly pronounced in this

group when either AI2O3 is low and BgOy high, or AI2O3
is high and B^Oo low.

Fired at Cone 1.

( 1 ) The more refractory glazes of the first four series

exhibited surface pinholing or pitting, especially

where the glaze is thick. The surface pinholing could

readily be taken as indicating an OAer-burned condi-

tion, but such could not be the case, for they show no

indication of being over-burned at cone 5.

(2) Members of series 4, 5 and 6 are likewise pinholed,

but owing to their being less fusible than the members
of the first three series, most of the trial pieces appear

to have a narrow border of normally fused glaze sur-

rounding a more boiled and pitted patch in the center.

(3) Series 7 and 8 are slightly blackened by carbon,

showing that the whole group had been smoked.

These three facts suggest that

:

(a) Pinholing, which appears at times when every

condition seems to be normal, may be traced largely to

the carbon which was entrapped when the glaze was almost

matured, the combustion of which produced gas that devel-

oped blisters, or blibs, wliich finally bursted, forming small

pits or pin holes. Tliese pinholes ditTer somewliat from the

blisters due to over-burning, in that the latter extend

much deeper into the glaze layer, and are frequently mucli

larger in diameter.
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(b) It cannot as yet lie (Iclci-iiiincd wlieliicr the nu-

hou rediu-ed <lie lead, thus alterinj; its clKMnical activity in

respect to tlie boro-silicate formation that is taking place,

or whether the presence of carbon and the consequent cai'-

bonic mases make the uhjze more viscous. There is evi-

dence in fhis iiToup (hat miji,bt be taken to substantiate

either chiim. The essential fact is that if one portion of a

£>laze lias been smoked, and another portion not smoked, the

fornu'r will have every appearance of being over-fired, save

that of the nature of the pinholes, while the portion not

smoked may be a normally developed glaze.

(4) The glazes of group II, which either are good, or

>\'ould have developed into good glazes at cone 1 were
it not for their having been smoked, are as follows:

Series 1 c, d, e, f, g, h.

Series 2 <•, d, e, f, g, h.

Series 3 b, c, d, e, f, g, h.

Series 4 b?c?d, e, f?g?
Series 5 e?f?g.

(5) Devitrification and fine-mesh crazing are develope<l

in this group at cone 1 under the same conditions that

were noted jn case of the first group. The essential

difference in the occurrence of these effects is that 1st,

fine-mesh crazing is confined to glazes having a lower

equivalent of AI2O.J than is the case in group 1; 2nd,

devitrification is a trifle less pronounced in this group
at cone 1 than it was in Group I at the same heat

treatment.

Fired at Cone 5.

Series 1, 2, 3. 4, (1) Fine-mesh crazing occurs to the

right of a line drawn from members e of Series 1 to

m(^nd)er a Series 5.

(2) Attack on body by the glaze is evident only in

the glazes which are crazed in fine meshes.

(3) In these series at cone 5 as in every other in-

stance so far noted, members e and f (0.30-0.35
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AI0O3) are the best matured and freest fi-oiii defects.

(4) Good glazes, including only those which are free

from fine-mesh crazing and are well matured, are

:

Series 1 e, f, g, h.

Series 2 d, e, f, g, h.

Series 3 d, e, f, g, h.

Series 4 c, d, e, f, g, h.

Series 5 c, d, e, f, g, h.

Series 6, 7, S. (1) Devitrification is shown in these series

to a less extent than in similar series of CJroup I at

the same temperature.

(2) Members e and f of Series (5 aixl T are fair

glazes but contain matter in suspension.

(3) Series 8 at this higher oxygen ratio is further

matured than the same series of Group I, thus em-

phasizing the fact that when a portion of a raw lead

glaze is fritted, the oxygen ratio of the glaze must be

more than 1 : 2.

Fired at Cone 10.

The appearance of the glazes of Group I and Group II at

this temperature is almost identical. The statements

made concerning Group I hold true of Group II at

cone 10, except perhaps that the crazing is not (]uite

so fine meshed in Group II.

Conclusions on Group II.

The good glazes developed at the several heats are

shown in the following table. Those glazes having

a question mark beside them, it is believed, would have de-

veloped into good glazes had they not been reduced or

blackened by deposition of carbon in firing.

series Cone 010 Cone 05 Cone 1 Cone 5 Cone 10

1 e? f? (lef glr? c. (I e f g ll d e f g ll (a to ll)?

2 e?f? (I? e f g? c d e f g h c d e f g h (a to h)?

3 e?f? (I? e f R? c d e f g h 0. d e f g h (a to g)?
4 c? d e f? g? c! d e f g h (a to f >?

5 e?f? c d e f g h ovorbiimod
6 (•? d? e? f g h? overbnmed
7 f g? h? overburned
8 h? overbumpd
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'2. The ;;l;iz('s having au oxyjion ratio of I : 2.5 sliow a

lonjior heat ranj;e than those having- a ratio of 1 : 2.0.

;>. Cra^iing in fine meshes is decreasing in intcnsil.v

witli increase in oxygen ratio.

4. At heat treatments below cone 5, fine-mesli craz-

ing is greatest with lowest AljjO.j content, bnt as the tem-

perature increases from cone 5 to cone 10, this crazing

reaches its maximum with higher and higher content of

ALO^. It is more pronounced where B2O3 is present in the

largest amounts. Both of these facts agree with those ob-

served in Group I, and in both cases the conclusion tliat

fine-mesh crazing is due largely to the AI2O3 extracted from

the body and diffused throughout the glaze magma v(My

slowly, seems to be fully justified.

5. It is rather difficult on first thought to harmonize

conclusions 3 and 4, for in either group, when considered

separately, increase in the AI.3O3 originally added, counter-

acts a tendency to craze in fine meshes, and when Grou])s

I and II are compared one with another, it is seen that

increased acidity in the original composition of the glaze

also counteracts fine-mesh crazing as did increased AL_,0;;.

Referring to the description of the fine-mesh crazing in

Group I at cones 5 and 10, it is seen that members a

and b, which exhibited it the most at the lower heats, were
the most free from it at the higher heats. Complete satur-

ation by AI2O3 in these members at the high heats and in-

complete diffusion of AUO.; in the members higher in

"original" content of AUG.; where viscosity is the greatest,

is offered as the explanation of this phenomenon. In-

creased acidity, up to a given degree, decreases viscosity

and increases ease of diffusion, so that in the case of Group
II it would be expected that the AUG., taken from the body
would be more readily diffused throughout the glaze

magma, thus decreasing the liability to the formation in

the glaze of two strata of different composition.

6. From the fifth conclusion it is seen that in this
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case, increase in acid does not increase the viscosity of the

glaze, bnt on the contrary, it actually makes the glaze

less viscons. The general assertion, therefore, that SiOg

added to a fritted glaze makes the glaze more viscous is

not true at these lower oxygen ratios.

7. The smoking of the burns at cone 010, 05. and 1

suggested a cauv^e for the appearance of piulioles in glazes

that are normally free from them, Mr. (J ray at the

Boston meeting of the society made a formal inquiry con-

cerning this phenomenon, stating that it occurs very freak-

ishly, first in one part of the kiln, then in another, and of-

ten not appearing for several burns at at time.

Those who have attempted to make raw-lead feldspar

glazes on a commercial scale have learned that for a given

temperature the glaze cannot vary much in composition

without the formation of these pinholes or blisters, as iliey

are sometimes called, a])]>eaving frequently and in the most

unexpected places.

The condition of the glazes of Group II at the three

lower temperatures suggests that if carbon is deposited on

glazes when they are just in the fritting state and is burne<l

out while the glaze is maturing, the carbonic oxide gas gen-

erated, not only forms miniature craters when it escapes,

but also reduces the lead, and ])erhaps thereby alters the

nature of the compounds formed in the matrix, making the

glaze more viscous and thus preventing the healing over of

the craters by flowage of the glaze.

In ordinary firing, the temperature is vais«Hl most rap-

idly just before and during the fiiiie that the glaze ingredi-

ents are passing from the siiiteiing through the fritting

stages. The glazes that have jn-ogressed furthest in the

glass-forming stage are least affected by carbon, and

hence exhibit fewer ])inholes when matured. For this rea-

son, Cornwall stone glazes are freer from ])inholes than

feldspar glazes.

droiij) 111.

A tabh' of the c(Hii]M)sitions of the (11 glazes coiu])osing

this grouj) follows on jiage l.'>7.
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Fired at Cone 010.

This group was badly carbonized iu this heat treat-

ment, so that little can be said iu regard to it.

Series 1, 2, 3. From the fact that Series 1 of Group I and

series 1 of Group IV developed glasses a few of which

were fair glazes, it is safe to assume that similar re-

sults could be expected from the same series of this

Group.

Series 1 and 2 are alike in that the glazes are grey-

ish and badly boiled and honey-combed. The carbon

has either delayed the glass formation or has not per-

mitted it to come to a "quiet" fusion. While the lat-

ter case may be true in part, it is believed that the de-

lay in formation of a glassy structure is probably the

real effect of the presence and burning out of carbon

as shown in these series.

Series 4, 5, 6, 7, 8. These series are not ''boiled" but grade

regularly from fused masses in Series 4, down to

porous grey coatings in Series 8.

There is one new fact shown in this series which is

not borne out in any other group or temperature, but which

is very suggestive. In series 4, 5, 6, 7, 8, the glazes lowest

in AloO;j, i. e. glazes a, b, and c, are fused, while the glazes

having 0.30-40 Eqv. AUOg are porous. In series 1, 2 and 3

at this heat treatment it is the glazes that have this higher

equivalent of AI2O3 that appear to be the most matured.

In all other instances noted, these same glazes would be

well matured when those lower in AI2O3 had not yet fully

formed into a matured glaze. Can it be then, that the

glazes lowest in AlgOj at this oxygen ratio begin fusion

earliest but do not complete their maturity as early as

those in which the ALO.; is higher, while at lower oxygen

ratio it is the glazes higher in ALQ., that fuse earliest?
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Fired at Cone 05.

I

Series 1, 2, 3. Members a, b, c, d, e, of these series are

well matured glazes.

Member f in each case appears well matured,

but is pitted in a way that gives rise to a suspicion

that these series had been slightly smoked.

Members g and h have more pronounced
"smoke defects" than f, but the appearance of these

members does not warrant a statement concerning

their maturity at this heat.

Series 4, 5, 6. Are all very much alike in that members
a, b, and c are devitrified masses.

Series 7, 8. Are stony in appearance and the lower mem-
bers slightly effloresced.

Nummary of Group III at Cone 05.

The following are considered as being "good" at this

heat:

Series 1 a, b,c, d, e,f?g?

Series 2 a, b, c, d, e, f g?

Series 3 a, b, c, d, e.

Fired at Cone 1.

Series 1, 2, 3. Members a, b, c, d, e, f of these series have

fine gloss, and are in the main free from crazing and
pinholing.

Member h of each of these series contains sus-

pended matter that resembles a flocculent precipitate.

Otherwise member h gives some promise as a glaze.

Series 4. Other than pin-holing and undissolved material

where the glazes are thickest, members a, b, c, d, e, f

and possibly g are well fused and matured.

Series 6, 7. Members a, b, and c are just passing from the

devitrified to the glassy state. The remaining mem-
bers of these series are semi-glassy, but with poor evi-

dence of good glass possibilities.
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Series 8. Members a and b are devitrified, while the re-

maining members show a fair enamel gloss.

Siimtnary of Group III at Cone 1.

The following glazes are considered as being good at

this heat

:

Series 1 a, b, c, d, e, f, g.

Series 2 a, b, c, d, e, f, g?
Series 3 a, b, c, d, e, f, g.

Series 4 a, b, c, d, e, f, g?
Series 5 e? f ?

Series 6

Fired at Cone 5.

Series 1, 2, 3, 4. ( 1 ) All members of these series are well

matured glazes, and free from all defects, except that

of crazing in the lower members.

(2) It is with this heat treatment that glazes of this

group first show fine-mesh crazing.

Series 1, members a and b, are crazed more than or-

dinary, but they cannot be said to be crazed in fine-

mesh.

Series 2, members a, b, and series 3, members a, b, and

c, are crazed in fine meshes where the glazes are thick,

but only ordinarily crazed where the glazes are thin.

In series 4 again, member a is crazed in fine meshes,

while b and c are only moderately crazed, and the re-

maining members of this series are totally free from

crazing.

(3) Nothing can be ascertained from the first four

series regarding the relative effect of SiOo and B2O3

on the coefficient of expansion and contraction of the

glazes, for they are nearly alike in this respect, with

perhaps slight evidence in favor of B^Og being less ef-

fective than SiOg in the reduction of the coeflBcient.

Tliis is in keeping with the evidence in these studies.
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Series (>. This series is described by itself because it ex-

hibits the most peculiar phenomen of having little

islands of very minute pin-holes widely scattered over

the surface of an otherwise normally matured matrix.

The beginning of these local boiling spots was noted

in the cone 1 burn, where they were slightly raised

blisters. At cone 5, however, these blisters have sub-

sided, leaving only roughened pin-holed patches. This

phenomenon is unexplainable at present, for it does

not resemble in any way the pinholes due to combus-

tion of entrapped carbon.

Other than the defect above noted, all the members of

this series were well matured.

Series 7 and 8. Members a, b, c, d, e, of these series are

devitrified with a tendency to gloss increasing progres-

sively from a to g, where a very fair gloss is shown.

Summary of Group III at Cone 5.

( 1 ) All members of the first series of this group may be

considered as good glazes, except in case of members
a and b, which show fine-mesh crazing to some extent.

(2) Fine-mesh crazing has decreased rapidly with in-

crease of the oxygen ratio from Group II to Group
III.

(3) BgO, is less effective than SiOg in decreasing coef-

ficient of expansion and contraction.

(4) Devitrification is exhibited only in series 7 and 8,

and in these this phenomenon decreases as the AI2O3
increases.

(5) Contrasting the appearance of devitrification in

Groups I, II, III it is noted that as the oxygen ratio

increases, B2O3 becomes more effective in counteract-

ing this phenomenon while AI2O3 is if anything, less

so.
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Fired at Cone 10.

1. All glazes in Group III are decidedly over-burned

at Cone 10, with the possible exception of members a, b, c

of series 1 and 2, and members b, c, of series 3. Thickly

applied as they are in these studies, members of series 1

and 2 are pinholed where thick and in some instances

blistered considerably ; but near the edges where the glazes

have run thin, neither of these defects is noted. The writers

hesitate, therefore, in oifering an opinion in regard to

members of series 1 and 2 at this temperature.

2. Fine-mesh crazing is less pronounced in this group

than in the two preceding, and there is also less difference

in the extent of fine-mesh crazing between those members
which were originally low and those originally high in

AI2O3.

3. In this Group at Cone 10, boiling of the mid-

members of series 7 and 8 into a light froth has reached its

maximum intensity for the entire study. This would seem

to indicate that with the oxygen ratio 1:3 we have the

greatest fusibility.

Summary of Group III.

(1) Good glazes developed in this group at the vari-

ous temperatures are as follows

:

Series Cone 010 Cone 05 Cone 1 Cone 6 Cone 10

1 d?e?f? abcdef?g? abcdefg a?b?cdefgh abcf
2 d? e? f? a b c d e f? g? abcdefg a? b? c d e f g h a b c

3 a b c d e f? abcdefg a? b? c? d e f g h a b c

4 abedef a?bcdefgh
5 e? f? a? b c d e f g h

6 a?bcdefgh
7

8

(2) The points of superiority of the glazes of this

Group over those of Group I and Group II are as follows:

a. Longer heat range.

b. Larger range of composition in the good glazes.
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c. Less crazing of the fine-mesh type and more largely

of the hair-line type.

d. Less tendency to become dimmed, scummed, or de-

vitrified.

e. Brighter gloss under all heat treatments.

f. Do not eat into the body to a noticeable extent.

(3) At the oxygen ratio 3: 1, there is the beginning

of an acidity range in which the largest variation in glaze

and body composition, as well as the widest range in heat

treatment is possible.

(4) It has been noted that the glazes of lower acid-

ity attack the body with the greater avidity. It has also

been noted that all the evidence points more directly to the

possibility that it is ALO., rather than SiO^ which the glaze

extracts from the body, for without regard to the acidity

of the glaze, fine-mesh crazing ensued only when the orig-

inal content of AI2O3 was low. Yet at this higher acidity,

there is but very little eating into the body, and, conse-

quently, fine-mesh crazing is less pronounced.

It is hard to harmonize the two apj)arently opposing

statements last made, unless we grant that silica, although

an acid, does not have a solvent power proportional to the

amount present in any given case, but that after a certain

point has been reached, further additions of silica retards

action in a remarkable way. This can be seen in Seger's

AlgOg-SiOa curve. Near the point of greatest fusibility

of mixtures of various silicate materials, there seems to be

quite a range in composition without much variation in

point of fusion. It is believed that in the case of the fritted

glazes under consideration, the point of greatest fusibility

is not far from that of which oxygen ratio is 3 : 1, and that

the gradual change in direction of the curve at its lowest

point is sufficient to include oxygen ratios ranging from 3

to at least 3.75 : 1. Addition of acid above that required to

establish oxygen ratios within these ranges, whether it is

silica or boracic acid, seems to have little effect upon the

glass, as it goes into solution very slowly.
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This increased range in composition, as the point of

maximum fusibility is approached, is graphically seen

when the formulae of Seger comes 5 to 27 inclusive are re-

duced until AI2O3 is equal to unity. By this reduction,

the SiOj is uniformly reduced to 10, so that if plotted on
a straight line, the fractional division in length of which
represents the fractional equivalent of RO in the cone for-

muhe, it will appear that between the point representing

cone 6 the distance is equal to that covered by four or five

of the highest cones, as is shown in the following figure.

T4ANS AM. ceo SOC. VOt. nt

CONE NUMBERS

TT
8 < I

POROv ANO rax rtav^z t.

iiif I I 1 1 r f I f

liH eOOIVACENT OF KjO "CaO

]

If data were at hand concerning the behavior of mix-

tures of other mineral ingredients, there is no doubt but

that similar phenomena would appear in every case of

silicate fusion.

This, then, is the explanation and harmonization of

the two seemingly opposite facts that: fine-mesh crazing

is due to the extraction of AljOg, or by increasing the

acidity of the glaze.

Group IV.

The table on page 145 shows the compositions of the 64

glazes entering into the group.

I
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Group IV is so very iimcli like Group III in every way^
that it need not be described in detail.

The well matured glazes of this group are as follows

:

Series Cone 010 Cone 05 Cone 1 Cone 5 Cone 10

1 (btoe)? abcde abcdefg abcdefgh? abcdefg
2 abed abcdefg abcdefg li? abcdefg
3 abc abcdef abcdefgh? bcde
4 abcdef abcdef h?

5 bed abcdefgh
6 abcdefgh
7 c d e

8

Group V.

The table on page 147 shows the compositions of the 64

glazes entering into this group.
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Group V shows once more a narrower range of avail-

able composition and limits of heat treatment, as can be
judged by the following table which indicates the well

matured glazes.

Series Cone 010 Cone 06 Cone 1 Cone 6 Cone 10

1 abed abcdefg abcdefgh abed
2 ab abcdef abcdefgh abed
8 ab abcdef abcdefgh ab
4 a abcdef abcdefgh
6 abc abcdef
6 a bed
7

8

In Group III, at Cone 10, there was exhibited some
tendency of the glazes low in AI2O3 to attack the body,

while in Group IV but a slight trace of such action was
noted. In Group V, however, eating into the body and
a consequent development of fine-mesh crazing is again

seen.

A decided opalescence is shown in member a of series

1, 2, and 3 at cone 10. This is the first occurrence of this

peculiar super-saturation effect.

The slow rate at which glass formation proceeds

when high in AI2O3, is very strikingly shown in the case

of members e, f, g, h of series 1 and 2 of Groups IV to VII.

At 010, these glazes have passed thru the first boiling stage,

and are fairly smooth glasses containing some undissolved

material. It requires a heat treatment extending over a

range of 10 cones or more to effect complete solution. In

some cases, notably in the h members, the glazes will

pass into the second boiling stage before complete solution

of all the incorporated material has been attained. It is

noted also that this peculiarity was more in evidence at the

lower oxygen ratios, less so in Group III, which has an
oxygen ratio of 1:3, and then again becomes progres-

sively more pronounced as the oxygen ratio increases

from 1 : 3 to 1 : 4.5.
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In the lower oxygen ratios, glazes having a medium
AI2O3 content had the longest heat and composition range.

At oxygen ratio of 1:3, there was less discrimination in

this regard, while at higher oxygen ratios, it is the glazes

that have the lowest content of AI2O3 that show the

longest heat and composition range.

Explanation of this reversal in effect of AI2O3 at dif-

ferent oxygen ratios will be given after describing Groups
VI and VII.

Group VI.

The table on page 150 shows the compositions of the

sixty-four glazes composing this group.
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Fired at Cone 010.

Group VI at this cone is wholly immature. No efflor-

escence.

Members of Series 8 are perfectly flat and are por-

celain-like in character.

Fired at Cone 05.

Series 1, 2, 3. The following series were well matured

and completely in solution.

Series 1 a, b. c, d.

Series 2 a, b, c, d.

Series 3 a, b, c, d.

While the above members had reached good maturity,

members g and h of the same series were just sub-

siding from the first boiling stage.

Series 4, 5. The members of these series were all imma-
ture glasses more or less full of undissolved materials.

Members a and b are almost clear.

Series 6, 7, 8, were porcelanic in character, decreasing in

glossiness with decrease in proportion of B2O3
to SiOs.

Fired at Cone 1.

Series 1 and 2. Members a to g inclusive are good glazes.

h has some undissolved material, a and b are the

only members of this series that are crazed.

Series 3 and 4. Members a to e of this series are well

developed, g and h have not settled down to a flat

surface.

Series 5 and 6. Members a, b, c, d of this series are prom-
ising. The remaining members have not reached

quiet fusion as yet.

Series 7. Member a is fairly good glaze, while the re>

maining series are porcelanic in character.

Series 8 are porcelanic in appearance, resembling an aver-

age white Bristol glaze.
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Fired at Cone 5.

Series 1 to 5 inclusive. Every member of these series ex-

cept members a of series 4 and 5, are good glazes, a

of series 4 and 5 are crazed in extremely fine meshes.

Series 6 and 7. This is the only group which seems to have

been smoked at Cone 5, and as a consequence there is

in these series the phenomena, before noted, of

patches of pin-holes in an otherwise smooth, well-ma-

tured matrix. Members c, d, e, and f, present such an
appearance in series G and 7.

Series 8. Member d of Series 8, Group VI, is the first

instance of any of the glazes of this series maturing,

except in case of d Series 8, Group 1.

Fired at Cone 10.

The only good glazes in tliis group at Cone 10 were Series

5 and 6, members g and h. All other glazes were

over-burned.

Summary of Group VI. The good glazes are as follows:

Series Cone 010 Cone 05 Cone 1 Cone 6 Cone 10

1 abed a to g a to li

2 abed a to g a to h

8 abed abode a to h

4 ab abode btoh
6 ab abed btoh gh
6 abed ode gh
7 a ode
8 d

(2) Opalescence phenomena are shown in member

"a" of Series 1, 2, 3, 4, at Cone 5 and 10.

Group VII.

The table on page 153 gives the composition of the 64

glazes composing this group.
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Fired at Cone 010.

Group VII at Cone 010 was so badly carbonized that little

can be said in regard to it except that members a and

b of the first three series were approaching the stage

of quiet fusion.

Fired at Cone 05.

Series 1, 2, 3. Each of these series presents a well ma-

tured finish at the low AlgO., end, and not complete

subsidence from the first boiling stage at the high

AI2O3 end.

In the first four members of Series 1, and the

first two of Series 2 and 3, there is a peculiar milky

appearance.

Series 4 to 8. These series show successive gradation from

glass to a porcelanic mass.

The members of Series 8, and especially those low

in AI2O3, resemble very much the opalite tile bodies.

Fired at Cone 1.

Series 1, 2, 3. All members of these series have reached

the first quiet fusion stage.

The following glazes appear to have reached their full

maturity

:

Series 1 a, b, c, d, e f.

Series 2 a, b, c, d, e, f.

Series 3 a, b, c, d.

In members b, c, d, e of Series 1, and e, d, of

Series 2 and 3, the milky cloudiness noted at Cone 05

has developed into opalescent crystals. This phe-

nomenon reaches its maximum development in mem-
ber c of Series 1

.

Series 4, 5. Tliese series have not progressed much be-

yond the first boiling stage at tlie high AI2O3 end, but

are well matured at the low AUG;, end.
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The following are the members developed at

Cone 1

:

Series 4 a, b, c.

Series 5 a, b, c.

Series 6, 7, 8. Are all immature.

Fired at Cone 5.

The following glazes of this group were well ma-

tured at Cone 5

:

Series 1 a, b, c, d, e, f, g, h.

Series 2 a, b, c, d, e, f, g, h.

Series 3 a, b, c, d, e, f, g, h.

Series 4 a, b, c, d.

Series 5 a, b.

Series 6 a.

Opalescence was developed in the following-

glazes :

Series 1 a, b, c, d, e.

Series 2 a, b, c.

Series 3 a, b.

Series 4 a.

The opalescent effects in c, Series 1, are the most
perfect the writers have ever seen.

Remaining members of the group are either over-

fired or immature.

Fired at Cone 10.

Summary : Since there are only five distinctive fea-

tures brought out in the Group at Cone 10, detailed des-

cription of the separate series Avill not be given.

(1) Members a of Series 1 and 2 were the only

glazes of this group that were developed at Cone 10. Tlie

others were either immature or over-burned.

(2) Opalescent effects at this temperature have

passed from the crystalline to flowed opaque streaks.
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(3) Quick passage from an immature to an over-

burned condition of these glazes high in AI2O3 is as pro-

nounced in this group as in Group V and VI.

(4) This narrowness in maturing range is more
pronounced in the series low in B2O3.

(5) Attack on the body by the glazes is not notice-

able even at Cone 10.

SUMMARY OF RESULTS.

Heat Range.

It was thought that a study of the heat range of the

several glazes could best be made by taking them up in

eight charts, on the basis of an equal AI2O3 content. Ac-

cordingly curves have been drawn in which the SiOg-BoOj

ratio is plotted on the abscissa, and the oxygen ratio on the

ordinate. The curves thus plotted show the thermal boun-

daries within which the glazes will mature. In drawing

these curves accidently good or bad glazes, lying wholly

outside of their proper areas were ignored. The thermal

limits shown are the extremes. It is obvious that it would

not be advisable to reach these extremes in practice.

Figure 3.

Figure 3 shows the thermal boundary limits of maturity

for the a glazes, which have an AI2O3 content of 0.10

equivalents.

The areas included within these lines have been

designated by Roman numerals, in order to make their

identification in the text easier.

The glazes to the right of the thermal lines are well

matured, within the limits shown.

Glazes plotted in the area marked O do not reach

their full maturity before Cone 1 is attained, and are on

the verge of being over-burned at Cone 5.

Glazes plotted in the upper portion of area I have a
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heat range from Cone 05 to 5, while those in the lower

portion of this area have a range only from Cone 05 to

Cone 1.

Glazes plotted in area II have a heat range from Cone

05 to 5. As the B2O3 increases in proportion to SiOa, the

glazes of this area have their heat range increased, until

those highest in B2O3 can withstand Cone 10. The glazes

having a heat range that includes Cones 05 and 10 are

those plotted in areas III and VI.

Glazes plotted in area IV are either immature or

over-burned. Those having an oxygen ratio of 4.0 to 4.5

are over-burned at Cone 5, and the others not until Cone 10

has been reached.

Glazes in area V have a heat range from Cone 1 to

Cone 5.

Glazes in area VII practically have no heat range.

Below Cone 10 they are so thoroughly crazed in fine

meshes that they must be ruled out as glazes, although

where B2O3 is high, they may be good glasses. At Cone

10 they are well developed glazes, being crazed only in

hair lines.

The glazes containing only 0.10 equivalents AI2O3 have

the longest heat range with the O. R. range 3.0 to 4.0,

and SiOj-BaOg ratio range of 0.25 to 0.17.

Figure 4.

Glazes plotted in the upper portion of area I are over-

burned at Cone 5, while those plotted in the lower portion

or area I and near to the Cone 10 thermal curve are not

over-burned until Cone 10 is reached, while those lying

further away from the Cone 10 curve remain immature

until Cone 10 has been reached.

Glazes plotted in area II have a heat range from

Cone 05 to Cone 5.

Glazes plotted in area III close to the Cone 05 ther-

mal line arc go()<l at Cone 05 and, as the content of B.^O^
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increases at the expense of SiOg, the heat range increases

until those plotted in area IV have a range from Cone 05

to Cone 10.

The one glaze plotted in area V has a heat range from
Cone 010 to Cone 10.

Glazes in area VI, like those plotted in a correspond-

ing area in Figure 3, are in some cases good glasses at

heats lower than Cone 10, but, owing to their extremely
fine mesh crazing, they cannot be classed as glazes until

Cone 10 is reached.

Aside from glaze b of Series 1, Group IV, the glazes

having the longest heat range, with AI2O3 content equal

to 0.15 equivalent, are found in Series 1, 2 and 3 of Group
HI to VI, inclusive. These glazes have a heat range from
Cone 05 to Cone 10, inclusive.

Figure 5.

Glazes plotted in area I are immature until Cone 10

is reached, and then they pass directly into an over-burned

condition.

Glazes plotted in the upper portion of area III have a
heat range from Cone 1 to Cone 5 ; those contiguous to the

Cone 1 thermal curve are barelj' matured at Cone 1, and
those nearer the thermal curve of Cone 5 are decidedly im-

mature at Cone 1.

Glazes plotted in the upper portion of area III have a
heat range that extends from Cone 05 to 5, while the heat

range of those in the lower portion of area III extends

close to Cone 10.

Glazes in area IV have a heat range from Cone 05 to

Cone 5. Those plotted near the Cone 05 thermal curve are

just matured at Cone 05.

Glazes plotted in area VII have a heat range from

Cone 5 to Cone 10, being not quite matured at Cone 5.

Glazes plotted in area VIII have a heat range from

Cone 1 to Cone 10, being barely matured at Cone 1.
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162 FBITTBD GLAZES.

Glazes plotted in area IX have a heat range from
Cone 1 to Cone 10, being fully matured at Cone 1.

Glazes plotted in area V have a heat range from
Cone 05 to Cone 10, being fully matured at Cone 05.

The maximum heat range then of glazes containing

0.2 equivalent of AI2O3, is to be found in Series 1, 2 and 3

of Groups III to V, inclusive.

Figure 6.

Glazes plotted in area I are over burned at Cone 5.

Glazes plotted in area II are immature at Cone 5, but

over-burned at Cone 10.

Glazes plotted in area III have a heat range from

Cone 1 to Cone 5. Those of the lower portion are harder

than those of the upper portion of this area.

Glazes plotted in area IV have a variable heat range,

those having an oxygen ratio of 4.5 showing a range from

Cone 1 to Cone 5 ; those having an oxygen ratio of 3.5 to

4, inclusive, showing a range from Cone 1 to Cone 10, when
B2O3 is high, while those having an oxygen ratio of 2.5 to

3.5 show a range from Cone 05 to Cone 5. No explanation

of this variableness in heat range of the glazes of the area

can be offered.

Glazes plotted in area V have a heat range of Cone
1 to 10.

Glazes plotted in area VI have a heat range from Cone
05 to Cone 10.

Glazes plotted in area VII have a heat range from

Cone 010 to Cone 10.

Glazes plotted in area VIII have a heat range from

Cone 010 to Cone 5.

Glazes plotted in area IX have a heat range that aver-

ages from Cone 05 to Cone 5.

Glazes plotted in area X have a heat range that ex-

tends only from 1 to 10.
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164 FRITTED GLAZES.

Glazes plotted in areas XI and XII have a heat range

from 05 to 10, those in area XI being immature and those

in area XII being fully matured at Cone 05.

The glazes having the longest heat range are those

plotted in areas V, VI, VII, VIII, IX and XII, or those

having an oxygen ratio of from 2.5 to 4.0, inclusive, and a

SiOs-BgOa ratio of 0.17 to 0.25.

Figure 7.

The description of Figure 6 applies to Figure 7, ex-

cept for minor details.
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166 FRITTED GLAZES.

Figure 8.

Glazes of all areas except I, VII and VIII have heat

ranges, the maximum points of which are Cone 5 in the

case of II and III, and Cone 10 in the case of IV, V and
VI, and the minimum points of which lie in the curve

bounding them on the right, except in case of III.

The longest heat range shown in the case of glazes

having 0.35 Eqv. content of AI2O3, is found at the oxygen

ratios of 2.0 to 3.50, inclusive, and a SiOo-BjOg ratio of

from 0.25 to 0.17.
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188 FBITTBD OLAZES.

Figure 9.

Glazes plotted in area I were immature even at Cone
10, except when the oxygen ratio is low.

Glazes plotted in area II have a heat range from

Cone 1 to Cone 5.

Glazes plotted in area III have a heat range from

Cone 1 to Cone 10.

Glazes plotted in area IV have a heat range from

Cone 05 to 5 or more, being somewhat immature at

Cone 05.

Glazes plotted in area V have a heat range from Cone
05 to nearly Cone 10, being fully matured at Cone 05.

Glazes plotted in area VI have a heat range that ex-

tends from a little above Cone 05 to Cone 10, while those of

area VII have a heat range that extends from Cone 05

to Cone 10.

The glazes plotted in area VIII have a heat range

from Cone 010 to 10, inclusive.

The glazes having an AUO., content of 0.40 equivalents

and showing the longest heat range, are found within the

oxygen ratios of 2.0 to 3.5, inclusive and SiOj-BjOj ratio

from 0.25 to 0.20, inclusive.
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170 FRITTED GLAZES.

Figure 10.

Glazes plotted in area I were not matured at Cone

5 or 10.

Glazes plotted in area II were good at Cone 5. Those

to the extreme left were barely matured and had a short

heat range, while those to the extreme right were fully

matured and had a heat range from Cone 5 almost to Cone

10 in all cases and in some cases from Cone 1 to 10.

Glazes plotted in area III have a heat range from Cone
1 to almost 10, being over-fired at Cone 10.

Glazes plotted in area IV have a heat range that

varies from Cone 05 to Cone 10 and those in area V from

Cone 010 to Cone 10, being rather immature at Cone 010.

Glazes plotted in area VI were good from Cone 010 to

Cone ro, inclusive.

Glazes plotted in area VII have a heat range from

Cone 1 to Cone 10.

The greatest heat range shown by glazes containing

0.45 AI2O3 is found within the oxygen ratio of 2.0 to 3.0,

and a SiOa-B^Oa ratio that averaged about as 1 : 2.0.

i
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173 FBITTED GLAZES.

Summarj/ on Heat Range : (1) In the following

table is shown the limits of composition, within which the

longest heat range was obtained.

Eqv. Al^O, Oxygen SiO,-B, 0, Average Maximum Heat Range
Content Ratio Ratio in Cones

0.10 3.0-4.0 0.25-0 17 05-10
15 3.0-4.0 0.26-0.17 05-10

0.20 3.0-3.75 0.26-0.17 05-10
0.25 2.5-3 75 0.25-0.17 05-10
0.30 2.0-3.50 0.25-0.17 010-10
0.35 2.0-3.60 0.2-5-0.17 010-10
0.40 2. 0-3.50 0.26-0.20 I'5-IO

0.45 2.0-3 50 0.25-0.20 05-10

Composition Range.

Member a. A/2O3^=0.10 Eqv.

The following glazes are well matured and crazed

only in hair lines at the cones indicated

:

roups Series Heat Range in Cones

I
n

None
None

in /I, 2, 3,

14,6,

05-6
1

IV
;i.2

1^

06-10 inclusive
05-5 inclusive

5

V /I. 2, 3,

14,6,6,
05-5 inclusive
1

VI
f 1,2, 3,

4, 5,

(6,7,

06-5 inclusive
05-5 inclusive
1

vn /I, 2, 3,

14,6,6,7,
06-5 inclusive
1

Free From Crazing

The otliers are matured at heat ranges shown in

Figure 3, but are crazed in fine meshes.

Member b. AZo03=0.15 Eqv.

The following glazes are well matured, and crazed, if

at all, only in hair lines at cones indicated. Those free

from crazinir are indicated in (lie fourth column.

i
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Groups

I

II

Series

Noue
None

III i 1,2, 3,

14,6,6,

IV /I, 2, 3,

14

V J 1,2. 3,

14

VI /I, 2, 3,

14,5, 6,

VII 1 1, 2, 3,

14.6,

Heat Ki)iige in Cones

05-6
1

06-6 inclusive
1

06-5 inclusive
1

05-5
1-5 ii

05-6
1

i inclusive
inclusive

inclusive

Free From Crazing

at cone 1

at cone 1

at cone 1

at cone 1

Series 1 at cone 6
Series 2 3 4 6 6 at Cone 1

Series 1 at Cone 05-5
8eries2, 3, 4, 5, at Cone 1

riie reiiiiiiuder are matured at heat ranges shown in

Figure 4, but are crazed in fine meshes.

Member c. AhO,^ =0.20 I^Jqi\

The following glazes are well matured and crazed, if

at all, only in hair lines at cones indicated. Those free

from crazing are indicated in the fourth column.

Group Series

I

n 2.3

III J 1, 2. 3,

14,5,6.

IV U,2,
^3,4,

V \ 1, 2. 3,

H,6,

VI U,2,3,
M,B,

VII /I, 2,

I 3, 4, 6,

Heat Range in Cones

1

05-5
1

05-5 inclusive
1-5 inclusive

06-6 inclusive
1-5

05-6 inclusive
1-5 inclusive

05-5 inclusive
1-5 inclusive

Free From Crazing

at cone 1

at cone 1

at cone 1-6 inclusive
at cone 1-6 inclusive

cone 1-5 inclusive
cone 1

cone 1-6 inclusive
cone 1

The remainder are matured at heat ranges shown in

Figure 5, but are crazed in fine meshes.

Memher d. Al2O^=0.25 Eqv.

The following glazes are well matured and crazed, if

at all, only in hair lines at cones indicated. Those free

from crazing are indicated in the fourth column.
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Free From Crazing

Series 4 at CJone 6

Series 3, 4 at conrs 1-5

1, 2, 3, at cone 1

1, 2, 8, at cones 1-5

1, 2, 3, at cones 1-5

2, 3, 4, at cones 1-5

5, 6, 7, at cone 5

1, 2, 3, at cones 1-6

4 at cone 5

The remaining glazes are matured at heat ranges

shown in Figure 6, but are crazed in fine meshes.

Group

I

Series

6.

Heat Range iu Cones

II |2,3,
(4,6,

010-1 inclusive
05-5 inclusive
5

in
fl,2,
4.

.5,6

3, 05-5 inclusive
1-5 inclusive
5

IV
(1,2,
3,

1 4,

05-5 inclusive
1-5 inclusive
5

V
12; 3,

05-010 inclusive
1-5 inclusive

VI n,2,
|6. 6,

3,4,
7,

1-5

5

VII /I, 2,

14,
8, 1-5

5

Member e. A?2O3=0.30 Eqv.

Group

I

II

III

IV

\'

VI

VII

Series Heat Range in Cones Free from From Crazing

1,2,
4

3, 05-6 inclusive
1-5 inclusive

None

1

2,3,

4,5, 6,

05-6 inclusive
1-5 inclusive
6 4, 6, 6, at cone 5

1,2,

4,6,
8,

3, 05-5 inclusive
1-5 inclusive
5

1,2,3,4, at cones 1-5

1,2,
4

5-6

3, 1-10 inclusive
1-5

6

1, 2,3, at cones 1-10

4 at cones 1-5

5, 6, at cone 6

1.2
6,6,

3,4, 1-6 inclusive
5

1, 2, 3,4, at cones 1-6

5, 6, at cone 6

1,2,
5

3,4, 1-5 inclusive
5

1, 2,3,4, atcones 1-6

1.2,
8,4,

1-5 inclusive
5

1, 2, at cones 1-6

3, 4, at cone 6

The remaining ghizes are matured at heat ranges

shown in Figure 7, but are crazed in fine meshes.
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Member f. ^^2^3=^.35 IJqv.

Group

I

II

III

IV

V

VI

VII

Heat Range in Conet

06-5 inclusive
1-5 inclusive

010-10 Inclusive
05-10 inclusive
1-5 inclusive
5

010-10 inclusive
06-6 inclusive
1-5 inclusive
5

1-10 inclusive
1-6 inclusive

1-6 inclusive
5

1-5

5

1-5

5

Free From Crazing

2, 3, at coue 1

4 at cone I

2, 3, at cones 1-5

4, at cones 1-6

6, 6, 7, at cone 5

1,2,3, at cones 1-5

1.2, 3, at cones 1-5

4.6 at cones 1-6

6 at cone 6

1, 2, 8, at cones 1

4 at cones 1-5

1.3, 3, at cones 1-5

4, 5, at cone 5

1, 2, 3, at cones 1-5

4, 6, at cone 5

1, 2, at cones 1-5

3 at cone 6

The remaining glazes are well matured at heat ranges

shown in Figure 8, but are crazed in fine meshes.

Member g. AhO^=0A0 Eqv.

oup Series Heat Range in Cones Free From Crazing

I

ri
2

13,4,
l5,6,7.

010-6 inclusive
06-5 inclusive
1-5 inclusive
5

1 at cone 5
2 at cones 05-1

3, 4, at cones 1-6

II
(1,2,
-3,4,
( 5, 6, 7,

06-10 Inclusive
1-5 inclusive
6

1 at cone 06
2 at cone 05-5

3, 4, at cones 1-5

5, 6, 7, at Cone 5

III
(1,2,
3,
( 4, 5, 6,

05-6 inclusive
1-6 inclusive
5

1, 2. at cones 1-5

3 at cones 1-5

4, 6, 6, at cone 6

IV /I, 2,

13,4,5,
1-10 inclusive
6

1, 2, at cone 1

S, 4, 5, at cone 5

V 1, 2, 8, 4, 6 1,2,3,4, at cone 6

VI 1,2,3, 4, 5 1,2,3,4, at cone B

VII 1,2,3, 5 1, 2, 3, at cone 5

The remaining glazes are matured at heat ranges

shown in Figure 9, but are crazed in fine meshes.
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Member h. 4^203=0.45 Eqv.

Group Series Heat Range In Cones Free From Craziag

I
(3,4,6,6,7,

010-10 inclusive
05-10 inclusive
5

2 at cone 1

11 2,3,
I 4, 5, 6, 7,

06-10 inclusive
1-6 inclusive
5

2, 3, at cones 1-6

4, 6, 6, at cone 5

ni 1,2,3,4,5,6,7, 6 1,2,3,4,6,6,7, at cone 6

IV 1,2,3,4.6,6, 6 2, 3, 4, 5, 6, at cone 6

V 1,2,3,4,5 5 1, 2, 3, 4, 6, at cone 5

VI 1, 2, 3, 4, 6 1, 2, 3, 4, at cone 6

VI 1, 2, 8, 6

CRAZING.

1, 2, 3, at cone 6

The appearance and character of crazing as developed

in these series has been noted in the foregoing statements.

It is only necessary at this place to reduce the facts into

specific statements.

(1) Addition of ALO3 rapidly decreases crazing at

all oxygen ratios here used.

This is contrary to the statement by Seger^ that "the

contend; of AI2O3 is without important influence upon the

coefficient of expansion of the glaze ; it operates favorably

in an indirect way, inasmuch as it permits the raising of

the silicic acid content, without causing the glaze to be-

come dim on long continued melting."

(2) AI2O3 is a more potent factor in decreasing craz-

ing than either SiOg or BoC. taken alone. These facts

seem to indicate that Al^O,, is more powerful in preventing

crazing than the following statements by Seger^ would in-

dicate, "The glazes high in alumina prove less inclined to

crazing than the ones free from alumina of equal degree of

acidity; the alumina thus seems to behave similarly to sil-

ica and boracic acid."

'Coll. Writings of Herman A. Seger, Trans. Am. Cer. Soc. p. 604.

*Ibid, p. 698.
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(3) Al^();{ cannot wholly counteract crazing unless

the oxygen ratio is at least ec^ual to 2.5.

(4) The general statements that ^'Al^O.,' stiffens

the glaze and raises the firing point" and that the "intro-

duction- of Al^O;} into a glaze, allords an opportunity or

means of raising the melting point of the glaze," are true

when the original equivalent content of AI2O3 is equal to

0.25 or 0.30. When the original content of AI2O3 is less

than 0.25 or 0.30 equivalents, then the opposite of these

statements holds true. In other words, a fritted glaze of

the type here experimented with should have at least 0.25

or 0.30 Eqv. AI2O3.

(5) When AI2O3 is less than 0.25 Eqv., fine-mesh

crazing ensues at every oxygen ratio, and nearly every tem-

perature included in these studies.

(6) B2O3 increases the coefficient of expansion and
contraction, thus causing crazing. This is directly oppo-

site to Seger's observations, that-^ "Introduction of boric

acid into a glaze as a substitute for silica decreases the

coefficient of expansion." Also^ that crazing can be

overcome by increase of boracic acid at the expense of the

silica, leaving the other ingredients of the glaze unal-

tered;" also^ that "it follows that the coefficient of ex-

pansion of the glaze decreases with an increase of the

boracic acid content, and more decidedly than with an in-

crease of the silicic acid, and thus the crazing can be
lessened or stopped by an increase of the boracic acid con-

tent, or by a more extensive substitution of silica by
boracic acid."

Burt's*^ experience corroborates tlie writers' obser-

vation in regard to the effect of B2O3 on coefficient of ex-

pansion and contraction.

'Proceedings of Eng. Oer. Soc, Edwards and Wilson, p. 31.

^Collected Writings Herman A. Seger, Am. Cer. Soc. Trans, p. 569.

3Ibid, p. 579.

*Ibid, p 581.

'Ibid, p. 603.

«Trans. Am. Cer. Soc, Vol. Vn.'p. 131.
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(7) The true function of B2O3 in fritted glazes, it

would seem, is not to counteract crazing, but rather to

counteract devitrification.

(8) Crazing decreases as the oxygen ratio increases.

(9) When the RO is kept constant, crazing is no

more pronounced with the more fusible glazes than with

the less fusible.

DEVITRIFICATION.

(1) B2O3 and AI2O3 operate alike in counteracting

devitrification.

(2) For best results, the ratio of B2O3 to SiO^ should

be not lower than 0.13 : 1, irrespective of the oxygen ratio

or alumina content.

(3) The AI2O3 should be equal to or more than 0.20

Eqv. to obtain the best gloss and largest index of refrac-

tion.

(4) Conclusion (1) agrees with Seger's experience

as cited on pages 567, 571, 598.

OPALESCENCE.

By comparing the experiments by Seger on pages 453-

470 inclusive, with the opalescent effects obtained in

Groups VI and VII of this study, the following deductions

seem to be warranted.

(1) Opalescent effects can be produced in a glaze

by supersaturating it with SiOg at high oxygen ratios.

( 2 ) An oxygen ratio of at least 1 : 4 seems to be a

prime requisite.

(3) Presence of a certain equivalent amount of

AI0O3 is also requisite, but the data at hand is too meagre
to permit of a definite statement in this regard. In the

studies at hand, 0.20 Eqv. AI0O3 with OR of 4.5 and SiOj-

B2O.. ratio of 1 :0.25 gave the best results.

(4) Full maturity of the glaze is required to develop

opalescence to its maximum intensity and beauty. When
underfired, the suspended matter is so evenly disseminated
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as to produce a cloudy or milky appearance. When over-

fired, the elTect is similar to tlie curdiness produced in a

glaze by addition of raw tin oxide. When fired to the best

maturity of the glaze, the opalescent effects produced by

supersaturation with SiOg are distinctly crystalline.

(5) While the writers have advanced the oi)inion

that this opalescent effect is produced by supersaturation

and separating out of SiOg, they can offer no evidence con-

tradictory to the hypothesis that the material thus separ-

ated out is a borate. High content of B2O3 is required, and
the opalescence here described not only does not appear
unless B2O3 is proportionately high, but it increases in in-

tensity and is produced in wider and wider variation as

the B^^Og increases in proportion to SiOg. The writers have
based their opinion that this phenomenon is due to the

supersaturation of the glaze by SiOg, on the chemical com-
position of milky opals as they occur in nature.

ATTACK ON THB BODY.

The supposition has been advanced that AI2O3 is the

principal constituent taken from the body by the glaze.

The facts that support this assumption are as follows

:

(1) The glazes low^est in AI2O3 (0.10—0.20 Eqv.)

show this phenomenon to the greatest extent.

(2) The glazes lowest in AI2O3 show the fine-mesh

crazing which results from incorporating constituents

from the body into the glaze layer that is contiguous to the

body, irrespective of oxygen ratio. It is a fact, however,

that fine-mesh crazing decreases as the oxygen ratio in-

creases, but this is attributed to the approximate satura-

tion of the matrix with acid, as is evidenced in the appear-

ance of opalescence as early as Group VI.

(3) Glazes having a low oxygen ratio, and low AI2O3
content, decrease in fine-mesh crazing as the intensity of

heat increases.

(4) Glazes that craze in fine meshes when thick are

crazed only in hair lines when thin.
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(5) Increase of originally added Al^Oij decreases

fine-niesh crazing under less intense temperatures, but in-

creases it as the temperature becomes more intense.

((>) Fine-mesh crazing is certainly due to lack of

homogeniety in the composition of the upper and lower sur-

face of the glaze layer, and this lack of homogeniety is

more pronounced, the more viscous the glaze is rendered

by the incorporated constituent.

(7) Fine-mesh crazing developed at temperatures

below Cone 5, can be counteracted by increasing the AI2O3

content of the glaze. If it is developed at higher heats, it

can be counteracted by decreasing the AKOg content, es-

pecially when the oxygen ratio is low.

PIN-HOLING.

Pin-holing and blistering has been proven in these

studies to be primarily due to the combustion of carbon

that had been entrapped during the fritting stage of glaze

formation. The glazes that come to a quiet fusion earliest

are less likely to exhibit this defect. Raw feldspar glazes

show this defect more than the raw Cornwall stone glazes,

but as was shown by Mr. Coulter^ the stone glazes are

more fusible, and have a longer heat range, and therefore

are subjected for a shorter time to the influence of carbon

in the fire gases before quiet fusion sets in. As the evidence

in this study in the case of fritted glazes agrees with simi-

lar phenomena observed in raw lead glazes, there seems

to be no doubt that the statements in regard to the cause

of pin-holing given above are correct.

In conclusion the writers ^^ish to express their appre-

ciation of the hearty support and substantial encourage-

ment they received from the authorities of the University

of Illinois in general, and from Professor C W. Rolfe, Di-

rector of the Ceramic Department, in particular. Had
they not granted every facility within their power, the exe-

•Trans. Ani. Cor. Soc. Vol. VII, p. HRO
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ciitiou of this study in ils details Nvould liav<i been impos-

sible. We wish also to express our further appreciation of

the privilege of offering the results of this research to the

American Ceramic Society previous to its issimnce as a

University Bulletin.

DISCUSSION.

The Chair: By the presentation of this very able

paper, I am impressed at the outset with the growing im-

portance of making provision, as soon as our financial con-

dition shall warrant it, for the publication of such papers

prior to our meetings, so that we may study them, and be

better able to discuss them when we come to the meeting.

We have realized this necessity during past sessions, but

the need is growing more apparent all the time. Still this

paper contains so many interesting points that we ought
to have a general discussion on it.

Mr. Parmelee: I feel, of course, wholly unable to

discuss the detail of this work. It certainly is a big sub-

ject, and I think brings pleasure to all members to see such
a substantial contribution on it. Did I understand you to

say, Mr. Fox, that coke was used as a fuel?

Mr. Fox: Yes, sir.

Mr. Parmelee: Then how do you attribute the pin-

holing to carbon deposited on the glaze? In what form is

it deposited on the glaze?

Mr. Purdy: Coke certainly contains carbon, which
on combustion is driven off. Not all the carbon, however,
is oxydised to either carbon monoxide or carbon dioxide;

some of it may be carried by the draft as particles of free

carbon.

Mr. Parmelee: Then these are particles of fuel, car-

ried mechanically and deposited mechanically?
Mr. Purdy: We know that black smoke contains

about two percent, of carbon, and when the coke is freshly

thrown on the grate bars there will be an evolution of

smoke or black gases, and that is sufficient to cause a de-
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posit of curUon ou the glaze, notwitlistauding the fact that

the saggers are thoroughly sealed.

The Chair: You assume that iu all of the kiln firings

you formed this deposit, but in some were able to free the

ware from it more completely than in others?

Mr. Piirdij: No. When deposited prior to fusion,

then the carbon would be incorporated and cause pin-

holing ; but when deposited after the quiet stages of fusion

has been reached, the glaze would not then be affected.

The Chair : But all appear to have the deposit in the

earlier stage, but some are able to free themselves?

Mr. Pnrdij : No. Carbon is effective in producing pin-

holes only when it becomes incorporated into the glaze. If

carbon is deposited on the glaze during the boiling period,

it will become incorporated. A glaze which has its initial

boiling period early, or which has a very short or mild

boiling period, will not be affected as much as the glaze

that boils later and consequently harder.

The Chair: I will ask Mr. Purdy what method he

used to determine over-firing?

Mr. Purdy: We determined that by its appearance,

i. e. when it began to pass into the second boiling stage. I

do not know vrhy it should boil the second time, but it does.

Mr. Parmelee: I have never had any experience in

coke firing, but am surprised to learn that in burning coke

you have black smoke.

Mr. Purdy: You will have some; and if you put one

speck of carbon into the glaze at the period of troubled

fusion, a pinhole will be the consequence, after the glaze is

matured.

Mr Plusch : Do these particles of carbon burn

through and produce pinholes?

Mr. Purdy : Not in all cases.

Mr. Plusch: I find, in my experience, that carbon

settling on the green ware before it is glazed, or settling on

the glaze before the glaze is burned, does not produce pin-

holing in the firing. Very often particles fall on, after the

pieces are sprayed, and we take no account of it.
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Air. Purdy: Carbon deposited either in or on the

glaze before firing, will as a rule be burnt out before the

glaze has reached its first boiling period. Hence you ought

not to expect it to produce pin-holing under those condi-

tions.

Mr. Gray : During the Boston meeting I brought up
the question as to the appearance of pinholes in different

parts of the kilns and at regular periods. I never found

a probable solution until I made some experiments last

fall, and I now believe the trouble is wholly in the carbon.

Mr. Plusch : In my experience I found that pin-holing

occurred in the bottom of the kilns, especially when we
fired quickly, or in other words, water-smoked too rapidly.

I have entirely overcome this by water-smoking more slow-

ly. Pin-holing on glazed terra cotta is also produced by the

burning out of finely divided carbonaceous materials acci-

dentally introduced into the body, or by the premature
fusion of low-heat glaze materials introduced with the

saggars used for grog.

In both of these cases cavities are produced on the

surface of the ware, under the glaze, before it lias matured,
and show up on the burned ware as pinholes.

Mr. Purdy: In other words, you have overcome the

pin-holing by permitting the carbon that is in the glaze to

burn out, and by not permitting any more to deposit on
the glaze after fusion has begun.

Mr. Hope : We fire with gas and there is no possible

chance of having free carbon formed, yet we have pin-

holing.

M?'. Purdy : You use a fritted glaze?

Mr. Hope : Yes. I put it down to the boiling of the

glaze.

Mr. Goodwin: Did you say, Mr. Hope, that there
were no fumej^ from the gas?

Mr. Hope: I meant that there was no uncombined
carbon ; that ij^, no free carbon in the kiln.

Mr. Goodwin : My experience goes to prove the con-
trary. I have seen smoke from gas, almost as from coal.
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Mr. Hope: I accept the correction. I have seen the

same thing myself, but failed to think of it in this connec-

tion, before.

Mr. Goodwin'. I will ask Mr. Purdy if he has had
experience in glazes high in AI2O3, as to the probability of

their spitting out?

Mr. Purdy : That is a matter with which I have had
no experience.

Mr. Goodwin : I have found glazes of that nature in-

clined to spit out.

Mr. Millar: I make enameled bricks and burn in

muffle kilns, and use a raw glaze and am not troubled much
with pin-holing. But I find occasionally here and there

throughout the kiln, bricks which are covered with pin-

holes, while all around them, other bricks will be perfect

I have been trying to gather from Mr. Purdy's paper and
remarks, what could be the cause of that, but I have not

been able to do so.

Mr. Purdy: When I was working in the stoneware

business, I found if the biscuit ware was not thoroughly

brushed, we would have pinholes. The dust is sometimes

common inorganic dirt and oftentimes it is soot or carbon.

If that dirt was not brushed off, there would be pinholes as

a consequence. But when the ware was thoroughly

brushed, it would be free from pin-holing, provided we were

careful not to smoke the kiln in the early stages of firing.

The Chair: In regard to this question of pin-holing,

I had the question put to me some time since by a member,
how to prevent it. Not working on Mr. Purdy's theory,

but rather on one of my own which I presented to the so-

ciety some two or three years ago, I said the way to prevent

it was to be careful not to cool the kiln too rapidly. A sud-

den chill produces pin-holing, and we have been practically

able to eliminate it from our ware, merely by a slow cool-

ing. At the Cleveland summer meeting, while visiting a

stoneware works in Akron where they were just firing off a

kiln, the old burner was covering up every opening in sight.

I asked him what he was doing? He said, "Why, if I don't
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get this kiln closed tig;lit as quickly as possible, the ware

will be all piiiholed." I attribute it, as I did in that paper,

to the liberation of carbonic acid gas.

Mr. Purdy: In parts of this paper which were not

read, we discuss how the probable reduction of lead in a

glaze makes the glaze more viscous, and that the glaze does

not fuse as readily as when free from the carbon, but that

by continued soaking in the finishing heat, the normal

condition would be re-produced, the carbon burned out, the

lead oxydized, and we would have the glaze at its greatest

fluidity, and consequently would not have pin-holing. In

other words, carbon indirectly stiffens the glaze and pre-

vents the healing over of these pinhole defects.

Besides this, pin-holing is probably not all due to one

cause. There are probably other causes.

Mr. Bill us: I am very glad we have drawn that

confession from Mr. P.urdy. I was afraid that he was com-
mitting himself to the opinion that this was the one and
only cause, whereas everyone, I am sure, knows there are

many causes. It is a new thought to me, that particles of

carbon deposited on the surface of the glaze can cause pin-

holing, and I was about to make other suggestions which
Mr. Purdy's last remark renders unnecessary. I think it

must be true that when carbon is deposited on the glaze in

the early stages of the burn it is not deposited as particles

but as a film, and I hardly see how a film of carbon should
break into minute particles and cause pin-holing. The
particles could not be carried in through the saggars, and
the smoke deposited would be in the nature of a film. We
must be cautious in claiming as facts what only appear as

phenomena.
It is a pity we could not have seen the samples for this

piece of work; apart from that, we have here a mass of
material which it will take a long time to digest. I will

ask what means were used to determine w^hen a glaze was
immature or when overfired? What is meant by an "over-

fired" glaze? Is it a glaze which has proven too fluid, and
has escaped control, or a glaze which has partly volatilized
A. C. 8.— 13.
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and lost its beauty? This must be largely a matter of opin-

ion. I do not know of any test by which a man can say a

glaze is immature or overfired, and I think we ought to

have Mr. Purdy's point of view on that point,

Mr. Purdy : In the case of our glazes, as the heat in-

creased, the glaze passed gradually from a porous to a
vitrified coating, then to that stage of bubbly fusion, then

into quiet fusion. As soon as the glossiness of the glaze

became dim by overheating, or as soon as the glaze began
to show the second boiling, we called it overfired. We did

not, however, have any dimness due to overfiring in our

cases.

Mr. Goodwin : Do you mean that at the second boil-

ing you got pin-holing?

Mr. Purdy : No ; at that stage it looked like "curdled

cream."

Mr. Goodwin : My experience has been that you can

get pin-holing at the last stage as well as during the earlier

stage, but it is of a different type.

Mr. Purdy : AVe explained that in a part of the paper
which was not read, viz., that the pinholes due to over-

firing seemed to go clear through and were larger, while

the others, due to the carbon, were smaller, and apparently

only surface phenomena.



DATA ON PLASTER MOULDS

BY

George Simcob, Victor, N. Y.

In going over the subjects covered by papers in the

transactions of the American Ceramic Society, nothing on
the subject of Moulds can be found.

As this branch of the subject of pottery costs is a very

important one, and one on which experience is general, it

would seem that the subject should be started, and kept up
till our records contain full data from every branch of the

clay industry. The following little note is intended merely

as a beginning, in the hope that it may bring in more val-

uable data from others.

The data here given is taken from the Locke Insulator

Works, at Victor, N. Y. :

We have one mould maker, who turns out on an aver-

age of 80 to 100 dies per day. His wages are $2.40, and he

uses from two to three barrels of plaster per day. The
average consumption of plaster is about 700 barrels per

year, which at $2.00 per barrel would amount to $1,400.00

for the plaster alone.

Our moulds vary in size from l''x3" to 30''x40", and in

weight from 1 to 59 pounds. The wear and tear on them
is verj' severe, because our ware must be even more solid

than ordinary potter}^, for cracks, however small, inside the

ware, and not apparent on the outside, make splendid

short-cuts for the electric current to break through. Our
mould loss is increased very appreciably by "batting" clay

into the moulds, and also the plunger process of forcing

the clay into the mould causes much loss, due to rapid
handling and great pressure. The following sketches show
the cross section of one of the dies or moulds for making
insulators

:

187
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Traus. Am. Cer. Soc. Vol. IX. Simcoe, Plate 1

MOLD FOR

TOP OF INSULATOR

MOUO FOR
SECOND SHELL
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t \
VIEW OF ASSEMBLED INSULATOR,

HALF OF IT CUT AWAY TO SHOW SECTION

Moulds Used in Manufactnriug High-Potential Insulators, at Victor, N. Y.
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The difference in ratio of breakage of moulds in the

plunger and jiggering process is well shown in the follow-

ing table, No. 1

:

TABLE NO. 1.

Showing loss of moulds over 1 inontli's run.

Insulator Part No. of Dies in Use Moulds Broken % Loss Process

3'28-T 316 6 i.H Jigger
328-C 394 48 14.7 Plunger
332-T 327 10 3.0 Jigger
340-38 272 62 19.1 Plunger
241-38 260 17 8.6 11

347-T 311 44 14.0 Jigger
347-38 147 23 16.3 li

347-C 185 16 8.6 Plunger
360-T 412 27 6.6 Jigger
360-28 332 28 8.4 ii

360-38 413 71 17.2 11

360-C 308 21 6.8 n

From this table, we see a wide variation in loss which
may be accounted for, first, by the size, i. e., large moulds
naturally break oftener than small ones, and second, by the

process of filling, whether by jigger or by plunger machine.
In order to economize on the cup, it is often found practical

to increase or decrease the cross section of the mould, so

that it will be interchangeable. However, this is not always
a good policy, for the table shows that mould number
360-3s suffers a high percent, of loss, through the making
of a large mould too thin.

The next table shows the number of moulds thrown
out in the manufacture of a unit quantity of 1000 pieces

of ware.
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TABLE NO. 2.

Showing rejection of moulds -per 10(0 pieces of ware.

Insulator Part Pieces of Ware Made Moulds Thrown Out

328 C 1000 15
332-T 1000 6
341-38 1000 18
36U-T 1000 7
360-28 1000 4
360-38 1000 17
360-C 1000 7
409-C 1000 2
311-T 1000 2
361 -T 1000 6
lOS-C 1000 12

Table No. 2 as hardly comparable with Table No. 1,

because the same number of moulds are not used at all

times to produce 1000 pieces of ware. It has value, how-
ever, as it shows the location of leaks and their extent as

represented by money, for from Table number 2, Table

number 3 is deduced as follows

:

TABLE NO. 3.

CJosts of Moulds per 1000 pieces.

Mould Loss Weight of plaster in Cost of plaster and
Insulator Part per M. Ind. moulds in pounds making each Total

328-

C

16 21 17c $2 55
332-T 6 14 lie .66
341 -as 18 22 24o 4.32
360-T 7 26 21c 1.47
860-2S 4 16 14c .56
.S60-38 17 33 25c 4.25
360-C 7 15 13c .91
409-n 2 17 7c .14
311-T 2 11 6c .18
315-T 6 12 15c .90
103-(: 12 7 6c .72

To say what part of the cost of a piece of ware the mold
represents is rather hard, but in the insulator business, I

should say, from some careful calculation and estimation,

that the moulds represent 1 percent, of the direct charge
aj^ainst the insulator. By direct charge, the actual cost,

without any over-head proration such as salaries, office

expense, advertising, insurance, etc., is meant.
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In coiu'lusion, I should like to ask representatives of

the different branches of the craft to state through the

Transactions what portion of their direct ware-making

charge they assign to moulds.

DISCUSSION.

Professor Binns: Mr. Simcoe wrote me for informa-

tion on this subject, but his questions only covered the

matter of breakage in moulds, and in my experience I never

found the matter of breakage of much importance. Moulds
would wear out, the surface being destroyed, but it was
very seldom that a mould broke. He has a different propo-

sition, where they are used under pressure. I think the

matter of the wearing of moulds is highly important, and

we need more data in regard to the proportions of plaster,

amount of water, etc. A mould-maker puts plaster into

water until he thinks he has got enough, but so far as I

know, we have no data whatever to tell us just what
amount of plaster and water to use in order to get moulds
of a certain density. In my judgment, we need information

on that point more than we need data on the question of

breakage.

}fr. Watts : I want to say in regard to wear of moulds,

that we think that we have that matter pretty well in hand
in our plants. We do not have serious difficulty in the

wearing-out of moulds. We generally make about one

hundred moulds for a ten-thousand order. We have a sys-

tem whereby a man reports every night the number of

moulds of each size that he loses during the day, and within

the shortest possible time, those are replaced for him. We
make up about ten percent, more moulds than we give to

the jigger-man, and he gets a mould replaced for every

one broken. I do not think that one hundred moulds for

ten thousand pieces is at all a bad figure. Our loss is, more
than anything else, in the number of moulds broken, which
I think can be directly traced to the design or application

of the mould. I have seen that in the whiteware and other
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lines of business, where I was satisfied if the shape of the

mould had been corrected a little, the loss would have been

very materially decreased. Moulds are often made which

we think are thick enough to do the work, but after a few

days' use, we find we have but a few left, and common sense

teaches us that we must change the design in some way.

Mr. Gates : In making terra-cotta, the sharp particles

of grog which must be used, cut down the life of a plaster

mould very severely, and hammering the clay into the mold

makes its life very short. Our great trouble has been in

getting any kind of uniformity in our plaster; even when
getting from the same factory, different grades of plaster

are sent in every carload. We have to use those plasters

which are cheapest for us, and of course are cut off from

the use of some kinds ; but even from the same factory the

plaster varies widely in quality. Our moulds in the terra-

cotta business are each made for one special job or order,

and each is discarded when that one order is finished.

Rarely do we find that we can use a mould on two different

orders. Consequently the mould department is with us one

of the heaviest expenses in getting out work.

Mr. Weelans : As to durability of moulds, it may be

said that much is dependent upon how they are cared for.

We find that the life of a mould differs widely with differ-

ent operatives, hence it is difficult to determine just how
long a particular mould of any kind may last.

The cost of moulds is an important factor in any busi-

ness, and particularly in the sanitary line, and we have

often endeavored to improve the lasting qualities of plaster

by an admixture of other materials, but with no success.

It is not the wearing out of the moulds, in the common ac-

ceptance of that term, however, but the breakage, that most
concerns us. Our moulds are for the most part very heavy

and difficult to handle, hence they receive more abuse than

the smaller moulds used in manufacturing table ware. To
determine the life of moulds is, therefore, a very indefinite

proposition, and one not easily arrived at, for the above

reasons.
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Much variation in the life of moulds is occasioned:

First, by the varying character of the plaster, even when
from the same manufacturer; and second, the manner in

which tlie same is mixed. Plaster, when mixed by a skilled

mixer, has much longer life than when mixed by a less

thoughtful and experienced operator. It is a matter of im-

portance, therefore, that a proper percent, of water be used

in mixing the plaster, and that the whole be properly

mixed before using; otherwise, moulds are hard, soft, or

lumpy, in turn.

The following mixture has always been found satisfac-

tory : For ornamental work : One quart of water to 2 lbs.

2 oz. of finely ground plaster. For heavy work : 2 lbs. 6 oz.

of plaster to one quart of water. The coarser the plaster,

the more will be required to obtain the same given strngth.

Time should be taken to thoroughly mix same before using,

and again, by exercising care in their use by not allowing

them to become thoroughly saturated with water absorbed

from the clay, but to dry them out at frequent intervals.

Mr. Hope: I have some figures here on the life of

moulds, from which I will read a few:

Dozens of ware
per mould.

Jiggered Hollow ware 12
Pliites and other flat wares, on which the bats are thrown. .10
Pressing moulds 18 to 24
Casting moulds 2.5 to 4

The average jiggered moulds run about ten dozen to

the mould, and as Mr. Weelans says, we must certainly

specify the kind of moulds in discussing costs. I have no
very accurate figures on casting moulds, but the mould cost

in the casting process is very high.

I am working on some clay moulds to be used in the

biscuit state, which I hope may be successful. I have made
some very nice looking clay handle moulds but as yet have
not given them a trial. If they can be used, it will be a
great saving. Of course I understand that the idea of clay

moulds is not new, as they have been used in England for
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a great many years. I have quite a lot of figures on the

life of moulds, which I will he glad to give anyone who may
be interested.

Mr. Gregory : The life of moulds may be extended by
drying them properly. After a certain number of pieces

are taken from the mould, put it in the drier, and the mould
becomes stronger and will last much longer. Also, mixing

two kinds of plaster makes a better mould. By experi-

menting, I found this gave better results.

Mr. Hope'. I have tried the matter of drying slowly

in the open air before using, and I find that it prolongs the

life of a mould about ten percent.

Professor Bi?ins : You mean the drying immediately

after the mould has been cast?

Mr. Hope : Yes. I have also experimented with add-

ing materials to make the moulds harder, using dextrine in

solution for this purpose, but it stops the pores and conse-

quently retards absorption.

Professor Binns : There is one matter wliich I miglit

mention in connection with the wear of moulds, and that is

the influence of the body. Anyone who has made boT^e china

may be aware of the fact that moulds used for this ware
wear out much more rapidly than with a body containing

no bone. I cannot give the reason.

Mr. Yates : I agree with Mr. Hope that if you take a

mould and dry it out, after pressing a certain number of

pieces, it will add greatly to the life of it.

Mr. Watts : We make a practice of putting all of the

moulds in use in a fan ventilated drier or drier of some
other type every Saturday, so that by Monday morning, the

entire equipment of moulds is in good shape to go to work
with. We have found this practice has made a great differ-

ence in the life of moulds.



A COMPARISON OF THE COSTS OF PREPARING
FRITT BY THE FRITT KILN VS.

THE SAGGER METHOD.

BY

Arthur E. Mayer^ New Brighton, Pa.

Fritting, in the proper sense of the word, is the fusion

of all or a portion of the ingredients of a glaze before at-

tempting to use them on the surface of the object to be

glazed. The purposes may be many, but the chief one is

usually to form insoluble silicates and borates of the sol-

uble ingredients used. There are two ways of bringing

about this chemical reaction, namely, in the fritt kiln, or

in the forebung of the glost or biscuit kiln. In order to

well understand both methods each must be described by
itself, and its cost calculated.

FRITT KILN METHOD.

The first one of these methods to be considered is the

fritt kiln method. The mixture to be fritted is thrown into

the heated kiln, and after remaining for three hours, or

perhaps a little longer at the start of fritting, it has melted

so thoroughly that it can be tapped out and run into water.

The kiln upon which all the statements in this paper are

based is shown in a drawing on another page. With one
exception it will not be necessary to give any dimensions,

as they can all be found from the drawing which is to scale.

This one case referred to above is the size of the flue be-

tween the stack and the fritt chamber of the kiln, which
must be 8x12 inches. If it is larger than this, the heat will

escape and not melt the fritt, and if smaller, clinkers and
ashes will fall in the fritt and perhaps ruin it.

The first step in the process is to weigh out the charge,

which for this kiln should be 750 lbs. Since we mix it by
hand, we make three weighings of 250 lbs. each, although
the one larger weighing of 750 lbs. would be preferable,

if mixed by some such device as a ball mill.
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The next step is to throw the mixture into the kiln,

throuijh the two holes in the top, about half of the 750 lbs.

in each, or perhaps 400 in the one nearest the fire and 350

in the other. Tiles are then placed over the top holes and
the mixture is allowed to remain in the kiln for three

hours. By this time, through fusion has taken place. The
iron stopper in the tapping hole is withdrawn, the flint

wad inside it is punched out, and the molten mass conveyed

by means of a short iron trough to a tauk of water. Here
the structure is shattered, and reduced almost to a powder,

by the sudden and unequal contraction of the glass. The
size of the tank makes no great difference, just so it is

large enough to hold the charge.

The most important part of this method of fritting is

the cost, and for convenience is figured on the basis of a
24 hour day.

The first part of the cost of the production is the cost

of the repairs, which must be divided equally on each
charge.

There are 35 floor tile weighing 94 lbs. each at $22 a ton $86 19
There are 12 sidp> and end tile wishing 94 lbs. each at $22 a ton. . 12.41
Tearing out old kiln bottoms, 3 hours at 20c .60

2 Brick layers 8 hours each at 60c 9.60
Fire claying for mortar and filling in 2.00

$ 60.80

Each lining will last 4 campaigns of 38 charges each,

or in other words, since 152 charges cost |60.80, one charge
of 750 lbs. would cost 40c.

The next consideration is the cost of the grate bars

which are burnt out. Instead of the regular grate bar we
use a wrought iron bar 4 ft. long and ly^ inches square. In
this particular kiln there are 22, weighing 30 lbs. each or

660 lbs.

660 Ihs. at 21.2 $16.50
Deducting 400 lbs. scrap from old bars at J^c a lb 1.00

Or the net cost is $ 15.50

These last for 152 charges and the cost per charge is ... 10.2c.
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The actual costs for fritting for 24 hours are:

1 man to weigh fritt 3 hours at 25c 75
1 man to draw, charge, stoke fire, and feed kiln 24 hours at 20c . .$4.80

60 bushel of coal at 7^0 4.65

Cost repairs to lining, 8 charges, at 40c 3.20

Cost grate bars, 8 charges, at 10.2c 82

Total cost for 8 charges $ 14.22

or the cost per charge is 1.77

After fritting, the weight is not the same as before,

due to the loss of water from the clay and borax and carbon

di-oxide from the whiting. The amount of difference in

weight varies with each different formula used. Let us

take the following formula, which will give very good re-

sults in a fritt kiln

:

K2O 0.04

Na^O 0.27 \ I 0'^^ ^^0:
CaO 0.6'.) i 0.27 AlaOa | ^-^^ SiOj

With this formula, a quantity of 750 pounds before

fritting will be about 570 pounds after fritting. This 570

pounds costs $1.77, or 31-100 cents per pound.

SAGGEE METHOD OF FRITTING.

With this process the original fritt formula must be

changed, and the following is the above formula after the

spar has been taken out, 0.05 equivalent of clay and 0.5

equivalent of flint added, with the RO elements reduced

to 100.

CaO 0.72|nq':i'^ Al O I 2.77 SiOa

Na,0 0.28 r-^^^
^''^'

10.56 B,0,

The biscuit saggers are first flinted, then the mixture

put in, then placed and fired in a biscuit or glost kiln.

After it comes from the kiln, the sagger is broken loose

from the cake of glass, which is then put through a rock

crusher or some other device capable of reducing fine

enough for the glaze-pan. It is usually customary for pot-

ters to burn eight saggers, filled with the mixture, in each
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kiln. The sagger most often used is the same size as the

tall jacks, holding about 1500 cubic inches each.

The first thing to figure in the matter of cost, is the

value of kiln space, and it is as follows

:

Cost of placing kiln 21^4 days at $2.0G $43.77

Cost of drawing kiln 8^/^ days, 4^^ days at $1.50 and 4 at $2.06 14.99

Fireman 18 hours at 33 l-3c 6 . 00

Odd Work-
Cleaning out kiln 2

Punching and cleaning ashes 5V^

Wheeling coal 9

Kindling, lumping, etc 5

Wad squeezing 2%
Building door 1%

301/^ hours at 19.44c 5.93

Setting up 1 night $2.00 2.00

Attending fireman 8 hours at 19.44c 1 . 55

Coal 19,800 pounds at $2.03% per ton 20.14

Wad clay for 1566 saggers, at 8^^ oz. per sagger=793 pounds

at $4.30 per ton 1 . 70

$96.08

By count of the number of saggers and volume of each,

there are 2,700,000 cubic inches of available space in the

kiln, and at this rate, one cubic inch costs |.0000355, as-

suming fritting was done in glost kiln.

The actual costs in sagger fritting are as follows

:

Cost of making 8 tall jack saggers at .05c $0.40

Cost clay in 8 tall jack saggers at .054c .43

Firing 8 saggers (estimated only at 4c each) .32

Labor for weighing, flinting, filling and carrying saggers four

hours at 20c .80

1687 cubic inches (total volume of tall jacks) X 8=13496 cubic

inchesX $.0000355 .48

Three hours at 20c putting fritt through a stone crusher .60

Total cost $3 . 03

The fritt produced from the above formula is 75.5%
of the original weight. The saggers contain 350 pounds of
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the mixture, so that we only have 264 pounds of fritt, which
costs |3.03; or each pound of fritt costs 1.15 cents per

pound.

Aside from the matter of cost, there is another reason

why the fritt kiln has the advantage, viz : Since the dura-

tion of firing in a 15 ft. 6 in. glost kiln is about 30 hours,

the volatization of the tiuxes must be considerably more
than in the fritt kiln, with the short duration of only three

hours.

We have now seen the cost of the two methods. 0.31

cents per pound against 1.15 cents per pound, or in other

words, where the fritting is done in saggers, it costs 3.7

times as much as when it is done in the fritt kiln.

DISCUSSION.

Mr. Hope : I happen to know something about the

fritt kiln drawn here, so if anyone desires to ask any ques-

tions in relation to it, I may be able to answer them. I

never saw Mr. Mayers' paper until called upon to read it.

Mr. Goodwin : I promised the Secretary to have

something to say upon this matter of the preparation of

glazes, and in doing so would first say, that I quite agree

with Mr. Mayer that the proper method of fritting is by

the kiln, as by so doing a softer glaze can be used, and at a

lower cost than is possible by sagger fritting. The remarks
which I wish to make have reference to the mixing of the

fritt base for sagger fritting, and to its treatment after

calcination.

The composition of a pottery glaze is something which

requires the most careful attention at the hands of the

practical potter, and yet it frequently gets the least. This

comes about, not from lack of experience, nor yet from
lack of realization that it is the most important branch of

the business, but because we have a trusty man in the mix-

ing room who can take care of details from our shoulders.

Such a man has very often no qualifications for the respon-

sibility placed on his shoulders, yet such men are in many
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plants in charj^e of the glaze grinding and fritt mixing,

without much experience, and frequently without proper

supervision from those responsible and in authority. It is

not that the responsible person does not feel the weight,

but because he has too much to do in the hours he can put

in at the plant.

The mixing of fritt for a fritt kiln receives more atten-

tion that that which is fritted in saggers, to insure its being

properly mixed before putting in the kiln. Often a saucer

of red lead is thrown over the mass before mixing, so that

we may know that the men charging the kiln have had the

shovel at work and got the materials thoroughly mixed
before it goes to the kiln. A mixture thus shoveled over

until its color is uniform cannot fail to be something like

regular in composition before putting in the kiln.

Where no mechanical power is used in mixing fritt,

greater care should be exercised to see that a more perfect

mixture is gotten by hand mixing. Where hand mixing is

used, I would suggest that the following plan should be

adopted.

Presuming that both Tuscany and refined boracic acid

is being used, weigh the required amount of Tuscany acid

first, and pass it through an eighteen inch mesh sieve, after-

wards spreading this well over the bottom of the mixing
box, which should be about nine feet long, forty-two inches

wide, and twelve inches deep. After alloAving for the re-

quired amount of flint to w^ash the saggars, weigh out one-

half of the remaining weight, and spread it evenly over the

acid in the box. Then weigh out the refined acid, and after

that the other materials to be fritted. Then weigh out the

balance of flint, spread it on top of all, have the mass
turned over with a scoop shovel at least six times from end
to end of the mixing box. I have seen a box used for mix-
ing which was about three feet long and almost the same
in depth, and nothing but a hand scoop was used for mix-
ing. A fritt mixed in this manner cannot fail to be irregu-

lar in composition. After calcination, if such a batch of

fritt is not all ground at the same time with the soft mater-
A. O. B.—14
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ials, in the pans or cylinders, trouble is likely to follow.

Most of us are too lax in our methods of fritt mixing.

After mixing, fill the saggars, having first totalled up the

number of pounds weight in the box, and the number of

saggars the mass is likely to take, so that all saggars may
have about the same weight, and by this means reduce the

tendency to losses by boiling.

Then take the saggars to the kiln. When they are

taken out after firing, they should at once have water suffi-

cient to cover the fritt, so that it will more readily break

loose. It should next be weighed, to see if after allowing

for the loss of calcining, the correct weight remains. By
so doing, we can soon discover if any irregularity has oc-

curred in mixing the base, or in placing it in the kiln. A
saggar of fritt is often set down, covered over, and not dis-

covered until too late, and then nothing is said about it,

with the intention of putting it in with the next batch.

The next process is to pulverize the fritt under chas-

ers, or if no chaser mill is available, then the next best

thing to do is to break the fritt in small pieces, and grind

in an Alsing cylinder until fine enough to take out. The
next process is the glaze grinding. The question has been

often asked "How many hours do you grind your glaze?"

The same question is asked very frequently when two or

three managers meet. This is a matter which depends on

mechanical conditions in the factory as much as on the

time. If fritt is to be ground in pans, we must first see that

the runners are in good shape. Should we find they are

not, then we must get the stones dressed, so that we may
get the proper results. It is best to dress stones every

month, if pans are in constant use. By dressing is meant
the cutting of trees on the surface of the stone. If cylinders

are used for grinding, care should be taken to see that we
have not too many pebbles. If too many, the glaze will

throw over and will not grind. The pebbles should always

be from four to six inches below the center line of cylinder.

After the pan or cylinder is charged, take down in

your note book the number of the mill, the date, the time,
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and also provide a column for stoppages of machiuery dur-

ing the time of grinding, so that you may get the actual

number of hours the material has been grinding. A card

or slate should be kept at the mills for the man in charge

to put down every hour the mills are not running. By this

means only, "short-ground" glaze is prevented. I think one
great contributory cause of "spitting out," which has been

discussed in a previous paper, is due to short-ground glaze.

I think of all parts of the factory, that the glaze mills

and the grinding should have better and more supervision

at the hands of the Managers and Superintendents, and be

less entrusted to the workman in charge of the mill. When
sufficiently ground, the glaze should run over magnets,
either before or after it has been sifted, and should again be
treated with the magnets before being used for dipping the

ware.

It is intended that these remarks shall lead to a
healthy discussion of this topic, by which we may found out
the weak spots in our business.



PYRO-CHEMICAL AND PHYSICAL BEHAVIOR
OF CLAYS

BY

Boss C. PURDY AND JOSEPH K. MOORE^
Champaign, Ills.

INTRODUCTION.

The work of Orton and Griffin on the "Effect of Car-

bon in the Burning of Clay Wares," Orton on the "Role of

Iron in Clays," Kennedy on the "Dehydration of Clay and
Decarbonization of Calcium Carbonate," Singer on the

"Decarbouization of Ferrous Carbonate," and Lovejoy on
the "Expansion of Brick during Water-smoking," etc., are

some of the studies of the pyro-chemical and physical be-

havior of clays that have been reported in the Transactions

of the American Ceramic Society. Considerable attention

also has been given to similar studies by our contemporar-

ies in the English Ceramic Society during the past three or

four years. Time and space will not permit of a review of

these studies, nor of the many observations that have been

reported in the trade periodicals since ceramics has been

classed as a science.

Since in every clay industry it is in the burning that

the usefulness of a clay is developed, the burning properties

may justly be considered the most essential or vital factors

to be studied. A clay may lend itself readily to manufac-
turing processes, and yet not develop in burning the pro-

perties requisite for making it into serviceable ware. Clays

may differ widely in chemical, mineralogical, and physical

constitution and yet be equally valuable for manufacture
into a given product.

In clay burning, the combined influence of the chemi-

cal, mineralogical and physical properties of clay consti-

tute the cause, and the pyro-chemical and physical proper-

204
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ties constitute the effects; knowing the causes, the effect

ought to be interpretable. Owing, however, to the complex

composition of clay and the variable properties of its sev-

eral constituent parts, the true causes cannot all be ascer-

tained in a sufticiently short time to justify the labor, even

if methods were known by which they could be obtained.

The effects, however, can be readily observed.

Classification of clays on either the geological or the

industrial basis has been attempted by many of the fore-

most ceramic thinkers, yet it is freely admitted that as yet

no satisfactory arrangement has been suggested. There is

no agreement between the commercial value of clays and
their geological age.

Clays from which first class paving brick can be manu-
factured, for instance, can be found in strata of any age

and under almost any geological condition. Fire clays and
shales of all ages are being successfully used in the manu-
facture of paving brick. Glacial and alluvial deposits of

clays have been found that are likewise serviceable for this

purpose. Because the chances are far better of finding

clays that can be made into paving brick among the fossil

clays, the prevalent opinion is that it is to these types that

paving brick manufacturers must look for their material.

The facts are that there are many shales that are not fit to

be manufactured into common building brick, much less

into paving brick. Geological age or distribution, there-

fore, has proven an unsatisfactory basis of classification.

Chemical analyses of clays have been used in some
cases as a basis of classification, but so unsatisfactory were
the results that but very little importance can be attached

to such a classification.

A classification of the clays lying within political or

natural boundaries, using as a basis the properties that

are most essential to adapt each class to its commercial
uses, has been the object of extensive researches of the

United States Geological Survey and the various State

Geological Surveys. Descriptions of the location and pro-

perties of the clays to be found in the several survey re-



206 PYBO-CHEMICAL AND PHYSICAL BEHAVIOR OF CLAYS.

ports have failed in this respect. In some Survey reports,

notably those of Iowa and West Virginia, a few of the pyro-

chemical properties of their clays have been described, but

in no case has much significance been attached to their

determination. In fact, in no case has the study of the

pyro-cheinical properties been carried to such a degree of

completeness as would warrant very conclusive deductions.

Having had opportunity to study the clays of Illinois, un-

der the direction of the Geological Survey of that State,

the writers, after nearly three months of research, came to

recognize their inability to draw satisfactory conclusions

from the several tests made of the properties of raw clays,

and to appreciate the importance of a more exhaustive

study of the chemical and physical changes that occur dur-

ing the progress of burning from dehydration and oxida-

tion to fusion.

Believing that a study of the changes in porosity and
specific gravity at successively increasing heats affords a

practical method for testing and classifying clays, and also

a method that makes possible in most cases an accurate

estimate of the commercial possibilities of a given class or

type of clay, and further being confident that this method
makes it possible to determine the most important proper-

ties of any clay, we present here a detailed account of the

way in which our tests were made and a few of the results

of our investigations.

SAMPLES OF CLAY INVESTIGATED.

Location and condition : Clays used by the more im-

portant paving brick factories of Ohio, Indiana, Illinois,

Missouri, and Kansas were obtained in what was termed

"dry-pan samples," i. e. they were taken from the chutes

leading to the pug mill, after having been pulverized in the

dry pans. Clays collected from several parts of Illinois

and not used in the manufacture of ware at the place of

sampling, were ground in a five-foot dry-pan in the labora-

tories of the Ceramic Department of the University of

Illinois.
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Types : Fire clays, shales and loess were the types

of clays tested. There was not a sufficient variety of types

nor enoupjh samples of each type on hand to make an ex-

haustive study, but this lack of samples does not lessen

to any great extent the value of the results obtained.

MANUFACTURE OF TEST PIECES.

Wedging : Approximately one pound of dry clay was
placed on a dampened plaster-covered table and sufficient

water from the city mains added to develop the plasticity

required to permit batting the clay into loaves. This was
accomplished by adding the water in small quantities, and
thorouglily working it into the clay each time, until the

mass had the desired plasticity. It was then thoroughly

wedged by kneading and batting until, on cutting the mass
open, it appeared to be compact, i. e. without air blebs.

Moulding : The loaf was then subdivided into smaller

portions, each just sufficient to fill a mould % incli x 21/1-

inches x 414 inches. The slabs were made to fill the mould
by pressure applied in a screw press. They were then

placed in a miter-box and cut into brickettes % incli x %
inch x 21/2 inches.

Marking : The laboratory sample number and a serial

number was stamped on each brickette.

Drying : The brickettes were dried in an open room
at summer heat. It had been found possible to dry even
the most tender of clays in this manner, so it was assumed
that all clays used in this test could, without detriment, be
subjected to this treatment.

Burning : Twenty-four brickettes of each clay were
prepared. The ones on which the serial numbers 1 and 2

had been stamped were placed in a saggar to be drawn at

Cone 010, those on which the serial numbers 3 and 4 were
stamped were placed in a saggar to be drawn at Cone 08
and so on—each successive pair of brickettes pf each clay

being placed in a saggar to be drawn at a predetermined
heat as follows

:
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Series No. ou 1

brickette |

Heat at which
drawn

Hours intervening between
draws

Oxidized at 800 for 2

1, 2 010 hours. From 800 ^C to

cone 010 6 hours.

3, 4 08 2 hours

5. 6 06 2 hours

7, 8 04 2 hours

9,10 02 2 hours

11,12 1 2 hours

13,14 3 2 hours

15,16 5 2 hours

17,18 7 2 hours

19,20 9 2 hours

21,22 11 2 hours

The brickettes in the saggars to be fired from cones 3

to 11 were packed loosely in coarse white placing-sand, so

as to prevent their sticking one to another. Only those

clays known to be fire clays, or at least sufficiently refrac-

tory to withstand severe heat treatment were placed in the

saggars to be drawn at the higher cones.

The eleven saggars were placed in a coke-fired, side-

down-draft kiln in a manner convenient for drawing. The
"spy" cones were centrally located in the kiln in a shield

that protected them at all times from direct contact with

the flame. When cone 010 was bent over sufficiently to

touch the placque, the wicket was opened enough to draw
the cone 010 saggar, the wicket replaced, and the heat

slowly raised as shown in the above table.

Cooling: The saggars in which the brickettes were
placed were "tile setters" 2 inches deep and 8 inches x 8

inches in area. Before placing another saggar was in-

verted over the one containing the brickettes, so that on

drawing, the brickettes were at no time exposed to the re-

latively cold temperature of the room, except in one case

of accident. The saggars were placed, uncovered, in the

ash pit of the kiln, where they were exposed to the direct

radiation from the liot grate bars above. In this manner,

the brickettes were cooled rai)idly at first, tlnis ])reveiiting
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the fused portions in tlie brickettos from crystallizing very

much, but from dull redness down to blackness the cooling

extended over a considerable period.

The method of cooling pursued in this investigation

was not ideal. The brickettes should have been cooled

slowly for the first 200°C which, as above stated, was not

the case. Inasmuch as there is danger of checking the

vitrified brickettes by cooling down to room temperature

too rapidly, some attention should be given to the last as

well as to the first stage of the cooling period, but more
particularly to the first. It was not possible to cool the

brickettes under these ideal conditions, for the services of

the kiln were in demand for other purposes, and circum-

stances did not permit of delaying the burning until such

times as the kiln would not be in use.

Preparing brickettes for testing : When cooled, sand
grains were found to be fused to many of the brickettes,

requiring that they be ground off on an emery wheel. Care
was taken not to unduly heat the bricks while grinding off

the sand, and yet as little water as possible was used. The
bricks that were thus ground were washed in distilled

water to remove all traces of dirt and adhering particles.

From the unground brickettes all adhering particles were
removed by a dry stiff brush. Each brickette was carefully

examined for flaws induced during manufacture or cooling,

and also in order to remove all adhering portions such as

broken corners that might have been detached later in the

test.

Up to this point, all brickettes were handled together,

without regard to sample or series number, except as before

iudicuted.

TESTING OF BRICKETTES.

In all, 60 clays were prepared for testing as above de-

scribed, using 16 to 22 brickettes for each. The brickettes

were now sorted, those of each clay being treated as a unit,

so as to insure like conditions at all times for all brickettes

of the same clay.
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Drying of Brickettes : Brickettes belonging to two or

three clays were placed in a drying oven and dried at

240°C. At the expiration of four hours at this temperature,

they were cooled in desicators preparatory to obtaining the

dry weight of each brickette.

Dry Weights : The dry weight of each brickette was
found to the third decimal place on a chemical balance.

Saturation of Brickettes : After the dry weights had
been obtained, the brickettes were placed in aluminum
pans, keeping them arranged in the pans in their regular

serial order. Distilled water was added until only the

upper surface of each test piece was above the level of the

water. This exposure of one face of the brickette was to

permit easy escape of the air from the interior of the brick,

as it was being displaced by the distilled water. After

standing thus in water for 18 to 24 hours, they were

completely immersed.

After a total of 48 hours in water, the brickettes were
placed in water under a bell jar, and the air exliausted. In

nearly every case, when a partial vacuum had been created,

the air escaped from the brickettes at such a rate and in

such volumes as to cause the water to appear to be boiling.

From a previous experiment, the data of which are given

in the following table, it was thought that in the average

case, fairly complete saturation could be attained with 15

minutes treatment in a partial vacuum.
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TABLE I.

Showing efficiency of vacuum treatment in affecting saturation.

Wet and Suspended Weights : Each saturated brick-

ette was in turn suspended by a silk thread from the beam
of a chemical balance, and its saturated weight taken, al-

lowing for the weight of the thread. Without removal from
the balance, a glass of water was placed on a bridge span-

ning the scale pan in such a manner as to cause the brick-

ette to swing absolutely free but completely immersed in

the water. The suspended weight of the brickette was
thus taken.

Calculations: The percentage of porosity of each
brickette was calculated by the formula

:

Percentage of PoroBity =. / Wet Weight - Dry Weight \
\Wet Weiglit— Suspended Weight/

100

This expression for percentage of porosity is, so far as
is known to the writers, here first presented. It is a sim-

plified form of the following expression, which is given in
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nearly all of the Reports of Geological Surveys on Clays,

in which this method of obtaining porosity has been used,

. ^ / [W—D] Sp. Gr. \
Percentage of Porosity = ( [W—D] Sp. Gr.-|-D )

^^

In this latter expression for percentage of porosity,

W=wet weight; D=Dry weight. By substituting for the

last D in the denominator its value obtained from the ex-

pression for specific gravity

:

^ P _/ Dry Weiglit \
top. ur

—

[^Dj^ Weight—Suspended Weight/

or, D=D X Sp. Gr.— S X Sp. Gr

Where S=Suspended weight, the expression reduces

to

..J WxSpGr.-DxSp. Gr. \

^^"^WXSp. Gr.— DxSp. Gr.+ DxSp. Gr.-SxSp.Gr/

By canceling "Sp. Gr." and collecting terms, the sim-

plified formula for percentage of porosity first given is

deduced.

Plotting of Results : In a previous study of similar

character to the one here reported, the writers had arbi-

trarily established the following proportion : Linear

length on ordinate, equal to 1% porosity: linear length on
abscissa equal to difference of heat treatment of one

cone : :1 :1. This was maintained between the coordinate

factors of the porositj'graphs, so that the rate of decrease

in porosity could be expressed numerically in terms of the

tangency or slope of the curves, and that the factors so

obtained would be comparable one with another at all

times.

The divisions on the abscissas of the specific gravity

curves are the sam(» as those of tlie porosity curves. The
divisions on the ordinate are proportionally; 0.1 Sp. Gr. : 1

cone heat : : 1 : 1

.
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PYUO-PIIYJSICAL-CUKMICAL BEHAVIOR OF CLAYS.

The physical-chemical changes that take place in burn-

ing may be discussed under three headings

:

1 Water-smoking.

2 Dehydration and Oxidation.

. 3 Fusion.

VJater Smoking : During the water-smoking or driv-

ing off of the mechanical and hygroscopic water, clay wares

expand, as is shown by Mr. Lovejoy's settling curves.^

This woiild scarcely be a noteworthy physical change,

w^ere it not for the fact that clays either expand again or

retain their expanded form through water smoking to the

completion of the oxidation and dehydration period. The
writers' experiments have shown that this physical change
differs in character and intensity with different clays, but
their work is not sufficiently detailed and accurate to for-

mulate data or draw conclusion further than that with
some clays this transition period from water-smoking to

oxidation is somewhat critical.

Dehydration and Oxidation: The majority of clays

are dehydrated completely when subjected to heat at 500°-

600° C, others are not. In nearly all fossil clays, dehydra-

tion precedes oxidation, while in a few instances the re-

verse is true, as will be noted later.

It is unnecessary to describe in detail the various

chemical changes that occur during this period of the burn-

ing, for the alterations in the iron^ compounds and the ox-

idation of the carbon^ have been very exhaustively con-

sidered by Orton.

Notable exceptions to the usual behavior during dehy-

dration and oxidation were observed in the study of the

Illinois clays:

First. K 14, a mined shale, slaked down to a plastic

mass after being subjected to a heat treatment which aver-

aged about 625°C for 16 hours, as shown in the following

curve

:

iTrans. Am. Cer. See. Vol. VII, p 422.
2Ibid Vol. V, p 377.

^Second Report, Com. on Tech. Inves. , Nat'l Brick Mfg. Assoc.
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The shiile oxidized e.usily and iK'fore it was com-

pletely dehydrated. Six other clays exhibited a reversal of

the usual oxidization and dehydration changes, but none

in so pronounced a degree as in the case of K 14.

As yet no data have been obtained concerning the

chemical or physical constitution of these clays that will

shed light upon these rather remarkable exceptions to the

usual order in which the dehydration and oxidation take

place. The fact is established, however, that the cases are

not rare where both changes take place simultaneously,

and in a few cases the usual order is reversed.

Second. In the case of H 23, oxidation had not pro-

gressed very far at the end of 24 hours exposure at 650°,

and the unoxidized portion of the brickettes vitrified on

further heating to as hard and dense a mass as did the

outer oxidized portions. No swelling or distortion of the

brick due to the oxidation of the carbon and ferrous iron

was noted. In fact, the shrinkage and rate of decrease in

porosity was not abnormal in any respect. In figure 2, are

shown the volume-shrinkage, porosity, and specific gravity

curves for this clay. (See page 216.)

In this figure, the specific gravity, porosity and volume

of the bricks burned at different temperatures are calcu-

lated in terms of the percentage of increase or decrease

over those of the unburnt bricks. In other words, the raw
factors are considered as a basis or datum from which the

"burned" factors are calculated as increase or decrease.

Zero or the datum line, therefore, represents the data ob-

tained from, the unburnt bricks.

The percentage of increase of the burnt ware over that

of the unburnt is shown above the datum line on the ordi-

nate, and the percentage of decrease is shown below the

datum line. On the abscissae is shown the actual percent-

age of porosity of the burned brick.

Points on the same ordinate represent a single brick.

We have not plotted the data from all the bricks studied

in this test, but only those in which the percentage of por-
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osity (lilt'ered sufficieutly to fix points on the curves that

would show a comparative increase or decrease in the sev-

eral factors.

The fact that the actual percentage of porosity of the

burned brick was taken in each case as a point on the ab-

scissa, without rci^ard to the porosity of the unburnt brick,

will account of the irregularity in the curves.

Notwitlistanding the fact that the black unoxidized

core remained, even when the whole exhibited a porosity

of only 2%, the brick continued to shrink normally with

each increase of temperature, and the specific gravity of

the brick decreased less than in the case of many normally

burned paving brick shales. This steady decrease in vol-

ume and comparatively slight decrease in specific gravity

gives evidence of a thermo-physical behavior that is oppo-

site to that of the majority of clays containing carbon.

(See plate III, facing page 218.)

PHYSICAL CHANGES DURING OXIDATION AND DEHYDRATION.

Contrary to the statements usually made concerning

the physical changes in a brick at this period, our investi-

gations show positively that not only the porosity, but also

the volume and specific gravity of the brick are increased,

and that it is indeed an exceptional case where all of these

factors are not larger during the time of oxidation and
deh.ydration than they were in the unburnt condition.

A most peculiar and noteworthy fact in this connec-
tion is that in many cases the specific gravity and volume
remain large until the porosity has been increased to that
of the unburnt brick.

FUSION.

From the laws of physical chemistry, it could not be
expected that the heterogeneous mineral mass called clay
consisting largely of amorphous materials, would have a
definite fusion point. According to Walker^ this would
more properly be called a fusion period.

'Introduction to Physical Chemistry, p. 64.

A. C. S -15.
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Our studies, a part of the data of which are shown in

subsequent curves, bear out this statement. It will be seen

that in the case of the purest clays, according to the specific

gravity curves, fusion begins as early as cone 3. In the

case of some of the most impure shales, high in lime, fusion

begins at a period considerably earlier than cone 010.

Fusion thus early begun progresses with more or less regu-

larity until the whole mass enters into the active thermo-

chemical reaction and deformation of the ware ensues.

Incipient vitrification, vitrification, and like terms are only

descriptive of the effects at different stages of fusion. It is

the rate of fusion, therefore, that determines the pyro-

physical effects produced in the burning of clay wares dur-

ing this period. The factors affecting rate of fusion are

:

The factors affecting rate of fusion are

:

1st. Mineralogical composition.

2nd. Size of grain.

3rd. Volatile matter.

4th. Adsorbed salts.

MINERALOGICAL COMPOSITION.

Synthetical studies of fusions of mixtures of pure

minerals, have shown that the same chemical elements,

brought together as constituent parts of different minerals,

produce mixtures having unlike fusion periods. The rate

of fusion and the regularity with which it progresses, as

well as the point of complete yielding, are affected very

largely by the manner in which the various elements are

previously combined. Because of the difficulty of making a

microscopic mineralogical analysis of a clay, the knowl-

edge of these facts cannot aid in an attempt to foretell or

explain in full the fusing behavior of clays. Realization,

therefore, of the fact that difference in mineralogical make-

up of clays of like ultimate chemical constitution causes

difference in their fusion behavior is the only result of

practical value that has so far come from the study of the

fusion behavior of synthetical mixtures of minerals.



Plate III. Sh(nviii}>: a ln-ick wliicli iiuder-went normal changes
in (l«'nsit}', specific gravity and shrinkage, in spite of blackening due to

iniperfex't oxydation.
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There is one very notable exception to the above, and
that is in the case of calcium carbonate. The effect of cal-

cium carbonate depending upon the size of the grain an<l

extent and homogeneity of diffusion throughout the clay

mass, operates in a two-fold manner. If thoroughly

blended with the clay in small particles, it operates as a
very active flux. Its fluxing effect is most notable on ac-

count of the rapidity with which the thermo-chemical re-

actions between the nascent oxide and clay takes place.

This reaction is in some instances so rapid as to make it

very dangerous to approach the vitrifi,cation temperature.
If the calcium carbonate is present in nodules,, the thermo-

chemical reaction just described can take place only at the

points of contact of the decarbonized lime and clay, the

remainder of the carbonate being converted into quick lime.

The different effects of lime in these two physical condi-

tions on the rate and regularity of fusion of the clay mass
is obvious.

SIZE OP GRAIN.

The full significance of this factor can be appreciated
only by considering extreme cases, as in the case of cal-

cium carbonate, above cited, or as in a mixture of two min-
erals such as feldspar and flint. When feldspar and flint

are mixed as fine powders in the proportion of 75% feld-

spar and 25% flint, the mass will be fused to a fluid at ap-

proximately 1100°C in a comparatively short time. If,

however, these two minerals were placed side by side in the

shape of rectangular pieces having the same proportional

weight as in the first case, the only fluxing action that

would take place at 1100°C would be at the points of con-

tact. Even if the heat was held at 1100° C, complete fusion

of the two piecs of mineral could only take place when the

glass, formed at the point of contact, enveloped and slowly

ate into the unfused portions, and thus produced an inti-

mate mixture of the two minerals by diffusion or surface

tension. It is common experience that if complete fusion of

the two minerals at 1100°C is desired when brought togeth-
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er ill the form of coarse particles, considerable time must be

allowed, and that to effect complete fusion in a sliorter

time, the heat must be raised from 1100°C to 1230° (ap-

proximately) or the fusing point of feldspar. At this tem-

perature, the feldspar melting would comi)letelY envelope

or perhaps float the flint particles, and slowly attack and
dissolve them awav, just as water will attack and dissolve

away a piece of loaf sugar.

The above illustration, while an exaggerated case,

nevertheless is descriptive of the effect of fineness of grain

on the fusion of any two minerals that have thermal reac-

tions one with another, and also descriptive of the fusion

of a mixture containing particles of several minerals as a
clay.

In the burning of clay wares, where time is an import-

ant and unavoidable factor, the effect of fineness of grain

influencing the fusing of clays is particularly noteworthy.

By the manufacturers of pyrometric cones it has been re-

cognized as being such a powerful factor that the utmost
care is taken to maintain uniformity in size of grain in

their materials, both before and after manufacture into

powdered cone stock. The importance of the time factor

has been emphasized in ceramic literature so often as to

render further remarks on this point unnecessary.

VOL.\TILE MATTER.

Chemically combined water, carbonic acid gas, carbon,

etc., do not of themselves, on expulsion, cause thermo-

chemical reactions to take place between the stable bases,

acids and silicate compounds left behind, but their expul-

sion does involve changes in physical and, in some sense,

chemical conditions that provokes thermo-chemical reac-

tions Ix'tween the remaining substances. For example, in

terra cotta lumber, sawdust is added, so that when it burns
out, it leaves the mass extremely porous, i. e. not dense as it

would otherwise have been. The sawdust in this instance

has been effective in opening the structure of the ware and
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prevoiitiii<;- the particles in the clay mass from comin<> with-

in tlnxiii«>' distance of one another as they otherwise would.

What is true in the case of the sawdust in terra cotta lum-

ber is true of combustible or{>anic matter in clays. It is

obvious, however, that the influence of carbon in this con-

nection depends to a very large degree on the size of the

carbon particles.

The effect on the thermo-chemical behavior of clays

of the expulsion of COo from such compounds as ferrous

carbonate, calcium carbonate, etc., is another familiar phe-

nomenon, the importance of which is not recognized in the

attempt to interpret the results of an ultimate chemical

analysis. If two equal portions of the same clay are taken,

and to the one a quantity of red iron oxide ( FegO^ ) and to

the other an equivalent quantity of powdered ferrous car-

bonate (FeCO;j) and the two mixtures burned under the

same thermal conditions, it will be found that the mixture

containing the ferrous carbonate will begin to fuse earlier,

exhibit a more erratic rate of decrease in specific gravity

as the intensity of the heat increases, and may or may not,

depending upon conditions other than those here consid-

ered, cause an earlier ultimate fusion. The same is true to

a greater or less extent in the relative fluxing effect of the

oxides and carbonates of other bases.

The same phenomena are also notable in the compara-
tive fluxing effect of such hydrous and anhydrous silicate

compounds as raw and calcined kaolin.

When one ingredient of a chemical compound is driven

out by heat, or otherwise separated, the remaining portion

is said to be in the nascent state, i. e. eager to combine with
anything for which it has an affinity. If in an intimate

mixture of clay and calcium carbonate, the clay is being
dehydrated at the time the calcium carbonate is losing its

COo, rapid fluxing between the two will ensue. In fact,

dehydration of clay in the presence of calcium carbonate
causes earlier expulsion of the carbonic acid gas from the

carbonate.
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ADSORBED SALTS.

The influence of the adsorbed salts in a clay on its

pyro-chemical and physical changes are not very well un-

derstood. In fact, little is known about adsorbed salts be-

yond the fact that they are present in nearly all, if not all,

plastic clays. A few thermal phenomena, however, are un-

explainable except on the assumption that adsorbed salts

are present in such forms and quantities that they may be

considered as the cause of these phenomena.
In the first place, assuming that it is the influence of

adsorbed salts that gives to a clay its plasticity, (an ex-

ceedingly probable assumption) the peculiar fact that

sample K 14, before cited, could retain considerable plas-

ticity even after subjection to a temperature of 625°C for

16 hours may be explained by the possibility that some of

the adsorbed salts had either not lost their peculiar proper-

ties of giving to the clay grains a slipperiness which we call

plasticity, or that they regained these properties by rehy-

dration. The same may be said in regard to the plasticity

developed in slate and hornblend by wet grinding.

Further, the adsorbed salts may be volatilized at tem-

peratures that are sufiicient to cause the dehydration of

clays. We know that considerable material can be volati-

lized from clay by dry distillation, and it seems safe to as-

sume that the material so volatilized was present in the

clay as salts unstable at comparatively low temperatures.

Hopwood^ has shown that the volatile material may pos-

sibly in some cases be silica or alumina. Dr. Kalilenburg

in a lecture delivered at the University of Illinois reported

the finding of a surprisingly large quantity of SiOa in the

gases given off from fodder in Silos. In fact, sufficient

evidence is at hand to warrant the assumption that the ad-

sorbed salts of a clay may be of various composition, and
need not necessarily be alkaline salts. Loss of plasticity

due to the volatilization of the soluble salts before they

have had opportunity to operate as fluxes therefore, is a

'Trans. Eng. Cer. Soc, 1904-5, p. 37.
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very probable fact. It is equally probable that there are

some adsorbed salts which either are not volatile, or are

so confined in the clay that they are not expelled on

heating-.

If any salt is thus retained on heating, the clay can

readily slake down in water to a mass, the plasticity of

which is proportional to the amount of retained soluble salt

and degree of delinquesence of the salt so retained. It is

not uncommon to find soft burned brick and drain tile

slaking down to a plastic mass.

It is a fact, also, that the least plastic clays and conse-

quently, according to the cause of plasticity assumed in

these discussions, those containing the least amount of

adsorbed salts, require higher heat to make a sound frost-

resisting ware, and that in most cases the clays that can be

burned into such ware at the lowest heats are very plastic.

In the first of the cases, there is an absence of a fluxing

medium between the grains and in the second case the salts

at their melting heat fuse and cement the grains.

If, however, all the salts have neither been volatilized

nor fused, it may be that they are retained in a loose com-
bination with the dehydrated silicate of alumina, which
can be broken down under the influence of water, and both

the salt and kaolin rehydrated. This assumption is believed

to be substantiated by the fact that it was the brick made
from clays whose so-called coarse grains were not indivi-

dual crystals, but bunches of minute grains cemented to-

gether by a salt that is but slightly soluble and hence re-

sists disintegration in water even under long and severe

treatment, that slaked after having been subjected to 625°

G

in the kiln.

PRECIPITATED MATERIAL.

Calcium carbonate, hydrates of silica, alumina, and
iron, as well as zeolitic compounds, when first precipitated

or formed, are in the majority of cases in extremely fine

grains. The fluxing behavior of any substance is mater-
ially different when thoroughly disseminated in minute
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grains, especially in the colloidal form, than when present

in coarser grains. Iron, for instance, has been found to

enter into chemical combination with silica as a ferric sili-

cate when the iron is precipitated on flint and as a ferrous

silicate, if at all, when the two are mixed as dry powders.^

The vast difference between the iiuxing action of ferrous

and ferric oxides and compounds need not be discussed at

this time. The important fact in this connection, however,

is that it depends to a very large extent on the form and
manner in which the iron is disseminated through the clay,

as to whether it will combine as the lower or higher oxide.

What is true of iron in this regard is true in a degree of

other fluxes.

SUMMARY OF FACTORS AFFECTING MANNER OF FUSION OF

CLAYS.

1st. The manner in which the several constituent ele-

ments are combined, one with another, very materially af-

fects the fluxing behavior of a clay.

2nd. The size of grains of the several mineral con-

stituents is an important factor in determining the fusing

behavior of clays.

3d. The amount, form, and character of the volatile

constituents of clay does not directly affect the thermo-

cheraical reactions, but the difference in the physical con-

dition, structure of the clay, and the stability of the non-

volatilized compounds caused by the expulsion of these

substances, does materially affect the manner in which
fusion takes place.

4tli. The importance of the role that adsorbed salts

play in the fusing behavior of clays is little appreciated.

The evidence on the manner in which they operate is so

indirect and circumstantial that definite statements or con-

clusions are impossible. That they are important factors,

however, there is no doubt.

5tli. Concerning pre(i])itatod materials, we have evi-

dence from syntiietical experiiuents that prove beycmd a

'Trans. Am. Cer. Society, Vol. VII.
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doubt that tlioy must be (considered as most potent in af-

fectiiij;' the luisiou of chiys.

From tlie above remarks, it is evident that the writers

have but little confidence in the efficacy of an ultimate

analysis of a clay as a means of foretelling its burnin«>- pro-

perties. The combination, size of grain of the several com-

pounds, solubility, volatility, and dissemination of the

several salts, and lastly the manner in which the uncom-
bined oxides ai'c introduced into the clay are omre effective

factors that the total ultimate composition.

THERMO-CHEMICAL AND PHYSICAL CHANGES DURING FUSION.

It is indeed very diflflcult if not impossible to deter-

mine what the actual thermo-chemical reactions really are,

which take place in the fusion of the clay particles first

between themselves, and secondly when the whole mass
becomes a more or less homogeneous glass. ^ By the aid. of

the microscope, as will be seen later, more can be told in

this respect than by any other means. But the effect of

thermo-chemical reactions, however, can be detected by the

changes in porosity and specific gravity. Because of our
present inability to ascertain in full the reactions that take

place, it seems best to refer to the chemical phases of fusion

as "changes" instead of "reactions."

The greater portion of the constituents of our clays

being mineral substances, many of which do not entirely

lose their identity in the burning of clay wares, it is most
natural that these should exhibit in nature the same
changes when treated separately that they do when heated
together in clays. Roth^ gives the followirrg description of

the physical changes in minerals on melting

:

'Prof. G. Tamman, Sprechsaal No. 35, 1904, summarizing his stud-

ies on silicates says, "The volume of the glass is, at the lowest tem-

peratures, larger than that of crystals." Mellor, Vol. V, p. 78, discusses

the volume changes in silicates and cites A. Laurent (Ann. Chim. Phys.

(2) G6, 96, 1837; A. Brongniart, Traite des Arts Ceramiques, 1, 283, 720,

1877) and G. Rose (Pogg., Ill, 123, 1890; A. S. Day and E. S. Sheperd,
Am. Journ. Science, (4) 22, 262, 1906. Dr. E. Berdel (cited Vol. VII,

p. 148 A. C. S. Trans.) describes similar physical changes in the heat-

ing of ceramic materials and bodies.

2Allgemeine und Chemische Geologic, Vol II, p. 52.



Mineral
Soecific

Gravity of

the Crystal

Spec. Grav.
when melted

to Glass

Percent.
Reduct'n In

Spec. Grav.
Remarks

Quartz 2.663 2.228 16.3

Quartz 2.65 2.19 17.3 Average

Olivine 3.3813

3.0719

2.8571

2.2405

15.6

27.0Mica Glass compact
Adular 2.561

2.5522

2.58

2.3512

2.33551

2.381

8.1

8.5

7.6

Adular Glass full of fine bubbles

Sanidine Glass full ot fine bubbles

and dark-colored.

Orthoclase 2.574 2.328 9.6 Glass full of fine bubbles

Orthoclase 2.5883 2.3073 10.9 Glass colorless

Microcline 2.5393 2.3069 9.1 Glass colorless

Albite 2.604 2.041 21.6 Full of fine bub-

bles; white glass

Oligoclase 2.66 2.258 15.1 Glass full of fine

bubbles

Oligoclase 2.6061 2.3621 9.1 White glass; bub-

bly

Oligoclase 2.6141 2.1765 16.7 Glass full of bub-

bles

Labradorite 2.7333 2.5673 6.1 Glass slightly bubbly,
with black and white
portions.

Hornblende 3.2159 2.8256 12.2 Glass compact
Augite 3.2667 2.8035 14.2 Glass compact
Epidote 3.409 2.984 12.5

Red brown garnet.

.

3.90 3.05 20.5 Green glass

Lime-iron garnet .

.

3.838 3.340 25.6

Granite 2.680 2.427 12.9
strongly blebbed.

Granite 2.751 2.496 9.3 Black Glass; opaque;
strongly blebbed.

Hornblende granite 2.643 2.478 6.2 Black Glass ; opaque
;

strongly blebbed.

Felsite porphyry... 2.576 2.301 10.7 Transparent very blebby
difficult of fusion.

Syenite 2.710 2.43 10.3 Glass homogeneous; dark
colored.

Quartz diorite 2.667 2.403 9.8 Gla«s homogeneous:
dark colored.

Diorite, quartz free 2.779 2.608 6.3 Bhick Glass ; opaque ;

compact; somewhat
difficult to fuse.

Gabbro 3.100 2.664 14.2
easily fusible.

226



PYBO-OHEMICAL AND PHYSICAL BEHAVIOR OF CLAYS. 227

The alterations in the minerals and rocks above cited

are tliose induced when they are changed by melting, from a

crystalline to an amorphous condition. Such complete

changes as this cannot be permitted to take place in the

burning of clay ware, and yet, as will be shown, the per-

centage of decrease in specific gravity of many of our clays

from the uuburnt to the vitreous stage is greater than that

given in the above data. This being true, it is evident that

there are factors other than the alteration of minerals from
the crystalline to the amorphous condition that affect de-

crease in the specific gravity of clays.

In the following table are given data which show the

effect of heat on physical structure of brickettes made from
various clays:
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It was a surprise to learn that bricks will decrease in

volume without loss of weight, and at the same time de-

crease in specific gravity. Had the clay been carried to

complete fusion, i. e. to a glass, the decrease in specific

gravity would have been credited to the same phenomenon
as in the case of minerals, i. e. the changing of its consti-

tuents from crystalline to amorphous forms. But in the

case of a clay brickette, a very small portion of which con-

sists of crystalline substances, decreasing in specific grav

ity before the minerals have been rendered amorphous, i. e,

fused to a glass or even before vitrification has been com
pleted, can not be explained wholly on this basis. Mr
Wegemann, of the Geological Department was, therefore,

requested to make a microscopic study of brickettes of two
different clays burned at different temperatures, and his

report follows:
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NOTES ON THE MICROSCOPIC STRUCTURE OF
CERTAIN PAVING BRICK CLAYS, AT VARIOUS

STAGES OF FUSION.

In the hope of explaininnj some of the phenomena of

simiiltaneouis decrease in volume, porosity and specific

gravity withovit loss in weight, and to obtain some idea of

the manner in which fusion takes place in a vitrifying

brick, microscopic sections were prepared from brickettes

of two paving brick clays manufactured and burned by
JNlessrs Purdy and Moore in the manner described by them.

Thin sections of brickettes burned at a low tempera-

ture exhibit under the microscope a very fine-grained frag-

mental ground mass, or matrix, in which are imbedded
crystalline and other fragments, which were present in the

original clay. From these materials are developed at high

temperatures amorphous glass and crystals.

The cavities between the particles of a brick may be

divided into two classes:

(1) Pores, which are present in pieces fired at low
temperatures, due to the incomplete consolidation of the

clay. These are the original interstitial spaces of the un-

burnt clay.

(2) Blebs or bubbles, which are formed in the glass

at higher temperatures by the liberation and expansion of

gases.

Pores of the first sort are of small size and irregular

outline. As the temperature increases, and the material of

the matrix gradually fuses into glass, these interstitial

spaces tend to disappear.

Cavities of the second sort, which we may for conven-

ience designate as blebs, are simply gas bubbles in glass.

They are circular in outline and vary greatly in size. They
are not present in the bricks burned at lower temperatures,

but appear only after the formation of considerable glass.

DESCRIPTION OF SLIDES.

The R 3 Series. R 3—14. This brickette was drawn
at cone 3, or about 1190° C. The color is red. Under the
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microscope, the earthy matrix or ground mass is dark
brown, the color being due to the presence of iron oxides.

Tlie mineral fragments are quartz, feldspar and mica,

named in the order of their abundance. They are angular

in outline ; the thin edges being sharply defined.

Glass has formed to some extent throughout the

ground mass, and in a few instances it has separated out

into clear transparent masses, in several of which blebs ap-

pear. The blebs, however, are so few and so small that the

cavities may be considered as made up almost entirely

of pores of the first class. As estimated under the micro-

scope, the porosity is 1.9%.
It 3—16. Drawn at cone 5, or approximately 1230°C

;

color dark brown. Under the microscope the ground mass
appears somewhat denser and darker than in K 3—14. The
quartz fragments are apparently unchanged. The feldspar

fragments, however, have disappeared.^ Mica is present,

but in very small quantity.

Glass has been formed in considerable amount. It ap-

pears in clear transparent areas, aften 0.1 M.M. in diame-

ter. In some of the glass, needle-like crystals have begun

to form, but where free from these the glass is colorless.

This fact would seem to indicate that but little iron has

entered into its composition.

As stated above, fine needle-like crystals are often

present, imbedded in the glass. They do not appear to have

any definite arrangement with respect to each other, but

occur singly or in dense masses. When viewed singly they

are colorless, but when seen in masses, they possess a

greenish yellow tint, which they impart to the glass in

which they are imbedded. What the crystals are was not

determined.

(1) Hiiitze iiives the fuision points of the feldspar as rflnp:ing from
1140"C. in sanidirie to 1230 C. ill labradonte. In the bri<'kette under
consideration it is evident that the Mdspar hits fused into jrlasp. It

is to he supposed that in this fusing it would flux some of the quartz.
If it did so, however, the quartz nnist have heen furnished by the
prround mass, for tl\o eoarser frHt;nients are appareTitly not changed
in outline nor diminished in amount.
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Tlie iron oxides preseut in the matrix have become se-

gregated into dense masses, which, where they transmit

light at all, show the red of hematite, but no definite crys-

tals are to be seen. Pores of the first class have disap[)ear(»d,

and blebs in the glass have become numerous and large,

their average diameter being 0.0G6 m.ni. The estimated

pore space has increased to 4.2%-.

K 3—18. Drawn at cone 7, or 1270° C. The fragments

of quartz appear unchanged. The earthy ground mass is

rapidly fusing into glass, which has increased greatly in

amount over that in the preceding slide. The fine needle-

like crystals are also present in greater number.

Minute crystals of iron oxide are seen, apparently in

the form of rhombohedrons, having slightly concave faces.

They do not exceed 0.0014 m.m. in diameter. The blebs

have an average diameter of 0.1 m.m. and the pore space

has increased to 12.0%.

R 3—20. Drawn at cone 9, or approximately 1310° C.

Quartz fragments are present as before, but occasionally

one is observed the edge of which have fused into a glass.

The needle-like crystals are everywhere present in the

glass, giving to it the yellowish-green tint before men-
tioned. The iron oxides appear much the same as in the

last specimen. The blebs are but little changed.

R 3—22. Drawn at cone 11, or approximately

1350° C. The earthy matrix has given place entirely to

glass.

Quartz fragments are still present, but thin; their

edges have been rounded by fusion.

The fine needle-like crystals in the glass have increased

greatly in length, being in some cases 0.03 m.m. long. They
exhibit for the first time a marked tendency to collect in

radiating clusters. Often they appear to be attached to the

corners of the crystals of iron oxide. These latter have
increased in number and size, being 0,005 m.m. in diameter.

In some cases the individuals unite, forming long serrated

columns.
A. C. S —16.
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Blebs have increased greatly in size, their average di-

ameter being 0.128 in.m. The pore space as estimated from
them is 19%.

The G II Scries. G 11—10. Drawn at cone 02, or

approximately 1110° C. Color, brick red.

As in the series already described, the mineral frag-

ments consist of quartz, feldspar and mica. Very little

glass seems to have developed at this temperature, and no
blebs are present. The pore space is made up entirely of

pores of the first class, or those due to the imperfect con-

solidation of the bricks. The average diameter of these

pores is 0.065 m.m., and the pore space as calculated is

2.6%.
G II—12. Drawn at cone 1, or approximately

1150° C. Color red.

A little glass appears, but no blebs are seen. The av-

erage size of pores is lower than in the last slide, being

0.045, but the pore space as estimated runs a little higher,

or 3.6%.
It may be remarked that in the slides studied there is

no marked increase in the pore space, as temperature in-

creases, up to the point where blebs appear. From that

point on, pore space increases rapidly.

Gil—14. Drawn at cone 3, or approximately

1190° C. Color, reddish brown.

Fine needle-like crystals have formed in the glass. A
few blebs appear, but are not in sufficient number to affect

the pore space materially. As estimated it is 3.2% while

the average size of the pores of both classes is 0.06 m.m.
G II—15. Drawn at cone 5, or approximately

1230°C. Color, dark brown.

Quartz fragments are still present, but the feldspar and
mica have disappeared. Glass has formed in great quan-

tity, being colorless, or when acicular crystals are present,

greenish yellow. These crystals are present in great num-
bers and resemble those described in the former series.

Microlites of iron oxide are also present, but have not yet

grouped themselves in dendritic forms. Pores other than
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blebs have disappeared, but the blebs have increased greatly

in size, the average diameter being 0.175 m.m. while the

pore space amounts to 12%.

Generalized Summary of Changes observed at different

Heat Treatments.

Cone 02.—Quartz and feldspar fragments are unchanged.

But little glass is developed.

No blebs have yet formed.

Cone 1.—No marked change has taken place over cone 02.

Cone 3.—A small amount of glass is developed from the

ground mass.

A few blebs appear.

Needle-like crystals are developed in the glass.

Cone 5.—Feldspar fragments are fused into glass.

Quartz fragments are unchanged.

Blebs increase in number and size.

Minute crystals of iron oxide develop.

Cone 7.—Glass increases in amount.
Blebs increase in number and size.

Quartz fragments are unchanged.

Cone 9.—Quartz fragments begin to fuse into glass along

their edges.

Cone 11.—Ground mass is completely fused into glass.

Some rounded quartz fragments still remain.

Blebs have increased remarkably in size and
number.

Microlites are more numerous.

It should be borne in mind that this is but a prelimi-

nary study. The number of slides examined is too limited

to warrant broad generalizations.

Carroll H. Wegemann,
Assistant in Geology, University of Illinois.

Owing to the absence of similar data on other clay

samples and the incompleteness of the present researches,

the writers have no definite conclusions to present con-
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ceruinsi the surpri.siug facts presented by Mr. Wegemann.
This data does, however, establish the facts that neither a

mineralogieal analysis nor an ultimate or rational analysis

of clay will give indication of the nature of its pyro-chemi-

cal and physical behavior. Indeed, the above data would
seem to throw doubt on the value of a pyro-chemical and
physical study of a synthetical mixture of minerals as a

basis on which to interpret the thermal changes in an
"unknown" clay mixture.

In the following curves, plates IV and V, are shown
the specific gravity, volume shrinkage and changes in

porosity in the two clays of which microscopic studies were
made by Mr. Wegemann. It will be seen that all three fac-

tors decrease simultaneously, showing that the increase in

bleb structure is not sufficient to counteract the shrinkage

of the mass as a whole, and is not to be accounted for by

the sealing up of the original pores.

I
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If the minerals and the iron do not enter into the

thernio-cheniical reactions, as lias been heretofore su])1)os(m1,

and if the thernio-physical changes are dependent entirely

upon the chemical changes, it is at once obvious that the

potency of the influence of size of grain, adsorbed and pre-

cipitated substances, has been demonstrated.

CLASSIFICATION OF CLAYS.

On the basis of the characteristic differences in their

pyro-chemical behavior, a few of the clays tested in this

investigation have been grouped into types as follows

:

1. No. 1 Fire clays.

2. No. 2 Fire clays.

3. No. 3 Fire clays.

4. Paving brick shales.

5. Building brick shales.

Further differentiation of these clays is possible; for

instance, clays exhibiting change in porosity with suc-

cessively increasing heat treatment similar to that of V. 2,

shown in the following curves, may be classed as sewer
and side walk brick clays. ( See porosity and sp. gr. curves
forV. 2).
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TRANS A.M. CER . SOC VOL IX PUROY AND MOORE PLATE VI
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TRANS. AM CER . 30C VOL IX PUROV AND MOORE PLATE VII
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While such clays vitrify too rapidly to produce tough
bricks, such as are demanded for street paving, they become
impervious to water at low temperatures and do not soften

by fusion with increase of heat ranging over several cones,

or swell because of the generation of gases from the interior

of the brick. In other words, while bricks made from such

clays are brittle, they are rendered hard and impervious to

water at comparatively low temperatures, and at the same
time have a relatively wide heat range before failing by

complete fusion, or becoming distorted by expansion of

gases in their interior.

The writers have not had sufficient experience with

this method of classification to justify them in offering a
complete scheme for the grouping of claj's, and have then^

fore suggested only five classes.

NUMBER ONE FIRE CLAYS.

The writers of Clay Reports have heretofore failed to

recognize that of two clays having similar ultimate chemi-

cal compositions and similar ultimate fusion periods, one

can be used in No. 1 fire brick, while the other would fail

utterly as a fire brick material, and that the one failing as

a fire brick material would be the only one that could with

success be used in the stone ware industry. Several exam-

ples of the foregoing were noted in the examination of the

Illinois fire clays. In fact, the case is not an uncommon
one.

In fire brick, maintenance of an open structure

through the entire heat range used in the various ceramic

industries is essential. On the other hand, in stoneware,

closeness of structure at comparatively low temperatures,

or early vitrification followed by a long fusion range is

absolutely required. It is evident, therefore, that a classi-

fication of refractory fire clays (so called because they

withstand heat equivalent to cone 27 or more without fail-

ure) should take account of this difference in their manner
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of fusion. This essential difference in the behavior of fire

clays is recognized in the tentative scheme of classification

here presented.

It will be noted that these clays show comparatively

little decrease in porosity from cone 010 to cone 11. This

decrease averages from 7 to 15% of the initial porosity

and in no case does it exceed 17%.
The specific gravity remains fairly constant from cone

010 to cone 3, and then, even in the purest clays, it begins

to decrease slightly. This decrease in specific gravity in

the No. 1 fire clays, even when the porosity remains very

high, is considered as evidence of the influence of the ad-

sorbed or cementing salts which, while constituting but a
very small part by weight of the whole, are nevertheless the

potent factor in causing fusion.

The chemical composition and ultimate fusion point

of these clays as determined in the chemical laboratory of

the University of Illinois, under the supervision of Profes-

sor S. W. Parr, are as follows:

Sample
Number Moisture

Volatile
Matter SiO, Ai,o, Fe,03 TiO, Total

1

Fusion point

H 24 0.6 4.63 76.10 15.31 1 10 1.31 99.06 80

V. 11 1.74 10.28 56.28 26.68 3.24 1.29 99.50 Not reached

F. 18 84 6.66 66.88 21.87 2.23 1.18 99.86 29

F. 19 1.19 6.81 68.12 20,08 1.76 1.16 98.62 31
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Curve showing changes in specific gravity of clay F 5 at different
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NUMBER TWO FIRE CLAYS.

A few number two fire clays are represented

in the following collection of plates. It will be noted that

while the decrease in specific gravity of this group of clays

is about the same as that shown in the No. 1 fire clays, the

porosity shows a much larger decrease. The early vitrifi-

cation and slow fusion is quite pronounced in this group,

permitting their use in the paving brick, sewer pipe, stone-

ware and terra cotta industries, but not in the manufacture
of No. 1 fire brick.

The chemical analyses of two of these clays, made in

the chemical laboratory of the University of Illinois, under
the supervision of Professor S. W. Parr, are as follows

:

Sample 1 1 Volatile 1 1

Number | Moisture | Matter | Sid,
|
AI^O, Fe.O, TiO, Total ' Fusion point

V. 4

K. 12

2.37 8.84

0.60 10.(19

54.80

54.37

29.44

23.61

1.70

6.14

0.82
fluxes

5.97

97.97

100.78

not reached

not deter'ed
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NUMBER THREE FIRE CLAYS.

In the following ten pages are shown the porosity and

specific gravity curves of a class of clays which in the

judgment of the writers, ought to be put in a different

catagory from the preceding group or number two fire

clays. Heretofore, both have been classified together in-

discriminately in ceramic and geological literature, as

number two fire clays, but they are not the same. Clays

of this class differ from the No. 1 and No. 2 fire clays, in

that they seldom have a fusion point exceeding cone 16 or

17, fuse in a very irregular manner, and exhibit a much
larger decrease in specific gravity owing to the presence

of iron in nodular form as sulphides or carbonates.
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SUMMARY OF FIRECLAY GROUP.

The manner and amount of decrease in porosity and
specific gravity between these three groups is quite marked.

Similar curves drawn from data obtained on clays other

than those here reported, exhibited similar differences. In

the laboratory the clays were known only by sample num- /

ber, the field data being ignored to prevent possible preju- \<

dice, but in no case did the inferred "possible uses" of the
J

clay disagree with data obtained in the field concerning
y

their commercial use at the present time. So far then, as |

the evidence thus obtained is concerned, it can be stated
|

that this method of classifying fire clays has succeeded

where other methods have failed.
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I'AviNG imiCK shalj:s.

Tlio sta]i(!ar;!iz;iti<)n of tests for first class paving-

brick clays has been and p('rhai)S will lie for sonic time

ing brick clays has been and perhaps will be for some time

the snbject of much consideration by ceramic investigators.

The tests here reported can be said to give negative rather

than positive information, in that they very effectively'

differentiate the clays that cannot from those which may
be utilized in paving brick manufacture. Judging from the

results so far obtained, they fail, however, to differentiate

the paving brick clays one from another in regard to their

comparative quality. For example, we have not been able

to distinguish by these tests between the clays of 14% type

and the 24% type, measured in percents of loss in the ratt-

ler test, nor between the clays that preserve their maxi-

mum strength through a wide heat range and those which
attain and preserve their maximum strength only within a

very narrow heat range.

The cause of failure of the pyro-chemical studies in

this respect is, no doubt, to be found in the fact that inher-

ent strength is not wholly a function of rate of vitrification

or development of vesicular structure. Tensile strength

of the raw clay, fineness of grain, and many other physical

and chemical tests have been made on paving brick clays

in order to determine the relation between their properties

and the strength of the burned ware, but after a study of

25 paving brick clays from different states, it has been

found that but very little relation exists. The pyro-chemi-

cal studies here reported are the only ones that give any
clue to the toughness or strength of the burned ware.

Pyro-chemical studies similar to those here outlined,

together with a determination of the maximum strength

and the range temperature in which this maximum
strength is developed, would enable the observer to pro-

perly classify and differentiate paving brick clays. This,

however, amounts to a sub-classification of the paving
clays on a basis different from that of the main sub-divi-

sion.

The following are typical porosity and specific gravity

curves for clays of the paving brick type

:
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Curve showing changes in specific gravity of clay R 2, at various

temperatures.



286 PYRO-CHEMICAL AND PHYSICAL BEHAVIOR OF CLAYS.

-TRANS. AM. CER SOC VOL. IX PURDV AND MOORE. PLATE XLV

?^X
N
\,

30 \Ni

V

\\̂
>L

\
\
\
\

<0 \
\

K4~
PAVIN6 BRICK SHALE
nA-TTLCn LOSS 19.11

\
>L\ s\

02
sTEMPERATURES. EXPRESSED IN CONES
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The chemical composition of the above clays are as

follows:^

Sam.
No.

Mois-
ture

Vol'til'

matter SiO, ALO, Fe,0, CaO MgO KNaO FeO TiO,

R 3 1.06 5.95 58.57 20.40 7.40 0.63 1.37 3.27

R 2 1.29 4.86 63.41 18.61 5.82 0.41 1.16 3.60

J II 1.98 6.76 62.70 16.95 8.98 1.19 1.47 3.03 ....

F 1 2.02 7.72 58.52 15.67 4.99 1.05 1.45 4.42 3.37 0.96

K 1 0.48 6.99 63.36 15.43 1.80 0.93 1.58 3.84 4.02 i.ao

K 4 0.51 5.47 64.09 14.16 2.65 1.69 1.64 3.67 3.16 0.89

K 6 0.38 5.88 63.62 16.28 3.02 0.63 1.44 3.10 2.90 0.96

K 3 0.29 7.89 59.34 15.36 3.26 0.76 1.82 4.62 3.84 1.31

K 14 0.51 6.47 64.09 14.16 2.65 1.69 1.64 3.67 3.16 0.89

Calculated into molecular ratios, the above analyses

reduce to

:

Sample
Number CaO MgO KNaO Fe,0, AUG, SiO, FeO TiO,

R 3 0.056 0.171 0.209 0.231 1.00 4.88

R 2 0.040 0.159 0.253 0.199 1.00 5.79

J II 0.125 0.221 0.234 0.378 1.00 6.29

F 1 0.122 0.236 0.359 0.203 1.00 6.35 0.305 0.078

K 1 0.110 0.261 0.290 0.074 1.00 6.98 0.369 •0.083

K 4 0.042 0.282 0.277 0.181 1.00 5.78 0.156 0.060

K 6 0.070 0.225 0.325 0.118 1.00 6.64 0.252 0.075

K 3 0.090 0.302 0.356 0.135 1.00 6.57 0.354 0.108

K 14 0.217 0.295 0.311 0.119 1.00 7.69 0.3-09 0.080

The mechanical analyses^ of the above clays are as fol-

lows

Sample
Number

L'gerthan
1 m. m. m. m.

0.1-0.01

m. m.
01-0 001
m m.

0.001-0

m. m. Total
Surface fac-

tor by Pur-
dy's method

R 3 11.695 6.302 52.902 21.605 11.791 104.295 290.67

K 1 7.276 6.534 56.078 24.861 9.766 104.515 256.476

K 4 1.402 1.744 48.875 29.416 22.242 103.68 513.508

K 6 1.241 1.832 65.836 25.984 7.772 102.666 220.596

K 3 1.500 2.413 57.155 25.148 13.968 100.18 341.155

K 14 14. 331 6.311 42.751 25.035 9.672 98.999 254.354

•Analyses by Professor S. W. Parr, University of Illinois.

'By J. F. Krehbicl and J. K. Moore.



PYRO-CHEMICAL, AND PHYSICAL. BEHAVIOR OF CLAYS. 296

The rattler losses as determined on the commercial

product of these chiys/ obtained direct from the fa(-tories,

are given in the following table, b. c. d. and e. signify re-

spectively, Soft-burned, No. 2 or "Alley" grade, No, 1

Paver, and Over-burned.

Sample
Number

Total Rattler Loss
at end of

Absorption
in ptr cent

Tranverse

Modulus

ot Rupture600

Revolu.

1200

Revolu.

1800

Revolu.

R 3 8.74 12.22 14.80 1.27 2800

R 2 9.76 14.78 18.61 2.21 2505

450 900 1350 1800

Revolu. Revolu.
1

Revolu. Revolu.

2.315J II 8.43 12.25 15.11 17.14 2220

Fib 19.32 29.31 38.88 46.67 13.2

c 12. TO 19.81 25.08 30.15 4.8 1700

d 9.13 13.89 17.64 20.84 2.8 1980

e 9.75 17.20 23.22 28.35 1.7 1670

K 1 b 17.37 28.56 39.96 46.06 11.2

c 13.28 21.46 28 . 20 33.91 6.1 1630

d 8.43 11.50 14.08 15.82 0.9 2535

e 9.42 16.15 21.77 26.99 1.2 1420

K 4 b 19.69 30.60 38.17 45.12 12.20 980

c 9.22 14.47 17.00 19.94 5.00 2360

d 9.91 14.18 16.87 19.11 1.16 2250

e 14.83 18.92 brol .en up 0.60 1890

K 6 b 7.9 13.36 18.20 22.77

c 7.5 11.68 15.40 18.33

d 5.84 9.06 11.58 13.25

e 8.42 12.85 16.52 20.32

K 3 b 18.54 29.53 38.35 46.21 10.0 995

c 11.34 17.45 21.23 24.61 3.5 2100

d 12.69 19.01 22.49 24.89 1.05 2350

e 11. '07 18.58 23.11 26.42 0.70 2700

K 14 d 8.35 13.35 17.30 20.79 4.218 1617

•By Professor A. N. Talbot, University of Illinois.

(
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The writers confess their inability to correlate the

chemical and mechanical analyses of these clays with their

pyro-chemical behavior or their rattler loss, but since

they represent the most commonly accepted facts which

have been collected heretofore in the stndy of paving brick

clays, they are here recorded for reference.
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COMMON OR BUILDING BRICK SIIALKS.

Tyi)i(al porosity and specific i;ravity curves of this

class ol" clays arc j^ivcn in the foUowiiig' six cliarts.

The striking difference between these and the paving

brick shales is apparent. Earlier vitrification, irregularity

in decrease of porosity and specific gravity, apparently

larger quantity of vesicular glass formed within the mass,

or at least a more notable bloating, due to volatilization of

certain constituents, probably the soluble and adsorbed

salts, are the distinguishing features of this class.

Sufficient evidence is at hand to warrant the state-

ment that any clay which vitrifies to a porosity of 2 or 3

per cent, before cone 5 is reached in the heat-treatment pre-

scribed in this method of burning test pieces, will be too

brittle for use as paving brick material, no matter how
little vesicular structure is developed. The fact is, how-
ever, that it will be a rare case in which vesicular struc-

ture is not strongly developed, if the clay shows an early

and rapid rate of vitrification.

The use of the comparative terms "early" and "rapid"

in reference to this type of clays in contrast to their rela-

tive use in regard to fire clays, is best illustrated by refer-

ence to the curves.

While the writers admit that the evidence here pre-

sented is too meagre to permit of a complete or satisfactory

plan of classification, they do feel that it is sufficient to

indicate that a classification on the basis suggested is more
rational than any other heretofore presented.

A. C. S —20.
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COMPARATIVE THERMO-PHYSICAL CHANGES.

The following curves are presented to show the com-
parative rate at Avhich the three most important thermo-

physical changes take place.

A full explanation of the method of plotting these

curves has been given earlier in the text.

The volume, porosity, and specific gravity of the dry
unfired brick being considered as a basis, and plotted in

the datum line, the co-ordinate points of increase or de-

crease of these same factors in the burned brick are plotted

as shown on the curves.
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ULTIMATE FUSIBILITY OF CLAYS.

Ludwig/ by the application of known physico-chemi-

cal laws, deduced a scheme by which he was able to predict

the fusibility of clays. H. J. Robertson,^ discussing Lud-

wig's results quite fully, concurred in his general conclu-

sions. The Ludwig scheme as presented by Robertson was
followed in the construction of the chart on page 313.

The Seger cone molecular formulae were reduced to

Al203=l. The molecular equivalents of silica were plotted

on the ordinate, and the molecular equivalents of RO fluxes

on the abscissae. It will be noted that in no case does the

molecular ratio of AI2O3 to SiOg exceed 1 :10. This being

the ratio of AI2O.0 to SiOo in cones 5-25, their co-ordinate

position is located on a horizontal line drawn from the or-

dinate 10. Having the chemical composition of clays of

various kinds, the chart was prepared and the co-ordinate

position of each clay plotted.

The accuracy with which the fusibility of a clay can

be thus ascertained, is shown by the fact that in nearly

every case, the result reached by plotting the molecular

ratios checked with that reached by the actual fusibility

test, regardless of the purity or grade of the clay tested.

The labor of making the analyses and calculating the

molecular formula*, and the chances of disagreement be-

tween the plotted and actual fusibility, places the Ludwig
scheme at a serious disadvantage. Inasmuch as direct

tests afford an easier and surer method, Ludwig's indirect

test will hardly come into general use. The Ludwig scheme,

however, has been of great value in that it has established

the fact that clays, although a heterogeneous mixture of

minerals, do, as a rule, obey definite laws in fusion.

'Tonindustrie Zeltung No. 63, 1904, abstracted by Prof. Bleininger,

Vol. VII, p. 275, A. C. S. Trans.

'Brick, Vol. XXV, No. 2, 1906, p. 62.
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CONCLUSIONS.

The writers have attempted to indicate the thermo-

chemical and physical changes that take place in the burn-

ing of clay wares. Some effort has been made to show the

causes of the various phenomena noted, but in the main,

because of the lack of data, they have been reluctant to

advance explanations with any degree of positiveness. It

is believed, however, that by means of the method of study

here presented, the following facts in regard to a clay can

be established

:

1st. Exact industrial possibilities.

2nd. Factor of safety to (a) vitrification range, (b)

fusion range, (c) deformation.

3rd. That while thermo-chemical and physical

changes follow definite laws, they cannot be foretold by

any analysis of the primary causes (physical properties of

the unfired clay) now known.
In conclusion, the writers desire to express their ap-

preciation of the kindness of Dr. H. Foster Bain, Director

of the State Geological Survey of Illinois, in permitting

the use of considerable data collected by the Survey, and
also of Professor C. W. Rolfe, Director of the Ceramic De-

partment of the University of Illinois, and the University

oflflcials, in liberally supporting the researches that made
this presentation possible.

The chemical analyses given in this paper were made by Mr. David

Kline and Dean Burns under the direction of Prof. S. W. Parr.

DISCUSSION.*

Mr. Yates: Were these various tests burned under
the same conditions—that is, was the temperature of the

kiln uniform?
Mr. Moore: These clays were placed all in the same

kiln, at the same time, in saggars, and were burned in the

''This paper wai not read in Itj entirety, but was abstracted and presented In connec-
tion with the curves by Mr. Moore. Some ol the discussion would probably not have taken
place had the paper been read in (uU.
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same operation. Our kiln melts the same cone at the top

as at the bottom, so it is certain that we get a uniform dis-

tribution of heat.

Mr. Yates : That being the case, isn't your conclusion

that the common brick shale, whose curve fell so quickly,

is not suitable for paving brick purposes unwarranted?
Under the same conditions of firing, these common brick

shales would not stand the temperature, but if fired slower,

how do you know that they might not have made as good
or tougher brick than the shales whose curves descend

more gradually.

Mr. Purdy : Mr. Moore has covered the ground, I be-

lieve, in a thorough manner ; but I wish to bring out a little

more emphatically the difference between the No. 1 and
No. 2 fireclays. The No. 1 fireclays, (indicating plates IX-
XVIII) you will notice, vitrify very slowly. The No. 2

fireclays have an early vitrification, but from there on,

they have a very slow fusion rate. They vitrify under
stoneware or facebrick heat-treatment, and could be used

for either of those purposes. But their actual fusion

points agree closely with those of the No. 1 fireclays, and
the chemical analysis also agrees in many ways with that

of the No. 1 fireclays. The only means of differentiation

is in the plotting of their vitrification phenomena in these

curves, and noting the remarkable variation which they

show. In the case of what we have called No. 3 fireclays,

the vitrification is not only more rapid, but the actual

fusion point is also considerably lower. A paper was read

by Mr. Bleininger on physical chemistry yesterday, and I

noted halts in his curves, as shown in these. There is a
problem there, for the physical chemists to solve. I feel

assured that when they can give an explanation for that

halting in the porosity curve (and the same is noted in the

specific gravity curve), it will throw a great light on our
methods of determining the possible value of the clay.

This work w^hich we are presenting in this paper is, per-

haps, a crude introduction to the chemical-physical method
of studying our most common clay working operations.
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In the description of the microscopic slides Mr. Wege-
mann stated that the iron had not discolored the glass,

until after cone nine had been reached. That is equivalent

to saying that the iron had not operated as a flux, even at

cone nine. We have many of us been of the opinion that

iron was one of the most active fluxes in the scale, and we
are not yet ready to give up that opinion ; but by examina-

tion of the specific gravity curves and microscopic slides,

we must admit that the iron seems not to enter into active

fluxing action. At any rate, the glass did not take the iron

into solution and the iron had not probably fluxed the clay

particles to any great extent, for the glass would take it up
before the clay particles would.

I would like to call your attention to the rattler losses

placed on the plates of the paving brick shales, numbers 35

to 52. Observe plate XXXV showing a rattler loss of 13.25

and plate LI showing 26.23. Observe the relative changes

in porosity and specific gravity in conjunction with the

rattler loss. Mr. Moore emphasized the fact that this de-

crease in specific gravity was due to the formation of glass.

We know that when a glass is first formed, whether in the

glass pot or in glazes, that there is a boiling up or evolution

of gas. This is especially noticeable when burned rapidly.

When burned slowly, the glass is not boiled up so much,
but is still vesicular in structure; that is, it contains small

blibs or sealed cavities into which water from the outside

could not penetrate.

In Plates LIX to LXV, the datum line represents the

measurements obtained on the unburnt clay. The figures

above show th^ increase of porosity or specific gravity or

volume over these properties of the raw clay, and the fig-

ures below that datum line show the decrease of these same
properties below that of the raw clay. Thus we see that

samples drawn at cone 010 generally showed actually

greater porosity, greater real specific gravity and greater

volume than the raw material showed, while samples

drawn at higher temperatures showed these properties, one

or all, to be about the same as the initial measurements
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and still higher temperatures showed marked falling; off in

all three sets of properties. I do not pretend to understand

all the phenomena brought to light in this study, for I have

not yet had the assistance of one well grounded in physical

chemistry.

In the plates LIII to LVIII, are shown brick made of

common shale. There have been engineers who have in-

sisted on the specific gravity test, as a test of the wearing

qualities of paving brick. We have found that when the

true specific gravity, that is, the specific gravity of the

mass as a whole, is taken, it gives a good index of the

strength of the product. This is well showm in these charts.

The specific gravity cannot be taken direct: It must be

taken in connection with the specific gravity of the raw
clay, in order to get a comparison between the two. What
does the specific gravity tell you? It tells you the extent

to which this glass matrix, which Mr. Wegemann has de-

scribed, has become blibbed or foamy. The more foamy it

has become, the weaker your clay will be and the heavier

will be its rattler losses.

Mr. Yates: Do I understand that these globules of

glass are separate particles in the body of the brick, or are

they assimilated with the body of the brick?

Mr. Purdy: A study of all the clays in microscopic

section shows similar phenomena. There Avill be a particle

of quartz, a particle of some other amorphous substance, a
particle of fused glass, you might say, in a row, like the

cross section of a sausage, mixed hit or miss. There is no
regularity about it; it is not stratified.

Mr. Binns : I want to ask Mr. Purdy, in connection

with that iron fusion, where the hematite crystals are seen

appearing, isn't what followed evidence of combination of

the iron with the silica?

Mr. Purdy: No.

Mr. Binns: Was it reduced?

Mr. Purdy : Yes, but in many instances the hematite
crystals were formed even where there was every appear-
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ance of wholly reducing conditions. The increase of hema-
tite crystals progressed through the red or ferric state into

the black or ferrous brick. «

I want to draw attention to the fact that some of these

fireclays had so little flux that it was not noted in the

chemical analysis, the alumina, silica, titanium, and water

being the only constituents reported. What is there in

such a clay which forms this gla«s? What is it in the

shales? There is a nice little problem in your adsorption

theory. We are beginning to put two and two together,

but we are not quite yet willing to add them.
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Crystalline glazes are among tlie most fascinating of

the many ceramic problems which the potter is today try-

ing to solve. They are fascinating to the artist, because of

the many perfect forms and the unexpected display of col-

ors produced from the same glaze and in the same burn;

to the crystallographer, because the conditions under which
crystals are developed in a glaze are so radically different

from those under which nature has developed the larger

part of her crystals; to the physical chemist, because of the

insight they afford into the structure and nature of igneous

solutions ; to the ceramist because so little is known today

of their range in composition, and the firing conditions re-

quisite to their best development.

Crystallographers find it exceeding difficult to explain

the many curious phenomena of crystallization occurring

in nature, although they have much knowledge concerning

the fundamental facts of crystallization. The difficulties

of the crystallographer are increased many fold for the

ceramist. The crystallographer can readily obtain type

specimens, determine their chemical and physical proper-

ties, and in the end formulate a system of classification

based upon them which enables him to identify with com-
parative readiness any inorganic crystalline substance.

The ceramist, on the other hand, cannot collect type speci-

mens of the crystals he produces, nor has he been able as

yet to ascertain the conditions most suitable for their pro-

duction. The ceramist's problem is further complicated by
the fact that the production of crystals is in truth but a
minor consideration in the manufacture of salable ware,^

319
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for above all things there must be maintained perfect phy-

sical harmony between the glaze and the body.

Strange as it may seem, it is a fact that the ceramist

can profit but very little, except for methods of study, by
the mineralogist's experience. Stull^ has shown the futility

of attempting to produce in a glaze matrix a condition

that, theoretically considered, would cause the separation

of material having the form and composition of some of

nature's crystals. The fact of the case is, the ceramist has

to deal with a set of conditions that require for their full

understanding the establishment of physical and chemical

laws which pertain to his special case. In the end, the

science of producing crystals in glazes must be reduced to

the same exactness as the science of metallurgy has been in

the case of iron and steel, through the help of metallog-

raphy.

It is indeed a long road to a full understanding of even

a few of the simplest and most fundamental phenomena in

a new field. Empirical researches must be many before

very much progress can be made toward the discovery of

laws underlying physico-chemical phenomena. We have a

few desultory researches in crystalline glazes, very scat-

tered records of successful attempts in their production,

but a resume of these several researches is today productive

of nothing short of confusion of ideas. Published records

of systematic empirical studies must precede attempts to

formulate laws or deduce facts. It was with these consid-

erations in mind that the studies here reported were under-

taken. No attempt has been made to deduce definite laws

from the results of these experiments, but contentment is

found in observing and recording the facts, so that some
day, after more of the field lias been surveyed, we can cor-

relate the results and deduce laws that will place the pro-

duction of crystalline glazes beyond the realm of chance

and freak.

'Trans. Am. Cer. Soc. Vol. VI. p. 188
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TYPK OF CRYSTALLINE GLAZES STUDIED.

Crystals have been pr(Klu('e<l in j^lazes luivin"- a wide

variety of compositions, and at nearly all temperatures.

It would be aside from the purpose of this paper to review

all the types of glazes which have been reported as "crys-

talline," except for the sake of establishing the fact that

there may be a wide variation in their composition and heat

treatment, and to demonstrate that in a thorough study,

such as is indicated in the title, it would be impossible to

deal with more than one type. The following formulae are

sufficient for these purposes:

RIDDLE'S CRYSTALLINE GLAZE.'

0.700 ZaO ^ [-1.375 SiO,

0.075 K,0
. 075 Na,0 J,

AloO,
^

0.150 CaO
J

^0.225 B^O,

CONE 2 GLAZE,^

0.105 K„0
^

j- 1.805 SiO,

0.189 Na^O
I I

0.052 BaO
).

0.045 AlA ^

0.029 CaO
I I

0.625 ZnO
J

(0.378 B,0,

After reviewing the published records of many experi-

ments, it was decided to limit the present studies to a type
of glaze that is now popular in France, and which has been
successfully used in this country to some extent; that is, a
simple alkali-alkaline-earth silicate, in which the crystal-

line effect is produced by some simple crystallizers, the

whole designed to mature at cone 10. The types of the

glazes studied are given in the table at top of page 322,

'Trans. Am. Cer. Soc, Vol. VIII, p. 347.

-Sprechsaal, 1903.
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TABLE I.

Crystalline Glaze Formulae.

Name K,0 ZnO TiO,
1

SiO, Ox. Ratio

Bries glaze No. 1 .300 .700 ....
1

2.000 4. -000

Brles glaze No. 2 .300 .700 .300 1.700 4 . OO'O

Heath's glaze .300 .700 .500 2.O00 5.000

Sevres glaze No. 1 .333 .666 2.000

1.94~

4.000

Sevres glaze No. 2 .166 .833 3.870

Sevres glaze No. 3 .333 .666 .341 1.666 4.016

^, ^ , { 85% No. 1
]Sevres blend A

| ^^^^ ^^ ^
\

.308 .691 1 991 3.983

Sevres blend B j 85% No. 3

I
15% No. 2

308 691 .290 1.7<'9 3.998

Stull's glaze, according to Gates. ,305
I

.695
I

.297 1 1.690 I 3.970

SCOPE OF INVESTIGATION.

Before atteiiipting to outline a series of studies on

fritted glazes, it is essential to consider the conditions that

must prevail, in order to have a crystallizing compound sep-

arating out from a molten matrix. It is especially essen-

tial that we should understand the fundamental difference

between a clear non-crystalline glaze, and a glaze in which

clusters of crystals appear throughout the whole mass.

Primarily a glaze may be considered as a glass. Win-
dow glass, for instance, is a perfectly transparent and hom-
ogeneous compound. It has been proven beyond a doubt,

however, that window glass has a tendency to crystallize.

Crystals of wollastonite have been developed in one in-

stance, and crystals of quartz in another, showing that even

in so simple a compound as glass, consisting in the main of

calcium oxide, soda, potash, silica and in some cases lead,

there is what may be styled latent crystallization. Curious

indeed is the fact that the potter has learned by empirical

trials that tlu' best crystalline effects are producetl in a

glassy matrix, which in composition is very much like the
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mixture which the glass manufacturer has learned also by
similar empirical trials will produce the best glass.

The belief that ordinary glass has a tendency to crys-

tallize is strongly supported by the following quotation

:

'"If one considers that the contents of silica in commercial glass

is very variable, and that a higher temperature more of this acid can

be taken up than can be retained by the glass as this temperature falls;

that further, feldspathic minerals may be taken up and again separated

by a molten glass; finally, also sulphates, phosphates, borates, metallic

oxides may enter into the constitution of glass, it would appear that

these facts allow of no other explanation than that commercial glasses

are quickly solidified solutions, not only of different silicates in each

other, but even solutions of basic oxides or silica and other salts and

metals, in molten silicates. Whether in all glasses some fundamental

silicates, a compound say of Na^O, CaO, SiOj, or Na^O, CaO, 4 SiOj, are

to be taken as the solvent or not, must remain a question so long as

nothing more definite is known than at present, yet many of the ob-

servations appear to speak for such an assumption."

Or the following .^

"A devitrified glass is a heterogeneous mixture, and while support

is lent to the theory that the original undevitrified material is likewise

a mixture, it cannot be accepted as conclusive proof. One cannot con-

ceive the formation of such a heterogeneous mixture when a glass is

devitrified by being kept for a long time at a high temperature, on the

assumption that one is dealing with a mixture, more or less homo-
geneous, and that an agglomeration or segregation of the constituents

takes place, giving rise to crystalline forms. But on the other hand,

it is also conceivable that there is a real solution, as described by
Benrath, supersaturated at a high temperature with some definite

silicate or other compound which gradually crystallizes out. Hence the

facts of devitrification may lend support to either theory."

Seydholt, Jackson and Rich, and others have etched

glass with concentrated hydrofluoric acid, developing on
the common sheet glass, crystals that are of various forms,

some "star shaped," some as "rods with crystalline radia-

tion on both sides," and in the lead glasses, "superposed
rings" that certainl^^ cannot be due to accidental irregular-

ities in texture of the glasses.

'Benrath—"Die Glasfabrikation," Jour. Soc. of Chem., Ind., 1901.

2Jot>r. Soc. of Ohem. Ind. 1901.
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Daubree has showu that by digestiou iu a sealed tube

with super-heated steam at a high temperature, ordinary

glass is decomposed into quartz, wollastonite and alkaline

silicate.

True glasses can be made having a wide variation in

composition, yet it is a fact that to produce the clearest and
most weather-resisting glass, the manufacturers have

learned that they cannot depart very much from a given

composition. Oxygen ratio, or ratio of bases to acids on

the basis of the oxygen content of each, is a factor of prime
importance. Starting with a glass in which crystallization

is not manifested under ordinary conditions, the points

which the ceramist must strive to control are

:

1st. The development of these latent crystallizing

tendencies.

2nd. To cause the development of crystals in a glassy

matrix the pliysical properties of which, principally ex-

pansion and contraction, agree with those of the clay body
upon which it is fused, so that both glaze and body will re-

sist all tendency to rupture. A glaze badly crazed, or a

dnnted body, makes tlie ware worthless, irrespective of the

character of crystals that may have been developed.

As we know practically nothing about the crystalliz-

ing value of the several oxides, or combinations of oxides

in different proportions, it is very plain why the develop-

ment of crystals in a glaze is reputed as "freakish," and
why but very little importance has been attached to the

composition of the amorphous portion of the glaze matrix.

Following first one plan of investigation and then another,

promising results have been obtained witli such varying

ratios that experimenters have come to believe that the

oxygen ratio or ratio of base to acid is of no consequence in

crystalline glaze i)rodu(tion, that CaO may or may not be

present, and that alkaline earth may be used in any equiva-

lent quantities compatible with the full maturity of the

glaze under practical heat treatment. For the reason that
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such an unlimited r;nijj;(' of choico in iniiterials and ratios

is not possible in any other type of j^laze or even *;lass, if

for none other, it was believed that before the problem of

the i)rodn(tion of crystals in a ,<i,laze conld bo studied with

any dejiree of scientific understandinjij, the true facts con-

cerninj; possible range in composition should be estab-

lished. To this end, in the present studies, all other factors

such as variation in heat treatment and body composition

were eliminated by maintaining them constant throughout.

The table on i)ages *i2()-327 gives a synopsis of the plan

of investigation of the one factor, viz: Effect of variation

in composition.

CrystalUzcrs. Nearly every oxide, and many of the

elements are found in nature in a crystalline form. An im-

mense variety of complex silicates are also found in nature

as crystals. In ceramic art, the "gold stone," "tiger eye,"

"aventurine," etc., etc., are crystalline effects produced by
supersaturation of a glaze by iron, chromium, etc., in ex-

tremely line particles intimately mixed. Even in the cruder

glaze, such as the Bristol and ordinary matt majolica

glazes, the opacity in the one and dimness in the other are

attributed to crystallization of some element. Having
known these facts for some time, ceramists are still unfa-

miliar with the crystallizing value of the various elements,

except in the case of two, zinc oxide and titanium oxide,

which give the most pronounced effects. There are cases

in which silica and others, lime, for instance, seem to be-

have as crystallizers. It is certain that opalescent effects

which are crystalline in nature, are produced by supersat-

uration with either lime or silica, and that they occur in

nature in a variety of crystalline forms; yet because they
have not been known to produce crystals in a glaze, they are

not classed as crystallizers. On the basis, then, of the in-

tensity of their crystallizing tendency in a glaze, the list of

crystallizers practically consists of but three:

—

(1) Zinc oxide.

(2) Titanium oxide.

(3) Manganese oxide.
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TABLE II.

Synopsis of General Plan.

Group number Limits of ZnO Limits of MnO Limits of K,0 Limits of Na,0

1 1.0— .1 •0— .9

II 1.0— 0— .9

III 1.0— 0— .9

IV 1.0— 0— .9

V 1.0— 0— .45 0— .45

VI 1.0— 0— .45 0— .45

VII 1.0— 0— .6 0— .3

VIII 1.0— 0— .6 0— .3

IX 1.0— 0— .3 0— .6

X 1.0— 0— .3 0— .6

XI 1.0— .1

1.0— .1

1.0— .1

1.0— .1

1.0— .1

1.0— .1

0— .9

0— .9

0— .45

0— .45

0— .45

XII

XIII 0— .9

XIV •0— .9

XV 0— .45

XVI 0— .45

XVII 1.0— 0— .45

XVIII 1.0— 0— .45 0— .45

XIX 1.0— 0— .45 0— .45

XX 1.0— 0— .45 0— .45

XXI 1.0— 0— .45 0— .45

XXII 1.0— 0— .45 0— .45

XXIII 1.0— 0— .45 0— .45

XXIV 1.0— 0— .45 0— .45

XXV 1.0— 0— .45 0— .45

XXVI 1.0— •0— .45 0— .45

XXVII 1.0— 0— .45 0— .45

XXVIII 1.0— 0— .45 0— .45

XXIX 1.0— 0— .45 0— .45

xxxx 1.0— 1 0— .45 0— .45

XXXI 1.0— 0— .45 0— .45

XXXII 1.0— 0— .45 0— .45

XXXIII 1.0— * 0— .9

XXXIV 1.0— 0— .9

XXXV 1.0— 0— .45 0— .45

XXXVI 1.0— .1 0— .9

XXXVII 1.0— .1 0— .9

XXXVIII 1.0— .1 0— .45 0— .45
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TABLE II.

Synopsis of General Plan.

Limits of T C), 1 Limits of SiO, Limits Ox. ratios Limits of numbers Crystallizing
Agents

.5—1.0 1—2 1— 110 ZnO
1.0—2.0 2—4 111— 220 ZnO
.5—1.0 1—2 221— 330 ZnO

1.0—2.0 2—4 331— 440 ZnO
.5—1.0 1—2 441— 550 ZnO

1.0—2.0 2—4 551— 660 ZnO
.5—1.0 1—2 661— 770 ZnO

1.0—2.0 2—4 771— 880 ZnO
.5—1.0 1—2 881— 990 ZnO

1.0—2.0 2—4 991—1100 ZnO
.5—1.0 1—2 1101—1210 MnO

1.0—2.0 2—4 1211—1320 MnO
.5—1.0 1—2 1321—1430 MnO

1.0—2.0 2—4 1431—1540 MnO
.5—1.0 1—2 1541—1650 MnO

1.0—2.0 2—4 1651—1760 MnO
.5-0 .0— .5 1 1761—1870 ZnO TiO,
.6-0 .0— .6 1.2 1871—1980 ZnO TiO,
.7—0 .0— .7 1.4 1981—2090 ZnO TiO,

.8—0 .!h- .8 1.6 2091—2200 ZnO TiO^

.9—0 .0— .9 1.8 2201—2310 ZnO TiO,

1.0-0 .0—1.0 2.0 2311—2420 ZnO TiO,

1.0-0 .2—1.2 2.4 2421—2530 ZnO TiO=

1.0—0 .4—1.4 2.8 2531—2640 ZnO TiO,

1.0—0 .6—1.6 3.2 2641—2750 ZnO TiO,

1.0—0 .8—1.8 3.6 2751—2860 ZnO TiO„

1.0—0 1.0—2.0 4.0 2861—2970 ZnO TiO,

1.0—0 1.2—2.2 4.4 2972—3076 ZnO TiO,

1.0-0 1.4—2.4 4.8 3082—3186 ZnO TiO,

1.0-0 1.6—2.6 5.2 3192—3296 ZnO TiO,

1.0—0 1.8—2.8 5.6 3302—3406 ZnO TiO,

1.0—0 2.0—3.0 6.0 3412—3512 ZnO TiO,

2.0—3.0
2.0—3.0
2.0—3.0
2.0—3.0
2.0—3.0

4—6
4—6
4—6
4—6
4—6

ZnO
ZnO
ZnO
MnO
MnO

2.0—3.0 4—6 MnO
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Other glaze ingredients. With the other iugredients,

there is not much choice. Alkalies, alkaline earths and
acids must be employed. Potash and soda are the only

alkalies practically available for this purpose. Calcium,

magnesium and barium are the alkaline earths that have

been experimented with sufficiently to know their relative

value as glaze ingredients. Calcium seems to be the best

of the alkaline earth fluxes for glaze purposes. Practical

limitations, however, prevent the study of the influence of

lime at this time.

Points considered. The whole burden of this investi-

gation is directed toward the settlement of the following

questions

:

1. The effect of the alkalies, considered singly and
together in various proportions, (m the development of

crystals.

2. The proportional equivalent content of ZnO and
conducive to the best development of crystals.

3. The relative crystallizing tendency of zinc, man-
ganese and titanic acid.

4. The character and shape of the <*rystals induced

by manganese.

5. The limits of oxygen ratio permissable in crystal-

line glazes.

CONSTRUCTION OF THE GROUPS.

The general scheme of construction of the various

groups is shown in Table III.
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TABLE IIU

Showing the relation of glaze formulae to the serial numbers of the

glazes.

GROUP I. Oxygen Ratios 1:1—1:2.

ZaO K,0

1.00:9.0

0.9 :0.1

•0.8 :0.2

0.7 :0.3

0.6 :0.4

0.5 :0.5

0.4 :0.G

0.3 ;0.7

0.2 :0.8

0.1 :0.9

H 11 21
1

31 41
1

51 61
1

71 81 91 101

O
0. .

2|
1 1

^^
1

1

102

C K
<l 3

3
1 1

^^ 1

103

'Co
4 14 24 34 44

1

54 64
1

74 84 94 104

M 1 1

^^
1

1

I'Oo

N« 6
I 1 i«M j

106

V X
'\

1 1

^^
1

1

107

^3 8
1 1 1

^^
1

1

108

o 9
j 1

|69| 1

10'9

U. ro|
1 1

7«
1

1

110

0.50|'J .55 0.60|C .65 0.70|C .75|0.80|C .85 0.90 0.95 1.00

Equivalents of Silica.

There are no groups in which titanium is the sole acid,

hut there are individual glazes in a number of the groups
having an oxygen ratio equal to 2 or less, in which TiOg is

the only acid present.

PREPARATION OF THE GLAZES.

All glazes were fritted at least once before application

to the ware. A few of the glazes had to be remelted two,

and in a few cases three times, before all of the materials

were in complete solution. The case was not uncommon
when some of the more infusible material remained in sus-

pension, although the whole was fluid enough to flow freely

from the crucible.

Where the alkali content is high and the oxygen ratio

low, the fritts are quite soluble in water. In fact, in many
cases the fritts were too soluble to allow wet grinding. It

seems that some of the soluble salts in the more soluble

'The open spaces in the table are supposed to be filled in in arith-

metical sequence with those indicated.

A. O. 8.-22.
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fritts are deliquescent to such an extent that in grinding,

the powder absorbed moisture from the atmosphere, until

they adhered to the pebbles and lining of the mills, making
their preparation by either wet or dry grinding impossible.

The soluble glazes are designated in the curves given

later, as occurring in the area bounded by solid black lines.

These were not made up or tested.

BLENDING CALCULATIONS.

The glazes of each group were obtained by blending

between extremes. Since in each group there were two
variable factors, i. e., variations in KO composition, and
variation in oxygen ratio with each change in RO, there

are four extremes.

Referring to the chart given above showing the varia-

tion in composition and glaze numbering, the intermediate

glazes are obtained by blending glazes 1, 20, 101, and 110.

The blending was first made between 1 and 101 and also

20 and 110, i. e., on the basis of oxygen ratio, by the fol-

lowing formula

:

a(n + l) b(n— 1)

N — 1 N — 1

Where a = combining weight of glaze No. 1

b ^ combining weight of glaze No. 101

c =: combining weight of required glaze

N =: number of variations in oxygen ratio

n =: jxjsition of required glaze to the right of the left

extreme

After having made the blends of the extremes on the

basis of oxygen ratio as shown in the top and bottom lines

of the chart for group 1, the corresponding glazes in each

line are re-blended on the basis of the RO variation by the

same formula as given above, except that the notations in

the second case are as follows

:

a = combining weight of top extreme shown in cliait

b =: combining weight of bottom extreme

c = combining weight of required glaze

N = number of variations in RO content

n = position of glaze in vertical column
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E,ram})Jc of horkontal hlnidiug. (}iven the combining

weijjjlit of No. 1 as 111, and 101 aKS 141; required blending

mixture for glaze No. 41, where

a = lll,b=:141,N = ll, 11 = 5

111 X6 141 X 4

C= 1 =66.6 + 66.4 = 123

10 10

We would therefore take the proportion of 66.6 grama
of No. 1 and 56.4 grams of No. 101 to make No. 41 which

has a combining weight of 123.

E.rample of vertical blending. Given the combining

weight of No. 1=111, and No. 7=118.8. To find the blend

for No. 3. Here a=:lll, b=118.8, N=7, n=3.

Ill X 4 118.8 X 2

C = 1 = 74 + 39 6 = 113.6

6 6

Therefore the proportion of extreme 1 and 7 to make
3 is 74 grams of 1. and 39.6 grams of 7. The amount of

glaze necessary to cover the trial vase was found to be 16

grams, and if the group is complete, it requires 110x16 or a

total of 1760 grams of glaze for each group.

BODY USED.

The body used in these experiments was not chosen

because of any special property other than vitreousness at

cone 10. It possessed a stony fracture, and was opaque,

even when thin. The color generally was pale blue, due to

reduction in the biscuit burn. Occasionally, however, it

had a pale yellowish tint. No notice was taken of the color

of the body, i. e., no discrimination was made in the use of

the biscuit, on accouut of its color.

The composition of the body was as follows

:

Florida ball clay 20

Tennessee ball clayi 11

Georgia kaolin 21

Flint 13

Spar (Brandywine) 35

iThis clay had the approximate formula, O.2K2O I.OAI2O3 S.GSiOj.
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The body was blunged in the form of a slip in ball

mills having a capacity of about 4 g-allons. The mills were
run for about 30 minutes at 45 revolutions per minute, this

amount of grinding being sufficient to slake the clay, and
thoroughly blend all the body ingredients.

After grinding, the body was sieved through a 40-mesh

screen and stored in large stoneware jars. No attention

was paid to the length of time that the slip remained in

the jars, hence some portions of the mixture as used were

aged longer than others, obtaining as a consequence slight

variation in character of biscuit.

SHAPE OF TRIAL PIECE.

For the development of crystals, a heavy coating of

glaze must be applied to the biscuit. As a consequence of

this application, and of the excessive fluidity of the glazes

when at the state of fusion required to permit the best de-

velopment of crystals, provision must be made for the large

amount that naturally flows off the vertical sides of the

vases. Further, as was shoA\n by the saggar bottom ex-

hibited by Mr. Gates at the Birmingham meeting of the

American Ceramic Society, crystals seem to develop best

on flat surfaces where the glaze accumulates in thick layers

and flowage is impossible. It was tliought imperative,

therefore, that both a vertical and a flat surface should be

provided. These conditions were attained in the combina-

tion of vase, ring stilt, and saucer.

This combination of vase, ring and saucer was 4i/^"

over all in height and 3" in diameter. The vases were cast

in a two-part mould, the ring pressed in a mould similar

to handle moulds, and the saucer batted out in a one-piece

mould. The shape of the vase produced is shown in the

following plate:

I
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I

TRANS.AM.CER.SOC. VOL.IX PURDYANO KREHBIEL PLATE I

Mold employed in making the Vases used as Trial Pieces in the
Crystalline Glaze Experiments.

BISCUIT FIRING.

Aside from the first few burns, which of necessity were
all biscuit, no separate biscuit burns were made. After a

stock of biscuit had been accumulated, one sagger of biscuit

in each glost burn was found sufficient to furnish all that

was required. Six saggers were placed in the kiln, one for

the cone and pyrometer, one and sometimes two saggers for

biscuit, the remaining three or four being reserved for the

glaze. In the biscuit the vases were placed touching one
another. The biscuit rings were generally placed in the

cone sagger on top of a bung exposed to the full play of the

flames, and the saucers were placed wherever opportunity

ofifered.
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GLOST FIRING.

Saggers. The saggers used in these experiments were
made with extra thick walls to prevent sudden fluctuation

in temperature at times when the fire doors were opened, as

well as to insure the slow steady cooling so necessary to

the best production of crystals. Each sagger is large

enough to hold eleven or twelve vases. The sides of the

glaze saggers were washed with a mixture of alkaline flux,

zinc and flint. The bottom of the sagger was coated with a
mixture of equal parts of bone ash and flint.^

Placing of ware in kiln. The saggers were placed in

the kiln in two bungs, the side of the front bung being next

to the wicket. The bungs were three saggers high, nearly

filling the space in the firing chamber. The cone or trial

sao;ger was placed in the middle of the front bung. Inas-

much as the top sagger of tlie front bung seemed to be in

the place least favorable for slow cooling, it was used ex-

clusively for biscuit. The bottom sagger in the front and
all the saggers in the rear bung were used for glaze.

Number of trials in hum. With one sagger for the

cone, and one for biscuit, it was possible to burn only 44 to

48 glost trials in a single burn.

Heat Treatment. The cones placed in the trial sagger

were Nos. 5, 7, 8, 9 and 10. In each sagger of glost, there

was placed a shortened cone 10. There was developed a
difference of two cones between the inside and outside of

the sagger, due probably to the difference in rate of cooling.

It was found that when the heat was raised, as shown in

the firing curves, until cone 8 in the trial sagger was fused,

cone 10 would be down in all of the glost saggers. This

regularity in heat distribution was obtained in practically

every burn.

Firing. Time was not taken in the beginning to thor-

oughly study the conditions favorable to the best develop-

'This mixture has been used by Professor Binus to advantage in pre-

venting tlie slagging of the sagger bottoms by flowing glaze.
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nicnt of crvstals. The iiu'thod of firing; in the first few

burns (lirtVrcd therefore from the method uschI in the later

burns, as shown in the following summary:

First few Burns.

Length of time expended in firing and cooling, 18

to 22 hours.

Fuel used—soft coal.

Thickness of bed—thin.

Cooled by slow tiring.

Kesults—irregularity.

Later Burns.

Length of time expended in burning and cooling

to 200^C, 15 to 16 hours.

Fuel used—coke.

Thickness of bed—3 to 4 inches.

Cooled by sealing kiln, and pulling fire.

Kesults—Perfect control.

Time—Temperature Treatment. The accompanying
curves, Plate II, show the time-temperature treatment,

which was obtained in practically every burn. Consider-

able importance is justly attached to the time-temperature

treatment of crystalline glazes. In a preliminary burn,

good crystals were developed in glazes that had been suc-

cessfully used on a commercial scale, and the time-tempera-

ture treatment plotted. It was found, however, that this

curve could not be followed strictly in the later burns, and
hence there were considerable irregularities in this regard

from burn to burn. Further work with the more promising
glazes is planned to determine the time-temperature treat-

ment best suited to the development of crystals in the

University of Illinois trial kiln. (For drawing, see page-

117).
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Ono fact in (ronnection with the tiinc-tcinpcrjituro

treatment was (leveh)pe(l in these studies, which perniitted

the shortening- of the total time required for e^uli burn,

viz., that tlie rate of raisinjjj heat did not seem to att'eet the

character of crystallization, unless the heat raised so rap-

idly as not to permit complete fusion of the entire ^laze

mass. Inasmuch as each .i>laze used in the various blends

had been rendered homoji^eneoua by fritting, and the thick

sa«;jj;ers and heavy brick work of the kiln necessarily made
the raising of heat a comparatively slow process, it may be

said that under these conditions the heat may be raised as

rapidly as possible.

The cooling. The question of cooling- seems the all-

important one. Slow^ cooling was accomplished by two
methods, first, by continuing the firing with a bare spot on

the grate, and, second, by drawing the fire and sealing the

kiln completely. The second method proved to be the bet-

ter, for the results by the first method were far from con-

sistent from burn to burn.

Difficulties encountered. First, each glaze was worked
up into a paste with gum of tragacanth by spatula on a

glass slab, without having previously mixed the blended

portions. This method of treatment gives good results

when sufficient pains are taken, but it sometimes happened
that a careless operator would not thoroughly blend the

several portions of the glaze, and consequently the more
fusible portions would be unevenly distributed, giving rise

to a warty appearance of the glaze when burned.

Second . The base of the vase was so small that if not

setting squarely on the ring, or if the ring was not w^ell

made, the vase would often tumble over.

Third: Because each vase was placed on a ring and
then the whole placed on a saucer, it was found necessary

to set each piece separately. The kiln walls being 18 inches

in thickness, the four burns per week kept the kiln so hot

that it made the placing of these 48 trial pieces a very
difficult task. It often happened, therefore, that the vases
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were not set sqiiarelj in the saucers, and consequently were
easily jarred over when the sagger was covered either by

another sagger, or by a hiller.

ZINC OXIDE AS A CRYSTALLIZING AGENT.

From researches in the past, it has been demonstrated

that zinc oxide is, in small quantities, not only as active a

flux as lime, but also that as a flux, it is more favorable to

the development of crystallization, Seger's cone 4% for ex-

ample, is rendered considerably more fusible by the addi-

tion of only a "trace'' of zinc oxide. Bristol glazes, which
are similar in composition to cone 4, have zinc oxide sub-

stituted in part for lime. In amounts less than 0.3 equiva-

lents it acts as a flux, producing clear glazes, but any addi-

tion over this amount produces incipient crystallization

as indicated by the resulting opacity. Whether or not it

is a zinc compound that crystallizes, is not known. It is

sufficient for the purpose at hand to note that incipient

crystallization is a consequence of the presence of zinc

oxide in excess of the amount that produces maximum fusi-

bility in the glaze mixtures. It is therefore obvious that

instead of the alkaline earth CaO, as in ordinary glass, it

would be more conducive to the development of crystals to

use ZnO.
Noting that the successful fritted glazes as given in

Table I contain no CaO, and not knowing its influence on

the development of crystals, it was deemed advisable not

to complicate our preliminary survey of this field by incor-

porating it in our glaze compositions. After liaving deter-

mined the alkali-zinc-silica mixture that has tlie greatest

crystallizing tendency, then, it was thought, would be

e^irly enough to begin to study the influence of lime. In

(Jroups I to VI inclusive, tlierefore, the study is confined

to alkali-zinc-silica combinations.

'Trans. Amer. Cer. Soc. VoL VIII, p 163.
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GROUP I.

Subdivisions Into Scries Variation in RO Content Oxygen Ratio of Ulaze Number
on UasisofSiO, Molec- within each Series Each Series In Rach Series

ular Content

Series No. SiO,
Content

No. ZnO K,0 Series No. O. R. a-j

1 0.50 a 1.0 0.0 1 1.0 1- 10
2 0.65 b 0.9 0.1 2 1.1 11- 20
3 0.60 c 0.8 0.2 3 1.2 21- :-10

4 0.66 d 0.7 0.3 4 1.3 31- 40
5 0.70 e 0.6 0.4 5 1.4 41- 50
6 0.75 f 0.6 6 6 1.5 61- 60
7 0.80 g 0.4 0.6 7 1.6 61- 70
8 0.86 h 0.3 0.7 8 1.7 71- 80
9 0.90 I 0.2 0.8 9 1.8 81- 90

10 0.96 J 0.1 0.9 10 1.9 91-100
11 1.00 11 2.0 101-110

Fusibility. When the RO contains less than 0.4 KgO,
irrespective of acid content, the glazes are infusible at

cone 10.

Soluhility. With more than 0.6 KgO, in the case of

oxygen ratio 1 : 1 and 0.7 K2O, in the case of oxygen ratio

1 : 2, the glazes are soluble.

Luster. All the matured glazes in this group have
bright glossy luster. No matts are developed. Glaze No. 7

having a molecular formula of 0.4 KgO, 0.6 ZnO, 0.5 SiOg
approached the nearest to a matt finish.

Crazing mid shivering. All the matured glazes were
crazed in such extremely fine meshes, irrespective of acid

content, as to render this defect almost unnoticeable to the

naked eye.

Crystallization. In glazes having an RO of

fO.4 — 0.5ZnO
1 0.6 — 0.5 K2O

irrespective of acid content, minute crystals develop, es-

pecially on horizontal surfaces where the glazes accumu-
late in thick masses. These minute needle-like crystals are
so interlaced and so thickly bunched together, that in many
cases they lose their individuality.



340 CRYSTALLINE GLAZES.

None of the glazes of this group were fired in a check

burn, but judging from our experience with the titanium

crystalline glazes, it is thought that under certain firing

conditions (not now known) there would be developed on

the vertical surface of the vase the same thick and irregular

mixture of minute needle-like crystals that in our own
burns appeared only in the saucers, producing either a

matt or aventurine effect. It is, however, evident from

the glossiness of the glazes on the vases, and the consistent

absence of crystals on the upright faces throughout the

whole series, that the conditions of firing would be too

exacting to warrant the use of any of the glazes of this

group for matt, crystalline or aventurine effects.

GKOUP n.

Sub-division into Series Variation in RO Content Oxygen Ratio of Glaze Numbers
on Basis of SiO, Molec-

ular Content
within each Series Each Series in Each Series

Series No. SiO,
Content

N5. ZnO K,0 Series No. O R. a-j

1 1.0 a 1.0 0.0 1 2.0 111-120

2 1.1 b 0.9 O.l 2 2.2 121-130

3 1.2 c 0.8 0.2 3 2.4 131-140

4 1.3 d 0.7 0.3 4 2.6 141-160

6 1.4 e 0.6 0.4 6 2.8 151-160

6 1.5 f 0.6 0.6 6 3.0 161-170

7 1.6 g 0.4 0.6 1 3.2 171-180

8 1.7 h 0.3 0.7 8 3.4 181-190

9 1.8 i 0.2 0.8 9 3.6 191-200

10 1.9 j 0.1 09 10 3.8 201-210
11 2.0 11 4.0 211-220

Fusihilitij. When the KO contains less than 0.2 KgO,

irrespective of the acid content, the glazes are infusible.

With acid content of 1.0—1.2 SiOo (oxygen ratio 2.0 to

2.4) and RO composition of 0.2 K.'o, 0.8 ZnO, the glazes

while glossy are not sufficiently fusible to flow smoothly.

^oUthility. The only glazes of this group that are so

soluble as to render them impractical on a commercial

scale are those in which the RO contains 0.9 KoO.
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Ijustcr. All the inaturcd glazes had brijjjht gl^f^f^y

luster, except No. 110, which has the molecular formula

O.'fiojl-OSiO. (OR = 2)

Crazing and shivering. All the matured glazes in

this group crazed. With oxygen ratio of 1.2 the crazing

was in fine meshes, while with oxygen ratio of 4 the crazing

was relatively coarse.

Crystallization. As shown in Plate No, III, the

glazes in which crystals are developed have an RO range of

0.3 — 0.6 K2O
0.7 — 0.6 ZnO

irrespective of acid content.

The character and mode of occurrence of crystals are

the same in this group as in Group I, except in the case of

glazes No. 155 and 184, having respectively the molecular

formula
0.6 ZnO \ , . c-p, ,^. 0.7 ZnO \ , , o-^,
0.4 K2O }

1-^ ^'^' -^^^^
0.3 K2O }

1-^ ^'^'

in which there is a slight tendency to segregate into radial

clusters. Most of the crystals on these two vases are indi-

vidual bars scattered without definite direction throughout
the glaze matrix.

Conclusions from Groups I and II. From the fact

that the glazes of these two groups were burned in five

separate burns, in allotments of about 40 glazes to each
burn, and gave consistent results throughout each of the

two groups, it would seem that the following statements
were substantiated be^^ond a doubt

:

First. While crystals were developed at all oxygen
ratios between 1 and 4, the most extensive development and
the largest crystals occurred with oxygen ratios ranging
from 2.2 to 3.0 and with RO content of

fO.3toO.5K2O
\ 0.7 to 0.5 ZnO

Within this oxygen ratio range, the glazes on the vertical

faces of the vases are crystalline to some extent, while at
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other oxyjj^en ratios the crystals occur only on the hori-

zontal faces, where the glazes have accumulated in thick

masses.

Second. Notwithstanding that commercial crystal-

line glazes free from TiOg, quoted in Table I, fall in Group
II, it is a fact that in no case are crystalline effects devel-

oped to a commercially note-worthy extent.

Third. The high coefficient of expansion and contrac-

tion of the potash-zinc glazes is strikingly shown in the

fact, that even with an oxygen ratio of 4, the craze lines are

fine and interlace, forming meshes about the size of those

in 20 mesh screens. This may explain in part the reason

that the commercial glazes before cited are so high in silica.

Fourth. It is evident that KgO-ZnO-SiOg compounds
cannot fulfill the requirements of ceramists.

GROUP in.

Sub-divisions into Series Variation in RO Content Oxveen Ratio of Glaze Number
on Basis of SiOj Molec- with! 1 Kach Series Each

ular Content

Series No. SiO,
Content

No. ZnO Na,0 Series No. O. R. a-j

1 0.50 a 1.0 00 1 1.0 221-230
2 55 b 0.9 0.1 2 1.1 231-240
3 0.60 c 0.8 0.2 3 1.2 241-250
4 0.65 d 0.7 0.3 4 1.3 251-260
5 0.70 e 0.6 0.4 5 14 261-270
6 0.75 f 0.5 0.5 6 1.5 271-280
7 0.80 g 0.4 0.6 7 1.6 281-290
8 0.85 h 0.3 0.7 8 1.7 291-300
9 0.90 1 0.2 0.8 9 1.8 301-310
10 0.95 3 0.1 0.9 10 1.9 311-320
11 1.00 11 2.0 321-330

Ftmbility. The glazes of this group, having NagO as

the alkaline flux, are more fusible than the KgO glazes of

Group I. As a consequence, in this group there can be

used 0.1 Eqv. more of ZnO than in Group I, and yet pro-

duce glazes sufficiently fluid to cover the whole surface of

the vases.

When the RO contains less than 0.3 NanO, irrespective

of the acid content, the glazes are infusible at cone 10.
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Solubility. With more than 0.6 NajO, in the ease of

oxygen ratio 1:1, and 0.7 NagO, in the ease of oxygen ratio

1 : 2, the glazes are soluble.

Luster. As compared with those of Group I the glazes

of this group exhibit a dimness which in many eases would
be styled "matt." In no instances in this group was there

a bright glossy glaze developed.

Glazes having RO content of

0.3—0.4 NazO
0.2 — O.eZnO

are decidedly "matts," irrespective of acid content.

Crazing and sJiiveriny. Fine mesh crazing, as noted

in Group I, was developed also in this group. No shivering

developed.

Crystallization. As shown in Plate No. IV, the glazes

having as an RO
J 0.3 — 0.5 NasO
\ 0.7 — 0.5 ZnO

irrespective of acid content, develop crystalline structure

to a notable extent. The glazes containing less than

0.5 ZnO melted to clear glasses, but still having less gloss

than the K2O glasses.

The crystals developed in the glazes of this group,

while needle-like, are comparatively large and symmetri-

cally arranged in radiating groups from definite centers

—

like the spokes around a hub. In the case of the potash

glazes, the needle-like crystals are massed like a pile of

loose pins, no systematic arrangement being observable in

any instance.

Owing to the consistent manner in which matt sur-

faces and crystalline efTtn^'ts were developed in this group,

notwithstanding the fact that they were burneil in three

installments, as were those of Group I, the statement that

Na^O will, in glazes of this type, permit of a more exten-

sive development of crystals than K.A) seems warranted.

It is also evident that on a commercial basis, none of the

glazes of this group could be used for tlie proiluction of
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(Mthor matts or crystalliue <]jlazos, owinj:; to the faet that

neither are devehjped to a eommereially noteworthy ex-

tent.

GROUP IV.

Sub-division into Series
on Basis of SiO, Molec-

ular Content

Variation in RO Content
within Each Series

Oxygen Ratio In

Each Series
Glaze Numbers
in Each Series

Series No. SiO,
Content

No. ZnO Na,0 Series No. O. R. a-j

1 1.0 a 1.0 0.0 1 2.0 331-340
2 1.1 b 0.9 0.1 2 2.2 341-350
3 1.2 c 0.8 0.2 3 2.4 351-360
4 1.3 d 0.7 0.3 4 2.6 861-370
6 1.4 e 0.6 0.4 5 2.8 371-380
6 1.5 f 0.5 0.5 6 3.0 881-390
7 1.6 g 0.4 0.6 7 3.2 391-400
8 1.7 h 0.3 0.7 8 3.4 401^10
9 1.8 1 0.2 0.8 9 3.6 411-420
10 1-9 J 0.1 0.9 10 3.8 421-430
11 2.0 11 4.0 431-440

Fiisibility. The infusible area is the same in this, as

in Group III.

t^oUihUity. The soluble area is confined to those-

glazes having NaoO content of 0.9 Eqv.

Luster. The glazes of this group have a more bril-

liant gloss than those of the preceding group. Glazes hav-

ing an RO of 0.3 KgO, 0.7 ZuO, irrespective of oxygen ratio,

are either so minutely crystalline as to be matts, or have
large crystals in a glassy matrix. This production in the

zinc-soda groups of small crystals causing a matt effect, or

large crystals causing a characteristic crystalline effect,

would seem to be a function of the burning, rather than of

glaze composition.

In all of the matured glazes of this group, those low^est

in oxygen ratio are the dimmest.
Crazing and shivering. The same phenomena of fine

mesh crazing with the lower oxygen ratios, and relatively

coarse mesh crazing with the higher, as in Group II, are

noted in this group.
A. O. 8.-23.
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Crysiallizaiion. The range in composition of j^lazes

showing either a developed or latent crystallization is nar-

rower in this group than in Group III, and about the same
as in Group II. The crystallizing tendency, however,

within this range is more pronounced in Group IV than in

Group II, and, where developed, the crystals are quite

large, the needles being in some instances, particularly in

glaze No. 355, 0.4 NaaO, 0.6 ZnO, 1.2 SiOg, over an inch in

length.

The most pronounced crystallization occurs Avithin

oxygen ratios 2.2 to 3.2. At oxygen ratios less than 2.2, the

crystals are so minute as to produce matt effects, and at

ratios higher than 3.2 the glazes, while glossy, show but

very little tendency to crystallize, except on the shoulder

of the vases.

Conclusions from Groups III and IV. In these two
groups, as in the case of Groups I and III, crystals were
developed with all oxygen ratios ranging from 1 to 4, but

the most pronounced and best devloped crystals occurred

with oxygen ratios 2.2 to 3.2. Within these ratios also, the

crystallization seems to be more persistent, and less a func-

tion of the burning conditions.

In glazes 374, 384 and 394, having the molecular for-

mula 0.4 NagO, 0.6 ZnO, 1.4 to 1.6 SiOo, large clusters of

beautiful crystals were produced that would be considered

as commercially attractive.

Develpment of crystals in the soda groups, III and
IV, was more pronounced than in the potash groups, I and
II. This checks observed facts in the phenomenon of de-

vitrification of glasses. "It^ has been determined that

glasses rich in soda devitrify faster than those rich in

potash.'-

iVan Hise, Treatise on Metamorphism, Mon. No. XLVH, U. S, Geol
Surv-.p. 248.
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Sub-division into Series
on Basis of SiO, Molec-

ular Content

Series No.

1

2
3

4
5
6

7

8
9
10
11

SiO,
Content

0.60
65

0.60
0.65
0.70

0.75
0.80
0.85
0.90
0.95
1.00

Variation in RO Con tent Oxygen Ratio in

within Each Series Each Series

No. ZnO K,0 Na,0 Series
No.

O. R.

a 1,00 0.00 0.00 1 1.0

b 0.90 0.06 0.06 2 l.l

c 080 0.10 O.IO 3 1.2

d 0.70 0.16 0.15 4 1.3

e 0.60 0.20 0.20 6 14
f 0.50 0.26 0.25 6 1.5

g 0.40 0.30 0.30 7 1.6

h 0.30 0.36 0.35 8 1.7

1 0.20 40 0.40 9 1.8

3 0.10 0.45 0.46 10
11

1.9

2.0

Glaze Numbers
in Each Series

441-460
451-460
461-470
471-480
481-490
491-600
501-610
611-620
621-630
531-540
641-550

Fusihilitij. When tlie liO contains less than 0.4

KNaO, the glazes are infusible at cone 10, irrespective of

acid content.

Solubility. Witli more than 0.6 KNaO in the case of

oxygen ratio 1, and 0.7 KNaO in case of oxygen ratio of 2,

the glazes are soluble. This confirms the results noted in

Group I.

Luster. All the matured glazes are matts, except

those having the molecular formula

0.4 ZnO
0.3 K2O
0.3 Na20 I-

3 to 2.0 SiOj

These glazes are clear bright glasses without the least

sign of crystallization.

Crazing and shirrring. Crazing in fine meshes, but

no shivering are noted in this group.

Criistallization. The essential difference between the

crystals in the zinc-potash and zinc-soda glazes in the al-

most total absence of symmetrical grouping in the former,

and almost perfect symmetry in the latter. In this group,

where the potash and soda are present in equal eiiuivalents,

these two crystallizing habits seem to operate simultane-

ously, but independently of one another, causing a matt
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surface, render an ordinary niaj:;nif>injj; i^Iass tlioro may
be no crv.'^tallino structure notcMl, but when examined un-

der a hijiher ])ower j>lass, the crystals are observed to be

irrejj^uhu-ly arranj^cd, i. e., here a synnnetrical jjjrouping

and there a heterof^eneous mixture. The force tending to

develop the characteristic crystals of the zinc-soda mixture

scHMus, however, to be the str()nf>er, for wherever the crys-

tals are developed sufficiently to be distinjijuished by the

naked eye, they are arranp;ed in symmetrical j^roups simi-

lar to those described in the soda glazes.

(iKOUP VI.

Sub-division Into Series
on Basis of SiO, Molec-

ular Content

Variation in RO Content
within Each Series

Oxygen Rmtio in

Each Series
Glaze Numbers
in Each Series

Series No. SiO,
Content

No. ZnO K,0 Na,0 Series
No.

0. R. a-j

1

2

3

4
5
6
7
8
9
10
11

1.0

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2.0

a
b
c

d
e

f

g
h
i

1.00

0.90

0.80
0.70

0.60
0.50
0.40

0.80

0.20
010

0.00
0.05

0.10
0.15

0.20

0.25

0.30
0.35

0.40
0.45

0.00
0.05

0.10
0.15
0.20
0.25

0.30

0.35
0.40

0.45

1

2
3

4
6
6
7

8

9
10
11

2.0

2.2

2.4

2.6

2.8

3.0

3.2

3.4

3.6

3.8

4.0

551-560
561-570
571-580
581-590
591-600
601-610
611-620
621-630
631-640
641-650
651-660

Fusibility, Solubility. The fusible and soluble areas

of this group correspond exactly with those of Group II.

Luster. Most of the matured glazes of this group
exhibit a surface that is neither as glossy as the potash, nor

as dim as the soda glazes. Mattness is most pronounced
with oxygen ratios ranging from 2.0 to 2.6.

Crazing and shivering. All the matured glazes of this

group are crazed, the craze mesh being coarser with each

increase in acid content.

Crystallization. Considering the most promising re-

sults shown in Groups III and IV, it is indeed very puzz-
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linjj; to note that the glazes of this <jjroup show so little

tcndcMK y to i rystallize. No large clusters of crystals were

developed.

Coiiclusioiis from Groups V and VI. The crystalline

areas in Groups V and VI are shown in Plate No. V, on,

page 350.

It is impossible to state why there was so little crys-

tallization in these double alkali mixtures. The same
treatment throughout was given to these groups as to the

former, so that the limited extent of crystallization cannot

be charged wholly to the conditions of firing or cooling.

The onlj^ analogous phenomena that the writers have per-

sonally seen is the attempt by Mr. Jones to obtain in our

laboratories a crystalline mass by supersaturation of a

mixture of several salts in solution, as reported by him in

his paper on efflorescence. Supersaturation of a single

salt produced definite crystals, but with a mixture of salts

the crystalline nature, if it possessed any, could not be de-

termined. It would seem far-fetched to attempt the ex-

planation of the dearth of crystal development in these

groups on any such basis, but the facts in these two experi-

ments, the one in ordinary aqueous solution and the other

in an igneous silicate solution, coincide so closely that we
cannot do otherwise than give the involved idea some
consideration.

OXIDE OF MANGANESE AS A CRYSTALLIZING AGENT.

The following manganese groups are similar in con-

struction to those of the preceding zinc groups. They were
planned and nearly all made up before the results obtained
in the zinc groups had been studied. In this we were fortu-

nate, for by blindly planning these groups, much that is of

interest, as will be seen, would have otherwise not been
brought out.
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GROUP XI.

Sub-division into Series
on Basis of SiOj Molec-

ular Content

Variation in RO Content
within Each Series

Oxygen Ratio of
Each Series

Glaze Number
in Each Series

Series No. SiO,
Content

No. MnO. K,0 Series No. O. R a-j

1

2

3
4
5
6
7
8
9

10
11

0.50
0.55
0.60

0.65

0.70
0.75
0.80
0.85
0.90

0.95
1.00

a
b
c
d
e
f

g
h
i

1.0

0.9

0.8

0.7

0.6

0.6

0.4

0.3

0.2

0.1

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

2

3
4
5
6
7
8

9
10
11

1.0

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2.0

1101-1110
1111-1120
1121-1130
1131-1140
1141-1150
1161-1160
1161-1170
1171-1180
1181-1190
1191-1200
1201-1210

Fusibilif)/. The fliixinji: power of manjianese mani-

fested itself in member a of each series where the glazes,

while not smooth, have flowed sufficiently to cover the bot-

tom of the saucer. On comparing the members a of this

group with those of Groups I and III, it would seem as

though MnO is a more powerful flux than ZnO. The re-

maining members of this group fuse to a smooth coating at

cone 10.

Soluhilitj/. With a potash content of 0.4 or more, and
oxygen ratio of 0.5, and also with 0.7 or more KoO and an
oxygen ratio of 1.0, the glazes are solubh^ in water.

Crazinfj and shircritu/. There is practically no craz-

ing or shivering noted in this group.

Tjuster. There are no bright glazes in this group. All

are dark brown, but streaked with purple in those of

higher, and light "flesh" brown in those of lower alkaline

content.

Cri/.sfaUization. In Plate VI is shown (he crystalline

area of this group.

The character of crystals, i. e., (licMr habits of growth,
vary considerably in a seemingly erratic manner. For in-

stance, in glaze 1144, 1 l(>;i, IKU, 1172, and 117;?, the crys-

tals are projected from the surface in globular form, while
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in Iho otluM" inst^mces, llic crystals arc conccnlrically <•<'-

velopod and lie wholly within the plane of the jijlaze matrix.

In the case of the j^lobular crystals, the greatest develop-

ment is near the base of the vase, while the non-globular

forms are developed mostly at the top of the vase.

Under a magnifying glass, the crystals in both in-

stances are similar in ireneral character.

GKoup xn.

Sub-division into Series
on Basis of SiO, Molec-

ular Content

Variation in RO Content
within Each Series

Oxygen Ratio of
Each Ratio

Glaze Numbers
in Each Series

Series No

.

SiO,
Content

No. MnO K,0 Series No. O. R. a-j

1 1.0 a 1.0 0.0 1 2.0 1211-1220
2 1.1 b 0.9 0.1 2 2.2 1221-1230
3 1.2 c 0.8 0.2 3 24 1231-1240
4 1.8 d 0.7 0.3 4 2.6 1241-1250
5 1.4 e 0.6 0.4 5 2.8 1251-1260
6 1.6 f 0.6 0.5 6 3.0 1261-1270
7 1.6 g 0.4 0.6 7 3.2 1271-1280
8 1.7 h 0.3 0.7 8 3.4 1281-1290
9 1.8 1 0.2 0.8 9 3.6 1291-1300

10 1.9 ] 0.1 0.9 10 38 1301-1310
11 2.0 11 4.0 1311-1320

FumhiUtii. All glazes having an oxygen ratio 1 : 2 are

fusible at cone 10. When the oxygen ratio has been in-

creased to 1 : 4.0 the glazes containing less than 0.3 equiva-

lents of KoO are infusible.

Solubility. All glazes of this group containing more
than 0.7 equivalents of KoO are soluble.

Luster. While no "matts" occur in this group, none
of the glazes containing more MnO or less KgO than 0.5

equivalents, can be said to be bright glazes.

Notwithstanding the fact that with low KoO we have
a high MnO content, there are no evidences in this or the

preceding group of any separating out of the manganese
forming the metallic lustrous effect that would appear in

a raw lead glaze, if more than 0.2 equivalents of MnO were
used. If anything, the maximum density of color in these

groups is produced with RO, 0.5 MnO, 0.5 KgO.
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Cri/stanizafion. In Plate No. VI is shown the crystal-

line area of this group.

The crystals in glazes having an oxygen ratio of 2.0

—

2.(> are very consistent in their manner of growth, and, in

repeated burns, in their extent of development. Data is

not at hand from which to judge of the influence of varying

heat treatment and tire gases on the development of crystals

in this acid range. So pronounced is the crystallizing ten-

dency in this acid range, that in nearl}'^ every instance, the

crystals have projected from the surface of the vase in

globular forms.

With higher acid content, the crystals are all within

the plane of the glaze matrix, and assume beautiful purple

concentric forms.

Color. Rich purple tints are developed in the follow-

ing glazes:

?>:6K^8il-^^«2.00SiO.

0:7K^§h-4^o2.00SiO.

Groups XIII and XIV.

Groups XIII and XIV were similar in construction to

the two preceding groups, differing from them only in the

use of NasO in place of KgO.
The general features of Groups XIII and XIV are

similar to those of the corresponding K2O groups. Their

crystalline areas are represented in Plate No. VII.

The habit of the crystals developing into the nodular
forms is not so pronounced in the NagO glazes as in those

of the KoO group, but occurs in the same relative glaze

composition in these as in the K2O groups. Crystals, when
lying wholly within the same plane as that of the glaze

matrix, are more fan-like, and the spaces between the radial

extension are webbed or tilled in more than is the case with
the K2O glazes.

Purple tints occur in glazes of the same relative com-
position in these groups as in the potash groups, but are

much liahter in tint.
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Uii(l(T favorable firing;- coiKlitioiis, jijlazes with 0.5 Eqv.

MnO and liij^li acid conteut, assume a permaiieut soft black

velvet-like texture that is very strikinj^. The writers are

unable to explain this i)henonienon, owinj;^ to the fact that

its development has been proven not to be Avholly a func-

tion of either the composition or firing conditions. In in-

tensity of color and softness of texture, it surpasses the

most perfect black tile, made by the use of recovered man-
ganese oxide, that the writers have ever seen. Vases ex-

hibiting this beautiful black effect are in the majority of

cases entirely free from definite crystals of notable size,

and yet there is occasionally a vase having this smooth
black texture as a background out from which stand purple

crystals i/^ of an inch in diameter.

^umman/ of Groups XI, XII, XII, XIV.
1. In both the potash and soda groups, the most in-

tense crystallizing development occurs between oxygen
ratios 1 .8 and 2.6, or acid content of 0.9 to 1.3.

2. The crystals developed in the KgO, MnO, SiOa
matrix are purple in color, and when not globular assume
circular forms. In these circular clusters, light colored

spiral lines, which are more or less regular in their spiral

growth, produce a damask effect that is truly beautiful.

In Plate XXI, page 381, is shown the globular growth of

crystals in glaze No. 1173, having the formula

and in Plate XX, page 380, the spiral growth in glaze No.

1155, having the formula

O4K2O }0-75SiO2

In Plate XXII, page 382, are shown crystals that are

just beginning to pass from the flat to the globular form.

This is developed in glaze No. 1235, having the formula
0.6 MnO ) ,

2 ^.^
0.4 K2O p-2tei<Jj

3. In contrast to the purple crystals of the KgO mix-
tures, the soda crystals stand out as white, or at least light-
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tinted forms on the brown and black backgrounds. In
these, the concentric or spiral rings are entirely absent.

The crystals, even when globular, have the circular crystals

arranged in radial clusters that, with the shading from
light to dark tints and the silky luster, look very much like

pansy blossoms.

4. The soda crystals, unlike any of those in KgO
glazes, are in some instances indistinct, and show merely

as a lighter tinted spot below the surface of the glaze, pro-

ducing a mottled effect that is superb. As these hidden
crystals develop, light-tinted concentric rings form around
the incipient crystals, increasing in both size and intensity,

until when the crystal appears at the surface, the concen-

tric rings are no longer apparent and the radial pansy-like

clusters of the acicular crystals appear. This transition

from the hidden incipient crystals, to a large well-devel-

oped cluster of crystals, is displayed on a single vase in a

large number of instances, and particularly in those glazes

that have an oxygen ratio of 2.6 to 3.0.

5. With 0.2 eqv. of manganese, the purple tint pro-

duced is much lighter and less rich in the soda mixtures

than in the potash.

6. For variety of crystallizing phenomena, and var-

iety of tints developed, the soda mixtures surpass those

containing potash.

7. As shown by contrasting Plates VI and VII, the

crystallizing areas in the potash-manganese glazes are as

large as are those of the soda manganese, but the soda-

manganese crystals are more persistent in their growth.
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GROUP XV.

Sub-division Into Series
on B:>»is of SIO, Molec-

ular Content

Variation In RO Content
within Kach Series

Oxygen Ratio of
Each Series

Glaze Numbers
in Each Series

Series No. SiO,
Content

No. MnO K,0 Na,0 Series
No.

O. R. a-j

1 0.60 a 1.00 0.00 0.00 1 1.0 1541-1550
>) 0.55 b 0.90 0.05 0.06 2 1.1 1551-1560

3 0.60 c 0.80 0.10 0.10 3 1.2 1661-1670

4 0.65 (I 0.70 0.15 0.15 4 1.3 1571-1580

6 0.70 e 0.60 0.20 0.20 5 1.4 1581-1590

6 0.75 f 0.50 0.25 25 6 1.5 1591-1600
7 O.«o g 0.40 0.30 0.30 7 1.6 1601-1610

8 0.85 h 0.80 0.36 0.36 8 1.7 1611-1620

9 0.90 i 0.20 0.40 0.40 9 1.8 1621-1630
10 0.9B j 0.10 0.46 0.45 10 1.9 1631-1640
11 1.00 11 2.0 1641-1650

In solubility, fusibility, luster and freedom from craz-

ing and shivering, the group corresponds with Group XI.

Crystallization. Globular crystals, while developed

with the higher oxygen ratios and manganese content as in

Group XI, are not so pronounced and are more confined to

definite areas. In Group XI these globular crystals occur

irregularly at any oxygen ratio, while in this group, they

occur only at the oxygen ratios of 1.9 and 2. On the whole,

the growth of nodular crystals is less pronounced in this

than in Group XI. In this respect Group XV resembles

Group XIII. The crystalline area and the glazes in which
there is a development of good crystals are indicated in

Plate No. VIII.

In general character, the crystals resemble more those

of the soda-manganese crystals, but have a little more in-

definite character. In many instances, and this is not con-

fined to any given area, the crystals are nearly devoid of

color, i. e. they are very light. In many others, there seems
to be a mixture of white and purple crystals interfering

with one another in development in a way that results in a
most striking variegated fawn-colored effect. This, how-
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ever, occurs only on a portion of a vase, and often a vase,

as for example in glaze No. 1646,

(•.5 MnO \
0.5 KNaO /

1.0 Si02

a large area of this variegated or mottled fawn effect will

be fringed by small radial fan-like crystals resembling in

detail those occurring in the soda-manganese glazes. In

glaze No. 1636,

0.6 MnO
0.6 KNaO

the crystallizing tendency results in blurred, but more or

less round, white spots scattered over a brown background.
The greater number and the more pronounced crystals

occur in glazes having as an RO
0.6 MnO
0.6 KNaO

GROUP XVI.

Sub-division into Series
on Basis of SiO, Molec-

ular Content

Variation in RO Content
within Each Seriei

Oxygen Ratio of
Each Series

Glaze Numbers
in Each Series

Series No. SiO,
Content

No. MnO K,o Na.O Series
No.

O. R. a-j

1

2
3
4
5
6
7

8
9

10
11

1.0

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2.0

a
b
c

d
e
f

g
h
i

0.00
0.90
0.80
0.70
0.60
0.60
0.40
0.30
0.20
0.10

0.00
0.05
0.10
0.15

0.20

0.26
0.30

0.36
0.40
0.46

0.00

0.05
0.10

0.15

0.20
0.25
0.30

0.36

0.40
0.45

1

2
3
4

I

I
9
10
11

2.0

2.2

2.4

2,6

2.8

3.0

3.2

3.4

3.6
3.8

4.0

1651-1660
1661-1670
1671-1680
1681-1690
1691-1700
1701-1710
1711-1720
1721-1730
1731-1740
1741-1760
1761-1760

The fusibility and solubility area of this grimp have

the same relative extent and position as in groups XI and
XIV. The color is dark brown or black, except in the case

of low manganese and high silica.

drytitaUization. The occurrence and extent of crystal-

lization developed in this group is shown in Plate No.
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VIII. Tlio crystals are not as nm'II dovoloped as in groups

XI and X\y, wlierc only ono alkali is used. In fact, the

combat between the crystallizini^ forces tending to develop

the two types characteristic of the K2O glazes on the one

hand and the Na^O glazes on the other, has resulted in that

dense black velvety tinish before noted. On some of the

vases, the characteristic crystals of the K2O glazes are de-

veloped, and on others those of the NagO, but on none do

the two types occur together.

Conclusions on the Manganese Groups XI, XVI.

First. \\'hile rich efifects are produced with KgO as

the only alkali, and with a combination of the tw'O alkalies,

the most extensive development and the most beautiful ef-

fects are obtained with a simple MnO, NagO, SiOg mixture.

Second. Mauganese-alkali-silica combinations have

in these experiments proven to better support the develop-

ment of crystals than the zinc-alkali-silica combinations.

Third. For variety of effects and richness in play of

dark and light colors, the soda mixtures prove to be the

best.

Fourth. For rich purples, the potash mixtures have
proven to give the best results.

Fifth. The development of what has been termed,

"globular" crystals will be of special interest in further

study of this problem, in that they can be easily detached
and analyzed. The writers have in a speculative way, as-

sumed various compositions for these globular crystals, on
the assumption that they are similar in composition to

some of nature's manganese crystals like rhodonite
(MnSiO;^), in an attempt to ascertain w^hether these man-
ganese glazes in many cases have not been carried to too

high a temperature to produce the best results. On every
hypothetical assumption, the non-crystalline portion of

these glazes proved to be similar in make-up to many glazes

reported as maturing at cone 1 or less. Close adherence to

the original plan of burning all glazes at cone 10, however,
prevented the following of these suggestions at the lower
A. C. 8.-24.
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heats. After determining the composition of the globular

crystals, there will no doubt be disclosed a very fruitful

field for further research along these lines.

Skrth. The use of manganese as a crystallizing agent,

so far as the \\ riters can learn, has never been exploited in

this country before. References have been made in various

places to the possibility of its use, from the fact that the

Japanese have claimed it was used in the production of

their magnificent purple crystals. Being to the writers an
untried crystallizing agent, no further studies were pro-

jected at this time, but for future studies it is planned to

try various zinc-manganese-alkali-titauium and silica com-

binations, which, it is believed, will be productive of many
new and highly interesting phenomena in crystalline

glazes.

TITANIC OXIDE AS A CRYSTALLIZING AGENT.

In most of the reported researches on crystalline

glazes, considerable stress has been laid upon the strong

influence of titanium in the development of crystals. In

view of the erratic manner in wliich titanium behaves as a

flux in clays and pottery bodies, and in view of the widely

divergent reports as to the manner in which crystals grow
under its influence, it was thought well to study the effect

of additions of titanium in several equivalent amounts at

different oxygen ratios, using as a basis the zinc-alkali-

silica mixtures of Groups I—VI.

If titanium had the power ascribed to it, either of aug-

menting the crystallization of other substances, or by en-

tering into combination with the crystallizing ingredients,

of producing greater constancy in habit of the crystals, the

writers thought that its true functions in these connections

would surely be revealed in the scheme presented below.

These groups were planned, and a few of them burned,

before the writers had opportunity to study the results

obtained from Groups I to VI inclusive. A more detailed

scheme was therefore executed than would have perhaps
seemed justifiable. Foreseeing this possibility, all groups
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of the lower oxygen ratios were not made up. Considering

the surprising results obtained, however, it is considered

fortunate that the titanium groups were carried out in the

detail shown in table IV, page 365.

Group XVII.

All glazes of this group containing more than 0.4

equivalents of KNaO are soluble, irrespective of the nature

of acid content.

All glazes of this group containing less than 0.3 KgO
are infusible.

Acicular crystals in the ground mass are visible to the

naked e^-e, even in those mixtures which are too infusible

to flow, and cover the entire surface of the vase. In fact, it

would seem in many instances, as though the whole mass
crystallized in its entirety, thus preventing its becoming
sufl5cientl,y fluid to attain a smooth surface. No commer-
cially attractive crystals were developed in this group.

(Jroup XIX.

In this group, all glazes containing more than 0.4

equivalents of KNaO are soluble.

In this, as well as in Group XVII, TiOo does not ap-

pear to operate as a flux. In fact, those glazes in which

silica is the onlj' acid present, are more fusible than any in

which TiOo has been added at the expense of some of

the SiO..

In Plate No. IX is shown the soluble, fusible and
crystalline areas of tliis grou]).

The crystals in this group are a trifle more developed,

and fewer in number. In fact, on the vertical faces of the

vases, the crystals may bo s;iid to be fascicularly grouped,

each group assuming its individual i)laiie and direction of

development. On the shoulders of many of the vases in-

cluded in the crystalline area shown in Plate No. IX, the

crystals are jirranged in radial clusters. Notwithstanding

the fact that the crystals of this group have definite habits,

thev are so small that tliev mav be called jnicro-crvstals.
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CRYSTALLINE GLAZES.

TRANS AM.CCR. SOC. VOL IX
G^OUP XIX

PURDV AND KREHBIEL. PLATE IX

OXYOEN RATVO J:|.4

0109_^ .

07 0.63 056 0>*9 OAZ 35 26 021 O Ui. QQf
eOUIVALEMTS OP TlTAINlC ACIO

Chart showing results of crystalline glaze experiments, using zinc
and the alkalies as RO fluxes, and titanic acid as part or all of the acid
portion. Oxygen Ratio of all glazes on this chart 1:1.4.
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The «2;lazes that «;av(' the most ])r()inisinp; results are

tbosi' having the molecuhu- (•()iiii)()siti()ii of

0.6 ZnO ) \ 0.21 to0.49SiO2
0.4 KNaO

i
^0.49 to 0.21 TiO-j

Croup XXI.

Ill this group, maximum fusibility is attained when
the ratio of Si02 to TiOo is 4: 1. Glaze No. 2283, having

the formula
0.8 ZnO 1 ( 0.72 Si02
0.2 KNaO / lO.iaTiOi

has fully matured; in fact, fused sufficiently to have run
off the vase to a considerable extent.

On vertical faces the crystals are fascicular, but do
not intertwine or overlap one another. On horizontal

faces, however, the crystals are more needlelike and so

thickly interlaced that the mass has a dull rough appear-

ance.

Crystals of fair size are developed as shown on Plate

X. In plates XXIX, XXX and XXXI, pages 389, 390

and 391, are shown the characters of these crystals.

While it is evident that a small addition of TiOg ren-

ders the ziuc-alkali-silica mixtures having low oxygen
ratios more fusible, the TiOo, or possibly the titanate that

is formed, does not remain in solution, but is merely sus-

pended in the glassy matrix. In fact, many of the glazes

of Group XXI resemble, in effect, raw tin glazes.

There is no evidence in the three titanic oxide groups

so far studied, that the titanic oxide enters into combina-
tion with the crystallizing compounds. On the contrary,

the crystals developed in glaze 2306, shown in plate XXXI,
and which contains no TiOg, are typical of the crystals de-

A^eloped in all of the groups which contain TiOo. Further,

crystals seem to develop only in the transparent glossy

patches, and not in those portions which are opaque. A
mottled effect, i. e. brown splotches, on a white or clear

background, is so characteristic of the titaniferous

glazes, that it seems plausible that the titanic acid mole-



CRYSTALLINE GLAZES.

TRAN5. AM CER SOC VOU IX

GROUP XXI
PUROV AND KREHBIEL. PLATE X

OXVGEN RATIO I; 1.8

072 063 034 4S 56

EOUIV'^'L.ENTS OF TiTAMIC ACiO

Chart showing results of crystalline giaze experiments, using zinc

and the alkalies as RO fluxes, and titanic acid partly or wholly substi-

tuting silica in the acid portion. Oxygen ratio of all glazes in this

chart 1:1.8. Circles indicate position of glazes furnishing good crystals.
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ciiles liavo clustiTcd toj^ether in .small jijroups. These

small jii'oiips are seldom, if ever, erj^stalliue, and appear to

have iiothiiijij in common with the clear matrix that sur-

rounds them.

That TiO^ conduces to crystallization is shown by the

fact that the i^iazes which contain the largest molecular

ecpiivalent of TiO^ are a mass of minute crystals. As silica

decreases, and titanic acid increases in equivalent amounts,

the matrix assumes the characteristic dark brown tint of

the titanium compounds. These dark brown niasses are

devoid of gloss, and yet when KNaO amounts to 0.7 equiva-

lents, the mass becomes sufficiently fluid at cone 10 to over-

flow the saucer on which the vase is placed. Whether this

fluidity is due to fusion of the whole mass into a molten

matrix, of to the fusion of simply a zinc-alkaline silicate,

by which the titanium compounds are carried in mechan-
ical suvspension, is not known. It is plain, however, that

the minute crystals which are formed in these dark brown
masses, and are devoid of color, resemble those developed

in the glazes which are free from titanium.

Plate No. X shows the general results obtained in

Group XXI.

Group XXIII.

In general characteristics, this group resembles XXI.
The crystals are larger and, for the first time, have passed
from the fascicular to clustered growths.

In plates XXXII, XXXIII, XXXIV and XXXV,
pages 392, 393, 394 and 395, are shown characteristic spec-

imens of the crystals developed in this group.

As the titanic acid content increases from to 0.2

equivalents, crystals increase in size and number. But as

the titanic acid is increased beyond 0.2 equivalents, al-

though the crystals continue to increase in number, they

decrease rapidly in size until, as shown in Plate XI, when
the titanic acid content amounts to 0.6 eqiTivalents the

crystals are microlitic in character, and the mass so thor-

oughlv crvstallized as to be devoid of gloss. When the



370 CRYSTALLINE GLAZES.

TRANS AM. CER SOC VOL IX
GROUP xxm

PURDV AND KBEHBIEL. PLATE XJ
OXVGEN RATIO 1:2.4

EQUIVAUEMTS OF TiTANlC ACID

Chart showing results of crystalline glaze experiments, using zinc

and the alkalies as RO fluxes, and titanic acid partly substituting silica

in the acid portion. Oxygen ratio of all glazes on this chart 1:2.4.

Circles indicate position of glazes furnishing good crystals.
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titanic acid lias increased to 0.9 equivalents, the whole

mass has crystallized to a dull porphyritic mass.

Orcmp XXIV.

The essential feiitures of this group are shown in

Plate XII.

In this group, the true role of TiOg is better shown
than in any of the preceding. The sharp line of demarka-

tion between the area in which crystals are developed in

clusters, and the area in which the crystals, while more
numerous, pass from fascicular habits of growth to inde-

pendent thread-like units, is considered as being due en-

tirely to the influence of increasing content of TiOg, and
not to accidental factors such as firing conditions, etc.

Plate XXXVII, page 397, shows crystals that devel-

oped in glaze No. 2613 which has the molecular composi-

tion of

0.8 ZnO
I
i0,2TiO2

0.2KNaOS I
1.2Si02

In no two glazes were the crystal clusters identical.

This diversified manner of development in zinc-titanium

glazes has been mentioned by other experimentors, but we
are still unable to explain the phenomenon.

In the introductory remarks, reference was made to

the fact that crystals have been developed in the cold under
the influences of vapor, from window glass that was to all

appearances a homogeneous mass. The w^riters are una-

ware of any experiments designed to show the possible

diversity in character of crystals developed under the in-

fluence of different vapors, but it seems plausible that such

a diversity would be probable. At all events, the fact that

ceramists have laid considerable stress upon maintaining
oxidizing conditions when burning crystalline glazes,

shows that considerable importance has been attached to

the composition of the vapors in which the crystals are

developed. Further, some writers insist that the character

of the vapor fumes should be controlled by heavily glazing
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TRANS. AM.CER.SOC. VOU. IX PURDY AND KREHBIEL. PLATE XII

GROUP X.XIV OXYGEN RATIO 12.8

08 07 06 5 OA 3

EQUIVALENTS OF" TITANIC ACID

Chart showing results of crystalline glaze experiments, using zinc

and the alkalies as RO fluxes, and titanic acid partly substituting silica

in acid portion. Oxygen ratio of all glazes in this chart 1:2.8. Circles

indicate position of glazes furnishing good crystals.
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the sides of the sagi^er with tlie same kind of j^laze as that

on the ware. The writers, liowever, have not been able to

obsei-ve that the ervstals (h*veh)iKHi in a tij^htl}' Inted and

heavily <2:lazed saj»i>('r were any more consistent in their

habits of growth than those developed in a jXHU-ly i;laz(Ml,

nn luted sa«i;sj;er.

It is noted that in this group, the most consistent de-

velopment of large cryst^ils occurs when the RO contains

0.8 efpiivalents of ZnO. In all gr()ni)s so far studied, the

large clusters were most consistently develoi)ed when the

ZnO content was 0.5 equivalents. Further, in the case of

the preceding titanic acid groups, the crystals attained

their best development when the ratio of TiOg to SiOg was
1 : 4, but in this group, the oxj^gen ratio of which is 2.8, they

attain their best development when the ratio of TiOa to

SiOa is 0.5 to 0.9 or 1 to 1.9. That there is some signiticance

in the fact that as the titanic acid increases, the zinc must
be increased in order to permit of extensive grow th of crys-

tals, cannot be questioned. Can it be possible that zinc

oxide, which, as w-as demonstrated in Groups I to VI, has
a pronounced crystallizing tendenc}^ must be increased in

order to overcome the tendency of titanic acid to develop

micro-crystals? This is indeed an important consideration,

but one which the writers feel unable to discuss from data
at hand.

Group XXV.

The oxj^gen ratio of this group (3.2) is higher than
that with which, in the zinc and manganese groups, there

was attained maximum development of crystals. In this

respect, the results obtained in this group check those ob-

tained in the analogous zinc and manganese glazes. Con-
sidering the fact that the several glazes having this oxygen
ratio were not burned at one time, and that, no matter what
the crystallizing agent employed happened to be, all agreed
in having a very limited tendency to develop either large
individual or extensive groups of crystals, it must be con-
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TRANS. Arvl.CEH SOC VOL !><.

GROUP XXV
PUROY AND KREHBieL. PLATE XIII

OXYOEISI RATIO 1 . 3 2

EQUIVALENTS OF TITANIC AOIO.

Chart showing results of crystalline glaze experiments, using zinc

and the alkalies as RO fluxes, and titanic acid partly substituting silica

in the acid portion. Oxygen ratio of all glazes in this chart 1:3.2.

Circles indicate position of glazes furnishing good crystals. Triangles

indicate glazes which made acicular crystals on vertical surfaces and

large crystals on horizontal surfaces.

ceded that the results are not accidental but rather are

characteristic of *,Mazes of this type and oxygen ratio.

In Plate XIII are shown the salient features developed

in this group.

Oronp XXVI.

The results obtained in this group are so similar to

those obtained in the preceding group that they do not

require elaboration.

In Plate XIV are shown the general results.
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TRANS. AM CER 30C VOU IX

GROUP XXVI

PURDY AND KREHBIEL.PLATE XIV

OXYGEN RATIO 1:3 6

OS 0.7 06 OS O a, 3 2

EOUIVAUENTS OP TITAMIC .AGIO

Chart showing results of crystalline glaze experiments, using zinc
and the alkalies as RO fluxes, and titanic acid partly substituting silica
in the acid portion. Oxygen ratio of all glazes on this chart 1:3.6.

Circles indicate position of glazes furnishing good crystals.

Group XXVII.

To this group belong all of the commercial zinc-titanic

acid glazes cited iu Table I. Notwithstanding the fact that

these commercial glazes have an oxygen ratio of 4.0, the

writers did not feel justified in enlarging the scope of these

investigations by including ratios higher than 4.0. In the

first place, they felt that the scope as presented, was per-

haps larger than the time and facilities at hand would war-
rant, and would rather sacrifice breadth of scope than
thoroughness in detail. In the second place, it seemed in-

consistent to expect greater crystallizing tendencies in

mixtures of high acid content, when all of our experience
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in the production of matt glazes, which are crypto,crystal-

line, indicated that it was in glazes of low acid content that

crystals would be easiest developed. For these reasons, the

results of this group are studied with added interest.

Larger individual crystals and larger clusters were
developed in this group than in the two preceding groups.

In Plate XV the results are shown diagramatically. In

plate XXXVIII, page 398, are shown the crystals obtained

in glaze No. 2944, which has the molecular composition of

0.6 ZnO / / 0.3 Ti02
0.4 KNaO \ ll.7Si02

TRANS AM CER SOC. VOL. IX

GROUP XXVII
PURDY AND KREMSiEL. PLATE XV

OXYGEN RATIO I. A

10 9 0.8 a? Ob OS 0.4 3
EQUIVALENTS OF TtTANJC ACiO

Chart showing results of crystalline glaze experiments, using zinc
and alkaline as RO fluxes, and titanic acid partly replacing silica in

the acid i)ortion. Oxygen ratio of all glazes on this chart 1:4.0. Circles
indicate position of glazes furnishing good crystals.
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Trans. Am. ('(m-. Soc, Vol. IX. I'ui(l.v.Krchl)i('l, Plate XVH.

Glaze No. 34G, having the formula

0.5 Na,0

0.5 ZnO
1 .10 SiO,

Being Glaze f , Series 2, Group IV.

A. C. S.-2-).
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Trans. Am. Cer. Soc, Vol. IX. Purdy-Krehbiel, Plate XVIII.

Glaze No. :!84, liaving the t'onuiila

().:: Na.O
/

(1.7 ZiiO ^

i.r> SiO

IJt'iii;,' (Ha/.t> (1, Series (>, (Iroiip IV.



CKYSTAM-INK (;i,A/,KS. :^'9

Trans. Am. Tor. Soc. Vol. IX. l>nr(l.v-Kr('Iil)i<'l, Plate XIX.

Glaze No. 394, having the formula

0.3 Na„0

0.7 ZnO
1.6 SiO.

Beins Glaze d, Series 7, Group IV.



380 crystaijLixe glazes.

Trans. Am. Cer. Soc, Vol. IX. Purdy-Krehbiel, Plate XX.

Glaze No. 11.').'), havin.s; tho lonmila

0.4 K..O i

0.6 MnO
o.T.'i SiO.

I'.ciii;; (lla/.c V, Srrios (5, (Jroii]) XI.



CKYSTAM.INK (U.AZKS. iWI

Trans. Am. Cvv. Soc. Vol. IX. I'lirdy-KrcliliicI, I'hile XXI.

Glaze No. 117;J, having the formula

0.2 K..0

0.8 MnO
i 0.85 SiOs.

Being Glaze c, Series 8, Cxroup XI.
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Trans. Am. Cer. Soc, Vol. IX. Purdy-Krehbiel, Plate XXII.

r

M^miM<^'i
"^^1

(liiizc No. 1211."), having tlic t'onniilu

0.4 K.O I

0.0 .MnO
1 .2(1 SiO.

I'.rin^' (ilazo o, St>rio.s ;{, (Jrouj) XII.



CK YST A l.l-l NK <1I,A/K.S. 38:J

Trans. Am. Cit. Soc. N'ol. IX. Piirdy-Krehhiel, Plate XXFIl.

Glaze No. 1412, having the formula

0.1 Na..O 1

[
0.9.5 SiO,

0.9 MnO )

Being (rlaze b, Series K), Group XIII.
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Trans. Atii. Cer. Soc. Vol. IX. Purdy-Krehbiel. Plate XXIV.

Glaze No. MM. liaviiii; ilio lonmila

ti.;; Na.O )

. (».!•.") SiO,.

7 MnO )

Wv'ma (ila/.o (1, Sorios 10, (Jrou]) XIII.



Trans. Am. Cvv. Soc, Vol. IN'-

C-UYSTAl.l-INK (Jl-A/KS.

Purdy-Krehbiel, Plate XXV.

Glaze No. 1422. having the formula

0.1 Na.O )

. 1 . (10 SiO.,

0.9 MnO
Being Glaze b, Series 1 1

Gnmp XIII.
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Trans. Am. Cer. Soc. Vol. IX. Purdy-Krehbiel. Plate XXVI.

(lliizf Xo. 1 12.".. haviuK tlie t'oiniiila

<i.2 Na.O
[ 1 .0(1 SiO..

0.8 MnO
Px'iiiL; (ila/.c f, Scries I I, (Jrou]) .XIII.



CKVSI'AI.I.IM': (iliA/.KS. 887

Trans. Am. Cer. Soc, Vol. IX. Furdy-Krehl)iel, Plate XXVII.

Glaze No. 1442, having the i'ornuila

0.1 Na.,0 )

I 1:10 SiO..

0.9 MnO j

Bpiiifj- Glaze b, Series 2, Group XIV.
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Trans. Am. Cer. Soc, Vol. IX. Purdy-Krehblel, Plate XXVIII.

Glaze No. k;;!."^, having the foniiula

0.4 KNaO
)

[ 95 SiOo
0.0 MnO )

Heiii;; (Jhiz»> e. Series lO, (iroup XV
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Trniis. Am. Cor. Soc, Vol. IX. Piudy-Krehbiel, Plate XXIX.

Glaze No. 2286, having the formula

0.50 KNaO i 0.81 SiO..

0.50 ZnO '» 0.09 TiO,

Being Glaze f , Series 9, Group XXI.



390 CRYSTALI-IXK (JI.AZES.

Trans. Am. Cer. Soc. Vol. IX. Piirdy-Krehbiel, Plate XXX.

Glaze No. -2'.*-\. liaving the roiniulu

0.:j KNaO \ 0.81 SiO,

0.7 ZnO j 0.09 TiO,

Beiufr (ilaze d, S(>ries 10, (iroiip XXI.
Hlistcrs due to use of too iiiucli ^^uin of tnifiiuiintli



(1{ YSTALMNK (il.AZKS. :m

Trans. Am. ('<m-. Soc .
\'ol. IX. I'urdy-Kiclihirl, I'luLc XXXI.

Glaze No. 230G, having the formula

0.50 KNaO ^ 0.90 SiO.,
^

0.50 ZnO ' j 0.00 TiO, S

Beinf? Glaze f, Scries 11, Group XXT.



392 CRVSTAL,LI>'E GLAZES.

Trans. Am. Cer. Soc. Vol. IX. Purdy-Krehbiel, Plate XXXII.

Glaze No. 2505, Iiavins the I'orimila

0.4 KNaf) ^ 1.0 SiO, )

(1.(1 ZiiO j O.L* TiO,
\

liciiif; (Jlazc e, Scries it, (Jroii]) XXIII.
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Trans. Am. Vvv. Soc. \'<>1. IX. I'in(l.v-Kr<'lil)icl, I'lulc XXXIII.

Glaze No. 250(), having the formula

0.5 KNaO ^ 1.0 SiO, .

0.5 ZnO ^ 0.2 TiO. S

Being Glaze f, Series 9. Groiij) XXIII.
A. r. S.-26.



394 v^KYSTALLINK <;LAZES.

Trans. Am. Cer. Soc. VcjI. IX. Puidy.Krehbiel. Plate XXXIV.

Glaze No. 2.")).'). liaviiif; the fonmila

0.1 KNaO
I

1.10 SiO,
^

O.C, ZiiO I (I. 10 TiO, ^

iJi'iu;,' (ila/.e e, Series 10, (rmup XXIII.



Trans. Am. Cor. Soc. Vol. IX

CKYSTAI.I-INK OI-AZKS. •^•''

|>„r(l> Kichbirl, IMatc XXXV.

Glazp No. 251(i. having the formula

6 KNaO ^ 1 10 Si02 )

5 ZuO I 10 Ti02 (

Being Glaze f, Series 10, Group XXIII.



396 IKYSTALLIXE GLAZES.

Trans. Am. Cer. Soc. Vol. IX. Pmdy-Kiehbiel, Plate XXXVI.

Olazc No. 2.')S». hiiviug tlie lorimilu

().:{ KNaO » 0.9 SiO,

0.7 ZnO J 0.5 TiO,

Beintf (xlazo tl, S»>rit»s »>, (rroup XXIV.



(•|{\ STAIJilNK (JI,A/KS. :{!»7

Trans. Am. {\'\\ Soc . X'ol. IX l>tir(l.vKr(>hbicl. I'l.itc XXXVII.

Glaze No. 2613, having the formula

0.2 KNaO ^1.2 SIO., i

0.8 ZnO \ 0.2 TiO,
)

Being Glaze c, Series 9, (xronp XXIV.



398 CRYSTAl.I.TNK (JLAZKS.

Trans. Am Per. Soc. Vol. IX. Pmdy-Krehhiel, Plate XXXVIII.

(rlazc No. L'!M \. haviuK the formula

(».:; KNaO > 1.8 SiO

(1.7 ZiiO ) 0.2 TiO,

K.iiij,' (Jla/,«' il. Scrit^ 5>, (Jroup XXVIl.



(HN S'l'ALMNK (il,A/.KS. ;^99

Tiiuis. Am. Cer. Soc .
\nl l.\. l»m(iy-Kn>l,hi<>l, I'ln,- XXXIX.

Glaze No. 2954, having the formula

0.3 KNaO ^ 1.9 SiOo

0.7 ZnO ] 0.1 TiOj \

Beiiifi; Glaze d. Series 10, Group XXVII.



400 CRYSTAI^LINE (iLAZKS.

Trans. Am. Cer. Soc. Vol. IX. Purdy-Krehbiel, Plate XL.

A mixed filazt- hiiviiiK aijpro.ximatcly the formula

(>.:« KNaO ] l.L'4 SiO.,
I

n.(!<> ZiiO I
(t.L'it TiO, ^
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Rummari/ of titanic acid groups. In Plate XVI are

shown TiOa contents with which commercially noteworthy

crystals were obtained at the various oxygen ratios. The
writers are unable to explain the contour of the curve, and
the possible significance of the upward trend from O.K.

3.0 to 4. is obvious.

While TiO^ has proven to be a powerful crystallizing

agent, its tendency has been toward the production of the

micro, fascicular and acicular forms. In small amounts
(0.4 and less) TiOa seems to initiate the development of

crystals after the type of those formed in the ZnO, KNaO,
SiOo matrices, but there is no evidence of its becoming a

constituent part of the crystallized substance.

GENERAL CONCLUSIONS.

The result of this investigation seems to throw some
light on the five questions propounded in the early portion

of this article, as follows

:

1st. Of the two alkalies, potash and soda, the latter

in every case was the most conducive to the development
of crystals. The crystals formed in the soda matrices were
not only the largest, but had the most pleasing habits of

growth and grouping.

2nd. The proportion of zinc and alkali most con-

ducive to the development of crystallization in every case,,

save that of the glazes high in titanic acid, was,

0.3 ZnO / ^Q f 0.6 ZnOfO.(

10.^0.7 KNaO \

^"
1 0.4 KnaO

3rd. Manganese oxide had by far the greatest crys-

tallizing tendency, producing not only large crystals but
also crystals of surprisingly varied habits of growth. Zinc
oxide had a tendency to produce large crystals in local

areas, as though the crystallizing substance had seggre-

gated. Titanic acid, on the other hand, produced crystals

that were small but evenly distributed throughout the:

mass.

4th. The character and shape of crystals induced by
A. O. 8.-27.
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manjianeso can not be adequately described. The globular

growths, that undc^r a magnifying glass were handsome,

produced en >»(/^'.s' an effect that was anything but pleasing.

The concentric growth, with the delicate spiral lines in

lighter tints, were superb, and the later crystals producing

variegated fawn-colored effects were very beautiful.

5th. The limits of oxygen ratio permissible in the

crystalline glazes were not established. The results, how-

ever, do seem to warrant the statement that an oxygen
ratio of 1 : 2.8 is better suited to the development of crys-

tals than that of 1 : 4 as used in practice today.

Schott^ found similar conditions in his study of the

Jena glass, as shown in Table No. V on page 402.

A study of these results confirms our findings in that

Schott's glasses also crystallized more freely at oxygen
ratios well below 1 : 4, and also that glasses in which the

RO is composed of 1 soda to 1 lime crystallize more freely

than those in which the soda is increased at the expense of

the alkaline earth.

DISCUSSION.

Tlie Chair: I would like to ask whether, after getting

these results, an attempt was made to reproduce any of

them using the same firing conditions and the same glaze

compositions.

Mr. Purdy : Yes, and we found considerable trouble

in getting consistent results in different burns. In a few
cases, we secured duplicate results. We generally purpose-

ly varied the heat treatment, so as to produce in one case a
clear gloss; in another, large crystals, and in another, a
perfectly matt surface.

The Chair : Was that variation in the heat treatment,

or in the glaze mixture?
Mr. Purdy : The variation w^as in the method of cool-

ing, in all cases. This is described in the paper, but in my
anxiety not to burden you by reading the entire paper, I

^Wagner, Chemical Technology, Crooke's Translation, p. 594.



406 CRYSTALLINE GLAZES.

gave this rather incomplete synopsis, off-hand. In that

way, I omitted to mention many points which should be

brought out in a proper discussion of the subject.

The Chair: If there is to be a commercial future for

this type of glaze, it must be shown to be in a measure un-

der control.

Mr. Purdy : That is a subject which will be taken up
at the University of Illinois the next semester. We have

covered the field in this hurried way, and now, selecting

the better crystalline glazes, we are going to try different

heat treatments and see if they will remain constant.

The Chair: When you get the crystalline formation

under varying heat treatments, are the crystals always the

same, i. e. of the same order?

Mr. Purdy: Yes, sir.

Mr. Gates: And always different. In other words,

when you get one, you know you will never get another

just like it, for the performance is so different under differ-

ent cooling conditions. The liquid consistency must be

just right, and just as long as it is right the crystals will

continue to grow, their lines of crystallization shooting or

growing outward from each crystal center until the one

touches the other and the whole surface is covered. I also

think the density of the liquid has to do with the fineness

of the crystallization.

A very interesting study on this subject is to take the

old experiment of mixing stale beer and sulphate of mag-
nesium and applying to glass. As the mixture dries or

whenever it dries to the proper consistency, crystallization

will commence, and as the lines of this crystallization ex-

tend out, if new liquid is carefully fed on,—just ahead of

the lines of crystallization—they can be continued in

their growth until they become enormous. This I think

interesting as sliowing that they do grow, although of

course impossible to duplicate in a glaze. Still I think the

same principle applies in that the glaze must reach the

proper fluidity—neither too great or too little—and must
be held riglit there during the crystallizing period.
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The Chair: Are these differences merely a question

of size?

Mr. Oofts : No. There is a difference of arrangement

of the crystals in groups, etc.

The Chair: I have heard of crystals being described

as cannibals; that is, as the process of crystallization goes

on, the big crystals eat the little crystals, just as big fish

eat the little ones.

Mr. Piirdjj: A constancy of result is found in all of

the titanic acid groups, the needle-like crystals all being

in the same areas of the curve sheets, and inasmuch as it

required two burns to cover each group, we think the uni-

formity of results there speaks well for a possible uniform-

ity in tlic development of crystals from burn to burn. We
did not have the same uniformity where zinc was used

alone, but with zinc and titanium used together, we have
greater uniformity.

Mr. Stover : Did you try to make a series, using lime

as the crystallizing oxide?

Mr. Purdy : No.

Mr. Stover : The reason that I ask is that I got one
of the most beautiful crystalline effects that I ever saw,

when firing a piece of cement rock, from up near Phillips-

burg. A party sent down a piece of the rock, which I put
in the kiln, firing it to about cone ten, or just about enough
to melt it, and it produced beautiful crystals. It was
thought to be a rock whose composition agrees pretty

closely with the formula used in making Portland cement.
Mr. Purdy: Perhaps it was not sufficiently empha-

sizefl in those parts of the paper which I read, but many of

these glazes that crystallized best, were of the same compo-
sition as ordinary glass, except that in the place of lime we
used oxide of zinc ; and in other places, instead of all the

acid components being silica, we used some titanic acid.

It is interesting to know that the glazes which behaved best

on the ware, were very similar in composition and crystal-

izing tendencies to ordinary glass.



NOTES ON DECORATING KILNS AND THE PROB-
LEMS OF OVER-GLAZE DECORATION.

BY

C. E. Jackson^ Syracuse, N. Y.

One of the most exasperating troubles met with in the

manufacture of pottery is that of ware coming from the

decorating kiln unfit for shipment. The plan, as at present

pursued, is to first sell the ware, then decorate it. Any-
thing that causes delay after orders are received means
delayed shipments, and in cases where parts of the allot-

ments go wrong, the routine of the factory system must be

temporarily obstructed. While the success and import-

ance of this phase of the work cannot be overestimated, the

technical features of over-glaze decorations have received

very little consideration in our transactions. While the

troubles which beset the ware in the decorating kiln have

not been systematically studied, it is known that they are

most of them due to faults in the firing. The same prin-

ciples of fuel combusion apply here as in all other cases,

and the process depends for its success upon the proper ap-

plication of these same principles.

For illustration of this topic, two vases are presented

for your inspection. The formula of the glaze in which
they were dipped will be given, also the glost kiln condi-

tions under which they were fired, and the treatment given

before entrance into the decorating kiln. From the results,

we shall aim to prove that a great number of the faults

ordinaril}' met with can be modified, if not entirely elimi-

nated, by a closer attention to the firing.

The formula of the glaze in question is

:

0.500 PbO
O82K2O
100 ZnO I 205 AI1O8I2 25 SiOt
I'O CaO •

0.218 CnO

1 OOORO
408
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All of tlio K^O was derived from ( -ornwall stone. This

glaze was oue of the extremes of a series made to develop

a eertain shade of color, and also acted as an extreme in a

replacement of KoO from Cornwall stone by the KgO from

feldspar.

The jjlost fire was given in the usual I6I/2 foot up-

draft potters kiln fired with coal, cone being- the maxi-

mum temperature in first ring of the kiln and cone 4 in

the third ring, or middle of the kiln. Admittedly, these

temperatures are high for this type of glaze; still, pieces

dippeil in this glaze and fired in the third ring, came out

very bright, with no evidence of overfiring and no tendency

on the part of the copper surface to reduce. The color was
a dark black-green, with a mirror-like background. Yet
this glaze will not stand a direct fire, for when fired in the

first ring of the same kiln, it came out with a dark metallic

or "gun metal" surface. This may have been due to the

volatilization of the lead, or to the alternate periods of

oxidation and reduction.

An attempt was made at this point to gild the pieces,

which required a refiring in the decorating kiln with coal

as fuel. After firing, instead of having the bright glossy

surface, we had a dark metallic surface, that in no wise

resembled a glaze in texture. Slower firing in the earlier

stages of the burning was tried, but no better results could

be attained. In no way that was tried, could we get from
the decorating kiln a piece as bright as when it came from
the glost kiln. Pieces taken and fired in other decorating

kilns, that had natural gas for fuel, gave practically the

same results, though some were less pronounced in their

metallic effect. With natural gas for fuel, we expect and
get almost perfect combustion, and the behavior of the

glaze in these kilns was ascribed to the effect of the size

which is used in the decalcomania process.

As about 90% of the ware contained in the kiln was
decorated by this process, the volatilization of the hydro-
carbon in this size becomes quite a factor to control. The
ordinary size contains linseed oil, varnish, pitch, resin.
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etc. Though confident that the effect we were getting was
due to the action of reducing gases, some method of prov-

ing it was sought, until the following was hit upon. A
design was painted on the glaze, using a soft over-glaze

flux as a paint instead of one of the usual ceramic colors,

the flux contained lead, borax and silica, well fritted to-

gether. The result of this experiment you have in the

large vase. Where the soft flux was applied, it protected

the surface from the effect of the gases, and at the same
time, fused itself into the glaze, diluted the original high

copper content and, in place of the dark black color of the

original glaze, produced in the areas outlined and covered

by the flux, a very much lighter brighter shade of green,

which is in striking contrast with the metallic background
surrounding it. Quite a number of pieces were made by
this process, and there was no trouble in producing any
quantity, thus showing that it was not a freak of the fire,

but a regular result due to fixed causes.

There is nothing new in the fact that a lustre, or

metallic surface, was produced in a muffle fire with a glaze

that was saturated with copper, since very beautiful effects

have been produced by this method, as well as in direct

fire, for a long time past. But the point to be considered

here, is the fact that this condition is reached here invol-

untarily, while in the other cases, the conditions are con-

trolled for the direct purpose of producing it.

In considering the smaller of the two vases, your at-

tention is directed to the fact that both came from the

same glost kiln, and the difference in their appearance is

due to the kiln conditions and temperature they received

in their treatment in the decorating kiln.

In the smaller vase, the same flux was used for paint-

ing on the design, and the vase was then placed in a small

Revelation kiln, and fired by kerosene oil. The glaze was
taken to fusion, or to a point where it showed a bright,

shining surface; when this point was reached, which was
not far beyond a cherry red or about SOO C, the firing was
stopped. The lowest cone in tlie kiln was 04, which was



Trnns. Am. Vvv. Soc. Vol. IX. .hick son, Plate I.

"Gun-Metal" glaze formed by breaking down of a copper green
glaze in a reducing decorating kiln fire. The fieur-de-lis and stripes

are bright transparent green, being kept from deposition of copper
oxide by a coating of clear glaze, applied like a paint. The additional
glaze diluted the original and thus prevented its breaking down in the
decoratin.g kiln fire.
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too liij^h to «;iv(^ us any refj;ister of the temperature. The

appejirauce of the piece, after it came from the decorating

kiln, is peculiar. The design painted on by the use of flux,

seems to have fused itself into the glaze more firmly, and

the green of the design is of a lighter shade than the one

fired in the large decorating kiln. The background, in

place of having a dull, metallic surface, as in the other

vase, has become a very definite black and the glaze has

become very bright; whereas in the beginning it was a

black-green.

There will be little difficulty in explaining the trans-

parent green glaze formed in the areas covered by the

design, since the flux used as a paint contained a high con-

tent of borax, and the color derived from an alkaline glaze,

with the same copper equivalent as a lead glaze, is of a

different shade. In the smaller vase, owing to the higher

temperature, the flux became more active and the tendency

was toward a shade of color that would be produced by a

combination of these fluxes and the consequent dilution

of the copper content.

With reference to the change of color from green-black

to black in the smaller vase, it is not so easily explained.

In order to obtain green colored glazes from copper, they

must be fired in an oxidizing fire ; otherwise we get varying

shades of black, down to grey, and, under certain condi-

tions, red. In this case, we apparently had reducing con-

ditions up to the point where the glaze began to fuse; but
the fusion was not active, nor prolonged enough under oxi-

dizing conditions, to allow the copper to give the glaze its

characteristic shade of color. Later trials under the same
conditions, but carried to a higher temperature, proved we
could bring back the original color—hence we concluded
that in the small vase we had simply allowed the metallic,

or reduced surface, to again sink itself into the glaze, and
had stopped the firing at that point.

From the work outlined above, and the evidence we
have before us, we must conclude that the composition of
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the gases entering or generated in the muffle, play an
important part in the successful operation of a decorating

kiln.

A little reflection with reference to the composition

and methods of preparation of a few over-glaze colors will

give us a clearer idea of what we may expect to take place

when reduction in the muffle becomes excessive.

Over-glaze colors may be divided into three classes

:

First. Those whose coloring oxide and fluxing in-

gredients are all fritted together. The dark blues of cobalt

oxide, and the mixing yellows produced by fritting potas-

sium bichromate and red oxide of iron are examples of

this kind of color.

Second. Those whose flux only is fritted, and whose
coloring oxide may be one or more, combined with some
base by calcination. This color then becomes a mechanical

mixture of flux and calcined oxides. The light shades of

blues, obtained by using cobalt oxide with oxides of al-

umina and zinc, and the blue-green shades produced by a

combination of cobalt and chrome oxides are cases in

point.

Third. Those colors which are simply a mixture of

fritted flux and oxide. As illustration, the various shades

of red oxide of iron and flux may be cited.

If we consider the care that must be taken in the

preparation of over-glaze colors, it will help us to realize

their extreme susceptibility to change. In the manufacture
of the red oxide of iron for iron reds, the sulphate of iron

is taken and washed clean, then roasted slowly until its

water of crystallization is lost. The rapidity and temper-

ature to which it is then calcined, determine the shade of

color that will be made from it.

Admittedly, different cimipositions of flux aid in de-

veloping certain shades or tints of color. Overtired colors

that lose their characteristic shades do not show the in-

ability of their coloring oxides to withstand this excess of

temperature, but rather show the increased chemical

activity of the flux, which tends to dissolve them and es-
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tablisli a movo dcfiiiito chemical relation. Consequently,

the oxides lose Iheir primary color. This refers solely to

those colors prepartnl by the admixture of flux and oxide.

In the case of those oxides that must be fritted alon<jj with

the flux, and only develop their colorinjjj power when com-

bined in silicate mixtures, we find the least variation in

color and tint due to the above cause.

We have found that in over-glaze colors, especially

those that are an admixture of flux and oxide, the tint or

shade depends upon keeping the color of the oxide through-

out, fixing it to the glaze by the aid of a soft flux, and at

the sanie time not destroying its individuality by too great

a chemical activity of the flux, or the gases entering the

muffle.

We begin to see the importance of the temperature,

and especially the rapidity of its use, as this will in a

large measure determine the composition of the gases

within the muflle. If we assume that in firing a decorating

kiln, the period of reduction exceeds that of oxidation until

the temperature reached within the fire-box, flues and kiln

is of itself sufficiently high to aid in the combustion of

carbon, etc., we find upon arriving at the point where the

composition of the gases becomes controllable from the

fire-box, that we have almost reached the finishing tem-

perature for over-glaze colors. Thus in decorating kiln

firing, there is very little opportunity given to remedy any
errors due to reduction in the early stages of the burning,

as the most favorable temperature for the control of the

gases is also the finishing temperature and the permissable
margin is very narrow. It is more so in our comparatively
soft fritted glazes, than on the hard glazes of true porce-

lain, which permit of a greater heat in the decorating kiln

and a consequent decrease in the amount of flux the colors

contain. This also explains in a sense the difficulty we
meet with in trying to use French and German colors on
our glazes, without first softening them. The slight in-

crease of temperature they are able to give their ware,
exercises quite an influence on the control of their kiln.
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In the early stages of the firing with coal as fuel, and
with the hydro-carbons within the kiln or muffle being set

free, it is absolutely impossible to get good oxidizing con-

ditions. The best we can do, using the present methods
and with our present knowledge, is to keep it relatively

so. Some of the defects arising from bad combustion,

whether it -be from the gases surrounding the muffle, or

from tlie volatilization of the hydro-carbons in the mor-

dants used may be indicated as follows

:

1. Lack of uniformity of the same color, when ap-

plied with equal strength and in the same kiln.

2. Dullness or lack of gloss in the color, owing to the

flux not developing properly, leaving the color harsh.

3. Particles of carbon attaching themselves to "short-

glazed" high points, or rough edges, and becoming perma-

nently fixed.

4. The tendency of a reducing fire in the decorating

kiln to magnify and develop defective glost firing such as

over-firing, smoked ware, and the effects of sulphur.

Many different forms of kilns have been constructed

from time to time in an effort to overcome the difficulties

in the decorating fire and, where the output is large enough
to justify it, the continuous circular kiln offers some ad-

vantages. For potteries whose output is that of an ordi-

nary eight kiln plant, the decorating kiln now coming into

use in the firing of decorated glassware is the most promis-

ing, as its initial cost and operation is less than the kiln

now in general use. Especially is this true, when it is used

for the hardening-on of under-glaze printed ware. Pieces

placed in a kiln of this description for the purpose of

hardening-on the printed under-glaze colors, came out in

every instance successfully, and within five hours after

they were put in, they were ready for the dipping tub.

The kiln, as now constructed, would require some
slight alteration to be used for over-glaze in a pottery, as

the temperature required for a gloss firing is about 950°

F

and for pottery 1150° to 1200°F; but this expense, due to

clianges, would be more than offset by its easy handling
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and control, while many of the troubles met with in the

use of the present kiln would be eliminated.

The eonstruetion, method of pluein*?, and firing, is as

follows: The kiln is 100 ft. in length and SMi ft. to 6 ft.

in height; the fire-box and muffle are situated in the center

with flues at right angles to each side of the muftie. The

width of the muflle is 4 ft. extending under and over the

ware. The length and number of the fines at right angles

from the muflle are determined by the class of product to

be fired and the speed with which the kiln is operated, as

the function of the tines is to warm and heat the ware
gradually up to the temperature of the muffle and to gov-

ern the cooling after it is fired. The ware is placed in iron

pans, vt'hich are the same width as the kiln—these pans

rest at three points on endless chains that run the length

of the kiln. The pans, full of ware, are then started from
one end and moved at the will of the operator, by turning

a cranked gear on which the chains are caught. In firing

glassware, the operation its completed in 41/4 to 5 hours

and the kiln is full the entire length. Then for each new
pan of unfired ware put in, a fired one is taken out at the

other end. Two fire-boxes are used, one at each side of the

kiln, and the combustion gases are cared for by the aid of

three stacks, one at the combustion chamber and one at

each end of the flues. Pyrometer readings, taken for six

hours, prove that this kiln can be operated within a varia-

tion of 25°C for that length of time by the aid of a coking
plate in the fuel box.

The method of operating this kiln is to fill and empty
it twice daily—ware going in the kiln in the morning,
coming out at noon, and the ware going in at noon, coming
out that afternoon ; the kiln being empty at night. The fire

is allowed to smolder during the night and is replenished

early in the morning for the day's firing. Many objections

have beto raised against this type of kiln, but principally

that of its tendency to cause dunting. Yet where semi-

porcelain, decorated with glass colors, was tried, no
trouble w^as experienced. Whether an increased tempera-
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ture of 200°F would induce dunting, could only be deter-

mined by trial and, if so, a lengthening of the kiln Avould

control it. Bowever, the advantages of a kiln of this char-

acter are so apparent that its thorough study and conse-

quent adaptation to our needs seems to be impelled equally

by the idea of progress and the steady stress of competition.

DISCUSSION.

Mr. Orton: Several years ago, when Mr. Jackson

was making these experiments on this dark gun-metal cop-

per glaze, he was kind enough to send me a sample of it,

of exactly similar character to the samples accompanying
his paper here today. It had the dark gun-metal finish

over all and the lighter transparent green decoration, and
he explained how he had obtained it. On looking at the

thing intently, I thought I could see a peculiar surface on

the glaze, and my pocket glass confirmed this idea. I then

chipped off a sliver of the glaze, and put it on the field of a

microscope of moderate power, and found that with its

change from a bright smooth glaze to a dead metallic sur-

face, the structure of the glaze had altered as profoundly

as the color had. From a plane mirror-like expanse, it had
become minutely ridged, resembling the ridges on the palm
of the hand, but so fine that they cannot be st^n clearly

with an eight-power hand glass. There are millions of

these little parallel lines, like waves and valleys.

After this discovery, I began to speculate on the pos-

sible nature of this wavey surface: whether it was pure

copper oxide, or some copper compound segregated out

from the glaze under the influence of reducing gases, or

whether a change in the surface of the glaze itself had oc-

curred. To get at this, I dropped a chip of the glaze into

some aqua regia, warmed it a minute or two, and took it

out again. The acid bath took off every particle of copper

oxide from the surface, and left the surface bright and
glassy and transparent. But T found that the clear green

ghize had identically the same wav^^l surface as the gun-

metal coating which had been taken awav.
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Tlieir arc several possible explanations of this phe-

nomenon, Imt whieh is the eorreet one still remains in

doubt.

1st. The riHluetion of the j^laze by the hydrocarbons

liberated in the deeorutin*; kiln, may have been the cause

of the formation of the thin skin of cupric oxide on the

surface. The «>laze, being highly charged with this cupric

oxide, and being reduced by the gases,might easily form a

film of metallic copper, which as the reduction ceased

would tend to reoxydize when the kiln cooled and fail to

again go into solution in a glaze already nearly saturated

with this oxide.

This view is supported by the fact that the gun metal'

sujface could at any time be destroyed by heating up to

higher temperatures than the decorating kiln afforded, in

oxidizing atmosphere, when the brilliant dark green gloss

would be resumed.

2nd. The gun-metal surface may have been due to the

segregation of copper oxide from a glass solution whieh
was saturated at the higher temperatures of the glost kiln,

but which was supersaturated at the lower heat range of

the decorating kiln. When the glost kiln was cooling-

down, it may have passed rather rapidly through this

temperature range, and thus avoided the separation of

copper oxide, which could not be kept in solution during a
second exposure to the critical temperature range. This
theory does not make use of reduction, but merely super-

Siituration and the separation of a part of the oxide out, to

maintain equilibrium. The fact that at those points where
the tlux had been painted on, the surface remained bright

in the decorating kiln, supported the saturation theory
strongly, for reduction was powerless to form a film where
the copper had been diluted by the addition of fresh glass.

3rd. The formation of the beautifully regular but
microscopic ridged structure of the surface is evidently

closely connected with this separation of copper oxide from
the glaze—whether as a cause or a result, or merely a con-

current phenomenon is not known. At first, it was thought
A. C. 8.-28.
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that this microscopic ridging was the cause of the dead or

matt or metallic surface, and that the loss of brilliance of

the surface was nothing more than an interference phe-

nomenon of the minutely parallel ridged surface. But,

when the copper was removed by acid, and the glaze under-

neath was found to still have the same structure, but to

no longer show the metallic color or gun-metal effect, this

theory had to be abandoned.

4th. If copper in a metallic film were to be formed by

reduction from a heavily saturated glaze, and were subse-

quently to oxydize, is it not probable that it might increase

in volume with the change, and the lateral pressure of the

film of oxide result in wavelike corrugations in the

surface? The glass below, which had given it up, would be

plastic at decorating kiln temperatures, and would proba-

bly easily adjust itself to the shape taken by the film of

oxide above.

Whatever the cause, this segregation of copper oxide

on the surface of this glaze is certainly an interesting phe-

nomenon, well worthy of a more careful study.



SOME ASPECTS OF THE PHYSICAL CHEMISTRY
OF FUSING SILICATES.

BY

A. V. Blkininger, Columbus, Ohio.

Chemistry as a science is undergoing constant devel-

opment. It is emerging more and more from an empirical

to an exact science, and is approaching physics in exacti-

tude with surprising rapidity. This is especially true of

all reactions and chemical conditions at ordinary tempera-

ture, where the processes may be studied by means of the

most exact instruments and methods, so that even now we
can consider and study chemical phenomena from the

mathematical standpoint. A glance at any of the modern
textbooks will reveal this. It cannot be denied that there

is still doubt in regard to the mechanism of many instances

of chemical activity nor that mathematical theory has been

carried too far in some cases, beyond the reach of experi-

mental evidence. The fact remains, however, that physical

chemistry is building a firm foundation of chemical theory

and is eliminating that empiricism which has rendered the

study of chemistry of doubtful value as to mental disci-

pline, and at the same time is proving of great benefit in

the practical application of the science.

When we come to the study of the chemistry of igneous

processes, however, we reach a field where most of the

applications of exact measurements fail owing, naturally

to the high temperatures with which we have to deal. It is

only recently that this field has been attacked with any
degree of success coincident with the development of in-

struments for the measurement of these temperatures and
other apparatus such as the electric furnace. We are not
surprised, therefore, that it is not possible today to write

a textbook on the physical chemistry of igneous silicates

simply because the experimental evidence is so meagre. But

419
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we are also convinced that this condition is simply a mat-

ter of time, and with the ijjrowing development of the

necessary apparatus and chemical theory this field also

will be thoroughly explored and opened up. We are hence

dealin with virgin soil which needs the plow and harrow
of the investigator.

In this paper the writer does not pretend to report

fully upon the field even so far as it has been studied at the

present time, as it would be impossible to do this in a

single paper, nor does he pretend to originality. Flis sole

aim is simply to present to the ceramist some of the meth-

ods used by investigators in this branch of chemistry from

whose work he shall quote freely and to indicate laws

which are believed to govern the behavior of igneous sili-

cates. Completeness is out of the question.

Physical-Chemical Methods.

Let us not be frightened by the somewhat formidable

name of physical chemistry, and imagine that its methods
are peculiar to itself and are to be applied only by the

trained theoretical chemist or physicist. All of us con-

stantly apply the methods of physical-chemical investiga-

tion, and many theoretical results have been known to us

from practical observation and experience, though per-

haps we have not seen clearly the why an«l w herefore of

them. And if we become somewhat more familiar with the

aims of the new chemistrj^ we might be incited to look for

new facts which are bound to be of interest and practical

value.

Physical-chemical methods comprise the study of all

of the specific properties by means of which we differen-

tiate one species of substances from another. By an arbi-

trary classification into groups, the various properties

which can be studied might be assembled as follows:
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]. Clmiiges ill voluine density.

11. Thermal effects and changes.

III. Expressions for chemical activity.

IV. Optical changes.

V. Electrical constants.

We must realize, of course, that these classes of pro-

perties usually change simultaneously so that an alteration

in one will involve changes in some of the others. The fol-

lowing specific properties may thus be studied

:

I. Changes in volume and specific gravity, porosity,

hardness, crystalline structure, fineness of grain, viscosity,

elasticity, toughness.

II. Coefficient of expansion, melting and solidifica-

tion points, temperature of transition point, temperature

of eutectic point, specific heat, total heat of fusion, latent

heat of fusion and transition, lowering of melting point

and point of solidification by solution, rate of cooling,

solubility and supersaturation, radiation.

III. Speed of reaction, speed and sequence of crys-

tallization, equilibrium and dissociation, vapor pressure,

reaction temperature, catalysis, surface tension, adsorp-

tion, heats of reaction and solution, heat of formation,

phases of chemical systems, chemical thermodynamics.
IV. Color, opalescence, fluorescence, index of refrac-

tion, chromatic absorption, polarization, optical reactions

of crystalline silicate minerals.

V. Electrical conductivity and resistance, measure-

ment of electromotive force, electrolysis, electro-magnetic

separation.

In the following paragraphs, the writer will endeavor
to call attention to each of these properties with respect

to its study in our field and wherever possible, he will cite

instances where such work has actually been carried out.

The determination of the specific volume of many of

our silicates gives rise to the most interesting results, is of

the utmost practical value, and has already been made use
of by many investigators. Practically we can measure vol-
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umes and volume changes either directly in the volume

meter or by determining the specific gravity both of which,

if the necessary precautions are taken and the proper cor-

rections are made are carried on without any special diffi-

culty. By thus determining volumes for a continuous re-

action we should expect continuous changes in volume

which for the same reaction should be represented by a

smooth curve. Any sudden changes in the volume of a sub-

stance would indicate a sudden reaction. In case no change

in volume is observed, this might be due to the neutralizing

effect of two reactions with opposite volume changes. Thus
in fusing any crystalline silicate in nearly all cases the

volume seems to increase. By volume we mean the real

and not the apparent volume, the real volume being ob-

tained by dividing the specific gravity into the weight of

the substance, the determination being carried out in such

a manner that the effect of cavities and bubbles is practi-

cally eliminated. It is entirely possible that the apparent

volume of a piece of clay will decrease in burning while the

real volume actually increases. There are some substances

whose specific volume is smaller in the amorphous than in

the crystalline condition. Amorphous strontium borate,

Sr (BOs)., at 20°C. has a volume of 0.3073 cc. per gram,

while crystalline strontium borate occupies 0.3184 cc. per

gram. On the other hand, when the borate was fused at

1100° an increase in volume of 0.02 cc. per gram was no-

ticed. Interpolating^ between the volume differences of

the isotropic and anisotropic strontium borate at 20° and
1100° it is found that the volume of the two is equal at

360°. For very easily fusible substancevS, not silicates, the

simple rule^ has been found that the tomperature-volume

curves of the same substance in the isotropic and aniso-

tropic condition cut each other at absolute zero.

Quartz in the pure, crystalline state has a specific

gravity'* of 2.654, (at 25°) while fused quartz has a deu-

iQ. Tammann, Sprechsaal, 85, 1904.

*G. Tammann, SprecliHaal, 85, 1904.

3A. L. Day, and E. L. Shepherd, Jonr. Amer. Chem. Soc. 9. 1906.
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sity of 2.213, showing again that fusion has resulted in an

increase in volume. The specific gravity of crystalline

feldspar is 2.()11, while that of the fused spar is 2.4G7,

showing an expansion of G per cent.

If thus we start w'ith a clay body, heat it to various

temperatures and determine the volume by means of the

specific gravity at each temperature we should expect,

that, as vitrification and fusion go on, the volume in-

creases. Such a temperature-volume curve would give us

hence a faithful picture of the change going on towards

fusion, and the shape of this curve for a given clay or body
is of extreme importance in determining its practical qual-

ities. It has been found in this way that feldspar begins

its fluxing effect considerably below its melting point, and
that the vitrification of a porcelain body really begins at

quite a low temperature.' The effect of rapidly acting

fluxes like lime would thus be brought out in a characteris-

tic manner.
In a clay body though some of the quartz and feldspar

is left free, w^e would have an increase in volume due to

the change of quartz to tridymite and the fusion of the

feldspar by itself. In reality we have complex changes in

volume, some of w^hich may be negative or positive, so that

we only know the resulting difference in volume, the alge-

braic sum of these changes.

Probably the most striking and extensive results in

this respect have been obtained by Prof. Purdy, who has
made an elaborate examination into the volume changes of

many clays, and who has drawn most interesting and in-

structive conclusions.

Among the classic examples of this sort of investiga-

tion is the work of Van't Hoff, upon the volume changes of

plaster as measured in the dilatometer in w^hich by means
of the abrupt changes in volume he clearly proved the

various transition points. Similarly, the Geo-Physical lab-

oratory of the U. S. Geological Survey has followed the
reversible change of quartz to tridymite.

>Bertlel, Sprechsaal, Nos. 2-1], 1904.
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In many physical chemical investigations, the volumes

are expressed in terms of the molecular volume, that is,

the volume occupied by a gram molecule of the compound
studied.

Porosity. The determination of porosity may some-

times be used as an index of change in volume, but usually

it is a most unsatisfactory and misleading way of getting

at the facts, especially since it is quite difficult to obtain

accurate results even by taking elaborate precautions. It

is always far more preferable to depend upon painstaking

specific gravity determinations. In a general way it does

indicate change in volume, and it may be employed where
absolute values are not necessary. It has its importance

in materials of open structure where the determination of

the porespace is desired as in soft burned clay, green, dry
pressed tiles, etc., as an aid in solving technical problems.

Hardness. This property is one of the most difficult

to measure, and can only be determined by more or less

empirical tests governed by the judgment of the observer.

There are now used elaborate devices for the estimation of

the hardness of metals, but they have not yet been em-

ployed for our work. The testing laboratory at Charlotten-

burg has devised tests for determining the hardness of

burnt clay products by grinding down the test piece under
uniform and standardized conditions.

Crt/siaJl})ir Structure. Since ceraiuip silicates arc on

the borderland between glassy and crystalline structur(\ a

knowledge of crystallography or at least a practical work-

ing knowledge of the science is extremely valuable. The
transition from the crystalline to the glassy condition is

constantly met with in our work, and the consequences of

such crystallization are far more far-reaching than moat
of us suppose. In an amorphous body like glass, its phy-

sical properties are uniform in all direction, while in crys-

tals the specific properties are alike only in parallel dire<'-

tions. Even in products like paving brick, this question is

an important one. The writer found ])aving brick of which

a specimen that showed up poorly in the rattler test, gave
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<listiiicl evidence of crystallization, the needle-like crystals

being clearly defined under the low power microscope,

while the sound brick showed no crystallization. How
often crystallization appears in j>lazes when it is not de-

sired and fails to show when it is most eagerly sought, is

well known to every clay worker. In a thoroughly vitrified

body we thus start with clay and crystalline bodies like

quartz and feldspar, which begin to react at about 1100°C,

and slowly the glassy stage is approached till the body
softens and loses its shape. At this stage when the mass
has reached that degree of fluidity which enables crystalli-

zation to take place, we should expect to find evidences of

crystals. Practical experience often shows this to be true

and there are many instances on record where well defined

crystals have been found in porcelain. Some recent evi-

dence is brought out in a most interesting article by Dr.

Mellor', who found needle-like crystals in a piece of Chi-

nese porcelain which resemble the needles of sillimanite,

AI2O3 SiO^. The same investigator shows a section of

crystalline structure found in a Berlin porcelain crucible.

The study of borates has also been begun by various

investigators, more or less attention having been paid to

the crystallization being produced by the sodium borates,

lithium borate, alkaline earth borates and the lead borates.

The whole subject of body as well as glaze crystalliza-

tion is still so little understood that its study is one of the

urgent needs in our work.

Fineness of grain. The fineness of grain is a subject

whose importance is fully realized by ceramists as the liter-

ature upon this point indicates, from the time of Tuer-

schmidt and Seger to our own time. The transactions of

the American Ceramic Society contain excellent articles

upon this topic, and the field is far from being exhausted.
It is hence hardly necessary to call attention to its bearing
upon ceramic problems.

^Dr. J. W. Mellor. The Minute Structure of Porcelain, Parian, Semi-
Porcelain and Earthenware. English Ceramic Society, Vol. V, Part 2.
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V'Ucosity. This property of fused silicates, though

difficult to determine with accuracy, has an important

bearing upon the behavior of glazes, and is intimately as-

sociated with such practical problems as the crawling of

glazes. Surface tension plays an important part in this

respect and represents a totally unexplored field. Viscosity

we know is an important function in the crystallization of

glazes; if too great, it interferes with the mobility of the

molecules and hence prevents crystallization. We know
that many silicates are extremely viscous and never, at

least not within the range of our temperatures, attain

complete fluidity. Very silicious and aluminous silicates

show this phenomenon to a great extent. Quartz itself has

no definite melting point and retains a high viscosity up to

the highest temperatures employed, so that the production

of articles from quartz glass is connected with consider-

able difficulty, and it is almost impossible to remove all of

the enclosed air bubbles. On the other hand some silicates,

especially those of the alkaline earths, move quite rapidly

from the solid to the fluid condition. Seger obtained an
expression for the viscosity of glaze by placing the silicates

to be compared upon a clay slab inclined at 45° and meas-

uring the distance which the different glasses had run
down. For many practical purposes, such a test would
be sufficient.

Tammann^ expresses the relation between the capac-

ity for spontaneous crystallization, the viscosity and the

velocity of crystallization by three curves, where the origin

is the melting point, and the cooling tiikes place along the

X axis starting with the melting point (see Figure 1) ; the

y axis measures the magnitude of these three properties.

We see that the viscosity curve v increases in a parabolic

path with cooling, the tendency to spontaneous crystalli-

zation, curve c, reaches a. maximum on cooling, but after

passing this interval rapidly falls and the velocity of crys-

tallization k, passes a maximum close to the fusing point.

>G. Taiiiniann. Sprechnaal, :\'>. liXM.
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TRAMS.Afv1.CER.SOC.VOU. IX BLEININGER, PLATE J

Me/f/n^ po/nt Temper£}ti/re

Figure 1. Curves showing relation between spontaneous crystalliza-

tion, viscosity and velocity of crystallization to temperature.
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The form of these curves, provided we could plot them,

would thus indicate the conditions governing the viscosity

and devitrification. For glass which is to be blown or

molded the viscosity curve should have a definite slope,

just as it must have a characteristic shape for crystalline

glazes and glasses.

In applying the study of viscosity to other ceramic

problems, the question has been raised as to whether the

conditions of plasticity of kaolins and ball clays could not

be gotten at by determining the viscosity of kaolin and ball

clay slips. This point has been suggested by Mr. H, E.

Ashley. In investigating this probably the method of

Coulomb might be employed, which depends upon the tor-

sion of a thin wire to which a heavy metal disc is attached,

immersed in the slips. When made to vibrate torsionally

the ratio of any two successive oscillations in the same di-

rection is a function of the viscosity of the liquid. By
means of a graduated circle and a pointer attached to the

wire the turning points can be read off and the amplitudes

thus determined.

The viscosity of clay bodies on being heated could be

determined by subjecting bars, supported at two ends, to a

constant load and measuring the resulting deflection. In

this way it seems a good and practical criterion for the

viscosity of the body can be obtained as has been shown
by the work of Cramer.

Elasticity. Too little is known about this property of

silicates to be of much practical use at present, and its

determination at present is a function within the province

of strength of materials rather than physical chemistry.

Toughness. This property, though its strict scientific

determination is one of extreme difiiculty, can be deter-

mined with sufficient accuracy by means of the rattler

and impact tests such as are practiced in the Roads Mater-

ial Laboratory at Washington. Speaking of the rattler

test with which alone the writer is acquainted, it is his

opinion that this process of rattling, crude as it may seem,

gives after all, coniparative data on changes in the physi-
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cul stiuclui'o of clay bodies, llieir dei^roo of vitrification

and that indetinitc quality of brittleness which have con-

siderable value. The writer has had opportunity to see the

results of many tests and it is surprising how sharply the

rattler dilVerentiates, for instance, between vitrified and
over-burnt bodies. It must be realized, of course, that the

process involves a considerable experimental variable er-

ror, and that hence conclusions must be drawn from a

larger number rather than from a few tests. Ogden's

work^ shows that consistent results are obtained wdth

rattler tests when applied to porcelain.

CocfficiGnt of expansion. This constant, though de-

termined by numerous investigators for porcelain and
glass has not yet been studied systematically in connection

with the composition of silicates, or at least no such corre-

lations have been published. The coefficient of expansion

of burnt clay bodies was studied by Le Ohatelier, and one
of the most accurate determinations has been made by
Dr. J. W. Mellor^ who found the mean coefficient expan-

sion of clay floor tiles, between 15° and 100°C to be

71.4X10 ^for soft burnt, 70.3X10 ''for properly burnt, and
69X10-' for hard burnt tiles.

There is no doubt but that thermal expansion meas-

urements of glasses when correlated with composition will

bring out results of considerable importance and practical

bearing involving such industrial problems as the fitting

of glazes and various uses of glass. When once determined
some of our glaze problems would be simplified to a great

extent. If the complete researches carried out at Jena
were published these data might be available today.

Melting and Solidification Points. The melting and
solidification point of a silicate are not necessarily identi-

cal since the phenomena of supersaturation and super-

cooling play an important part. It must also be realized

that only minerals and definite compounds have a sharp

iTrans. Am. Cer. Soc. Vol. VH.
"Trans. Eng. Cer. Soc. Vol. V, Part U.
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melting point, wliile in all solid solutions, that is, in all

glasses, fusion takes place during a longer or shorter inter-

val. Even in the ease of some minerals like quartz the

crystalline structure is retained for some time above the

point where fusion begins, and hence we have to deal with

a melting interval rather than a melting point. This ia

due to the fact that quartz changes to tridymite before

fusion begins, and hence the so-called fusing points of

quartz are the melting temperatures of tridymite. The
change from quartz to tridymite consumes some time, and
we may have at first mixtures of quartz and tridymite until

finally all the quartz has been inverted.

For most work in the study of silicates the so-called

melting points are employed which are determined in

various ways. One commonly used is the observation of

the bending of cones so well known to clay workers. This

method, though giving comparative results, is not suited

for absolute determinations. With some silicates it is

-liable to give considerable errors, especially in very rapid

firing, inasmuch as the amount of the eutectic mixture and
the viscosity of the silicate after melting influence the ra-

pidity with which the cones bend. It must be remembered
that the formation temperature is below the melting point

and not, as some claim, coincident with it. We are speak-

ing here of absolute melting temperatures, of course, which
by any method are almost impossible to determine accur-

ately. The Geo-Physical laboratory of the U. S. Geological

Survey has studied various calcium silicates by means of

heating the compounds to various temperatures and ob-

serving the changes in the optical properties with great

accuracy; in this way the formation and inversion tempera-

tures were obtained with a good degree of certainty.

Burgess' has studied the melting points of various

borates by first fusing the compounds to a platinum wire

and at the same time fusing on to the bead another plati-

num wire to which a gram weight was attached. As soon

'Trans. Eng. Oer. Soc. Vol. V. Part 2.
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as Boftt'iiiiij; bej^jiu after hcatiiiy; the wire by means of au
electric eiirreut the weight pulled off the wire, aud this

point was called the nieltinj^ point. The temperature was
measured by the resistance method.

Another method is to fuse silicates in crucibles and
determininc; the meltinjjj point by insertinjji: a thermocouple

into the fused mass, allowing it to cool and heating again

to the melting point. In this way some very accurate re-

cults have been obtained.

For rapid though somewhat inaccurate measurements
platinum foil has been employed upon w^hich small parti-

cles of the silicates are placed, and which is heated electri-

cally by turning on, gradually, more and more current

through known resistances. By this method the relative

fusing points can be determined roughly.

Howe^ suggests as trial pieces for melting point deter-

minations, truncated pyramids upon which rest porcelain

indicating rods, separated at the point of contact from the

trial pieces by means of chromite w^afers. As the pyramids
settle on fusion the indicating rod is low^ered on a scale

and the temperatures at this point can be observed. These
rods, of course, extend through the muffle. The rate of

settling then offers also a means of noting the relative vis-

cosities of the silicates.

Numerous determinations of melting points of miner-
als have been made during the last few^ years, and some of

them with considerable accuracy. Thus Doelter has found
the melting points of the following minerals to be

:

Wollastonite 1245°

O

Augite 1100—1185°C
Biotite mica 1155—1240°C
Muscovite 1260—1270°

O

Titanite 1215°C
Apatite 1285°C
Nepheline 1120°O
Leucite 1310°C

*A, M. Howe, Metallurgical Laboratory Notes.
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Andalusite 1370°C
Orthoclaso 1190°C
Albite 1140°C
Anorthite 1180°C

Transition point. This has been determined for a

number of compounds, notable examples of which are the

transition points of (luartz-tridymite, which is about
800° C, of Cao SiO/ from the Alpha to the Beta and Gamma
variations, Alpha calcium orthosilicate changing to the

Beta form at about 1410, the Beta into Gamma at about

Similarly, in steel there haAe been observed the transition

points of the various carbon compounds with great accur-

acy. Well known inversion points are those of sulphur and
phosphorus.

Melting and freezing curves of silicates are of extreme

importance in the study of fusion phenomena and find con-

stant use in investigation. We need only point to the work
of Seger, Bischof, Richters, Hecht, Cramer, Vogt, and
many others. The deductions of Roozeboom, Tammann
and others, based on the phase rule, have also put our

knowledge of fusion upon a sound theoretical basis, and
have prescribed the methods of reasoning to be followed.

In the study of fusion processes we must clearly dis-

tinguish between two general cases, the fusion of minerals

not entering into chemical combination with each other,

and the fusions resulting in isomorphous mixtures.

The case of the simple mineral fusion is to be consid-

ered first.

Let a case be assumed where two bodies a and h under-

go no chemical reaction and form no double salt or isomor-

phous mixture, fig. 2. ITere a crystallizes out until the

eutectic point Tc is reachecl, when h and the balance of a.

all crystallize out simultaneously. If the solution (/-/) had

contained an excess of h, h would have cryst^illized out,

first, giving at the eutectic point a and the balance of h, he.

The composition of the mixture (a c—h c) is constant.

That mineral which is in excess compared with the

eutectic composition crystallizes out first. The sequence

»A. L, Day and E. S. Shepherd, .Tonrn. Am. Cheni. Sor. 9. 190R.
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TRAtSS./Vrvl. CER SOC. VOL IX BLEININGER, PLATE II

Figure 2. Fusion curve of two minerals forming no double salt or

isomorphous mixture.

A, C. S.—2fl.
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of segregation is not determined by the melting points but

bj the composition of the fusion compared with that of the

eutectic mixture.

In this connection supersaturation must also be con-

sidered, since a does not crystallize out at T but only as

far below T that the necessary degree of supersaturation

of a is reached. After the solution has cooled to the eutec-

tic point Te^ a may continue to segregate, though owing to

the presence of the solid phase supersaturation is not

likely. Segregation of h begins when the solution is cooled

so far below the eutectic point that the solution is suffi-

ciently supersaturated with h, at Tuh, and a meanwhile
crystallizes out till Tub is reached. Then all of h which is

in supersaturation will crystallize out. Rapid crystalliza-

tion of the supersaturated amount of h causes a rise in

temperature, due to the latent heat, about 100 calories per

gram. Hence, during the segregation of the supersaturated

amount of h the solution becomes diluted with respect to a.

The simultaneous segregation of a and b takes place only

when the solution has returneil to the eutectic point Te.

Fig. 3 shows the states of saturation in a fused binary

mixture.

One exception is to be noted. If the crystallization of

b. is associated with but slight supersaturation while a re-

quires a strong supersaturation, in a solution containing

somewhat more of a than of b than is required by the

eutectic mixture, b might crystallize out first, in spite of

the fact that, if supersaturation is not considered, a should

crystallize out first and would do so if the quantity of a

were greater.

It is seen thus that supersatunition plays an import-

ant part in the crystallization of silicate fusions. In many
binary systems not far from the eutectic mixture of the

respective minerals we observe more of the mineral crys-

tallizing out first than should be expected from the eutectic

point.

Vogt studied in this connection a certain mixture of

rhodomite and fayalite; here 33.3% of rhodonite should
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Figure 3. States of saturation in a fused binary mixture.
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have separated out, but instead 40% of this mineral

separated. In some cases a crystallized out first, then h,

the balance of the mixture solidifying as glass. This is to

be ascribed to supersaturation.

Conditions are different when we are dealing with

homogeneous fusions whose solidification produces only

mixed crystals. Here a distinction must be made between

a resulting unbroken and broken series of mixed crystals.

In the first case three types are possible, I, II and III, figs.

2 and 3. The dotted lines indicate the composition, the

ratio a : ?; of the mixed crystals resulting at each stage, the

solid line represents solidification temperatures of the

fusion.

I. The solidification points or mixtures lie between

the freezing points of the components, fig. 4.

II & III. The solidification curve has a maximum or

minimum, fig. 5.

If the series of mixtures is broken we have two types:

IV. The solidification curve shows a break at a trans-

ition temperature between the freezing points of the mix-

tures, fig. 6.

V. The freezing curve consists of two parts which
extend from the freezing temperatures of the components
to a lower point, E, the eutectic point. When the compo-
nents solidify as different kinds of crystals only, two types,

IV and V are possible, fig. 7.

The rule holding good for all types is that the fusion

as compared with the mixed crystals contains a greater

portion of that constituent who.se addition has lowered the

freezing point.

Freezing or solidification, representing type III, fig. 8,

may be considered as proceeding very slowly or (piickly.

I. The cooling proceeds very slowly. If the fusion

has the concentration r, the freezing begins at /) and crys-

tals of qu are formed. The c()mi)osition of the fusion is

thus changed and it varies from p to r during cooling.

The crystals formed first are not in equilibrium with

the altered fusion. They also change their composition
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I

Figure 4. Fusion Curve producing mixed crystals. Solidification

points between freezing of compounds.
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and pass, as the temperature is lowered from qu to s. At
the temperature from r to s the last portion of the fusion

is frozen and all solidifies to homogeneous mixed crystals

of composition c.

2. Rapid cooling. Here there is the possibility that

the crystals formed first are not able to come into equili-

brium with the new melt. The liquid at every decrease in

temperature throws down somewhat diiTerent crystals

whose composition lies left of qu. If the temperature is

lowered to the minimum then liquid and crystals have the

same composition, and the last amount will not solidify to

crystals of the composition of the minimum. The solidifi-

cation of a mixed crystal does not take place at a point but

in an interval, p-s or p-niin. Inversely, the fusion of a hom-
ogeneous, mixed crystal would take place in the interval

s to p with constant change of its composition and that of

the liquid formed.

Lowering of melting point. It has been known for a

long time that a mixture of silicates fuses at a lower tem-

perature than the silicates themselves. But the principles

underlying this phenomenon have not been clearly ex-

plained until within recent years. We know that a mixture

of 74.25% of orthoclase and 25.75% of quartz fuses at a

lower temperature than either mineral. Such a mixture

fusing at a lower temperature than any other combination

of the two minerals is called the eutectic mixture. The
following are the same eutectic proportions

:

55% Diopside. 45% Calcium metasilicate

65% Melitite. 35% Anorthite.

70% Augite. 30% Olivine.

74% Melilite. 26% Olivine.

87% Lead. 13% Antimony.

96% Lead. 4% Silver.

97.7 % Martensite. 2.3 % Graphite.
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TftANS. AIS/I.CE«. SOC. VOU.I X BLEiNiNGEP, Plate Vi

FiGURB 6. Fusion Ourre producing mixed crystals, showing one

transition temperature.
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FiQURB 7. Fusion Curve producing mixed crystals showing one

eutectic point.
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This phonomenon is (lopciulcnt upon tlie well known
physical fact that 1 ^rani niolofule of a substance dissolved

in any solvent causes a constant depression of the freezing

point. Tf 1 ,nrani molecule of any substance dissolved in

100 ^rams of any one solvent causes a depression equal to

K, then if A is the depression caused by a 1% solution,

MA = K,

where M is the molecular weight of the solution, or

K
M = —

.

A

It g grams of any substance are dissolved in G grams of

solvent and the depression is d, then

dG g
or Mi= lOOK—

,

lOOg dG

where K is found experimentally. This law was stated by
Raoult (1887) and was experimentally discovered by a

ceramist, Richter, in 1807. Van't HofT states the same
law by referring it to the absolute temperature

dT = 0.0198—,
L

where T is the absolute temperature and L the latent heat

of fusion per gram of the solvent.

This important law was fully realized by J. H. L.

Vogt\ who made it the basis of his most extensive and
laborious work. On the basis of Van't Hoff's formula he
calculates the eutectic mixtures mathematically with some
exactness.

Practically, the eutectic mixture of any two minerals
is found by making several melting point determinations
from each end of the series and connecting them by straight

lines. The intersection of the two lines is the eutectic

point and hence gives the eutectic mixture. This is illus-

trated by the following curve, fig. 9, where mixtures of

cryolite and alumina were fused together and their melting

^Schmelzpunkt Erniedrigung der Silikatschmelzloestuigen.



444 PHYSICAL CHEMISTRY OF FUSING SILICATES.

TRANS. AM CER SOC VOL. IX BLEININGER. PLATE IX

1020

1010

l/Wl

/^
y

/X

9dO

M 980

\ /S. ^/
A

\ /
/^s

\J^^
1̂970

Vj|960

§950

^9A0

^930

920

910

\
V /
\ /

^

/

VV

SQOyo -97 9A 91 ee 85 62 79 Oyo/ite

3 6 9 12 15 Id 21 AJummio

FiauRE 9. Fusion Curve of cryolite and alumina.



PHYSICAL CHEMISTRY OF FUSING SILICATES. 446

points dctcriniiiod. It will bo observed that there is a

decided eiiteetic point and further on a less prominent one.

Ceramic work, especially in the work in glazes and
glasses constantly brinj^s in this important law. For
instance, the reason why we prefer to use as many fluxes

as possible is that we obtain in this way a number of de-

pressions in the melting point, with the resnlt that the

glaze or glass has become much more fusible than could

have been done in any other "waj. A recent illustration is

the fact found by Coulter^ that an addition of kaolin

caused a cone mixture to fuse at a lower temperature in

spite of the refractory nature of kaolin. In terms of the

above law the kaolin caused a depression proportionate to

its amount and molecular weight, until, of course, the sili-

cate solution became saturated.

Vogt summarizes his conclusions in regard to the

eutectic point as follows:

"Those minerals having a high melting point and a
relatively high latent heat of fusion have a eutectic point

so located that it lies closer to the more infusible mineral.

If the difference in the melting points is considerable, the

eutectic point is very close to the fusing point of the more
fusible mineral. The eutectic point of two minerals having

about the same melting point is nearly in the middle. The
eutectic composition also approaches close to the lower
melting component when the latter has a high and the

more infusible mineral a lower molecular weight."

These laws are modified if the minerals form mixed or

isomorphous crystals. Also supersaturation enters into

the case more or less.

fipecific heat. This constant has been examined into

by Barns, Vogt, and other investigators. It has been found
for instance that the specific heat of silicates changes with
the temperature. Barus found the specific heat of solid

diabase, between 800 and 1100° to be 0.304, for liquid

JTrans. Am. Cer. Soc. Vol. VIII, p. 16P.
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diabase, 1200^-1400= to be 0.350. Vogt writes for the

specific heat at different temperatures: c=Co(l -(-0.000078.-

T).

Total heat of fusion. A great deal of exact work was
done along this line by Akerniann, who determined these

values for fused slags by pouring some of the melted mass
into a calorimeter and finding in this way the heat

of fusion. He used about 200 grams of the silicate and
found the heat« of fusion to vary from 340-350 gram calor-

ies per gram. These data permit of exact conclusions in

regard to the melting point depression of mixed silicate

fusions. The error attending the work of Akermann was
about ±4%.

Latent heat of fusion. By observing whether a silicate

solidified in the crystalline or glassy condition it was pos-

sible to deduce also the latent heat of fusion. Glasses have

no latent heat of fusion, while crystalline bodies have. The
latent heat is especially indicated by the cooling curve of

silicates and from the time of cooling, the specific heat, the

total heat of fusion and the temperature, the latent heat

may be calculated. Thus Akermanite was found to have a

latent heat of fusion of 90 calories, diopside, 93 calories,

calcium borate^ 49 calories, leucite 26 calories.

The latent heat of fusion of silicates is the greater

the higher the absolute heat of fusion. For most silicates

it is not far from 100 calories per gram.

The heat of transition of silicates has not yet been

determined with sufficient accuracy for the well known
inversions.

Le Chatelier lias observed the absorption of heat dur-

ing the dehydration of kaolin between 550 and 650°C. He
also showed by means of a recording pyrometer the sudden

setting free of heat on heating kaolin to 1000° correspond-

ing to the isomeric change of state after which the alumina

becomes insoluble in acids. In neither case was this heat

absorption determined quantitatively.

>G. Tammaun, Kristallisieren ami Schmelzen.
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Ixatc of cooliiu/. The observation of the rate of cool-

ing and reeoi'ding the resulting time-temperature curve has

produced some of (he most interesting and important re-

sults of physical chemistry. Attention need only be drawn
to the magnificent work done with alloys and steel, the

results of which, es])ecially in the second case, have been

of far-reaching conse<iuence for the steel industry. Vogt
has done considerable work along this line by fusing con-

siderable (quantities of a silicate, often more than 30

pounds and obtaining the cooling curve. The rate of tem-

perature decrease was measured by means of a thermo-

i'ouple inserted into tlie cooling liquid.

Generally speaking, there may be five types of cooling

curves.

T. In the case of a glass the cooling curve from the

liquid to the solid solution is uniform and shows no breaks,

fig. 10.

II. The curve shows a break due to the evolution of

latent heat. This happens either if the solution is identical

with the solidifying compound or if the solution is exactly

an eutectic. The horizontal distance ah is a measure of

the latent heat of fusion, fig. 11.

III. Mixed crystals are formed. The crystallization

begins at p. The latent heat is measured by the lines p-f
and g-s, fig. 12.

IV. The solution consists of several components but
not in the eutectic proportion. With two components
mineral I begins to crystallize at a and continues to do so

to the eutectic point E. During the crystallization of the

eutectic mixture the temperature remains constant from
E to E\ The latent heat is measured by a—/ and qu—E%
fig. 13. Supersaturation may have considerable importance
in this respect, though it has not been considered here.

V. Here we have also a transition point, u, from one
solid phase to another, fig. 14.

The cooling curve proper always approaches the ab-

scissa asymptotically.
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Soluhiliti/. The field of solubility determinations in

ceramic work is practically untouched. What, for in-

stance, is the solubility of tin oxide in various glazes and
glasses, how soluble is zinc oxide, chrome-tin pink? By
means of small increments of these substances and optical

examinations it would not be a difficult matter to obtain

definite values for these and many other compounds. In-

timately connected with this problem is supersaturation

with respect, for instance, to alumina.

RaJiatioti. The constant of the heat radiation of sili-

cates is of considerable theoretical and practical interest.

According to Stefan the amount of heat, qu, radiated from

a black body is

qu=aT^

where a is a constant, including the specific heat of the

body and T is the absolute temperature. Vogt writes for

silicates the formula: qu=Kc (T^-'^—Tj^-^), where K is

a constant, c the specific heat, T the absolute temperature

of the silicate and Tj the absolute temperature of the sur-

rounding space.

Speed of reaction. There are cases in ceramic work
where the speed of reaction can be measured. Thus by

means of specific gravity determinations the rate of vitrifi-

cation can be measured. In other instances we can mea-

sure the rate of hydration of cements, the rate of decompo-

sition by electrolysis.

Speed and sequence of crystallization. The speed of

crystallization has already' been discussed under the topic

of viscosity. There is to be considered yet the subject of

the sequence of crystallizati(m.

According to Vogt the individualization of the separ-

ate minerals in a fuscxl silicate depends solely upon the

chemical composition of tlie entire fused mass, independent

of the temperature above and below tlie melting point and
independent of the time of cooling.

PJqnilihriinn and dissociation. Exami>h*s of this sort

we have in the dehydration of kaolin, the decomposition of
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Figure 10. Cooling curve of a solution, glass; no crystallization

takes place.

A. C. S -30.
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FiouRB 11. Cooling curve of a fused mineral, the mineral crystallizing

out at one temperature.
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Figure 12. Cooling curve showing the crystallization of mixed crystals.
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Figure 18. Cooling ctirve of a solution containing several components

and showing solidification of an eutectic mixture.
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Figure 14. Cooling curve showing one solidification and one

transition point.
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ralcium carbonate, ferrous carbonate, change of ferric to

ferrous oxide and many more.

In most of the above chemical changes we are dealing

with a lieterogeneous equilibrium, since, as for instance in

the case of the reaction

CaCCT^ CaO+CO,

the concentrations of the vapors of calcium carbonate and
calcium oxide are practically zero. If then we let the

concentration of the vapor from calcium carbonate equal

Ci, that of calcium oxide Cg and of carbon dioxide Cg, the

concentration constant must be

C2 C3 Ci

= K or cz— — K.
Cl C2

Since here Cj, Cg and k are constant, C3 must be con-

stant also, and hence it is only the pressure of C3, carbon

dioxide, which governs the reaction, causing it to go

forward or backward. This reasoning can be applied to all

similar decomposition reactions. Practically the same
conclusion is reached by the application of the phase rule.

Vapor tension. Wherever sublimation or evaporation

occurs in ceramic work a study of the tensions of decom-

position is highly instructive, though this is not very easy

of application in many cases. The volatilization of boric

acid and lead oxide are cases in point. A model investiga-

tion of this kind is the determination of the tensions of car-

bon dioxide resulting on heating calcium carbonate, by Le
Chatelier. He was thus able to show at what point the

dissociation tension was equal to the atmospheric pressure,

thus establishing the temperature of complete decomposi-

tion of calcium carbonate.

Reaction temperature. These in the case of silicates

may be equivalent to the temperatures of vitrification or

fusion. Many reactions may, however, be carried on and
completed at lower temperatures. For instance, the ques-

tion might be raised : what is the minimum temperature at

which a cone may melt on long continued heating? Simi-
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larly tlio mininnim tomporatures of vitrification and fusion

might be (U'tcrniincHl. In tlie case of cements this is like-

wise an interesting problent.

Catalijfii.s. It is strongly suspected that there may be

cases in which certain reagents cause reactions in igneous

mixtures which are catalytic in their nature thus, for

instance, the presence of steam and other gases like fluor-

ine on amorphous alumina resulting in crystalline alum-

ina, corundum.
AI2O3 (amorphous) 4-6HF=2 AIF3+3 HgO.
2A1F3+3H20==A1203 (crystalline) +6 HP.
In this special case Vogt denies the catalytic action

of fluorine.

Surface tension. A great field is still open in the

study of clays with reference to drying and the expulsion

of hygroscopic water, as well as the flow of fused matter

through the mixed silicates, on this basis. Much might be

learned in this respect by following the work done in soil

physics. The adsorption phenomena of clays might like-

wise be made the subject of further study.

The heats of reaction and solution are phenomena of

theoretical and practical interest. To cite examples of

this kind of work we can point to the determination of the

heat of hydration of hydraulic silicates a knowledge of

which has proven of practical value in judging the quality

and behavior of cement. By comparing the heats of decom-
position on treatment iwth hydrochloric acid, Ostwald was
able to prove the existence of definite compounds in Port-

land cement.

Heat of formation. This question is of interest both
theoretically and practically, since a knowledge of the

heats of formation together with other thermal con-

stants enables us to apply the laws of thermo-dynamics
to chemical reactions and processes, as indicated by the

French school of physical chemists. The results of such
thermodynamic reasoning have frequently been far reach-

ing and helpful. Practically, the knowledge of thermal
changes allows us to estimate the heat used in our igneous
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reactions. To illustrate, Tschernobaeff^ determined the

heat of formation of the following calcium silicates and

aluminates to be

:

CaCOg -I-Si02=CaOSi02+CO2+27.3 calories.

2 CaO3+SiO2=(CaO)2SiO2+2CO2+62.0 calories.

3 Ca03+Si02=(CaO) 38102+3062+107.9 calories.

( Last reaction questionable.

)

0a0O3+Al2O3=0aO AI2O3+2 002+44.7 calories.

2 OaOO3+Al2O3=(OaO)2Al2O3+2OO2+87.0 calor-

ies.

3 Ca0O3+Al2O3=(CaO)3Al2O3+30O2+132.5 calories.

The same investigator claims the heats of dehydration

and transformation of kaolin to be—28.9 calories per gram
molecule.

Phases of a chemical system. The application of the

phase rule of Gibbs, is one of the most important and help-

ful rules of physical chemistry, and is expressed by

F=0+2—

P

where F denotes the degrees of freedom in a system, the

number of chemical components and P the number of hom-
ogeneous phases. To illustrate, in the decomposition of

calcium carbonate we have two solid phases, calcium oxide

and calcium carbonate, one gaseous phase, carbon dioxide

and two components, calcium oxide and carbon dioxide,

since by means of these we can express the composition

of any of the three phases, namely,

OaO+ 002=Ca003
OaO+ O002=0a0
O0a0+ 002=002

The freedom of this system, therfore, is 2+2—3=1.
The system has one degree of freedom and belongs to the

class of univariant systems which all behave similarly. In

this manner the phase rule allows us to classify chemical

systems and all systems of the same degree of freedom

'Revue de Metallurgie. Bull, de la Soc. d'Encouragement, 1905,

107, (8).
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FxGURK IS. Diagram showing the three phases of a one comx)oneut system

with triple point.
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behave similarly. Thus the above system of CaO, COg and
CaCOg is a typical univariant system, while in the disso-

ciation of ammonium chloride with excess of one of the

two components we obtain a bivariant system, etc. The
best known illustration of the phase rule is the system

composed of the three phases of HgO, ice, water and vapor,

fig. 15.

All or most of the above mentioned methods of exam-
ining the physical and chemical properties of substances

can be employed in determining the number of phases and
the number of components. Thus, in the Geo-Physical lab-

oratory at Washington, microscopic examination is em-

ployed in differentiating the various phases and allows of

classification by the phase rule. The most common means
of attack are dilatometric measurements, measurements
of vapor tension, solubility, fusing points, optical and
electrical constants.^

Color and opalescence. The determination of color

changes and accurate comparisons of color is a much to

be desired field of investigation, as has been brought out

in this Society. The subject can be approached only by

accurate colorimeter comparisons with as pure a set of

colored glass slides as it is possible to produce.

Opalescence could be studied in a manner similar to

the study of turbidity in water by means of standard lamps
and tubes, and of course is especially suited for microscopic

investigation.

Fluorescence. It has recently been found by Berthe-

lot that radium rays impart to some minerals like quartz

peculiar colors which disappear on heating the mineral.

The subject is, of course, too new for discussion.

The index of refraction and its relation to the total

optical properties, the composition and physical properties

of glass have been so exhaustively treated in the work of

Schott and his associates at Jena that it would seem

» Alex. Findlay, The Phase Rule.
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superfluous to do nioro than call attention to the results of

these investigators.

The study of the spectra of jj;lasses goes hand in hand
with the above optical investigations, though there is still

much to do in this field.

Polarization and all other optical reactions are, of

course, included in the microscopic study of rocks.

The electrical conductivity of fused silicates is a field

almost untouched, owing to the considerable experimental

difficulties. We know that most silicates are electrolytes,

but the data at hand is almost nil.

Electrolysis has been used in the study of the aqueous

decomposition of silicates, as is shown by the work of

Cushman in our own transactions.

PHYSICAL CHEMICAL LAWS.

Having this enumerated in a hasty manner the various

methods of attack upon ceramic physical-chemical prob-

lems, it remains but to call brief attention to some of the

laws which bind together and classify the various proper-

ties and processes mentioned, thus bringing order into a

seeming chaos.

The most important laws having more or less bearing

upon the reactions of silicates are

:

1. Raoults and Van^t Hoff's laiv of the molecular de-

pression of the freezing point.

2. Qihh's phase rule.

3. Le Chatelier's theorem stating that if a system is

subjected to a constraint by which the equilibrium is

shifted, a reaction takes place which opposes the con-

straint, i. e., one by which its effect is partially annulled.

That is, if the temperature of a system in equilibrium is

raised that reaction takes place which is accompanied by
absorption of heat, and conversely, when the temperature
is lowered that reaction occurs which is accompanied by
an evolution of heat. The last statement as made by Van't
Hoff comes within the generalization of LeChatelier.

4. Osticald's law of successive reactions. This states

that when a system passes from a less stable condition it
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does not pass directly into the most stable of the possible

states, but into the next stable and so on, step by step into

the most stable.

5. llie laws of supersaturation and solid solutions.

6. Nernsfs laio of the decrease in solubility caused

by the presence of a common iron.

7. Bakhuis Roozehoom's theorems on the tempera-

tures of solidification of the mixed crystals of two sub-

stances.

8. The general laws of electrolytic dissociation.

9. Nernsfs law for the heterogeneous equilihrium of

two liquid phases with definite solubilities.

10. Ramsay's and Young's relationship between the

vapor pressures and the absolute temperatures.

11. The laws of thermo-dynamics as related to the

kinetics and statics of chemical equilibrium.

12. The application and extension of the laws of

radiation.



THE FLINT FIRE CLAY DEPOSITS OF NORTH-
EASTERN KENTUCKY

BY

A. F. Greaves-Walker^ Salt Lake City, Utah.

Without doubt the most wonderful fire clay deposits

of this country, and at the same time the least generally

known, are those of northeastern Kentucky. They are not

only wonderful on account of the large area they cover, but

for their persistency, thickness and general purity.

While more or less clay has been shipped out from

this district, for manufacture elsewhere, the first plants

were developed there a little over 11 years ago, the first

important work being done on what is now the property

of the Olive Hill Fire Brick Co. near the tow^n of Olive

Hill, Ky. The Kentucky Geological Survey has given this

clay but slight attention. About three years ago the

Harbison-Walker Co., of Pittsburg, undertook a thorough

survey of almost the entire area, an undertaking which
cost them thousands of dollars and required about two
years time, but this w^as done for private purposes and
their findings have not been made public. It was the writ-

er's privilege to spend two years in this region, and during

that time the notes from which this paper is written were
gathered.

The fire clay deposits of Pennsylvania, Maryland and
Ohio are now fairly w^ell known and classified, and there

can be little doubt that geologically the deposits of Ken-
tucky, and the even less known deposits of West Virginia

are of the same formations. In Ohio are found three sep-

arate geological formations of fiint clay. The lowest,

has been placed by Dr. Edward Orton, in the Sub-carboni-

ferous series, and two in the Lower Productive Coal Mea-
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sures, viz., the Lower Kittanning and Upper Freeport.*

The Snb-carboniferous seam is the source of chief supply.

It is this seam that supplies the large fire brick plants

along the Ohio River, around Portsmouth, Sciotoville and
Ironton. The other two seams are but small factors and
supply but a few plants in different parts of the state.

In Pennsylvania, there has been more or less contro-

versy as to the formations to which the flint clays of that

state belong. Some contend that they belong in the Potts-

ville Conglomerate, others, higher up, in the Lower or

Upper Coal Measures. There are at least two separate

formations in the state, both of which sometimes outcrop

in the same hill.

As in Ohio, in Kentucky there are three formations,

although the upper two are known to exist in only one or

two rather widely separated localities. There is little

doubt that the principal seam in this state is the same as

the principal one in Ohio, as it can be easily traced from
the Ohio River, opposite Portsmouth, through almost its

entire area. Prof. H. Ries, however, in "Clays of the

United States, East of the Mississippi River," places the

Kentucky deposits in the Upper Carboniferous instead of

the Sub-carboniferous.

The deposits of West Virginia are as yet undeveloped

and little known. That splendid veins exist can hardly

be doubted. The writer has tested samples said to be from

that state, that equal in refractoriness and purity any fire

clay in the world. Engineers building the new railroads

through that state tell of cutting through veins from 10 to

25 feet thick. Under these circumstances it is probable

that at some time in the not distant future West Virginia

will come to the front with her fire clay as she has with

her coal and gas.

It will be seen then that the deposits of Kentucky

are part and parcel of the deposit which formed a marginal

ring on the horse-shoe shaped arm of the Carboniferous

•Vol. VII, Claj'8 of Ohio, Geological Survey of Ohio.
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seas which ])rcjected up from the south into this territory.

Areas of flint fire clay are found in this marginal band in

the western lialf of Pennsylvania, the southeastern portion

of Ohio, iiortlieastern portion of Kentucky, northwestern

portion of West Virginia and tlie western end of Maryland.

The bed, however, is far from continuous. It was forming

at different points in this area simultaneousl}^, but the

beds were never continuous.

Tlie deposits in Kentucky extend over parts of five

counties, Greenup, Carter, Lewis, Rowan, and Elliott,

and covers, so far as it at present known, about 200 square

miles. This area is cut through the middle by the C. & O.

Ry. (Lexington Division), and of course most of the de-

velopment has been done along this line. It is shown on
the following sketch map, Plate I.

Before proceeding, it might be well to add that the

Kentucky deposits bear out in every particular, the theory

that the flint fire clays were laid down in ponds. All the

deposits appear lenticular in shape and run from a thin

edge to a great thickness in the center, and although most
of them cover large areas, small ones have been found that

have been worked out in a few thousand wagon loads. One
of these Avhich came under the writer's notice, left when
worked out, a perfect lense-shaped bowl. The clay appar-

ently ran from an inch or so at the edges, to 10 or 15 feet

in the center, and covered only about an acre.

GREENUP COUNTY.

The clays of this county have not shown up very well.

They are extensive, but often very impure, high in iron

and lime. The iron is in the ferrous state and gives the

clay a light blue or green cast. Often veins 10 to 15 feet

thick have been opened up which were apparently very

pure, but in nearly every case after a little development,
the blue clay or "Helgamite," as it is locally named, would
replace the pure clay and occupy almost the entire vein.

Entries have sometimes been driven 100 to 200 feet through
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this blno flay, when a small ixukot or block of pure clay

would bo struck, after which would come another long

drive through blue clay. The chanj^e from the blue to the

pure clay and from pure to blue is gradual and hardly

perceptible, no sign of a seam or parting or any other

plu'sical ditTerence being visible. The blue clay is useless.

In some ])laces this 'TTelganiite" takes on a different

api)earance. Instead of a smooth, even bed as is usual, a

face will be exposed in which the clay appears in immense
bouldei's or concretions. These often weigh several tons

each, and are generally covered with a shell about one-

fourth of an inch thick.

This shell is an impure oxide of iron, has a rusty

hroMii color and breaks loose readily.

]Most of the mining in this county has been done along

the Ohio riA'er, where the clays are of poor quality, al-

though some has been done in the central and southern

parts. At Indian Run, a good grade of clay was mined
and shipped to Cincinnati for many years. On Overmans
creek, in the extreme southern part, an outcrop shows
from 6 to 8 feet of apparently high grade No. 1 flint clay.

Outcrops of some promise are also prominent at Raccoon
Furnace in the central part, at Hunnew^ell Furnace, head
of Dry Fork, and on Bushy creek. . On the whole, it may
be said that the deposits of this county are practically un-

touched as 3'et, and they are likely to remain untouched
for some time to come on account of their inaccessibility.

CARTER COUNTY.

In this county some truly wonderful deposits exist.

It was here that the clays were discovered and first

worked, and it is this county alone that supplies all but
one of the fire brick plants of the state.

The deposits cover the entire county south of the

Little Sandy river, and are at present worked at Olive

Hill by the Olive Hill Fire Brick Co., and the Portsmouth
Harbison-Walker Co.; at Fireclay P. O. (Aden) by the
A. C. a—31.
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Louisville Fire Brick Co. ; at Enterprise, by the Ashland
Fire Brick Co., and at Soldier by the Louisville-Ports-

mouth-Reese-Hammond (^o. A few clay shippers also

operate small mines at various points. The clays vary a

good deal in different localities. At Aden, the vein is

quite thin, only about 41/2 feet, and is entirely of No. 2

(plastic) and semi-flint. In the western part of the county,

along Buffalo creek and near Boone Furnace the vein

runs 30 feet thick and is entirely flint clay. Along Buffalo

creek, however, a part of this is "Helgamite." The good
No. 1 flint is quite pure, and fuses between Cones 34 and
35. A good deal of prospecting has been done around
Boone Furnace, especially in the ridge between Grassy
and Three Prong creeks. The following analyses will

show that the clays are of fairly high grade

:

Number 1 Number 2 Number 8 Namber 4

Silica 48.56
37.47
Tr.

11

Tr.
26
29
28

i.ro3

45.96
38 63
Tr.

15

Tr.

66
26
34

14 21

54.62
32.47
Tr.
Tr.
Tr.

24
21

68
11 78

46 66
Alumina
Oxide of Iron
Lime

43 78
Tr.

16
Magnesia
Phosphoric Acid .....

Potash
Soda
Loss on Ignition

Tr.
.31

.96

72
8.52

Analyses taken from Reports Kentucky Geological Survey.

At Enterprise and Soldier, in the southern end of the

county, the vein is not very thick; in fact, the No. 1 flint

is quite thin, rarely being over 2 feet and in most mines

from 1 to IV2 ffit^t. The entire vein, however, is about 5

feet thick and consists mostly of semi-flint. At Brinnigar,

a few miles east of Soldier on IMocobee creek, the No. 1

flint is (jnite thick, in some drill holes as much as 25 feet

being reported.

In tJK' eastern part of the county along Little Sinking

and liig Sinking creeks are vein of No. 1 flint running
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from 10 to 15 foot which havo evory appearance of being

hii^h grade. Tliis region is inaccessible, like many other

parts of this section, by reason of its being too far removed
from <ho railroad.

Olivo Hill, tiio center of the industry in this region, is

very interesting. Besides the Burnt House mine which is

already famous, there are several other mines near the

town. Among these are the Blankenship mine, the Mud
Lick mine, (Portsmouth Harbison-Walker Co.), the Tabor
mine and the School House mine.

The Burnt Hou.sc Mine. This mine was opened up 8

or 9 years ago and has been worked unceasingly ever since,

without a sign of the vein giving out or growing thinner.

The vein will average 15 feet or more in thickness, and in

places runs up to 30 feet.

One of the wonders of this mine is its natural roof.

This is a bedded sandstone from 1 foot to 18 inches thick,

and so strong and hard that rooms 30 feet wide have stood

for 4 or 5 years without a prop of any kind. In fact, up
to two years ago, hardly a prop had been used, except at

the entrance, and they are used now as a precautionary

measure in most cases. The bottom is also a hard sand-

stone and is very uneven.

Five different and distinct kinds of clay make up this

vein, showing fire clay in all its forms, from plastic to its

very hardest condition. On the sandstone bottom lies the

''Semi-hard," "Semi-flint" or "Hard soft" as it is variously

named. This is a clay apparently in the transition state

between a plastic and a flint. It is not really plastic^ but

on being given a wet pan treatment, it will develop a good
deal of plasticity, enough in fact to bond itself. On ex-

posure to the atmosphere, it slakes into sharp cornered

cube-like masses, yet it breaks with an uneven rock frac-

ture instead of an even conchoidal one. It occurs through
the whole vein and ranges from a few inches to 20 feet in

thickness.

It occurs in a number of colors, w^hite, buff, red, black,
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gray and gray spotted with red. These colors are due to

vegetable matter and burn out, leaving a clear cream color.

It is easily shot, as it is full of ''slick seams," showing
movement of the bed when the clay was in a more plastic

Following are several analyses of Semi-flint from
Burnt House mine.

No. 1 No 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8

Silica '..

Alumina
Oxide of Iron .

Lime
Magnesia
Loss on Ignition

44.52
40 81

1 03
.62

55
12 11

43 56
42 87

81

1 30
21

9.86

43.82
39 67
1.09
1 43

11

11.96

42.29
39 01

2 43
1 09
.73

13 76

53 07
42 36
2 62
.64

36
alt 83

50.64
43 24

3 69
1 24
45

alt 50

51 70
43 79
2.94
.62

67
alk 70

43 04
40 97
2 27
.74
.17

12.52

Fusing Point
in Cones

34 33 33 34 33-34 32-33

Nos. 5, 6 and 7 calcined samples; 1 , 4 and 5 gray to black in color;

ad 6 -white ; 7 and 8 red.

Analyses by Davison, Ries and Greaves-Walker.

Above this .semi-flint, the regular No. 1 flint occurs.

It is a light cream in color, very pure and breaks with a

clean, conchoidal fracture. It is very evenly distributed

through the vein, averaging about 8 feet. It is quite brittle,

and hence bores and shoots easily.

As the following analyses will show, it is probably

one of the purest flint clays in the world. It will be noted

that the chemical water content is generally above that of

kaolinite. The high fusion point is also notable.
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No. 1 No. a No. 3 No 4 No. 6 No. 6 No. 7

Silica

Alumina
Oxide of Iron

45 65
39 96

.14

21

.12

18

13 75

43 . 76

40 21

53
.88

.06

14 12

44 31

39 50
56
.60

Tr.

14^03

46 20
39.35

10

15

.09

.22

14.00

43 58
40.86

76
29
.14

24
14.43

43.38
40 35

.85

1.26

23

18 41

52 81

42 08
3.26

Lime
Magnesia
Alkalies
Loss on Ignition .

42
.4:.

4(1

Fusing Point in Cones 35-36 35-86 35-36 34

No. 7 calcined sample.

Analyses by Davison, Ries and Greaves-Walker.

Sandj tliiit aud Ilioh Silica flint is the name given

to a flint clay which replaces the No. 1 flint on the outer

edges of the lense shaped deposits. The matrix is of the

same composition as the No. 1, but is full of small crystals

of pure (juartz. The percentage of silica decreases on

working away from the edge of the deposits, and entirely

disappears about 100 feet in. For the amount of free

silica present, this clay stands a remarkable heat test, and
it is very valuable for purposes where a brick of high silica

content is required. Analyses of "Sandy flint" follow

:

No. 1 No. 2 No. 3 No. 4 No. 6

Silica 57.68 50.90
38.00
Tr.

.80

Tr.
10.10

58.34
38.34

1 02
.72

36
6 13

58.14
26.39
1 26
.84

Tr.
14 07

50 87
Alumina
Oxide of Iron

27.95
1.62
.51

24
11.52

36.02
59

Lime
Magnesia
Loss on Ignition

.63

.17

11.42

Fusion Point in Cones 33-34 34-35 34-35 34

Analyses by Greaves-Walker.

A most remarkable freak clay occurs above the No. 1

flint. This is known as "Aluminite" or High Alumina



470 FLINT FIBE CLAY DEPOSITS OF KENTUCKY.

flint. It was fully described in a note in Vol. VII of the

Trans. A. C. S., so that it will not again be necessary to go

into particulars here. This clay is not found generally

throughout the Kentucky deposits, in fact, the only occur-

rence so far as is now known, is the one in this mine. It

does not slake on exposure to the weather, and is extremely

hard, breaking with a roik fracture. Analyses follow

:

Number 1 Number 2 Number 3 Number 4

Silica
AlnmiTis*

39,66
43.35
2.57
66
50

13.09

34 76
48.50
1 26
.76

.11

14.08

39 01

42 01

4.04
.68

.45

14 00

37.21
43 76

Oxide of Iron
Lime
Magnesia
Loss on Ignition

8.63
88
.06

14.12

Fusion Point in Cones 36 36 34

Analyses by Davison, Ries and Greaves-Walker.

Above the "Aluminite" clay is a thin vein of No. 2

plastic. It does not run over a foot thick anywhere, and
in a large part of the mine is entirely missing. It is quite

pure for a plastic clay and stands a good heat.

It is remarkable that throughout the entire Kentucky
fire clay region, the good plastic clay is quite scarce. When-
ever a vein of any thickness is found, say from 2 to 4 feet,

it is generally so impure as to make it useless for strictly

high grade products. This has always been a great draw-

back to the manufacturers of the region.

Analysis of No. 2 Plastic from Burnt House mine :

Silica 47.08
Alumina 36.13
Oxide of Iron 2.08
Lime 1 og
Magnesia j

Loss on Ignition 18.76

Fusion Point in Oones 38

Analysis by Greaves-Walker.

Between the plastic, or when the plastic is missing,

between the flint and the sandstone roof, a black, highly
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carbonaceous slialc occurs, lakiuii' llic place of the coal.

Even this sliah' is refractory. It burns a dark butf and
fuses about Cone 31.

77/c lilaiiLcnsliij) Mine. The vein in this mine, which

also beh)n<;s to the Olive Hill Fire Brick Co., is thin but

remarkable for its purity. Only two kinds of clay occur,

No. 1 flint and No. 2 plastic. The flint does not exceed 31/2

feet in thickness, while the plastic averaj^es from 18 to 20

inches. This plastic is quite remarkable for its purity and
refractoriness, as will be seen from the following;- analysis:

Silica 47 08
Alumina
Oxide of Iron . .

89.86
.88

Lime
Magnesia ....

Tr.
Tr.

Potash
Soda
Loss on Ignition

Tr.

Tr.
12 34

Fusion Point in Cones 34

Analysis by Greaves-Walker.

The Mud Lick mine (P. H. W. Co.) is distant about

three miles from the Burnt House, and is quite large and
extensive. This mine has no sandstone roof, and must
depend on the black shale whirh is very rotten and weak.

Both the semi-flint and No. 1 flint occur, and also a thick

vein of plastic, which, however, is quite impure and of

little value for high grade purposes. The entire vein in

this mine will average about 8 feet.

The Tabor mine is chiefly remarkable from the fact

that the entire vein, which is about 5 feet thick, is white

semi-flint.

The School House mine, (Olive Hill Fire Brick Co.)

has been abandoned for a number of years, not because of

a lack of clay, but because it was almost impossible to hold

up a roof. Both semi-flint and No. 1 flint occur in large

quantities. It is remarkable that in this mine, which is in

the hill opposite the Burnt House hill and separated from
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it only by a narrow ravine, the sandstone roof is entirely

absent. Tn this hill, the ''Aluminite" clay is also entirely

absent.

LEWIS COUNTY.

The deposits in this county are as yet undeveloped,

but drill holes in several places show No. 1 flint in thick-

nesses up to 20 feet. Many outcrops of fine clay are also

seen throughout the county.

ROWAN COUNTY.

Very little development has been done in this county

except at Triplett and Hoggtown. At Triplett the clay is

not of high grade, but near Hoggtown, along Christy Creek

it is of fine quality, and is reported to be very thick. The
vein is composed of No. 1 flint and plastic. A great deal

of the clay land in this section has recently been bought

up by large companies.

ELLIOTT COUNTY.

From all reports this is one of the richest of the five

counties mentioned, in fire clay deposits. Untouched as

yet by railroads, buried in the mountains, and still one of

the wildest counties in tlie state, it is likely to be many
years before its clay beds are tapped.

Apparently the whole half of this county south of the

Little Sandy is underlaid with fire clay. Along all the

tributaries of the Little Sandy, viz., Ruin, Laurel, Big

Caney, Little Caney, Big Gimlet and Big Sinking creeks

the outcrops show the presence of a thick and almost con-

tinuous vein. This county is now the only one in which

practically all the large deposits are not owned or optioned

by large companies.

At present there are five plants in the Kentucky fire

clay district and possibly three or four outside that draw

their clay from it. All the plants are located on the C. &
O. Ry. As practically all the land along this road is now
tightly held by the few companies owning the plants, very

little development is likely to take place, until the C. & O.

or other roads, make other parts of the district accessible.



POLYCHROME GLAZE DECORATION IN
ARCHITECTURE

BY

Hkrman a. Plusch, Rocky Hill, New Jersey.

The recent deinaiul made upon terra cotta manufac-

turers for polychrome exteriors, has induced the writer to

look briefly into the history of this interesting branch of

architectural ceramics.

Van Pelt, in his '"Discussion of Composition as Ap-
plied to Art," says, ''As long as pressed brick, tiles, and
terra cotta do not seek to imitate stone, they may express

the highest type of art." Some of our foremost modern
architects have realized this fact, and have used colored

terra cotta in architecture to great advantage.

The ancient Assyrians Avere the first to use colored

glazes and enamels to beautify the exterior of their build-

ings. The ornament was flat and made on bricks. Figures

and patterns were produced by the use of different colored

glazes. The Assyrians placed their colors in architectural

harmony. Dark colors were used on pieces which had to

bear a great strain, and light shades on pieces intended for

ornamental purposes only.

The tower of Nankin, as it stood in 1431, A. D., had
been rebuilt several times, since it was first erected in 833,

B. C, but it is generally conceded that the color scheme
was reproduced at each rebuilding. As we find it in the

fifteenth century, it was built of bricks, enameled or glazed

in red, blue, white, green and brown. Pieces taken from
the tower of Nankin are on exhibition at the Metropolitan

Museum of Art, New York City.

The mosque at Sultaneah, Persia, has its walls en-

tirely covered with tiles of dark blue, on which are scrolls

in yellow and w hite. The Persians used the blue and white

very extensively in exteriors, and seemed to excel in the

production and combination of these two colors.

478
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The Saracens used green, deep blue and white, espec-

ially on low relief ornament. Some effects that they pro-

ducd with these three colors are said to be extremely
beautiful.

Q^'he interior of that architectural monument of Spain,

the "Alhambra," was embellished with ornamental tiles,

the ornament in white with blue or golden yellow back-

grounds. Although the Spaniards of the seventeenth cen-

tury produced some fine effects in polychrome terra cotta,

their work does not come up to the standard of that pro-

duced by contemporaneous workers in this material.

Italy is famous for its colored terra cottas, especially

through the work of Lucca Delia Robbia, who lived in

1400,-1482. He was originally a goldsmith, and then be-

came a sculptor. His success in carving marble was so

great that he could not keep up with his orders, so he

turned his attention to casting in bronze. Before he could

make a bronze statue, he had to model it in clay, and finding

casting too slow, he tried burning and glazing his clay

models. He made a great success of glazing these figures.

He used a white tin enamel on all relief figures, a dark blue

back-ground in all cases, and greens and yellows sparingly

on foliage. He also glazed flat surfaces, producing mar-

vellous effects in design and color. Some of Delia Robbia's

pieces are still on exhibition in Florence, and are in per-

fect condition. His panels show the possibilities of glazed

terra cotta.

A large reproduction of Delia Robbia's Annunciation,

may be seen above the main entrance of the parochial

school at Brookline, Mass., and some smaller ones on St.

Ambrose church on Tompkins avenue, Brooklyn.

Lucca Delia Robbia left his accumulated information

to his nephew, Andrea Delia Robbia, but he was not so

successful as his uncle.

The Delia Robbia style was copied by the Spaniards

and Italians, but died out during the earlier part of the

sixteenth century. From the thirteenth to the fifteenth
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centuries, yellow and while «»lazed ornamental tiles were

used in buildings in Eng,iand and Ireland. From the fif-

teenth to the eighteenth centuries, the English tiles used

in construction were made in relief and glazed in green or

brown. Polychrome glazed exteriors are used extensively

in some parts of England at the present time.

Van Pelt greatl.y recommends the judicious application

of colored glazes and enamels to exteriors, because of the

unlimited artistic possibilities presented by their use. He
does not recommend glassy brilliant effects, but admires

the use of soft oriental tones, such as cream whites, blues,

greens, old gold, soft yellows and browns.

The Pan-American Exposition at Buffalo afforded

many examples of colored ornamentation; and what a pity

it is that those buildings were not made to last. Buffalo

herself has profited by the Exposition in this respect, and
now boasts no less than half a dozen polychrome struc-

tures, the colors on which were made to last, not a day,

but made to defy the deteriorating effects of time and the

action of frost and fire.

The polychrome buildings in the United States are

necessarily few^ in number, as this branch of combined cer-

amics and architecture is still in its infancy. The day is

not far distant, however, when architecture and the

ceramic art will join forces to beautify our American
cities. The styles of architecture and ornament best

adapted to the application of color are the Moorish, Byzan-
tine and Spanish Renaissance, and on these styles, colors

have been applied with great satisfaction. The largest

polychrome building to be built thus far is the new Acad-
emy of Music, in Brooklyn, New York, costing between
two and three million dollars.

The ceramic problems in the manufacture of poly-

chrome glazed terra cotta are as varied and numerous, if

not a little more so, than those met with in any kind of

glazed w^ork. The ceramist is called upon to produce any
given shade, to match water colors, &c, &c., and at the

same time preserve the texture and fitting qualities of
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the glaze, A few hastily selected "over-pieces" have been
brought to illustrate some of these points.

For instance, a green may be called for, bordering on
a white. We cannot produce a good white without using

zinc or tin oxide. The green glaze, to stand the heat used
for terra cotta, must necessarily contain chromium. The
elimination of a double risk in two burnings and the sav-

ing in cost require that the two colors be burned at one
heat and at one burning on the green body. If zinc oxide

predominates in the white glaze, the border line with the

green will be brown. If tin oxide predominates in the

white, the border line will be pink, due to the formation of

a chrome-tin pink.

These facts, if taken into account, can be made to pro-

duce very satisfactory results, as on one of the samples

submitted herewith. The green glaze when applied, was
allowed to touch the ornament; the yellow glaze, applied

directly over the green, burned darker, due to a chromium
iron compound being formcni, thus giving us a darker edge,

and light center to the ornament.

Such instances of colors blending or marking each

other are very common where burning more than one color

on a piece, and what may at first seem to be a glaring de-

fect, may be used to produce a very pleasing effect. This

is by no means the first time that defects have been turned

into merits by a little skillful diplomacy of clay manufac-

turers in handling architects.

When architectural terra cotta branches out into the

polychrome field, it is no longer an imitation or substitute

for stone, but a building material, complete in itself, and

one for which no other building material can be substi-

tuted.

DISCTTSSION.

Mr. Hastinga : Do your glazes have to be put on with

a sprayer or painted on? How are they put on?

Mr. Plusch: We use small atomizers in all that
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work. In nianv instances, plaster paris molds are used to

cover the backgrounds lirst, and then the background is

sprayed.

}[r. Parmclcc: I think we can hardly do otherwise

than contemplate with pleasure the development in the use

of polychrome decorations for the exterior of buildings. I

see no reason why the exterior of a building should not be

made as attractive and as varied as the interior. In many
instances, we have whole blocks of brown stone, and in

many places, people throw up their hands in horror if two
houses on the same street arc different in color. I cannot

see any rational foundation for such a custom. I think

terra cotta has an almost boundless opportunity to in-

crease the attractiveness of our cities.

Of course, there should be some consideration paid to

brokenness of design and appropriateness. An an illus-

tration of inappropriate use of a design, I will mention the

home of a multi-millionaire in New Jersey, which has an
ornamentation in the form of two panels representing an
infant in swaddling clothes. In this case, it seems to me,

tlie architect departed far from common sense, as this de-

sign was originally used for a foundling hospital, and is

used in New York for a maternity hospital. For what
reason this man w^anted it on his country home I cannot

tell.

The Chair: I would like to hear a description of the

colors on the central piece again (referring to samples on
exhibition).

Mr. Plusch : ( Referring to the upper right hand piece

in the illustration) . This is a white tin enamel, in which
the tin is used in excess of the zinc. This (indicating) is a

chromium green. This blue area is first sprayed on, then

the green, and a small amount allowed to come over this

area (indicating). The white tin enamel is sprayed on

over the chromium green, to produce the chromium tin

pink.

Mr. Binns : I was very glad to hear Mr. Plusch re-

view the history of this style of architecture, for we seldom
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have in our meetings that kind of inspiration brought be-

fore us. The people of the old times knew the value of

these things and pushed them, perhaps, as far as they

dared. But, on the other hand, we are in considerable

danger along this line. In the first place, an architect in

making a design for a given building does not seem to be

able to get awaA^from the Greek, or Spanish, or Moorish

style. He will take a recognized form of ancient ornamen-

tation and work it to death. I can't see why this should

be. I have but little sympathy with the "art nouveau,"

but it has certainly shown us that we are not dependent

upon historic styles.

Mr. Plusch cited the buildings of the Pan-American
Exposition as an example of polychrome decoration, and I

was sorry to hear him say he rather wished those buildings

had been allowed to remain. I am glad they were not. I

think the Pan-American buildings were polychrome decor-

ation gone crazy, and I could not conceive of any satisfac-

tion in having one of those buildings to look at from day
to day.

In all modern decoration we are in serious danger

of getting our work too broken. This is true in terra

cotta. On large buildings, we find a plethora of ornamen-

tation which has no beauty except on the architect's draw-

ings. It is placed where it cannot be seen to any advan-

tage, and its only justification appears to be the making
of work. If we add to that, the varieties of polychrome

decoration, I tremble to think of the result. What we need

is an exhibition of artistic restraint. We don't want to be

carried away with the possibilities of polychrome decora-

tion. We don't want buildings covered over with a sprink-

ling of all kinds and colors of terra cotta. We want broad

modelling, broad coloring, buildings which shall express

reposeful dignity and grace of design. There are vast pos-

sibilities in polychrome decoration, but we must take the

architects in hand and show them that polychrome decora-

tion does not consist in putting as many colors as possible

on a square foot of terra cotta, but that desirable results
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are to be obtained by the use of broad desijijnH and broad

masses of color. The Bowling Green building; in New-

York is a j»()od example. While the architeet followed the

(ireek style of architecture, he used a breadth of form and
design which gives admirable results. There were eertain

buildinirs at the fair in St. Louis which were far superior

to any shown at Buffalo, as to color scheme, broad masses

of color relieving the details of design. That is surely what
we should seek for, rather than many colors on a small

space.

Mr. Plusch: I might say that at an architect's con-

vention recently held in New York, expression was given

to just such ideas concerning the employment of too much
detail in design for large buildings, and there is a tendency

now to correct this defect, by distributing the design over

broader space, as they have, in some places, for instance

on the St. Ambrose church in Brooklyn. This is the most
elaborate example of polychrome decoration in architec-

ture to date.



WHAT SHOULD BE EMBRACED IN A GEOLOGICAL
STUDY AND REPORT ON CLAYS

Discussion by Heinrich Ries,

Ithaca, New York.

Mr. Hice's paper on "What should be embraced in a
Geological Study and Report on Clays," open up a large

and fruitful subject for discussion, and while I agree thor-

oughly with what he has said, still it seems to me that

there are one or two phases of state survey work which
have not been touched upon. Although of importance, and
not to be ignored, they are nevertheless often overlooked

or but little understood by many. There are probably few

persons who have had any extended experience with state

geological surveys, who do not realize that it is one thing

to delineate what might he regarded as the proper scope

of a clay report, and another to carry this into execution,

for almost at the outset one finds that there are certain

subjects which have to be included in the discussion

whether the author or authors of the report entirely ap-

prove of them or not.

One of the duties of a state geologist is to collect and
distribute information relating to the mineral deposits of

his particular state, and since each state survey is an in-

dependent organization, entirely unrelated to similar

bureaus in other states, and preparing reports primarily

for the residents of its own territory, these reports must

be made more or less complete in themselves.

Because certain phases of the subject have been

treated in the report of one state, it does not reasonably

follow that these should be omitted from the report of an-

other state.

Let us suppose, for example, that the state geologist

of New York is preparing a report on clay. He believes

or has been advised, that many of the persons using that

480
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report would like to see it include an introductory chapter

on the properties of clay. Instead of including it, he may
tell those inquiring for it to write and get the Missouri

report; or again, those inquiring about methods of manu-
facture are told to write and get the Iowa report. Now the

resident of New York argues, that he has just as much
right to have these subjects treated in his state report as

the Missouri or Iowa man, and thereby avoid being put at

the time, expense and inconvenience of sending off for

these other bulletins. A consideration of these facts has
naturally led to more or less duplication in state survey

reports. It is not confined to clay reports, but will be

found in bulletins dealing with building stones, gypsum,
coal, etc.

As a result of this, more or less criticism has unfor-

tunately fallen on the authors, who have sometimes been

accused of padding their reports. Such criticism is un-

just, but the sting of it is somewhat tempered by the knowl-

edge that it comes mainly from persons unfamiliar with

survey work, or of the character of the inquiries addressed

to state geologists, to which inquiries the reports serve as

a reply.

It seems to me, that the prevalent style of a state sur-

vey clay report can be better appreciated if we take a mo-

ment to consider the diversity of interests which it has to

satisfy.

If such a report were for the perusal of a trained

ceramist alone, the problem of its preparation would be a

simple one, but such is far from being the case. On the

contrary, at least five different groups of persons have to

be considered. They are somewhat as below:

1. Clay workers within the state, by no means all

supplied with a ceramic training. They ask for informa-

tion regarding the distribution and character of the clay-

bearing formations within the state. Many of them also

apply for general information relating to the properties

of clay, methods of manufacture, and tests of the products,

A.O. S 31
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2. ClaT-propertT owners, who call for the same line

of data, and also wish to know about the uses of clay,

3. Searchers, seeking information on the mineral re-

sources of the state. They are not, as a rule, trained in

ceramic technology, and call for the incorporation of some
elementary introductory matter, to enable them to better

comprehend the main subject matter of the report.

4. Engineers, who not only make inquiries regarding

the raw materials, but also look for tests of the products,

5. Cement manufacturers, who are interested not

only in the extent of the clay deposits, but also their chem-

ical composition.

Most of these people may be residents and taxpayers

of the state, and they command some recognition in the

preparation of the survey report.

Not a few clay reports contain detailed accounts of

the individual plants, and while I do not hesitate to ex-

press my belief that such descriptions are superfluous, and
of little value, yet in some cases it is regarded as politic

to put them in.

I trust and believe that the mention of these facts

will call attention to some of the diflQculties which lie in

the way of preparing a report equally satisfactory to all

readers of it.

The American Ceramic Society can, no doubt, give

the state geologists some good advice, regarding the line of

tests which should be made on clays in order to demon-

strate their value, but where the general makeup of the

report is involved, the officers of the geological bureau are

sometimes in a better position to judge what is needed to

satisfy the diversity of interests which must be catered to,

than even the author of the report himself.



BODIES AND GLAZES

BY

Charles Weelans, Trenton, N. J,

It is not the writer's purpose, in this brief note, to

treat of bodies and glazes in general, but to discuss how a

particular composition was modified in order to fit it for

a particular purpose.

There is always need for change in the ceramic indus-

try of today—old bodies and glazes need to be improved

and beautified, and bodies and glazes for new purposes,

which demand new qualities in the ware, are being intro-

duced. It is with the hope that the following record of

failures and successes may be helpful to others who are

situated as we were, that the following notes have been

prepared

:

We were experimenting with a view to making a

vitreous non-absorbent body. We all understand that there

is really no distinction here, as the two terms are synono-

mous, the latter term being used merely to emphasize the

first. The necessity for our using a vitreous body is found-

ed upon the following properties ascribed to it by the

majority of the dealers and public.

First; that vitreous ware is the only ware that will

not craze.

Second; that vitreous ware, as now made, is non-

absorbent.

Third ; that vitreous ware is, in other directions, more
durable.

The first of these assumptions, that vitreous ware is

the only ware that will not craze, is not correct. That a

piece of ware must be vitreous to avoid crazing is not at

all necessary, for some of the best and most durable ware
now in existence is not vitreous. A highly silicious, high-

fired body, properly constructed and properly treated, is

483



484 BODIES AND GLAZBS.

safely free from crazing, and all vitreous ware is not be-

yond crazing. It is true that a vitreous body, properly

constructed, and properly treated, will not craze, but it is

not more true of vitreous ware than it is of the high sili-

cious ware, properly treated; hence, to say that it is the

only ware free from craze is incorrect.

The second assumption that vitreous ware is non-

absorbent is technically incorrect, for no pottery ware is

absolutely non-absorbent. The so-called "vitreous ware"
is as near to it as it is safely possible to attain in pottery.

Comparatively little of the heavy ware so stamped is

really vitreous, nor does it need to be.

The third assumption that heavy ware, being vitreous,

must necessarily be more durable, as sadly in error.

"Vitreous" and "durable" are not synonomous terms, by
any means. If one hundred pieces of heavy vitreous ware
are placed side by side with one hundred pieces of heavy
ware of highly silicious body, properly treated, the un-

doubted result, after three years' use, would be that the

latter would prove its superiority in every way. The dread

of the defect of crazing is warranted, but it is not by any
means the only cause for fear. The other fault of heavy
vitreous ware, commonly known as dunting, is worse. A
piece of crazed sanitary ware, while exceedingly objection-

able, can continue in use almost indefinitely, while a piece

that is dunted must be removed immediately, or more or

less damage ensues through leakage, etc. Yet, despite

these facts, we liave this insistent demand for vitreous,

non-absorbent heavy sanitary ware confronting us, a de-

mand that will not down. We were obliged to meet it.

The question was, how to begin?

We endeavored to arrange a suitable body composi-

tion, and simultaneously our troubles began. In a body

composition of this cliaracter, tliere are a number of minor

defects to be overcome in forming these pieces in the clay

state. Some of these ;ire, first, the clay drying too rapidly

during process of construction; second, one part shrinking
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uiore tliau another, causiufjj uueveD coutraction after the

parts are joined; third, difficulty in getting all parts to

adhere firnil}- together during the drying stage, causing

cracks to appear in the seams before and after firing;

fourth, warping in the clay state, due to uneven drying;

and fiftli, ditficulty experienced in fortifying all parts dur-

ing shrinkage stage, owing to peculiarities of shape and
weight of piece. These, and many other difficulties of like

character cause considerable annoyance and loss during

the progress from the clay to the kiln.

Then came the firing, with its multiplied difficulties

and apparently unsolvable problems. We were burning

our ware in an up-draft circular kiln, 16 feet 6 inches

diameter inside; the crown was of the usual height; there

were ten fire boxes, fitted with the ordinary sloping grate

bars; and the fuel was bituminous coal. Like all other

kilns, ours has imperfections, to which some of our diffi-

culties can be attributed.

The ware to be made consists of large, heavy pieces.

The body was a vitreous composition. The required tem-

perature is from cone nine to cone ten. Under-firing, as

well as over-firing, is particularly fatal to this class of

ware. The most intense heat in our kiln is in the first

ring. The lowest temperature is in the center, or "well

hole." If we secured the proper temperature to satisfac-

torily mature the body in the first ring, experience demon-
strated that it was likely to be under-fired, and therefore

dangerous, near the well hole. On meeting the obstacle,

we decided to do as we had previously done with other

wares and other non-vitreous bodies, namely, return the

under-fired ware to the biscuit kiln for re-firing. This was
found not only expensive, but useless, for the ware was
thick and but partly burned, and being softer in the inter-

ior than the exterior, was unable to withstand the strain

of contraction on cooling ; hence, it dunted.

The question arose as to what was to be done to over-

come this difficulty. Had we been making a large variety

of shapes of ware, some of which could be satisfactorily
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burned with the heat treatments available in the various

positions in the kiln under discussion, our troubles would

have been largely eliminated. Unfortunately, such was
not the case, as our wares were all too large and too nearly

alike in size to enable us to make any discrimination in

their firing. The question then arose whether we could

make changes in the kiln so as to give practical uniformity

of heat distribution.

We now began to look up the various styles of kilns

in use. We found many styles; of varying sizes; up-draft

and down-draft; circular and square; open and muffled;

individual and double; but none, however, seemed to re-

commend themselves as superior to our own. We found

other manufacturers having similar experiences. The

trouble was a general one, and from the same causes.

It was suggested that we adopt the square muffle kiln

in which a high degree of accuracy of heat distribution was

claimed. We think that it would remedy the evil some-

what, but we could not afford to use this style of kiln, for

economic reasons. It required too long a time to fire and

cool it for our purposes. Finally, we decided that a suit-

able kiln had not yet been devised, and since the experi-

mental work necessary for its development would require

much time, as well as much expense, we turned our atten-

tion in other directions for a present remedy for our

trouble.

We next considered the advisability of using two dis-

tinct body compositions, one for the high temperature first

ring, and another for the low temperature center part.

We had tried this successfully in former years in the man-

ufacture of porcelain table ware, and were confident of its

feasibility in the present case, but we could not be sure

that it would be successful in this instance without a prac-

tical demonstration.

We decided to make the test. We therefore reduced

the silica in body No. 1 from 45% to 35%, and increased

the spar from 15% to 25%, and marked the body No. 2.

We also made up body No. 3 by further reducing the silica
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6%, and increasing the spar 5% over body No. 2, and
markt'd the body No. 3

these bodies

:

The following are the formulae of

Body Numbers lv,0 Equivalent AljOj Equivalent .SlOj Equivalent

1 0.1479 1 00 6.71

2 2246 1.00 5.82

3 0.2599 1.00 6.43

A few pieces were made up of bodies No. 2 and No. 3.

Part were placed about the well-hole, the balance in the

ring immediately adjoining. In firing, care was taken that

we burned to the highest temperature that the ware in the

first ring would stand, hoping in this way to reach a satis-

factory temperature in the center of the kiln.

Before proceeding, it might be well to explain that we
had not as yet determined the lowest temperature at which
this heavy ware would stand, but we had decided upon a

temperature most satisfactory and safe. Therefore, while

we were aware of what might be expected from the ware
thus placed in the center of the kiln, in so far as its degree

of vitrification was concerned, we were not at all informed

as to whether it would be satisfactory for the kind and
style of ware we were making.

When we were nearly through our test, it was found

that while it appeared to be somewhat of an improvement
over the former practice, it was hardly satisfactory and
safe to continue. The temperature in the center was still

too low. We decided, therefore, that the limits of our body
composition were such as to forbid the adjustment of the

difference in temperature of the two parts of the kiln, by

means of body corrections.

Our body No. 1 was high in silica. To further in-

crease the silica to any appreciable extent, would prove

detrimental in many ways. It would require an increased
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temperature, which in turn would mean a large loss in

saggers, which owing to the size and the weight they were

compelled to carry, was already high enough. It would
mean increased wear and tear on the kiln, also increased

coal consumption, and many other minor expenses. These

considerations decided us against further pursuing this

course. Also to further increase the fusibility of bodies

for the center of the kiln could not be considered, on ac-

count of detrimental effect upon the ware.

Changes of kiln and changes of body had now both

been dismissed as impractical, but the problem must be

solved in some manner. Failure was unpleasant to con-

template. At this juncture a new thought came to our

rescue. Why not adjust our glaze so as to permit firing

the glost ware in the center of the kiln, and the biscuit in

the outer rings?

It looked feasible, and since it was not entirely new,

we resolved to try it. We started in a small way, intending

to extend the plan in accordance with the encouragement

received.

Glaze No. 1 was as follows

:

Feldspar 335

Flint 225

White Lead „^. . 185

Whiting 150

Oxide of Zinc 75

China Clay 30

1000

of which the formula is

16 K2O
]

40 CaO
I

19 PbO \ ^ ^® ^*^*
\

'-^-^^ ^^^

1.00 RO J

Many small tests were made, which gave us sufficient

encouragement to continue. Gradually, we allowed it to
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grow. We were much pleased vvitli the apparent success

attaiued, but still found some difficulties to overcome.

We were tiring heavy pieces of biscuit and glost to-

gether in the same kiln. The biscuit demanded a careful

firing in the early stages, and long heat-soaking was de-

sirable as we approached the finishing point. The glaze

on the ware was rather heavy. The long, slow fire, to-

gether with the fact that our glaze began to fuse much
before we reached the maturing point of the biscuit ware,

caused it to flow badly. Parts of the glaze would leave the

places where they really ought to be, and were found in

heavy patches where they were not needed. How much we
might have foreseen this result before we tested it, I am
not prepared to say. We have so often found our theories

so contrary to our practice, that we now trust only to

actual trial.

Since our glaze fused earlier than was required, and
owing to the long firing, flowed, we increased the fusing

point of the glaze, and made up glaze No. 2 as follows, also

somewhat hastening the burn from the point at which the

glaze began to reach the fusing stage. The second glaze

was as follows:

Feldspar 335

Flint 'Mb

White Lead 160

Whiting 150

Oxide of Zinc 76

China Olay 45

1000

of which the formula is

:

0.167 K2O
0.416 CaO
0.256 ZnO

160 PbO

0.999 RO

r

0.214 AisOg <! 2 228 SiOt

We at once noticed a great improvement. The biscuit

ware was satisfactorily fired, and little or no damage done
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to the glaze. Repeated firinos confirmed the wisdom of

this experiment, for it imi)i'<)ved at each successive firing.

The flowing ceased entirely, and our work had at last met
with success.

DISCUSSION.

Mr. Bintifi : 1 want to ask in regard to the construc-

tion of the kiln—Is the bottom flat?

Mr. W'eelans: No, sir. It has a convex bottom.

Mr. Hinns : What about the construction of the flues?

Mr. W'eelans: They are the same as in the ordinary

kiln. 1 could hardly describe them, but will submit a cut

which will make the matter clear. (See page 491).

Mr. Binns : I do not understand the great difficulty

in getting heat to the center of the kiln. I think it is sim-

ply a matter of draft arrangement.

Mr. Weelans : With reference to the difficulty of se-

curing sufficient heat in the center of the kiln, it might be

said that in firing ordinary table or other small ware the

damage through slight over-fire is not so grave a question,

for while the heat in the center of the kiln in manufactur-

ing small ware might vary from the first rings quite as

much as in our case, yet, owing to the damage being insig-

nificant, same would be considered satisfactory and not

looked upon as a difficulty, while in our case it would be

greatly detrimental.

Mr. Binns : I am not questioning that point, but why
is it so difficult to get the temperature up in the center?

Mr. Weelans: It is not difficult to get the tempera-

ture up in the center, but extremely difficult to get it up

to a point equal to, or nearly so, with the outside rings.

We can readily reach a satisfactory height of temperature

even in the center of the kiln, but it would necessitate too

great a heat in the outer rings. This is the difficulty, as

stated before, that we found in most circular kilns we
examined.

Mr. Ooodwin : Is it the broad type of kiln?
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The Lawton Down-Draft Potter's Kiln.
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The diameter is sixteen feet six

Have you not got the opening too

No, sir.

What is the size of the sleek hole in

I can make it larger or smaller as the

Kindly tell me how far you cover your

holes in the first, second, and third rings.

Mr. Weelans: The sleek holes in the first rings are

one-third covered. The second ring about the same, and

the third one-half open, and the crown hole is 15 inches

in diameter.

Mr. Hope: We have found that by putting four by

four holes in the flues of the kiln between the second and

third rings, and by enlarging the sleek or clearing holes,

much more uniform results can be obtained in firing.

Mr. Weelans
inches.

Mr. GoodtC'in

large?

Mr. Weelans
Mr. (roodwin

the first ring?

Mr. Weelans :

case may be.

Mr! Goodivin



SPITTING-OUT—A PHENOMENON OF THE
DECORATING KILN

BY

R. G. Cowan, Alfred, New York.

The phenomenou of spitting-out is an altogether too

common one, one which has cost the potters of both En-

gland and America thousands of dollars of loss. There is,

therefore, no doubt that it will be worth while to endeavor

to throw some light upon the (conditions under which it is

most apt to occur and, if possible, to suggest a remedy.

Spitting-out consists of a minute bubble which ap-

pears in the glaze during the decorating kiln fire, provided

the temperature of the kiln is high enough to soften the

glaze and allow the bubble to form. If the tire be con-

tinued long enough, the bubble will burst, leaving the edges

sharp. These do not heal, as the temperature reached is

not sufficient to allow the glaze to flow. The trouble there-

fore is a result of over-fire in the decorating kiln as ordi-

narily fired. It is very evident that if the glaze is not

softened, the blisters will not form, no matter what pres-

sure of gas is brought to bear. Thus it is practicable to

escape loss by firing to some point below that at which
spitting-out occurs. However, this is not curing but only

avoiding the difficulty. Even to make this possible, an-

other difficulty arises. It becomes necessary to so flux the

colors that they have a cheap and washed-out appearance.

It is this which makes the great difference in the bright-

ness of underglaze and the ordinary overglaze decoration.

This then constitutes the second reason why a reduc-

tion in the liability to spit would be of value to the potter.

First is reduction of loss and second the ability to obtain

better colors without the sacrifice of a large percent of

spoiled ware.

493



494 SPITTING-OUT.

As mentioned before, this phenomenon is one that

occurs in an over-fired decorating kiln. This, however, is

not the cause, but only a condition necessary for its devel-

opment, and under which it is most liable to happen. If

spitting were purely a result of over-fire, then surely one
plate in a bung would not spit, while all the rest were
perfect.

It is admitted that ware which has stood for some time

in the warehouse is more liable than new ware to this

defect. It is also reported that ware decorated with de-

calcomania is more apt to spit than ordinary "printed and
filled in" decoration.

The theory has been advanced by one of the foremost

potters of the country that there are generally minute
bubbles in the glaze as it comes from the glost kiln, which

expand under the action of the heat of the decorating kiln,

and as soon as the glaze has become soft enough, burst.

A study however of the conditions of formation make
this seem quite untenable. These bubbles were formed at

a temperature far above that to which the decorating kiln

goes. From the temperature of the glost kiln down to

that of the air, the gas inside of these bubbles contracts,

until at the temperature of the air there is only one-fourth

enough gas to fill the space at atmospheric pressure. That

is to say, the pressure of the air inwards is four times that

of the gas inside of the bubble outwards. In order then to

bring the inside pressure only to that of the outside air it

would again be necessary to raise the temperature to that

of formation, or the temperature of the glost kiln, which

is much higher than that to which the decorating kiln goes.

There is but one condition under which spitting-out

might be caused under these circumstances. If on long

standing in the warehouses the minute bubbles referred to

should be relieved from tliat inward pressure by the infil-

trntion of air, or of scune other impurity from the body

itself, then as the tem])erature of the ware is raised in the

decorating kiln, the pressure may be increased until at the

time when the glaze becomes sufficiently softened, the bub-
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bios would bo ablo to burst and causo spitting-out. The
very fact tliat ioii.!i-standiii|:i is said to increase the liabilitT

would ill a nioasuro lend some rcasou for boliovin<jf that

this is true. It is a woll-knowii fad that all glazes are

pervious to a certain extent, and that none are free from
ininuto openings that would servo to admit such impurities.

Hydrogen will pass through a sheet of steel, and it is no

more than reasonable to think that a glaze would permit of

this to a certain extent. If this is true, then it would be

necessary that these openings be of such a small size that

as the ware is fired in the decorating kiln, the time occu-

pied in raising the tem]ioraturo should not be sufficient to

allow enough to the enclosed gas to escape and so relieve

the pressure.

Possibly this may be a source of this difficulty, but it

is not the only one by any moans. This was proved when
during the following experiments ware was put into the

decorating kiln as soon as it came from the glost kiln, and
the pieces apparently spit just as badly as before.

Taking the fact that decalcoraania spits worse than

any other kind of decorated ware, it appears that the only

condition peculiar to this kind of ware is the great amount
of size w^hich is left on the w^are after the transfer paper
is w\ished oflp. This amounts to a great deal in a whole
kiln, sufficient in fact to cause reduction in the atmosphere
in the muffle. The lighter parts of the oils and resins burn
off at a comparatively low temperature, but until a red

heat is reached, there remains behind a coating of carbon.

The fireman, as a rule, leaves the top of the kiln door open
for a time, during which a dense blue smoke pours out.

This opening, however, is not left very long, as the back of

the kiln would get too much of a temperature advantage
over the front. It w^as once the writer's good fortune to

see a decorating kiln opened after it had reached a dull

red heat. Each piece, as far as could be seen, was covered

with a glossy black coating, evidently consisting of carbon,

since it burned off at a higher fire. It is evident then, that

only the more volatile parts of the size are burned ofif be-
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fore the kiln is shut up, so that the atmosphere cannot very
well help being reducing.

This constituted the sum of the information which
could be gathered, up to the time when the present work
was undertaken.

THE INFLUENCE OF SULPHUR.

The first series of trials was made with a view of de-

termining the role which sulphur plays in this phenome-
non. The idea of sulphur having anything to do with it

came from the similarity between spitting, and the well

known blister of the glost-kiln, which has been attributed

to sulphur. Whiteware glazes were made up containing

sulphur in all the forms in which it seemed possible it

could enter glazes in practice. The glaze was of the fol-

lowing formula

:

16 NasO^
0.16 KjO I r 3.2 SiOs

30 OaO } 026 AliOs <

30 PbO I [ 0.3 B«Os
0.10 ZnO I

The number of glazes in this series was nine, and each

had the above formula as nearly as possible.

No. 1 contained no sulphur, but was made of pure

materials, whiting, borax, feldspar, white lead, zinc oxide,

clay and flint.

No. 2 contained plaster of paris (CaS04, 2H2O) in

place of part of the whiting.

No. 3 contained heavy spar (barite, BaSO^) in place

of part of the white lead, as this is the most common adul-

terant of white lead.

No. 4 contained plaster of paris in the fritt.

No. 5 contained no sulphur, but was made by using

boric acid and soda ash in place of the borax.

No. fi was the same as No. 5 except plaster of paris

replaced part of the whiting.
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No. 7 was the same as No. 5, but with ammonium
sulphate in lh(> frilt as an impurity in the boric acid. This

is an important and constant impurity in the brown flaky

acid. (Tuscany).

No. 8 was ma(h' of ])ure materials, but contained in

place of feldsi)ar, iiiti-c, clay and flint in equivalent

amounts.

No. 9 was the same as No. 8, but had part of the whit-

ing in the mill batch.

This made up a series of ingredients which were about

as different in the sources of their ingredients as is pos-

sible without changing the formula.

These glazes matured at cone 4. They were put on a

body of the hotel-china type, which became translucent at

cone 9, to which it was fired for these trials.

For the decorating-kiln fire, the revelation china kiln

was used. The fuel for this work was oil. The tempera-

ture reached was cone 014.

The results of the series showed conclusively that

sulphur played a part in the phenomenon of spitting-out.

All of the glazes containing sulphur spit, and of those con-

taining none, but very few spit.

There is one exception to this, and that is No. 8, which

has no sulphur in its composition. The only explanation

that can now be offered is that the oxygen or nitric oxides

do not all pass off at a low heat.

Six kilns were fired, each containing the above series.

This was to be sure that the results obtained were not acci-

dental. Some of the kilns did not contain a single piece

of spit ware. When they did spit at all, though, the re-

sults were duplicated. It is evident, then, that sulphur

has some part to play, but that its presence is not the only

factor needed, and that some unknown conditions have a

great deal to do with its awakening from the latent state.

THE INFLUENCE OF LEAD VS. BORIC ACID.

In order to test the truth of the old idea that a lead

glaze would not spit, but that the trouble was caused by
A. O. 8—33.
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boric acid, a series containing six members was con-

structed. A high lead glaze was taken for one end, with

this formula
0.55 PbOl .

No. 10
^-^J ^*^ I O.SGAlsOs

I
3.50 SiO,

and a high borated one for the other end, with the following

formula

:

25 PbO )

0.30 Na20
I f 3.50 SiOs

No. 15 30 CaO }- 0.25 AljOf ]
0.10 K2O I 1.00 B2O3
05 ZnO I

No. 15, as will be noticed, contains some lead, but this

is necessary in order to make a good glaze.

The conditions of fire were the same as in the previous

experiments. On taking the ware from the kiln, a new
series of phenomena was observed.

No. 10 was not crazed in any of the pieces; No. 11 had
a few craze marks appear after a time, and each succeeding

member after No. 11 was crazed worse than in the pre-

ceding. This was quite a surprise, as on reading Seger

one is taught that boric acid decreases crazing, and lead

increases it. This is evidently quite the opposite.

All the members were then fired in the decorating kiln

under oxidizing conditions as before, but not one would

spit, although at different times they were fired at temper-

atures ranging from 010 to 010. A number of kilns con-

taining this series wer(> fired, but no results were obtained

in any of them. Evidently borie acid does not cause spit-

ting as has often been claimed.

THE EFFECT OF REDUCTION.

The next step was to determine the effect of reduction

in the kiln atmosphere, as spoken of in regard to decalco-

mania decorated ware. In order to do this as nearly as

possible like factory conditions, the ware was covered with
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a coat of rejiular (lecalcomania size. As the amount of

ware in the kiln was small compared to the size of the

kiln, a block of wood was em])loyed to use up the oxygen.

For this work, both series 1 and 2 were made up as

before, and fired under the conditions just outlined.

On being taken from the kiln, they were the worst

looking specimens of tableware it was ever the fortune of

the writer to see. Most of them w^ere badly spit, and in

addition, all or near all, were what in many potteries is

called "struck.-' This consists of a black discoloration

generally around the edge of the piece. Along the crazes,

carbon had evidently entered the body, and then at some
higher temperature had given off some gas. As the glaze

softened, the crazes had commenced to heal and then the

volatilizing carbon or possibly carbonic oxide (CO) had
caused lines of spitting out. There seemed to be a differ-

ence, however, between this kind and that caused under
other conditions. In this case, not a great deal of spitting

occurred, except w^here carbon had entered into the glaze

either through crazes or rough uneven spots. In some of

the pieces where the glaze was not matured, the w^hole sur-

face was covered with this discoloration, and in nearly all

cases, spit-out.

From the results obtained from these experiments, it

seemed that the work had not been planned on a broad

enough basis. And it was evident that there were other

conditions, as yet undetermined, which either governed or

influenced the appearance of spitting out. Taking this

into consideration, it seemed best to make a new start,

making as the point of attack the degree of vitrification of

the body, and the thickness of the glaze-coat applied.

The same body as before was used, half being fired at

cone nine, and the other half at cone seven. The glaze used

was number 1 of the first series.

The trials were classed as follows:

No. 1 easy biscuit, light glaze.

No. 2 easy biscuit, heavy glaze.

No. 3 hard biscuit, light glaze.
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No. 4 hard biscuit, heavy glaze.

On taking the ware from the glost kiln, it was ob-

served that a number were covered with the sulphur blis-

ters referreil to before.

In No. 1, there was one blistered piece.

In No. 2, there was none that were blistered.

In the other two, there were none that were blistered.

This throws some light on the conditions under which
the sulphur blister occurs. It seems necessary first to have
the biscuit soft, next, the glaze thicker than ordinary.

These pieces were all fired in the decorating kiln

under the same oxidizing conditions as before. Now came
a peculiar thing. Each of the pieces which had the sulphur

blisters were spit-out. Not only this, but it was found that

only a very small percent of those which were not blistered

in the first place, spit in the decorating kiln.

This ended the experiments, as the time was drawing
to a close. From these last results, it is evident that a great

deal depends on the condition of the body and of the glaze.

Reduction in the decorating kiln, even without the deposi-

tion of carbon, increases the spitting. Taking it also for

granted that the blister of the glost fire really is caused by

sulphur, and the very evident fact that the conditions re-

sulting in this defect will also cause spitting, it seems rea-

sonable to suppose that spitting itself is caused by sul-

phur. This supposition is supported by the fact, that

sulphur entering into a glaze in the mix makes it more apt

to spit. The entrance through the mix is not the only mode
by which it can be i)resent. The glost-kiln gases contain

sulphurous acid (SOo) and sulphuric acid (SO^). It ap-

pears to be a fact that these gases, on being passed over

clay wares, are taken up by them. But whether this is a

case of solution or combination is not as yet proved.

Whiteware bodies are acid, so that in order to enter into

combination, it is necessary that the silicates should be

broken up and sulphates formed. Possibly it may be first

a case of solution, and tlien of combination at a higher

temperature, for sulphuric acid at a high temperature will
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break up almost aiiv niiiicral known. In the case of mere
solution, the ^as whether in the form of dioxide or trioxide

would pass oil" at a red heat. In the case of combination,

a reduction to dioxide is first necessary, owing to the great

stability of the sulphates. Many of the great chemists

have exi)lained the absorj)tion of gases by carbon as a true

case of solution of a gas by a solid, and have brouglit many
proofs to bear on this subject. Owing to the open structure

of the clay particles, and their similarity in this respect to

charcoal, it is possible that the same may be true of clay-

wares. On this subject the writer hopes to have further

data by another year. If the condition of the glost-kiln is

oxidizing, as it always ought to be, then all or at least a
majority of the sulphur dioxide be fixed as the trioxide.

The possibility of this entering into combination with the

bases of the clay is much greater than if in the form of

the dioxide. Water vapor is of course necessary in order

that the action should go on, but this is easily furnished by
the combustion of the fuel. The trioxide under these con-

ditions is the only form that would be apt to break up the

clay, as the dioxide is much weaker as an acid.

The conditions as now understood point to sulphur as

the real cause of spitting. First we have the porous body,

a condition necessary to an easy solution of the sulphur

oxides. Second, the fact that sulphur entering in the mix
increases the amount of spit-out ware, and lastly that re-

duction, a necessary condition, if the sulphur is in the form
of SO3, also increases the amount of spit-out ware. This

reduction is not only a condition present in the decalco-

mania kiln, but also in other decorating kilns only to a

lesser extent, so that it is safe to say that it is a constant

factor. The very fact that the "struck" ware comes from
the kiln in that condition, shows that the kiln was not, to

say the least, thoroughly oxidizing, even at the last.

As spoken of before, those pieces having an uneven
surface were, when they came from the reducing atmos-

phere in the kiln, covered with the black discoloration, and
upon these places spitting out seemed more apt to occur.
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This could be explained by the volatilizing of the carbon,

or it might be that it was at these places that the reduction

of the SO3 to SO2 was the strongest, and thus more of the

gas was able to pass off. In fact, without actual contact

with oxygen it seems probable that no carbon would vo-

latilize, and then only as it formed carbonic oxide (CO).
Of course, on reducing the sulphur trioxide, it would then

form some CO and partially pass off.

The work has as yet only been commenced, and as it

yet stands, is not of much practical value. The subject is

very broad and hard to attack, as not much is known about

it. The writer hopes that this may prove some excuse for

its incompleteness. It is offered in the hope that the work
done may be sufficient to start someone along the right

track, and possibly lead to the solution of this most vexa-

tious problem.

DISCUSSION.

Mr. Gray : I found out some time ago in connection

with the glaze on whiteware, that the glaze would have an

appearance by which I could tell whether it would spit

out in the decorating fire; and I always considered it due

to the absorption of sulphur in firing the glost kiln.

Mr. Goodwin : My experience with spit-out ware has

been somewhat large. Since coming to this country I have

seen a considerable quantity, and as we all know, a great

many theories as to its cause are advanced and all differ-

ent. The theory of old and damp ware is frequently

brought out, yet in East Liverpool I have seen recently-

made ware spit out badly when taken from the decorating

kiln. That sulphur is a contributory cause, as well as

rapid firing in the decorating kiln, is agreed to by most

people who have the trouble. I am decidedly of the opinion

that there are more causes than one for spitting out.

Probably the feldspar or Cornisli stone used in the glaze

is not soft enough ; again, it may be in the water; again, in

short ground glaze. I think a great deal of our trouble

comes from thes sources, but we cannot say definitely what
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is the cause. Before coining to this country, 1 was con-

nected with the manufacture of bone china, and from one
of our kilns, we suffered largely with si)it out ware. It

was a fretiueut occurrence from tliis i)articular kiln. My-
self and others were at a loss to know what was causing

the trouble, and to one old and practical potter of forty or

fifty years' good experience, it was a puzzle. After much
consideration, I decided to tear out the bottom of the kiln,

to st^^ what >\as wrong, and right under the cork was an
old drain. This was diverted before we rebuilt, and from
that time on, very little spit out ware was taken from that

kiln, which previously had been the cause of so much
trouble.

Mr. Vannmi : Spitting-out in the decorating kiln is

due first to sulphur. We find if we have a kiln high in sul-

phur, the ware from that kiln will spit out more than if we
have a kiln free from sulphur. Take a piece of thoroughly

vitreous ware, and before the ware is thoroughly red, you
can force reducing conditions to penetrate clear through

that body. I have actually driven a black coloration

through a piece of ware before the kiln was red hot. Alter-

nately, I could make a black core, or a clean fired piece, as

I made the muffle atmosphere oxidizing or reducing. So
we try to keep free from sulphur in the glost fire, and free

from reducing gases in the decorating kiln.

Mr. Gray : T notice, as a rule, after a piece of ware is

blistered, we can cure it by putting through the glost kiln

again.

Mr. Hope: There is one observation I wish to make
relative to spitting-out, and that is concerning the old

theory of moisture in the ware having something to do with

it. We know that the ware does not spit-out until it has

reached the highest heat in the decorating kiln,—generally

when the kiln is a little over-fired. If water is in the ware,

it is naturally converted into steam* and it will burst its

way through the semi-fluid glaze, and form the bubbles

which makes this spit-out condition. The blackening is

easily explained by the reduction of the glaze by the steam
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passing through. Less thau two weeks ago, we had a bung
of dishes which were wet when put into the decorating kiln,

and without one exception, they spit-out badly. In our ex-

perience, the ware which spits out worst, is such as basins,

bakers and dishes that are almost invariably placed in the

second or third ring of the biscuit kiln, which are a little

easy-fired and consequently more porous, and have a

greater tendency to absorb moisture. I really cannot see

any sound objection to this water theory. I have nearly

proved it to be one cause of spitting out, but I would like

to hear the theory criticised,

J/r. Gregory : The terra cotta men run against this

spitting out trouble. 1 remember one case where we were

behind with a certain job, and on opening up a certain kiln

we found we had spitting out, and of course we had to look

it up and find the cause. It was simply this—the terra

cotta had been put into the kiln too green, and in the anx-

iety to make haste, it had been fired too quick at the start,

and the dampness or gases had not been allowed to leave

the interior of the pieces of terra cotta, before the exterior

became partially glazed or vitrified, and for that reason,

they had to break through the surface. We have followed

it up in several cases, and found almost invariably where

there was such trouble, it was due to firing to rapidly the

first few days.

Mr. Binns : I think the trouble that Mr. Gregory has

is more in the nature of a blister. The phenomena of spit-

ting-out is more of a wliite-ware problem, and you cannot

attach to it the same causes that produce this trouble in

once-fired ware like terra cotta. As to Mr. Hope's question

regarding moisture, in Eughind the Staffordshire ware

burned with a very soft ghize hardly ever spits out; but

where you get a vitreous ware, more dense and with harder

glaze, the spitting-out becomes a serious evil. I have many
times had plates spit out, put them back in the glost kiln

and remelted the glaze, but on refiring them in the decorat-

ing kiln, they would spit out again. That could hardly

have been due to the moisture theory.
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l?()ne cliiua which has been staiuiiug several years is

morally certain to spit out. I think .Mr. Cannan is right

as to sulphur being a cause, but I differ from him as to the

s(mrce. You can hardly test a glaze \vith(mt fluding sul-

phates there, and sulphuric anhydride is extremely difficult

to expel. Short-tired biscuit will spit-out more than hard-

lired biscuit and short-fired glaze more than well matured
glaze, and so we can go on through the whole gamut of

explanations. There certainly are many causes.

DISCUSSION.

Mr. Stover : I will ask Mr. Cowan if he has ever fired

French china in overglaze kilns? I have seen that kind of

ware develop a black core in the decorating kiln. On break-

ing the piece, it looks inside as if it had been soaked in

black smokey water.

Mr. Coican : I have never had experience in that line,

but I know that French porcelain will not spit out, because

the glaze matures at so high a temperature that it does not

soften in the decorating kiln. The blackening might be due
to the deposition of carbonaceous matter inside.

Mr. Stover: I know that a considerable quantity of

that French china which had to go through the decorating

kiln, came out blackened inside.

Mr. Binns: How did you know the black core was
there—you could not see it on the outside?

Mr. Stover: It affected the transparency very per-

ceptably.



THE CONSTRUCTION AND OPERATION OF A
TERRA COTTA PLANT

BY

William J. Stephani, Philadelphia, Pa,

This subject seems an appropriate and interesting one,

since the American Ceramic Society has never in any of

its papers had an article on the general operation of a terra

cotta plant, or its construction; strangly too, because

architectural terra cotta is rapidly becoming one of the

foremost branches of the «*lay working industry, both in the

value and the beauty and technical interest of its products.

Location. In locating a terra cotta plant the princi-

pal considerations are (a) to be near a good market, (b)

to have access to two railroads, and if possible, also to

water transportation. The finished product is bulky, and
takes the same freight as pottery, while the freight on the

raw material does not amount to 20% of the freight on the

finished ware. Then, too, a good market will naturally be

near a large city, and very greatly helps the adjustment

of the labor question. The men employed in the manufac-

ture of the material are mostly skilled mechanics, who in

this age demand the conveniences of city life.

Construction : The construction of the plant should,

of course, be fire-proof, as should also all other clay plants.

For the fire-proofing, I would surely not recommend any-

thing but a clay product. Concrete construction seems to

be becoming generally unpopular, especially in the East,

where in the past 3'ear no less than four buildings have

collapsed. No doubt, mucli of the faulty concrete con-

struction is due to men attempting too great spans with it,

and the shrinking of the concrete in the span causes it to

crack, but many more accidents are due to the tendency

of the contractors to slight their work by using too much
sand, and thus reducing the strength of the mixture; with

6oe
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clay ware, there is no danger of adnlteration, for when a

piece has stood the tire, it is prett}^ sure to stand the

pressure.

The BuUdiuy. In the construction of the plant I am
about to describe, clay products were used exclusively ; the

main building measures 100 feet by 250 feet, and is one

story high. Terra cotta is most easily handled on the

ground level. The walls are of 12 inch by 12 inch by

12 inch hollow tile, set on end, and are ten feet high

on the upper end; at the lower end of the building where

the machine room and boiler and engine room are situated,

the walls are 18 ft. high. Over the lower end of the build-

ing, measuring 100 by 50 feet, there are five iron trusses,

16 feet 8 inches apart, with 7 inch I beams as purlines at 8

feet intervals. In the upper end, measuring 200 by 100

feet, there are four rows of 6 inch channel columns, run-

ning the long way of the building, 16 feet 8 inches apart;

these columns are tied crossways by 10 inch I beams, which
rest on the walls on the side. On these 10 inch I beams
running the length of the building are 8 inch I beams
placed 12 feet apart. This construction makes the span of

the roof in tlie lower end of the building 16 feet 8 inches by

8 feet, and in the upper end 16 feet 8 inches by 12 feet.

The roof consists of 4 inch book-tile, which are laid on cen-

ters of wood, which are taken out after the cement has set.

Through the joints of these tile are run % inch round iron

rods for stiffeners; a slag roof covers the tile to make it

water-tight.

The fitting department is 30 feet wide by 80 feet long,

put up with 4 inch hollow tiles, set on end; this material
builds up into a surprisingly strong wall. The roof con-

struction is similar to that on the lower end of the main
building; hollow tile is particularly valuable as a con-

struction material in clay plants, for the air spaces in the
tile makes it practically a non-conductor, keeping the
building warm in winter and cool in summer.

Between the main building and the railroad siding are
located a set of five bins, measuring 20 by 16 feet each, into
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which is emptied the raw material from cars, such as clay,

plaster and saggers. These bins are built of 4 inch hollow

tile 12 inches by 18 inches, set on end, with joints not

broken, but with a ^ inch iron rod run through them as a

stiffener; the strength developed in this construction is

wonderful—the bin is built 7 feet high, and can be filled to

(>0 tons capacity, without showing any deflection in the

wall; it makes the strongest bin, and most economical bin

I have ever seen constructed. All of you know the expense

and trouble in keej)ing wooden bins in proper shape. I

might add that this type of construction has appealed to

our neighbors. The Baldwin Locomotive Works, to such an

extent that they are adopting it in their new works.

Kiln construction is one of the most important ques-

tions in establishing a terra cotta plant, but as the practice

at our plant is presented under this heading elsewhere we
will omit it from discussion at this time.

Manufacture: In the manufacture of architectural

terra cotta, the clay is of course the all-important factor,

although few managers of plants realize its importance; it

is the foundation for results. I am using a clay, which to

my knowledge has never before been used in the manufac-

ture of terra cotta ; this clay is mined at Bacon Hill, Cecil

County, Maryland, and an analysis of it and its action

will no doubt be interesting.

The clays found are red, buff and white burning, but

since red terra cotta has been largely superseded by the

buff and glaze effects and since the white-burning clay re-

quires too much heat to become bard or almost vitreous, aa

is desired in a terra cotta body, T will take up the buflf

burning clay. Its chemical analysis is

:

Si02 66.20
AlsOs 21.35
FesOs 1.30
OaO 2.50
MgO 1.40
Alkalies 0.86
Loss on Ignition 7.60

100 06
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Tlu' low iron pcrieiita^o and the comparatively high

alumina and lime cause the clay to burn a good light buff

at cone four; (he total tluxes amount to 5.85% and run

much higher than in the New Jersey terra cotta clays, and

cause the clay to vitrify at cone 10; many of the New
Jersey terra cotta clays can be bui'iit at cone 10 without

getting far beyond incipient vitrification, which occurs in

this clay as low as cones 01 or 1. The clay is very fine

grained, and on washing leaves practically no residue on a

150 mesh sieve; this fineness of grain has much to do in

reducing the vitrification temperature of the clay. The
clay has some of its iron in the form of lumpy iron pyrites

which, if the clay is not finely ground, comes out on the

face of the piece and spoils it; this, however, seems to be

in all terra cotta clays to some extent. Only a slight trace

of soluble salts are found in this clay.

In determining the best proportions in which to mix
this clay with grog to make a proper terra cotta today, the

following tests were made; water used to develop a good
degree of plasticity amounted to 25% of the dry weight.

Table 1 . Showing rariovis body mixtures employed in reaching

a satisfactorj" terra cotta body from the Bacon Hill clay.

Clay %
Groe %

Size
j'j inch

tn

g c

2 0.

a 'r.

Orylnc
Quality

Action in Burning to Cone 8

Body

Color Shape Shrinkage

1

2

3

4

5

85

80

75

70

66

16

20

2.5

.30

35

95

90

82

70

55

warped
cracked

sliglitly

warped

vStraight

straight

cracked

Biiff

<(

(<

<<

twisted

warped

straight

straight

11^ inch to
the foot

11^ inch io

tlie foot

1 inch to

tJie foot

1 inch to

the foot
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Body No. 1. This did not contain enou|?h grog to dry

safely, and the shrinkage was excessive also, owing to the

low percentage of grog ; it was therefore not valuable as a

terra cotta body.

Body No. 2. This acted slightly better than No. 1 in

drying, but would hardly be safe to use in large pieces, or

pieces of odd shape.

Body No. 3. This body, taking tensile strength into

consideration, was not as high as some of the others, but

moulded best, dried safest, its shrinkage was regular, 50%
of it occurring in the dry and 50% in the burning. The
body dried and burned straight and safe with the shrinkage

of 1 inch to 1 foot, or 8.33 percent at cone 3, and it was
decided on for use in production of the ware.

Bodies Nos. 4 and 5. These ran so high in grog that

the clay particles were not sufficiently strong to hold the

mass together; tensile strength decreased very rapidly as

the grog increased.

Some clays used in terra cotta bodies will stand an
addition of 35% of grog without breaking down the bond
or the tensile strength. This, however, is no advantage at

this time, for grog is so much in demand, that it costs about

as much as the ray clay does, and is much more expensive

to work up for the body. Grog at one time could be had

for the freight, but at present, broken or worn out saggers

from potteries are hard to get at any price. This kind of

grog is often saturated with sulphates which have collected

in the bottom of the saggers in the pottery, since many
potters are in the habit of putting carbonate of lime or

caustic lime in them to take up the sulphur from the kiln

gases before it affects the ware. Terra cotta manufac-

turers are thus kept busy guessing as to the amount of

sulphur brought into their ware through the grog; they

are never quite sure in regard to the amount of carbonate

of baryta to use to react with this sulphur; they do not

want to use more than necessary on account of the cost

of the barium carbonate.
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I have made sulphur determinations on grog from

potteries, and found it to contain fi"om 0.5% to 2.5% of

suli>hnr; in a kiln of ware of 50 tons rapacity, only 1% of

siilphur brought in by grog, would amount to 300 pounds

of sulphur, using a mixture containing 30% of grog in the

body; with the sulphur brought into the ware through the

grog, and the sulphur seeping into the mulUe during the

burn, the ceramist and kiln burni'r ai-e kept busy. It is

very evident, then, that the less grog used in (he body, the

better ott' the clay work.

Operation : The clay and grog are brought in on the

siding and thrown into the storage bins. The grog in the

form of saggers and fire brick is emptied into bin No. I

;

from this bin it goes through the crusher, drops into the

dry pan, and is conveyed into the octagon sieve whose niesh

is about 3-32 of an inch mesh. The tailings drop back into

the pan, and the sieved material is conveyed into Bin A.

The clay is carried from bins 2, 3 and 4 by belt con-

veyor into the disintegrator; a bucket conveyor carries it

to the rotary drier, from which it drops into the dry pan.

Clay containing 25% moisture before passing through

the dryer comes out with only 6 to 8%, and dry enough to

readily pass through the dry pan with y^ inch openings in

plates; the dryer can easily be regulated so that the clay

will come from it with very uniform moisture contents.

The dry pan reduces any foreign matter that may be in the

clay, such as iron pyrites in lumps, pebbles, or coal, tine

enough to keep it from spoiling the face of the terra cotta.

From the dry pan, the clay is conveyed to bin B, C and
D by bucket conveyor; bins A, B, C, and D are hopper
shaped, with a capacity of about three tons each, and have
an open bottom, under which is a revolving plate and plow,

which can be adjusted to take off a certain amount of clay

or grog in a certain time, thus proportioning the mix; this

plow pushes the grog and clay off into the screw conveyor,

which also acts as a mixer. Grog from bin A, as it passes

along the screw, meets the clay from bins B, C, and D, thus
keeping up the mixing process until all the bins have been
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passed, and until the resultant blend drops from the screw

conveyor into the pug-mill. This pug-mill is of the hori-

zontal type, which delivers its tempered product through

an 8 inch circular opening, where it is cut off with a wire

in cylindrical lumi)s and carried to the aging bins.

The aging bins are a very effective part of the prepara-

tion. They are built of 12 inch square hollow tile, from
floor to roof, with tight fitting doors on each side; clay will

lie in these bins from two to three weeks without drying

out. The convenience of filling the bins from one side and
taking the clay out from the other should be specially ob-

served. The clay put in first is taken out first, while in

the old style bin, open in one end, the clay first put in must
be allowed to lie the longest, and therefore gets dried out

and requires extra running and increase of cost to re-

temper it.

This system of clay preparation is continuous; all of

the machines are working at one time. The labor cost is

reduced to a minimum, the only men required being those

to start the clay on its way, and those to lay it in the bins.

The drier is found to be of great advantage from the fact

that the clay leaves it with practically uniform moisture

contents, and thus enters the mix uniformly. This makes
it possible to set the water valve at the pug-mill at a certain

point, and to leave it there until the plant stops running.

An intermittent tempering process, or one in which the

moisture of the clay varies as the material enters the pug-

mill, is never satisfactory, since a man is required at the

spigot to watch the water all the time, and see that the mix
does not ^et too wet or too stiff. I have never yet seen the

man that could tem])er a variable clay from day to day,

and maintain any where near uniform water content in

the output. The importance of uniform water content in

the tempered clay in terra cotta manufacture is very great,

owing to the importance of securing uniform shrinkage.

It saves much money, not only in the fitting department,

where if a i)iece comes too long, it must be cut off and
ground, and if too short it must be remade, but also in the



CONSTRUCTION AND OPERATION OF A TERRA COTTA PLANT. 613

pressing and finishing- departments. Mucli cracked and

warped ware is due to the fact tliat the clay is often put

into the mould one part stiff and another soft; this causes

unequal tension in the drying, and the ware generally

cracks. By the method of preparation above described,

prepared clay can be put into the aging bins at a cost of

about |3.00 per ton.

Modelling. The cost of the modelling department in

an architectural terra cotta plant varies, according to the

time and amount of ornament, from |0.50 to |3.00 per

square foot on the finished ware. The ornamental pieces

of terra cotta used in a building are of two classes; 1st,

those which are repeated over and over again, and which

are simply units in the carrying out of a decorative scheme,

and 2nd, those which occur once, or at most two or three

times, and which give the character and individuality to

the work. The "repeaters'" are made in a mould, which is

produced by taking a east of a single model. This model is

made with a plaster core or body, on which the required

decoration has been applied in modelling clay and care-

fully worked out by artist-workmen or trained modellers.

From this model one or more moulds may be cast, accord-

ing to the number of repeaters to be made.

Where pieces of the second class, or "originals," are

required, they are modelled in the terra cotta clay direct,

hollowed out, dried and burned. Naturally these originals

are very expensive on account of the high cost of the model-

ler's time on each piece.

Plaster Department. Plaster is stored in bin number
5, convenient to the plaster shop. The models are made
from full sized detail drawings, gotten up in the drafting

department. A magnified scale of 26 inch=24 inch is used
in these drawings to allow for the shrinkage of our clay.

Of course, clays with different shrinkages require different

scales for making models. The cost of model and mould
varies considerably, according to size and amount of orna-

mentation. The model of the key, with panel effect on the

surface, measuring one foot nine inches by two feet three

A. C. S.— 34.
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inches bv nine inches deep, costs in labor about '^1.75; the

mould of this model costs about $1.00 in labor, and the

plaster used is about 300 pounds. A plain model one foot

three inches by twelve inches by six inches deep costs in

labor about 60 cents, and the mould from it 50 cents in

labor, and about 138 pounds of plaster is used in the

mould.

Pressing and Finishing Department. This, the pro-

ductive department, measure 150 by 100 feet, and is divided

into four platforms each measuring 20 feet wide by 138 feet

long. One-half the width of each platform is solid floor, on

which the pressers make and finish their pieces; the other

half is slat floor, on which the ware stiffens over night, so

that it can be handled on cars without twisting, and taken

to the tunnel drier. The clay is taken to pressers from the

aging bins on cars, passing down the outer and center

aisles of the building; the ware to go to the driers is taken

down the other two aisles. In this way, the partially dried

ware is kept entirely apart from the raw clay, and there is

no congestion of cars, which is a great item in this depart-

ment; turn tables are used exclusively, being more readily

manipulated than transfers. When properly constructed

and put in, they do not jar the material in transit.

The cost of pressing terra cotta varies according to

the shape and size of the piece and the amount of ornament
and moulding; most of the work is done on the piei-e-work

system. In figuring the price of the piece, its cubical con-

tents are computed, and if the piece is plain, it falls into

the regular price scale, based on the number of thousand
cubic inches in the piece; in a large piece, this rate per

thousand cubic inches is lower than in a small piece, be-

cause a presser can fill a large mould in proportionately

less time than it takes to fill a small one. If the piece is

ornamental, such as a Corinthian cap for a pillar, the judg-

ment of the foreman is used in setting the price for press-

ing; he can tell in about what time he would be able to

press and finish the piece, and allowing a rate of 32^2 cents

per honr, he puts a price on llie piece of work. A Corin-
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thian cap 1 foot and 10 inches across the bottom, made in

four j)icccs, costs about |1.00 for pressin}; and finishing,

while a plain block with as many inches would be pressed

for 10.25. A sill piece, measuring 10 inches by 6 inches by

15 inches would cost 8 or J) cents for pressin«jj.

Estimation of pressing costs per ton is rather decep-

tiA'e, for some men make very heavy work, while others

make light; the light Avare, pressed with walls about 1

inch thick in an average sized piece, makes the best terra

cotta, besides reducing the cost of handling, using less clay

and reducing freight bills; it increases the cost of pressing

per ton of raw clay brought from the bin, but more terra

cotta is produced per ton of clay. Evenness in pressing is

all important for good results. The cost of pressing per

ton varies from |6.00 to |12.00 per ton, according to kind

of pieces. Ordinarily, a terra cotta job, with sills, lintels,

and cornice, will average |7.00 or |8.00 per ton.

Drj/in(/. The drying is done in tunnel driers, con-

structed of 4 inch book-tile on end, and heated by blower

with the waste heat from cooling kilns. When hot kilns

are not available, a set of encased steam coils furnishes

heat for the drying; about 24 hours are required to thor-

oughly dry the terra cotta in the tunnel, large pieces taking

a little longer time.

The Slip and Glaze Mixing Department. This has

become a necessity in a terra cotta plant ; it consists of wet
mixers, ball mills, pump and sieve. After preparation, the

slip is pumped into tanks,with mechanical agitators to keep
it thoroughly mixed, in order to get the evenness in color

that the architects are demanding of architectural terra

cotta. The slips and glazes are applied to the dry unburnt
ware in the form of a spray, gotten with compressed air.

Setting and Burning. The ware is next set in the

kiln ; the cost of setting runs about 75 cents per ton, includ-

ing the spraying ; the capacity of a kiln, 12 feet 6 inches iu

diameter and 81/2 feet high to the spring of the crown, is

from 12 to 15 tons of terra cotta, according to the size and
shape of the pieces to go into the kiln. The time required
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for buriiing is from 75 to 80 hours. The average cost per

ton for spraying, setting, labor and fuel in burning, and
drawing, amounts to about |5.50 on terra cotta covered

with a glaze or vitreous slip; the cost will average about

$5.00 per ton in a kiln of this size for unglazed terra cotta.

By using a kiln of twice the diameter, and the same height

to the spring of crown, the cost per ton can be brought

down to |4.00. About 75 tons can be set in a kiln of this

size, and the time of burning is about twice as long as in

the kiln of half the diameter. It is, of course, evident that

the large kiln is by far the most economical. In a factory

manufacturing terra cotta, one or more small kilns are

necessary to hurry through special pieces that have been

delayed in the manufacture or are required on different

orders from time to time.

The fitting department. This department is the last

step in the operation, and is very important. All terra

cotta has to be laid out according to setting plans, marked,
and looked over for imperfections. After this, the ware is

ready for shipment.

I have not taken up the subject of the system of keep-

ing track of the different orders and pieces in process of

manufacture at this time, but it is a very important feature

in the operation of a terra cotta factory, and should be

treated by itself. There is more of it in the terra cotta

business, I think, than in any other phase of the clay work-

ing business, and would make an interesting subject in

itself.

DISCUSSION.

Mr. Weelanfi : I would like to ask Mr. Stephani about
what it costs to run the clay through that rotary drier?

Mr. Htephuni'. It is \QTy slight. The process is con-

tinuous. Two tons of coal to twenty tons of clay would
cover it nicely.

Mr. WeeJans: You have to have a man to attend to

this drier?
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Mr. Stephaiii: Not coutiuually. A man goes there

three or four times in ten hours—that is al)<)ut all that is

necessary, to attend to the fires.

Mr. RivJiardson : You have no automatic stoker?

Mr. Stephani: No, sir.

Mr. Riehardfion : The combustion g^ses don't pass

right through the clay?

Mr. StepJuDii: Yes; it is so arranged that they can

pass through or not.

Mr. Richardson : Don't you find the gases injurious?

Mr. i^tephani: No.

Mr. Weclans : How long does a given quantity of

clay remain in this drier?

Mr. Stephuni: It is about fifteen minutes passing

through. The drier makes about eight revolutions per

minute, and is twenty feet long.

Mr. Weelaii!^ : Is the temperature the same all the

way through?
Mr. Stcphani: Practically the same. The fire is di-

rectly under the drum of the drier, and the gases pass out

through the stack.

Mr. Richardson : They go first under and over and
then back through the drum?

Mr. Stephani: Yes, sir.

Mr. Weelans: Do you use a fan in the drier?

Mr. Stephani: No; just the draft of a chimney.

Mr. Humphrey : Kegarding the price of pressing, did

I understand you to say that the foreman fixes the price?

Mr. Stephani : The foreman is the practical man, and
when odd-shaped pieces come up, it must be left to him to

judge what it ought to cost to press them.

Mr. Humphrey: Do the men understand that the

foreman is responsible for fixing the price on a piece?

Mr. Stephani : I do not know whether they do or not.

I do not see that it makes any difference to them who
fixes it.

Mr. Humphrey : I think that if the men understand
that the foreman fixes the price, they would make anv
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eomplaiuts to him direct, and to avoid this, he would show

u tendency to raise the price.

Mr. IStephani: I look over the price before it is given

to the presser, and if there is any change to be made, I am
informed as to the change. I might say that we tried day-

work at our plant for about two months, owing to lack of

conveniences which made it almost impossible to put men
on a piecework scale. But we did not find we could adopt

the day-work permanently, because too much time was
spent in finishing the piece. A man would spend hours in

finishing a piece, and you could scarcely see what he had

done. Of course, the pressing of a piece is hard work, but

the finishing is the resting time.

Mr. Gregory : About the price of pressing terra cotta,

especially intricate pieces, I may say that there is liable to

be some argument at times between the foreman and the

presser in regard to the price. I had an experience where

the foreman and an employee could not agree on the price

of a piece of work. It was given to a certain man to press

and he was put on day work. He was a man whom we reg-

ularly used to take up special work, and at the rate at

which he turned out the pieces, we got the work done

cheaper than we had offered it by the piecework plan. In

that way, we established what it was actually worth to do

the work. I think that is one way we can, in a measure,

overcome these conditions and save argument. I find the

men are ready to argue on almost any occasion, but if we
have one or two trusty men, to whom we can give the work,

telling them to get it out promptly and quickly, we make
a precedent which the other men have to follow.

Mr. Grady: We have a system of piecework at our

factory by which we grade the work according to character

and according to size. There are three classes, and the

prices run from 20 cents to II cents per cubic foot. The
division as to size is made as follows: 1st, pieces of less

than a quarter cubic foot contents, 2nd, pieces from a quar-

ter cubic foot to a cubic foot; 3rd, pieces from one cubic

foot to one and a half; 4th, pieces from one and a half to
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three eubie feet, and 5th, pieces of over tliree cubic feet.

Those coiulitions cover all the prices except occasional

special jobs, on wliicli the price is made either by the fore-

man or myself. I nsually make that myself.

Mr. Richardson : I would like to ask a question re-

i»;arding the method of mixing material. You say you mix

by volume, rather than by weight?

Mr. Stephani: Yes, sir; the proportioning is by

volume.

.]fr. Richardson : You have a mechanical apparatus

which does it quite accurately?

Mr. Stephani: Yes, sir. It is gotten up by the Link

Belt Engineering Co., and is quite accurate. It was pre-

pared primarily for flour and breakfast food mills.

Mr. Richardson : What is the nature of the grog of

which you speak?

Mr. Stephani : It is the average run of grog obtained

from the white ware potteries—broken saggers and fire

bricks from the kilns, contaminated with sulphur. I would
like to hear from some members who have tried making
terra cotta without grog. I understand that some terra

cotta men are doing it.

Mr. Humphrey : If the clays are such that a combina-
tion gives a shrinkage such as Mr. Stephani has mentioned,
and at the same time produces a body suflticiently hard, we
have found it possible to produce terra cotta without grog,

and get good results.

The Chair: With a single clay?

Mr. Humphrey: No; a mixture or two.

The Chair: One pretty short, and the other quite

plastic?

Mr. Humphrey: Yes. Neither, however, is of the

dense fatty type which warps and cracks badly in drying
if used without grog. Both of our clays dry well, but re-

quire some aging to develop the necessary plasticity.

The Chair: I will ask Mr. Stephani to give us a de-

scription of the evils which he is accustomed to attribute

to the sulphur in the ware.
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Mr. Stcphani: As you all know, sulphur is an ever-

present evil in a clay plant. The troubles from which we
suffer most are two : first, blistering of the ware, and the

second, which I think is due to the sulphur in the grog, is

shivering. I once made up a sample, with grog prepared

by myself, and another with the grog I thought contami-

nated with sulphur; and the one made up with the sus-

pected grog shivered, while that made with the good grog

did not. I think the time is possibly coming when the

terra cotta men will get some sort of continuous kiln, some-

thing on the order of some of the cement kilns in use, and
burn their own clay for grog. I tried using sand in the

body, but in order to be able to work it at all, I had to use

such a small percent, that it was more bother than it was
worth. By using fifteen percent of sand as grog, or even

ten percent, it will make the body punky. For interior

work this probably would not be a great objection, but for

exterior work, it certainly is.

The Chair: Have you formed any theory as to the

reason for sulphur leading to shivering? It is a new idea

to me.

Mr. Stephani : No ; I have not.

Mr. Hottinger: You say the sulphur is introduced

through the lime used in the saggers ; do you take that lime

into account?

Mr. Stephani: I don't think there was lime enough
added to cause it.

Mr. Hottinger: From what has been said, in my
opinion the trouble is due to sulphates introduced into the

clay, and for which no correction was made by adding

barium carbonate to neutralize them. My experience has

been that where you have even a small trace of sulphates

on the surface of a piece of ware, the glaze does not seem
to form a proper bond with the body, and the glaze will

always tend to scale off. I have seen cases where the glaze

came off in very large pieces, but I would not call a case of

this kind, shivering.

Mr. Pliisch : My experience has been somewhat paral-



CONSTRUCTION AND OPERATION OF A TKRRA COTTA PLANT. 521

lei to Mr. Stepliaiii's. Last year we were getting grog

from ii pottery in Trenton, and our ware shivered. Whole
pieces came off the edge. We started then to analyzing

the water we were using. After a piece was pressed, you

could see a scum all around on the edge. I tasted it and

it had a sort of an alum taste. We had the grog analyzed,

and found it high in sulphur. We used a different and a

cleaner grog, and were freed from the trouble.

I do not understand why so much soluble sulphate is

carried into the clay with the grog. The grog by the use

of \\iiich we had the trouble was from firebrick, and the

grog with which we corrected it was from saggers.

Mr. Weelans : I think the latter grog would absorb

sulphur from the clays, more than the other.

Mr. Farmelee: Was the shivering worse on some
parts?

Mr. Plusch: Yes; always worse on the high points.

The Chair : I think you would very possibly find the

solution in what Mr. Hottinger has said. In the case of

the firebrick, you introduce quite a quantity of lime which
has a distinct effect upon the coefficient of expansion of

the body.

Mr. Plusch: What I want to know is what is the

cause of the scum?
The Chair : The scum would indicate the presence of

the lime.

Mr. Parmelee: May I make this as a suggestion—is

it possible that the sulphur in the form of sulphates may
have the same effect on the coefficient of expansion of the

glaze as silica? Is it possible that the glaze composition
has taken up the sulphates, and has been affected in its

coefficient of expansion thereby?

Mr. Binns: Mr. Plusch stated that he had had the

grog analyzed and that it contained considerable sulphur.

In what form was it?

Mr. Plusch : It was as a sulphate.

Mr. Binns: What sulphate?

Mr. Parmelee: I made the analysis in question, and
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the gi'oj;;, as I saw it, was iii the form of firebrick which

had been used in fireboxes, and the sulphur was undoubt-

edly there in combination. But I fail to see where the

lime, w'hich Mr. Burt suggested as present in firebricks,

would come from. It might have been in combination with

the ash from the coal, but I do not think there could have

been any considerable amount of lime from any source,

in the grog.

Mr. Binns : Don't you think this is a case of sulphuric

anhydride being locked up in the clay?

Mr. Parnieler: Then the sulphur would be in combi-

nation with the lime or iron, and we would be likely to get

all three. None of those in that fused condition would be

soluble.

Mr. Binns: Mr. Plusch thinks the sulphate was
soluble.

Mr. Parmelee: Referring to my laboratory records

regarding the examination of the materials used in this

body, and sent to me for examination, I find the following

results

:

Soluble Salts SO,

Clay No. 1 0.13% 0.66<fo

Clay No. 2 0.299fc 0.73%
Grog (Suspected) 0.49% 1 36%
New Grog 34%

The soluble salts in the above are in such small quan-

tity, that it hardly seems likely that they can be the cause

of the trouble. The shivering occurred in the body made
with suspected grog, containing 1.36% SO,. When a new
and cleaner supply of grog containing only 0.34% SO3
was used, the trouble disappeared. It is not reasonable to

charge the trouble to the clays, nor the pyrites, nor the

ferrous sulphate contained in them, since it had long been

the practice to add barium carbonate to the clay to neutra-

lize their effect. It is not clear to me how the sulphuric

aniiydride locked up in insoluble sulphates could cause

the shivering, but it seems i)retty clear that in this case

the suspected grog is the culprit.
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Mr. Plusch : That scum just appeared on the edges.

Mr. Binufi: (^uite so. If you have a clay substance

which has iron pyrites in it, oxidation is always going on,

and you would have ferrous sulphate beiug formed.

Mr. riK,sch: You would not taste calcium sulphate

in the form you describe?

Mr. Biuns: Ferrous sulphate, you will.

Mr. Plusch : Is it possible for ferrous sulphate to ap-

jHnir in that form from a vitrified grog?

Mr. Binns: I don't think it is. The source of your

iron sulphate may be in your clay rather than in the grog.

1 am gathering evidence to show that sulphur trioxide has

a distinct influence in replacing silica, but generally in

another direction. For example, a glaze containing it will

frequently craze, while without it, it would be sound.

The question of the presence of sulphur trioxide is one

about which we know very little. Langenbeck quotes from

Seger to the effect tliat a piece of clay which contained lime

and iron took up a considerable percentage of the gas when
ignited in an atmosphere of sulphur dioxide and oxygen,

but so far as I am aware no work has been done upon clays

which contain no free bases. On the other hand, several

authors, Nernst, Van't Hoff and others have advanced
theories upon the solution of gases in solids, sometimes
called occlusion, the case of the solution of hydrogen in the

metal palladium being an illustration. Findlay in his

work on the jihase rule, p. 176, gives three possible cases.

"1. The gas is not absorbed by the solid but when the

pressure reaches a certain value, combination of the two
components can result. 2. The gas may be absorbed and
may also form a compound. 3. Absorption of gas occurs

but at a certain concentration the solid solution can separ-

ate into two immiscible solid solutions."

Now while we have no direct evidence of the solution

of sulphur trioxide in a clay or body mass, there does not
seem to be any impossibility about it. We are apt to con-

ceive of it only in a compound, but this is not proven to

be necessarily so.
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Mr. Orton : Answering ]Mr. Plusch's question about

the possibility of ferrous sulphate being found in vitrified

grog, I must differ from the opinion expressed by Professor

Binns, for I think it not only possible but very common. I

have often observed pyritic clays which had been burnt too

fast for proper oxidation, and in consequence had formed

a black core of well vitrified or even vesicular character.

These black-cored pieces on exposure to weather rapidly

turn white or yellow with the oxidation of the ferrous sul-

phide (FeS) which was not destroyed prior to the vitrifi-

cation of the clay, and which is apparently especially sus-

ceptible to the influence of air and moisture afterwards.

On touching the tongue to one of these spots, a strongly

stiptic taste and biting sensation is experienced, which

shows that the salt formed is not sulphate of calcium,

which is tasteless, or sulphate of magnesium, which is

bitter. It is a mixture of sulphate of iron and sulphate of

alumina.

I have frequently observed the same thing from the

waste firebricks torn out in the repairs of fire boxes and
bagwalls of kilns, and as Mr. Parmelee says the material

in question was derived from such a source, it is not only

possible but highly probable that it contained sulphates of

both iron and alumina, if it had been exposed to weather

before use, as most grog is.

In regard to the other point raised in this discussion,

I do not at all agree that the sulphur salts, of what ever

nature or state of combination, were the cause of the shiv-

ering following the use of the sulphury grog. The increase

of sulphur in the terra cotta body, and the appearance of

shivering may easily have been concurrent phenomena
without being in the least related as to cause and effect—in

fact, no evidence has been submitted to show that there was
anything more than mere concurrence. On the other hand,

the exceedingly small amounts of sulphur introduced into

this terra cotta body by the use of 25 percent of even the

most sulphury grog, and the probably very small propor-

tion of it which could possibly get into solution and onto
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the sni-fju'c in making and <li'ying, seems very slight evi-

dence on whieii to predicate tlie shivering influence of sul-

phates—a role which they have never before been shown

to play.

Mr. Hottinger's suggestion that the peeling of the

glaze is due to defective contact with the body is far more
likely, for the disturbing influence of deposits of calcium

and magnesium sulphate on a clay in securing a good salt-

glaze are well known to all makers of red-burning sewer-

pipe. Tf the temperature be high enough, the vapors will

get through the interposing film and a good glaze will be

produced. If it is not, the spot will be practically bare of

glaze. Its insulating power as regards a glaze layer, es-

pecially one applied in minute powdery globules by the air

brush as nearly all terra cotta glazes are, would very

probably be sufficient to account for the facts reported in

this case.

Mr. Parmelee: In regard to the point of the sulphur

being originally in the clay, it has long been the practice at

this plant to add barytes to the clay, but this shivering

occurred by the addition of the grog, and without any
other change in the usual practice. The shivering could

only be attributed to the grog, because the clay remained
the same; and they got rid of the trouble by doing away
with that grog.

Mr. Plusch : I will state that we produced shivering

the same way by the addition of iron sulphate in the clay,

in the same way we got it with this grog. Whole chunks
of the glaze came off. In burning that ware without a
glaze, the ferrous sulphate would collect on the edges and
on the ornaments, showing as an edge of red oxide of iron.

If the ware to which FeSO^ is added is glazed, we get

shivering identical with that produced by the sulphurous
grog.

Mr. Stover : Did you treat the grog in the same way
in all cases, whether from ground saggers or from ground
firebrick?
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Mr. Flusch : At that time, we were throwing in sag-

gers and firebrick promiscuously. We are not using fire-

brick now.
Mr. Stover: That will give trouble—using grog of

different degrees of fineness and of different chemical and
mechanical makeup.

Mr. Weelans : Did you make tests of your body with-

out the use of any grog?

Mr. Plusch : Yes, sir. Our clay has a small amount
of sulphates in it and we have to correct it with barytes.

Mr. Weelans : When you introduced this special grog,

you continued to use the same amount of barytes?

.1/r. Plusch : When we discontinued the use of that

sulphurous firebrick grog, we got away from the trouble,

showing conclusively that it was the cause of the trouble.

Mr. Binns: "Showing conclusively" is a little strong.

Suppose we say that the evidence tends in that direction.

It seems evident the trouble was the ferrous sulphate. The
point is, where does it come from? Mr. Plusch says from
the grog. I want to know where, how, and why ; and unless

I have evidence of it in the grog, I do not feel convinced.

Something in the grog may have the effect of developing

the action of the sulphate in the clay.

Mr. Weela7is : This shivering question is a highly im-

portant one and I vshould like to add that, in my judgment,
the cause for shivering the terra cotta work mentioned by
]\rr. Plusch can hardly be attributed to soluble sulphates

being carried into the clays by the grog, but rather : First,

to the clays themselves; second, to the kind of grog, irre-

spective of the fact that it contained sulphur in some
form ; or third, to a combination of both of the above condi-

tions. If the clays, used by themselves, showed this defect,

it could, T believe, be attributed to the fact that they are

low in alkalies. If this fact were a])parent only when grog

were added, I would attribute it to the fact that he was
using, as he states, sagger grog and fire bri(*k grog pro-

miscuously. Saggers are commonly made of clays selected

chiefly for their ability to carry a considerable weight of
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burnt matorial, uuder varjiug conditions of temperature.

Their composition is, therefore, usually high in plastic clay

substance and somewhat high in alkali, while our New
Jersey Are bricks are, on the contrary, usually composed

of very refractory and high temperature clays, high in

quartz sand.

In the light of the above, it can readily be seen that

probably under one condition only could fire brick grog be

used as a substitute for sagger grog, or a mixture of both,

without bringing disastrous results; that condition being

when the clays themselves were so far removed from the

point of shivering, that they would permit of the incorpora-

tion of considerable such grog without reaching the danger

line.

We may so compose the body as to permit wide varia-

tion in the kinds and quantities of grog used, and again so

compose it as to be extremely sensitive to any change in

this direction. I am, therefore, of the opinion that the

cause of shivering in the terra cotta body of which Mr.

Plusch spoke was due to the clay composition used being

over-sensitive to this fault. It only required the further

assistance of the use of an increased proportion of fire

brick grog and a lesser proportion of sagger grog, which
the haphazzard manner of using one for the other without
distinction might easily bring about. This idea is strongly

supported by Mr. Plusch's own statement that the fault

disappeared entirely by abandoning the fire brick grog,

and using only the sagger grog.
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INTRODUCTION

It has long been supposed that the harder a brick is

burned, the greater will be its resistance to frost. This is

based upon the known fact that with increased hardness

of burning, there is an increase in strength and decrease of

pore space. In making freezing tests, this supposition has

not always been found to be true. The crushing strength

has often been found to be most affected by freezing, in the

hardest burned brick. In order to determine, if possible,

the relations that existed between the hardness of a brick

and its resistance to frost, the present investigation was
undertaken.

Three series of brick were selected, each series contain-

ing four different grades of hardness, and tlie usual freez-

ing tests were applied. As the investigation progressed,

an analysis of the conditions to which the bricks were sub-

jected in the tests and in the wall was begun. This soon

led to new ideas concerning the factors involved. Certain

additional experiments were therefore made to prove or

illustrate these. Because of the lack of definite knowledge
of many of the principles involved, the discussion is largely

theoretical, and represents the belief of the writer. The
paper is of a preliminary nature, yet it is believed it indi-

cates the direction in which the truth lies.

A. C. S.—35.
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The factors involved in the po^A er of a brick to resist

frost are the following : The structure of the brick, the

disintegratiug- forces, the conditions atfecting the brick in

the wall, and the relations between these factors and the

durability of the brick. A discussion of the tests now in

use and their value follows. The results of the experiments

that brought the writer to his conclusions are given, and a

summary including the tests believed to be the most val-

uable in predicting the durability of brick closes the pajier.

The writer wishes to acknowledge the kindness of the

Departments of Dairying and Applied Mechanics of the

University of Illinois for the facilities placed at his dis-

posal for freezing and crushing the brick tested. The kind-

ness of the manufacturers who donated the brick, of

Professor C. W, Kolfe, who made the investigation pos-

sible, of Professor R. A. Millikan, of the T'niversity of

Chicago, and of Mr. Eoss C. Purdy, who aided the author

with criticism and suggestions, are also thankfully ack-

nowledged.
STRUCTURE OF BRICK.

^hape and fiizr of the clay grains. The clay from
which brick are formed contains many minerals. Among
those that have been identified with certainty are quartz,

feldspar, mica, kaolinite, iron oxides, pyrite, and calcite.

Of these kaolinite, quartz, feldspar, and mica form the

bulk of the clay. The grains of mica and possibly kaolinite

originally had the form of flattened plates. These have

been so broken during the many changes through which the

clay has passed tliat their thickness often nearly w^uals

their length. The grains of other minerals are ap])roxi-

mately equal in all dimensions. With few exceptions, the

grains have been worn and rounded by weathering and
transportation, and it is not far from the truth to consider

them as spherical.

The following mechanical analysis of a clay similar to

that from which one of the sets of brick experimented n])on

was manufactured, illustrates the range in size of the

"rains.
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Mocliaiiical jm;ilysis of ( Muniipaiiiii subsoil.'

size of Grain Designation. Percentage.

2.000- l.OOOinm. fine gravel 1.04%
].000-0.600min. coarse sand 1.98%
0.600-0.250mni. medium sand 6.85%
0.260-0. lOOmni. fine sand 6.28 "/o

0.100-0.(l60mm. very fine sand 5.82%
0.060-0.010mm. silt 28.38%
O.OlO-O.OOSmm. fine silt 15.46%
0.006-0.001mm. clay 30.00%

"Total 96.76%

Loss on heating, organic matter, water. 4.24%

From this it is seen that the range in size of grain is

considerable, but the most noticeable thing is the prepon-

derance of the finest grains,—which form 73.84% of tlie

whole.

Pores. Schlichter,^ in discussing tlie origin and rela-

tions of pore-space in sands and sandstone, has shoAvn that

it depends upon the size of grains, their uniformit}' of size,

and the manner in which they are packed. The larger

pores are produced by the larger and more uniform grains

and the smaller ones by those that are smaller and more
heterogeneous. The maximum pore-space with a given size

of grain results when the grains are arranged in a rectan-

gular pattern, the minimum when in a triangular pattern.

In every possible manner of packing, however, there is at

least one direction in which the interangular spaces form
continuous tubes.

On account of the diverse forms of the grains, these

tubes are not uniform throughout their length, but consist

of a series of triangular cavities connected at their smaller

ends. Owing to the variation of the diameters of the

grains, these cavities are not uniform in size, but are smal-

ler or larger as the grains increase or diminish in size.

' Leverett. U. S. Geol, Siirv., Monograph 38, p. 163.

"Schlichter. U. S. Geol. Surv., 19th Ann. Rept.
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Consequently, the pores have the form of a string of irregu-

lar beads rather than that of a continuous circular tube.

Nevertheless, Schlichter has shown that these irregular

tubes or pores obey the same laws in regard to the passage

of fluids through them as do circular tubes. The internal

structure of unburned brick is that of a more or less closely

packed mass of sand and cla^' grains. Therefore the laws

of capillary tubes may be applied to such brick without

serious error.

Laminations. By whatever method brick are manu-
factured, numerous cracks and crevices arise, which are

relatively much large in two of their dimensions than in

the other. For instance, Avhen clay is forced through a

die, certain portions of the column move faster than the

rest and, slipping along definite planes, form fractures and
cracks. The cracks formed by the blades of the auger may
not heal, or they may act as planes upon which the clay

slips as it passes through the die. Air bubbles confined in

the clay are squeezed out flat and remain in the brick.

Whatever their origin, the cracks are of similar a])pearance

and are known collectively as lamination cracks.

Lamination cracks, in contrast to pores, are scattered

irregularly through the brick, and are but rarely in direct

contact with one another. They are, however, connected

by the all-pervading system of pores. The pores and lami-

nation cracks together make up the total pore space of the

brick, and their size and abundance determine in an im-

portant degree its durability.

Effect of method of manufacture and water used in

making brick. The manner in which the grains of clay are

packed in a brick is determined in a large degree by the

method of manufacture and amount of water used in mak-
ing. In soft mud brick, for example, enough water is added
to the clay to form a film around each grain. The grains

are separated from each other by this film, and settle to-

gether when the brick is dried. The larger grains act as a

sort of skeleton and prevent shrinkage to a considerable ex-

tent. The grains are, therefore, arranged in a rather open
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mauuer, and the pore space approaches the uiaxiinuin

value possible w ith the size of grain present.

In the stitr mud brick, on the other hand, only enough

water is added to the clay to allow the machine to handle

it. The clay is under heavy pressure as it passes through

the die, and the grains are crowded together, making the

brick compact and dense. When these bricks are dried,

there is not the op[)ortuuity for the small grains to settle

that was present in soft mud brick. As a result, the pore

space approaches the minimum limit. The pores are there-

fore smaller in a stitT-mud brick than in a soft-mud brick

made from the same clay. This is illustrated by the shale

brick used in the present tests.

Effective diameter of pores. Although the pores are

fur from being uniform in diameter, yet it is possible to

consider them as being so. This uniform diameter would
be that which would allow the same amount of fluid to flow

through the pores when the amount of pore space and other

conditions are the same. This will be spoken of hereafter

as the effective diameter of the pores. This term is ana-

logous to the effective diameter of grain defined by
Schlichter.

CHANGES IN PORE SPACE DURING THE BURNING OF THE
BRICK.

Purdy and Moore^ in a study of the physical changes
that take place during the burning of brick, found that

porosity increases during the period of dehydration and
oxidation, and decreases during the period of fusion. One
of the clays upon w^hich they worked, was the shale from
which two of the series of brick used in the present experi-

ments were made. A curve, taken from their results, shows
graphically the decrease in pore space during the period

of fusion. (See figure No. 1, which is the same as Fig.

XLIX of the Purdy-Moore series.

)

In the same paper, is included a microscopic study of

^See page 204.
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11 scries of test pieces at different staj^es of burniii};, made
by Wegeinaii. Ills observations showed tliat with (he

fusion of (be ninlci'ijil, the pore si)ace a])pai'enlly increased,

and took (be form of blebs or bubbh's in the ^lass.

Keasonin<>' from known facts, tlie change in pore space

that tak(^s ])bi('e dnrinu' tbe burning- of tlie In-ick is believed

to be as follows:

Period of dehydration and oxidation. In dri(;d brick,

the pores are mostly' verj' minute on account of the tineness

of the <;rains. The salts, left from the escaped water, are

lodgwl most abundantly in the pores near the surface. As
a result, these pores are more or less clogged. During the

period of dehydration and oxidation, several of the consti-

tuents of the brick give off gases. Among these are : the

combined water, COg from the carbonates, and carbona-

ceous matter, SO2 from the sulphides and sulphates, etc.

To a certain extent the escaping gases act in a manner
analogous to that of yeast in bread, and open up and ex-

pand the pores in forcing their way out of the brick. In

addition, many of the precipitated salts are volatile and
are removed, thus freeing the pores. The final result of

these co-operating factors is to increase the pore space, by
opening the pores and expanding them. The brick, as a

result, take up water much more rapidly and abundantly
than before.

Period of fusion. Fusion begins with the amorphous
matter between the grains, causing them to run together so

that they lose their individuality. The pores, composed of

the spaces between the grains, begin to lose their triangu-

lar form and grow smaller. Eventually the walls come in

contact at two or more points and portions of the pores

are sealed. The pores are filled with gases, and when they

are sealed, these are confined, preventing further collapse

of the pores. As the glass becomes more fluid, surface

tension causes the gaseous inclusions to take on a spherical

form. These minute bubbles, as they come in contact with
each other, merge and form larger bubbles. The writer

believes that these last are the blebs, described by Wege-
mann.



636 HARDNESS OF BRICK AND THEIR RESISTANCE TO FROST.

When the pores are not completely sealed by glass,

they are nevertheless obstructed, and their effective diame-

ter decreased. As will be shown later, this has an import-

ant bearing upon the rapidity with which they absorb

water, and therefore upon the durability of the brick. It is

probable that the only decrease in actual pore space comes
about through shrinkage of the brick, and collapse of the

unsealed pores. Much of the apparent decrease is due to

the sealing of portions of pores by glass, and consequent

isolation of these parts from the all-pervading system of

pores that existed in the unfused brick. The pore space

is commonly measured by the amount of water a brick

can absorb, and only that portion of the total pore space

is included which offers a free passage to water. This

leaves out of consideration the minute and sealed pores,

and the apparent decrease in a large measure represents

these.

The changes, then, that take place in pore space dur-

ing burning are: First, the enlargement and clearing of

the pores during the period of dehydration and oxidation

resulting from the volatilization of the obstructing salts

and the mechanical effect of the escaping gases; second,

the obstruction of the pores by glass formed during the

period of fusion, and the partial or complete isolation of

the pores included in the fused portions of the brick.

CHANGES IN STRENGTH AND RIGIDITY DURING BURNING.

As brick are burned, they gain in strength, as has been

shown by numerous crushing tests. This is due to the

better consolidation of the grains of clay, and the more
perfect contact that is produced by their partial fusion

with increased heat treatment. The brick gains in tenac-

ity, therefore, and develops greater resistance to disinte-

grating forces as burning progresses.

Along with this increase in strength, goes increased

rigidity and consequent brittleness. While it takes a

greater initial force to start disruption in the harder

burned brick, the distance through which the force must
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act in order to cause complete failure is lessened. This is

caused by the fact that hard brittle substances ciinnot be

strained as far without breaking, as the softer and tougher

materials. This has an important bearing upon the resist-

ance a brick offers to disintegration by frost.

As an illustration, consider the conditions and action

of a brick in the wall of a burning building. The sudden

change of temperature expands the surface of the brick

more rapidly than the body, on account of the slowness

with which the heat is conducted to the interior. When

water is thrown upon the wall the surface is cooled very

much more rapidly than the interior. The surface of the

brick becomes relatively smaller than the body, and a stress

results between them. If this stress is great enough to

overcome the resisting strength, and the amount of con-

traction is enough to exceed the elastic limit,—or the dis-

tance which a brick may be strained without injury—the

brick gives way and spalls off. If the amount of contrac-

tion does not exceed the elastic limit, the brick is not

injured, since the strained parts return to their former

positions as soon as the stress is removed. A brittle brick

has a small elastic limit, and will often fly to pieces under

conditions where a softer brick will stand. The harder

burned brick, therefore, have the greater initial strength

to resist strains, but give way more rapidly after movement

is once started.
.

Tensile strength versus compressive strength, ine

distance through which the walls of the pores are

forced by the expansion of freezing water depends upon

whether the tensile strength of the brick is greater than the

compressive resistance, or vice-versa. As an illustration,

consider a pore near the surface of the brick. If the tensile

strength is the weaker, the material at the surface will

give way and spall off. As a result the pore will expand in

but one direction, i. e., towards the surface. If, on the

other hand, the tensile strength is the stronger and the

material holds, the pore will have equal pressure on all

sides and expand in all directions.
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If the pores be considered as circular tubes, this fact

may be stated quantitatively. Representing the radius of

the pore as r and its length as I, the volume of the pore will

be "/7rr2." Representing the expansion of water as "a" the

total expansion of a filled pore will be ''aZTrr-." If the

expansion takes place in one direction only, as in the first

case, the distance that part of the wall must move is equal
to the total expansion of the confined water divided by the

length of the tube, or "a7r/-2/' That is, the distance the

wall of the pore is strained is in this case proportional to

the square of the radius.

If, as in the second case, the expansion takes place in

all directions, the distance any part of the walls move is

the total expansion divided by the number of directions

of movement, or

alTrr^ ar

2l7rr ~ ~Y
That is, the distance the walls of the pore are strained is

proportional to the radius. This indicates that the dis-

tance any part of tlie wall of a pore moves in consequence
of the expansion of the water, is much greater in the first

case than in the second. The chances are much greater,

therefore, that the elastic limit of a brick will be exceeded
when it possesses greater rigidity than tensile strength.

The actual expansion in a brick proabbly lies between
the two values given, and depends not only upon the size

of the pores, but the rigiditj^ of the brick also. In the

softer brick, which are less rigid, the expansion of the walls

will be more nearly proportional to the radii of the pores.

In the harder brick, on the other hand, in which rigidity is

greater, the expansion will be more nearly proportional to

the square of the radii. The advantage gained by the smal-

ler pores of harder brick is in a measure offset by their

increased rigidity and smaller elastic limit.

Special eai<e of the f<alnion hrivk. Purdy and Moore
have called attention to the fact'' that some clavs disin-

'See page 21 S, this volume.
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t('ij:rji(e :iii(l slake when placed iii water, l)ecoming plastic

a.uain even aflci- liavin«>; been burned to the temperature of

1 100 diirees l*' for many liours. They explain this i)henom-

cnon as due to (he action of adsorbed salts, and it may be

l)ossible that this is more common than is at present sup-

posed. If this is true, the rapid weathering of some salmon
biiclc is easily explained. In all harder burned brick,

however, this factor does not enter, as the adsorbed salts

are changed to a harmless form at the temperature at

which dehydration and oxidation is finished. Consequently,

it may be omitted in the discussion of the brick burned be-

yond this stage.

The changes that take place in the strength of brick dur-

ing burning are, therefore, increase in tenacity, due to

consolidation and amalgamation of the clay grains; in-

crt^ase in rigidity and brittleness; increase in durability

due to change of adsorbed salts to a harmless form. The
increase in strength increases the initial strain the brick

can withstand, and the increase in rigidity decreases the

elastic limit and, therefore, the distance the parts of the

brick can be strained without injury.

DISINTEGRATING FORCES DUE TO CHANGE IN
TEMPERATURE.

Factors inherent in trick. Brick, which are merely
artificial stones, have many characteristics in common with
rocks and many known facts concerning building stones

may be applied to bricks. Every geologist is familiar with
the immense amount of disintegration that rocks undergo
from simple changes in temperature. This is especially

true in situations, as on mountain slopes, where diurnal

changes are rapid. MerrilP cites several observations of

the effect of rapidly changing temperature on rocks. He
tells of finding numerous fresh chips and flakes in the

valleys and on the slopes of a mountain in Montana, that

' Rocks, Rock Weathering, and Soils, p. 181.
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could only be accounted for by the action of rapid change
in temperature during day and night. Another observation

he quotes is that of Livingston, who reported that rocks

in Africa were frequently heated to a temperature of 137

degrees Fahrenheit during the day, and that rapid cooling

during the night split off fragments weighing as much as

200 pounds. The fundamental cause of this disruption is

the poor heat conductivity of the rocks.

Bocks and clay products are poor conductors of heat.

A difference in temperature of 100 degrees may arise in a

depth of one inch when a rock is simply heated by the rays

of the sun. The coefficient of expansion of rocks is approx-

imately .000005. In a rock 100 feet long when the above
conditions exist, the difference between the length of its

heated surface and that of a zone one inch lower would be

nearly one-half inch. This places the rock under a tremen-

dous strain and since rocks are very rigid, the strain is

concentrated at the weakest point. Eventually the strain

becomes greater than the rock can bear and it gives way.
This same principle operates on brick, and is apparent

in the chipped surfaces of a brick wall that has passed

througli a severe fire. Under ordinary circumstances, the

greatest difference in temperature exists between the faces

of a wall heated to room temperature on the inside and
cooled to the temperature of the air on the outside. This

difference is at a maximum during winter and probably

amounts to 100 degrees F. Since, however, the bricks are

separated from each other by much weaker mortar joints,

the wall does not act as a single unit, as a rock mass does,

but as a multitude of units. Therefore the differential ex-

pansion or contraction cannot be concentrated upon a

weak point as it is in rocks, but is confined to each brick.

The difference in length of the outer and inner surfaces

of a brick under these circumstances is only .0025 of an
inch. This certainly does not exceed the elastic limit of

the brick and need not be taken into account. The same
process that is so effective in disrupting the rocks is inef-

fectual in brick under ordinary conditions, simply because
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Mioir small sixe and elastic connections render it impossible

for cumulative strain to concentrate at any one point.

A factor oi)erative in the crystalline rocks, especially

of (he coarse <»Tained granite type, is the internal strains

set u]) by unequal expansion of the different minerals.

Here, as above, the amount of differential strain depends

directly up<ui the size of the grains, increasing as the size

of the grains increases. As most of the material that forms

brick is very fine grained and becomes more homogeneous

with burning, this differential strain is too small to have

any effect.

Factors foreign to the hricJ:. Since it has been shown
that there is nothing inhei'ent in brick that will

cause their weakening with ordinary temperature changes,

the disrupting factor must be some external substance that

may find entrance into them and, by its different rate of

expansion, set up strains. Of necessity this must be a sub-

stance that is fluid at least at the time of its entrance into

the brick. The conditions require that it be mobile and
able to flow through the pores. Further, it must have a

different rate of expansion from that of the brick, in order

that a differential expansion and consequent strain may
exist with change of temperature. In order that this may
be effective as a disrupting force, it is further necessary

that the substance be confined to a considerable degree, so

that the strains will not be relieved by reverse flow of the

substance.

Liquids and gases fulfill the first two conditions per-

fectly, but as the same properties that permit their en-

trance into the brick also allow their escape, they cannot
cause strain that will mechanically harm the brick under
ordinary conditions. All three conditions are only fulfilled

by some substance that, fluid at the time of entrance, be-

comes rigid with change of temperature, or other ordinary

conditions, and thus renders it possible for the brick to

confine it.

Of the three states of matter, solid, liquid, and gas-

eous, only the first is rigid, and the last two fluid. The dis-
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riipting substance must, therefore, enter as a liquid or a
gas, and then through ordinary change in conditions, be-

come solid within the brick. As at ordinary temperatures,

common gases do not reach the solid state, they need not
be considered.

A liquid may be solidified by lowering its temperature,
by changing the pressure upon it, or by evaporation of one
or more of its constituents. When a solid is dissolved, it

becomes to all intents and purposes a liquid. Conversely,

when it is crystallized from solution it becomes solid again

and, if absorbed when in solution, may, upon the evapora-

tion of the solvent, be confined within the brick. Seger^

states that the concentration of the salts in the surface

layer of brick by the evaporation of water often causes

the destruction of the surface. Other observers have made
the same statement. It would seem it first sight that it

would be impossible for a crystallizing salt to exert any
pressure or cause any strain, for as the crystal grows it

shuts off automatically the supply of solution. It would
thus completely close the pores, preventing the further

growth necessary to cause strain. Recent experiment® has
shown, however, that growing crystals can exert consider-

able pressure and will continue to grow even under con-

siderable resistance. It is possible, therefore, that brick

may be injured by the crystallization of salts in the surface

layers. It is believed, however, that this is a minor factor

in the weathering of brick, and that the greater destruction

results from another source.

Some substances, such as water, expand as they pass

from the liquid to the solid state. Increase in pressure

lowers their freezing point. Consequently, when such a

liquid is confined while freezing, the increase in volume will

cause a pressure upon the walls of the confining vessel. In

order that this may be effective in the brick, it is necessary

'Coll Writings, p. 372.

"G. F. Becker and A. L. Day, Trans. Washington Acad, of Scl.

Vol. 7.
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dial ciKMiiili of (lie li(iiii(l hcccMiic solid to seal the surface

pores, aud Hms make it possible for I lie liquid to be con-

fined while freeziiii*-. In so doin*;-, a strain is set up within

the brick, wliieh if great enough, may burst its bonds and

cause damage.
It is, then, to liquids that expand upon solidification

that we may look for the principal cause of the observed

weakening- of brick by changes of temperature. Of this

class of ]i(|uids, there is only one that is universally abund-

ant aud solidifies at ordinary temperatures. This is water.

PHYSICAL PROPERTIES OF WATER.

Change of volume tvith change of temperature.

The great majority of substances contract as their

temperature is lowered. Water conforms to this rule until

the temperature of about 39 degrees F is reached. At this

point w^ater ceases to contract and as the temperature is

lowered further, expands until it solidifies. Generally

solidification takes place at 32 degrees F but may be de-

layed—as wdll be explained later—until a lower tempera-

ture is reached. This expansion has been measured down
to 18 degrees F, and is at this temperature .00186 units. '^

Thas is to say, one cubic inch of water measured at 39 de-

grees F becomes 1.00186 cubic inches when cooled to 18

degrees F without freezing. Since water is nearly incom-

pressible, this small expansion of the water, if it were
rigidly confined, would cause a pressure of over 500 pounds
to the square inch.

Change of volume upon freezing.

When water changes to its solid form, ice, its volume
increases approximately one-tenth. That is, ten cubic

inches of water at 32 degrees F will become eleven cubic

inches when frozen. This increase in volume, whenever
the freezing water is confined, may give rise to a pressure

upon the walls of the containing vessel that may be great

enough to burst it.

^Chwolson, Lehrbuck der Physik, vol. 2, p. 134.
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Near the close of the eighteenth century, Major Wil-
liams, while stationed at Quebec, filled two 13-inch bomb
shells with water and closed the fuse holes by driving in as
tightly as possible iron plugs weighing three pounds each.

The shells were then exposed to the cold of the winter night
about twenty degrees below zero F. The next morning
one of the shells was found to have burst and a thin fringe

of ice projected through and beyond the crack. The plug
of the other shell was found at a distance of 415 feet and
a column of ice eight inches long protruded from the fuse

hole.^" Evidently a powerful pressure had resulted from
lowering of the temperature of the confined water.

Assuming that all of the water froze, and the shell re-

mained intact, which is possible if the shell was only partly

filled, leaving enough space for the ice to form, both shell

and ice would contract as they cooled. Since the coeffi-

cients of expansion of ice and cast iron are practically the

same, whatever pressure may have been within the shell

could not change materially. Consequently, if the shell

did not give way at the moment the last of the water froze,

further cooling could not cause its bursting.

If the water began to freeze and the pressure resulting

from the increase in volume of the forming ice became
gre^t enough to lower the freezing point of the remaining
water progressively with its falling temperature, an in-

creasing pressure would accumulate within the shell as the

water cooled. An increase in pressure of one atmosphere
—15 pounds to the square inch—upon water will lower the

freezing point .01388 of a degree F. The pressure neces-

sary to prevent freezing at 31 degrees F is 1080 pounds, or

half a ton, to the square inch ; at 22 degrees, 10800 pounds;
at zero, 34560 pounds; and at minus 20 degrees—the tem-

perature of the air in Major Williams' experiment—60480
pounds, or over thirty tons, to the square inch. This cer-

tainly would be pressure great enough to account for the

bursting of the shells. It seems probable, therefore, that

'"Oarnot's PhyBics, 13th Ed. Trans , p. 32().
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part ()( llic \\a((M- was slill li(nii<l a( (lie liiiic llie shells

hurst, and that Ihcy were ruptuicd hy the ciiiinilative pres-

sure that ])rev('nl(Ml this water from freezing.

IMoussau^' performod an experiment that throws some
liiilit ni)on this (inestion. lie had a stronii cylinder made
that was c losed at the h)wer end by a small cone held in by

a screw-nut, and at the upper end by a piston moved by a

screw-nut. RemoviiiG,' the bottom nut and cone he filled

the cylinder with water, placed a bit of copper rod in it as

an index, and allowed the water to freeze by exposing the

a])paratns to the winter air. lie then carefully cleaned

away enough of the ice to allow him to put the bottom cone

and nut in place, screwing them down as tightly as pos-

sible. Then he inverted the cylinder and placed it in a

salt and snow mixture at a temperature of about zero F.

By slowly turning the top screw he compressed the ice to

about 0.87 of its original volume. This required about four

houi's. Then keeping the cylinder in the cold he opened its

bottom.

The index at the beginning of the experiment was in

the upper part of the ice. If the ice remained solid during

the compression, the index should remain in this position

and when the cylinder was opened api)ear last. If the ice

was melted by the pressure, the index would sink through

the water formed and should be at the bottom of the cylin-

der, appearing first when it was opened. AVhen Moussan
opened the lower screw, and loosened the cone, it came out

rather suddenly and ice formed instantly upon its sides.

Immediately behind it followed the index and then, for the

first time, came a thick cylinder of ice which must have
formed at the instant of opening. ^^

iiPogg. Annalen, vol. 105, 1858, p. 170.

'2" Als man noch diesem Verfahnen die untere Schluss-scliraube

immer in voUer Kalte offnete, und den klienen Kouus loste, trat der

selbe sofort etwas heraus und an seiner seite bildete sich augenblick-

lich Eis. Gleich hinter den Konus folgte der Index und erst nach diesem

ein dichter Eiscylinder, der sich im augenblick des Oeffnens gebildet

haben musste."
A. C. S—36.
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Consequently lie had proved that it is possible to melt

ice by pressure alone. It seems probable in the light of his

experiment that when the enclosing; vessel is strong enough
to resist the pressure resulting when ice first begins to

form, that the pressure lowers the freezing point of the

remaining water progressively witli its decreasing temper-

ature, and therefore the pressure increases as the tempera-

ture is lowered. It has been proven by Tammann and
others that if the pressure be great enough and tempei-ature

low enough, the ice will change its form, but these condi-

tions are beyond the temperatures and pressures ordinarily

prevalent. Recognizing, therefore, that there is a limit,

the statement nevertheless holds good that under ordinary

circumstances, tbe pressure resulting from freezing; water,

when it is confined, increases as the temperature is lowered.

DISINTEGRATING EFFECTS OF FREEZING WATER.

When water is confined, therefore, and cooled below its

freezing point, it may cause damage either by its sudden
expansion when freezing or from the pressure resulting

from its attempt to freeze. The pressure is the same in

either case, and since it depends directly upon the temper-

ature at which freezing takes {dace, may be calculated from
the known relations of freezing point and pressure.

Conditions prvvcniinfi damaf/c. It is evident that

if the pores of a brick were filled with freezing water

rigidly confined, the lowering of its temperature a few

degrees below the freezing i)oint would utt(^rly ruin the

brick. Yet brick are not ruined in practice, and the

Largest percentage of loss in crushing strength of a well

!»urned brick that had been subjectt^l to a freezing test

was only a tritle over forty percent. Evidently there

are mitigating factors effective in the freezing of saturated

bricks tliat Inivc not been ((msldered. These are in part:

the i)ores forming tubes of capillary size permitting the

j)ossibility of water not solidifying; the imperfect sealing

of the pores nnd consecinent partial r<'li<>f of tlie ]>ressure



HARDNESS OF BRICK ANI> THKIR RBSISTANCB TO FROST. 547

Mii-ou^h outward How, and the possible (lrainiiij>e of part

of the water before freeziiij^, leaving the pores only partly

filled.

Orcrcoolcd water.

As lias already been stated, it is ])ossibl(; to cool water

below the freezing point without the formation of ice. The
conditions that favor this overcooling are freedom from
dust and other suspended matter, freedom from dissolved

air, and freedom from contact with ice, and confinement in

minute (juantities, as in capillary tubes.

AMieu water is confined in cai)illary tubes it is possible

for it to overcool further than it would otherwise. By
using boiled and filtered water, Despretz was able to over-

cool it several degrees below the limit given by Chwolsou'-,
—18°F—and in the finest tube reached a temperature of

four degrees below zero F, before ice formed. The tem-

peratures reached were influenced by the size of the tubes,

the larger ones freezing sooner.

The influence of ice on the amount of overcooling in

capillary tubes is well illustrated by an experiment of

]\Ioussan's. He placed two series of capillarj'^ tubes con-

taining boiled water, in a box, and exposed them to winter

cold which reached a minimum of about 22 degrees F. One
series was placed in an inclined position, with one end -»pen

in a vessel of water. The other series was placed in a hori-

zontal position and the ends sealed with shellac to prevent

evaporation. All of the latter series above 1-27 of an inch

in diameter froze. In the series placed in the water and
therefore in contact with ice as it formed in the vessel, only

those smaller than 1-75 of an inch in diameter escaped

freezing. Considering the relatively small amount of over-

cooling in this case, it is evident that only the water in

very small tubes is capable of being overcooled in contact

with ice.

The water in the pores of brick is never free from dust

and dissolved air, and the brick are continually subjected

'•''Chwolson. Lehrbuck der Physik, vol. 3, p. 592.
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shock aud vibratioD from the traffic in the streets and
building. The water on the outer face certainly freezes

and the water in the j^ores is in contact with ice as a con-

sequence. On the other hand, most of the pores are very

small or at least the numerous constrictions in them pro-

duce the same effect.

As there is no method known at present by which the

actual freezing of water in the pores can be proven beyond
question, we are compelled to depend upon indirect reason-

ing. It is known that brick suffers a loss in strength by
having been subjected to freezing. The amount of this

loss increases with the fineness of the pores—as shown by
the results of the present freezing tests—and not witli their

coareness, as it should if overcooling was the dominant fac-

tor. It has been shown that there is nothing inherent in

brick that will cause this loss, and that the only important

cause is the pressure resulting from freezing water. Loss

of strength in the brick has been reported in all properly

conducted freezing tests, although in these a wide range in

the temperatures has been used. It seems extremely prob
able, therefore, that at least some of the water freezes and
causes damage. The amount of danmge done, assuming
the pores to be full nud unable to drain, uudoubtedh' de-

pends on the temperature and the relative size of the pores,

since the finest pores freeze last and at the lowest temper-

atures. It is possible tliat a i)()rtion of this loss of strength

may be due to incipient fractures caused by the rapid and
rei)eated heating and cooling to which the brick were sub-

jected.

Impcrfrci yiciilinii of the surface pores.

Obviously the power of resistance of the walls of the

containing vessel is no greater than that of its weakest

point. When, as in the case of the bombshell exposed in

(^anada, the plug failed before the walls of the shell, the

freezing water, instead of bursting tlie shell found relief

by extruding a column of ice through the fuse hole. If a

botth' is filled juid !iot too tightly corked, it will present the

same plieiionHMiou when the water is frozen. Evidently, if



HARDNKSH OK HKICK AND TIIIOIK KKSISTA NC'K TO KKOHT. E,49

(lie pores at (lie surface of tlie hrick are completely sealed

hy tlie first formed ice, the amount of danui<!;e done depends

jduiis or spicules beyond the immediate surface of the;

brick.

Mosely" determined the tenacity of ice as about 100

pounds to the s(iuare inch. This was measured as the ice

was nu'ltin<>. Andrews'"' nu'asured the resistance ottered

by a block of ice to penetration by a heavily loaded iron

rod at different temperatures, lie found that the ice was
very hard and resistant, allowing scarcely any penetration,

at the temperatures from minus thirty to ten degrees F.

At ten degrees it became slightly softer, graduall}^ soften-

ing until about twenty degrees was reached. The softening

now became more rapid until near the melting point, when
it bcame very rapid. Tammann'*^ f(mnd that the plastic-

ity of ice is relatively small but increases near the melting

point.

It is evident that the resistance offered by the ice

plugs when they are first formed is quite small. As the

temperature falls, however, their rigidity increases rapidly

and when the temperature is lowered sufficiently, may be-

come rigid enough to withstand the pressure of the freezing

water in the interior of the brick. The irregular shape of

the pores is an important aid to the plugs in maintaining

their position at the outlets of the pores. As the cooling

of the brick progresses slowly into the interior, the tem-

perature of the ice plugs has probably fallen several de-

grees by the time the interior water begins to freeze. Tak-

ing into consideration, therefore, the increased strength of

the plug due to this decrease in temperature, and the ex-

treme irregularity of shape of the pores, it is believed that

there is but little relief of pressure due to exuding of the

pugs or spicules beyond the immediate surface of the brick.

"Phil. Mag., p. 39, 1870.

1^ Quoted by Barnes, op. cit.

i6Ann. der Physik, vol. 7, 1902, p. 208.
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Partial drainage.

It is evident that if a pore were only nine-tenths full,

expansion of the forming ice could take place without in-

jury to the pore. Xo pressure can arise within the pore

until it is more than nine-tenths filled, for this leaves suffi-

cient space for expansion of the ice or water. If, after

pores and cavities are filled, it is possible for one-tenth of

the water to drain before it freezes, they will be removed
from danger of rupture and no damage can result. The two
factors that govern the amount of water in the pores and
cavities when the plane of frost reaches them are : 1st, the

completeness with which the pores are sealed, and 2nd the

rate of flow of the water through the pore system.

It goes without saying that if brick are not completely

sealed on all sides, the pressure within may be relieved by
the flow of the water from the open sides. In freezing tests,

as usimlly conducted, the brick are exposed to cold on all

sides alike. As they lose their heat, they cool simultan-

eously on all surfaces, thereby freezing and sealing the

pores on all sides at the same time, and completely enclos-

ing the remaining water within the brick.

In the case of brick laid in the wall, this is not true.

The outside face becomes chilled long before the others, and
while the pores on the surface are sealed, the others are left

open, offering a passage for the water as pressure in-

creases. Consequently the freezing test puts the brick un-

der conditions to which those in the wall are never sub-

jected.

A brick saturated with water and placed in a position

where it is possible for it to drain, but where evaporation

is prevented, will lose but a very small amount of water. A
series of th(> brick tested were placed, after saturation, in

such a position, and at the end of forty-eight- hours had
lost but one or two grams of water. Consequently, when
the brick are frozen in the freezing can, they do not drain.

But as it is impossible to completely saturate brick by
soaking, certain i)arts are free from water. When ice be-

gins to form and the ice plugs hav(^ become strong enough
to resist the growing pressure of the freezing water, relief
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is had h\ the (low of pnil of the wnlcr into I lie vacaiil

spaces. The rehitive aiiiouiit of (hima^e done in the brick

depends uj)ou the ease and rapidity witli which this is ac-

c()ni[)lished. As the resistance to flow increases rapidly

with tlie decrease in the effective diameter of the pores, the

finer i)ored brick sliould suffer the <;Teater loss in freezing.

Flow throuffh capillary tubes. The pores of the brick

are not of course perfect capillary tubes, but it has been

shown that they obey the same laws. The truths, therefore,

will be at least approximated by considering them as such.

The volume of flow of a liquid through a capillary tube

in a unit of time is expressed by the formula -^^^—y in which

r is the radius of the tube, /; is the pressure, or unbalanced

force, at the end of the tube, u is the viscosity, or resistance

to flow of the liquid used, and I is the length of the tube.

Expressed in words, the formula means that the amount of

flow in, say a second, increases sixteen times when the

radius of the tube is doubled, is doubled when the pressure

is doubled, is halved when the viscosity of the liquid is

doubled, and is halved when the length of the tube is

doubled.

The velocity of flow may be determined by dividing

the total flow by the area of the cross section of the tube.

Velocity or Y= -r,
—r ~ x r ^= ^^-—j

•^ GUI hut

This means that if the pressure, viscosity of the water,

and the length of the pores were equal, a pore twice the

size of another would transmit water four times as fast.

Therefore the coarser pores of a brick would offer the least

resistance to the flow of water through them.

Effect of laminations upon the durability of brick.

The laminations are irregularly scattered through the

brick, and as a result, the water is not uniformly distri-

buted but the greater portion of it is concentrated in these

cavities. The volume of water in the laminations is enor-

mously greater than that in the pores. Consequently the
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amount of expansion due to freezing is not only greater,

but it is concentrated at one point. Further, the lamina-

tions extend over a relatively large area and so weaken the

brick that much more. On account of the greater amount
of expansion and the smaller resistance offered by the brick

at these points, the greater amount of damage is done by
water in the laminations.

The laminations are connected with each other and the

surface of the brick only through the pores. The rapidity

with which they are filled and drained, is governed by the

size of the pores and that alone. As with the pores, the

amount of damage that is done depends upon the complete-

ness with which the laminations are filled. Therefore, it

follows that the durability of brick depends, not upon the

number or size of the laminations, but upon the effective

diameter of the connecting pores. As these form the greater

part of the total pore-space, it is now clear why the dura-

bility of brick does not run parallel to the total pore-space.

As the hardness of brick increases, the effective diame-

ter of the pores decreases, and tenacity and brittleness in-

creases. The effect of decrease in the effective diameter of

the pores is to increase the resistance offered to the flow of

water through the pores, the increase of tenacity gives

greater strength to resist the expansion of the forming ice,

and the increased brittleness decreases the limit to which
the brick may be strained without rupture. Consequently

the harder burned brick may be expected to suffer the

greater relative loss in a freezing test, whenever the effects

of the smaller pores and the greater brittleness overcomes

the increased strength. Even when this is the case, it does

not necessarily mean that the harder brick are the poorer,

for as a rule their increased strength gives a large factor of

safety, and even after they have lost forty percent of their

original strength, they are often much stronger than is

required.

Relative contraction of brick and ice. After ice is

formed, the fnrtlier damage it will do to the brick depends
upon their nUative rates of contraction. The coefficient of
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expansion'" of clav wares is .00000457 ami that of ho
.0000350. This means that ice will contract nearly nine

times as fast as brick, and will shrink away from the walls

of the pores as the temperature is lowered. Tlicrcforc ice

can damage hrivk only at the time of its formation.

CONDITIONS GOVERNING THE BRICK IN THE WALL.

The conditions under which brick are placed varies in

different parts of the wall. In the foundation, below the

Avater line, brick are subject to continual immersion in

water, and under these circumstances must sooner or later

become fully saturated. In this part of the wall, there is

no chance for any drainage, and the only factors that are

called into play are: the total amount of pore-space, and
the greatest strength. These bricks are those that have

been burned hardest, and in this situation are, beyond

doubt, the ones that should be used.

Just above the water line, capillarity determines the

amount of water contained. The height at which water

stands in a capillary tube, depends upon the diameter of

the tube. The smaller the tube, the greater is the height.

Consequently, in w^alls footed in a constant source of sup-

ply, water will ascend higher Avhen built of finer-pored

brick, than when built of brick with larger pores. The
finest-pored brick are the slowest to pass on to the founda-

tion, the water received from above. On this account, also,

finer-pored brick are saturated to a greater height above

the water line than the coarser-pored bricks. On the other

as the conditions are practically those of saturation, the

gain in strength of the harder burned brick over the

coarser-pored ones, more than offsets the advantage of a
narrower saturation zone afforded by the latter.

Above the zone where capillarity is dominant, the

brick obtain water only from atmospheric precipitation,

and leakage from pipes and gutters. Here the conditions

i^Castell Evans, Phys. Chem. Tables, p. 147.
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are those of drainage, and the brick that can rid itself of

water most quicklv is most likely to endure.. The velocity

with which water passes through a brick depends entirely

upon the size of the pores. Therefore, in this situation,

coarser-pored brick should be used, since they transmit

water faster.

The three different situations in which brick are

placed in a wall are: the saturated zone below the water

line, the capillary region just above, and the drainage zone

above these. ( See figure la. ) In designing freezing tests,

the difference in the situations in which brick are to be

placed should be taken into account, and the tests should

indicate the brick best suited to each of these positions.

This has not been generally recognized, and as a conse-

quence many brick that are well suited for certain condi-

tions are condemned, because the tests used are the same
for all situations. Thus the coarser-pored brick, which are

really best for situations where drainage is the dominant
factor, are unjustly condemned on account of their high

porosity. The claim is constantly made that certain build-

ing materials will not withstand the frost, simply because

they are porous and absorb water rapidly. It is evident

that this material, in a position where it can drain, will be

freed from danger of freezing much more rapidly than one

that absorbs water slowly, and therefore drains slowly.

It is true that the coarser material will pass water

through the wall to the interior much more rapidly and
abundantly than that which is finer. If the amount trans-

mitted is greater than the air in the interior can absorb,

the walls will be damp. Tliis is another problem entirely,

and has nothing to do with resistance to frost. Therefore,

in considering only the powers of a building to withstand

weather, the conclusion is obvious that in situations above

the saturatwl zone, coarser-pored brick are better, provided

they are burned sufficiently to remove them from the soft

salmon class.
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FREEZING TESTS.

Recognizing the different conditions under which

brick are pUiced in a wall, tests should be designed with

these conditions in view. The important factors to be de-

termined in brick to be placed in the zone of saturation, or

in similar situations, are total pore-space and strength.

The factor of greatest importance in brick to be placed in

the zone of drainage, is rate of flow of water through the

pores. As long as the brick possesses strength enough to

carry its load with a safe margin, further strength is not

necessary. The question here is not one of amo tint of pore-

space, but size of pores. These should be sufficiently large

to permit proper di'ainage, thus preventing damage to the

brick by frost.

Methods of determining pore-space. The common
method of determining pore-space is to place the brick in

water, and after a certain time, determine the amount of

water absorbed. This is considered as equivalent to the

total pore-space. AVhen a brick absorbs water, it is neces-

sary for the enclosed air to flow out and water flow in

through the pores. The rapidity with which this takes

place depends upon the effective diameter of the pores. If,

during this process, any air remains in the pores and cavi-

ties, and is surrounded by the entering water, its only

method of escape is by diffusion through the water. This

is a very slow process as compared with flow.

It has been observed that a brick will gain in weight

when left in water, even after a month's time.** Part of

this gain is probably due to bacteria, and other minute or-

ganisms, that colonize and multiply within the brick.

When a surface is exposed to the air, water evaporates, and
may deposit salts within the brick. The greater part of

the gain, notwithstanding these other sources, is due to the

diffusion of imprisoned air, and its replacement by water.

xVs an illustration of this point, two of the series of

brick tested were placed in water three inches deep and

"Wheeler, Mo. Geol. Surv., Vol. 11.
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jiUowed to stand l'orty-('ij;lit hours. After weijiliiii^ and
re-dryiuji', they were phieed in water only one inch deep, for

<he same h'uj^th of linie. Usiiii;- the aiiioinit of watei' ab-

sorbed ilurinj; deep immersion as one liundred percent, the

percentage of water absorbed during shallow immersion

was found to be as follows

:

Kind of Brick Soft Med. Soft Med. Hard Hard

Soft mud shale

Wire cut shale

153.2%

95.5%

120.6%

Q8.5%

91.5%

43.3%

70.9%

46.3%

The coarser-pored brick had absorbed much more dur-

ing shallow immersion than during deep immersion, while

the finer-pored had not absorbed so much. When a brick

was deeply immersed, water flowed in from the sides,

above the air in the bottom of the brick, before it had a

chance to escape. Replacement of the entrapped air could

only be accomplished by diffusion. In shallow immersion,

the air had a chance to escape through the pores above, and
was forced out by the ascending water.

Another factor in the experiment is the relation of

flow to pressure. It will be noticed in the formula express-

1^ p
ing the velocity of flow in capillary tubes 8ul that the

flow increases when the pressure is increased. The pres-

sure of the water on the brick was twice as great in the

deep immersion as in the shallow. The water, therefore,

flowed in twice as fast through the pores during deep im-

mersion. In addition, the area exposed for the entrance of

water was nearly three times as great, and therefore many
more pores were available for the entrance of the water.

It is this effect that masks the imprisonment of air in finer-

pored brick, and it was in spite of this that the more rapid

flow and trapping of air took place in the coarser-pored

brick.

Many investigators have maintained that complete im-

mersion is the only natural method by which the relative
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porosit}' of brick should be tested, siuee it is by soaking

that a brick becomes filled, when it is in a wall. It is true

that brick in the zone of saturation, where they are contin-

ually in contact with water, become saturated by this

method. The length of time they are in contact with the

water is not taken into account, however, nor the fact that

the air imprisoned at the first filling of the pores slowly

diffuses until only the amount held in solution by the

water is left. Brick in this situation become eventually as

thoroughly saturated as if all the air had been removed
and replaced by water in the first place. This complete re-

placement of the air is not possible by complete immersion

for the short time given in the usual absorption test. As
the only object in finding the pore-space is to determine its

total amount, in order to judge the relative durability of

brick in situations of complete saturation, the value of this

method is small except as a rough test.

Whenever the method of soaking is used, the depth of

immersion should be adjusted to the rate of flow of the

water through the pores. This is illustrated by the above

experiment where the coarser pored brick were more com-

pletely filled by shallow immersion, while the finer pored

were better filled by deep immersion.

The method that undoubtedly gives the most accurate

and concordant results is that proposed by Dr. Buckley.^'*

He placed the specimens to be tested, after drying and

weighing, in an air tight jar and, after exhausting the air

as completely as possible, allowed boiling water to slowly

enter and cover the stones. This demands considerable

apparatus and is not available for general use on this ac-

count. It is possible to approximate the truth by placing

the brick, after drying and weighing, in a pan with a small

amount of boiling water and boiling them six hours, add-

ing more water from time to time, until during the last

hour of the test they are completely immersed. As heat

decreases the viscositv of both air and water, the flow

>9Bulldlng and Ornamental Stones of Wisconsin, Wis. Geo!. Survey.
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tliroufjli tlio poros is accelerated, and the saturation fairly

complete at the end of the time. Care should be taken to

use as pure water as possible, in order to prev(int the pre-

cipitation of salts in the brick throujih evai)oration of

water from the exj)osed surfaces. If this should take place

the amount of j)ore-space determined would be more than

the true pore-space. Rain water or distilled water is the

best.

Calculation of pore-space.

Havinj*- determined the total amount of water ab-

sorbed, it is possible to calculate the pore-space. In doing

this, care must be taken to use the same kind of units

throughout. For instance, the common method is to divide

the weight of water absorbed bj the dry weight of the

brick. This cannot give the true pore-space, since it uses

the mass of the brick to divide the mass of the water, a sub-

stance two and a half times as light, volume for volume.

The result thus obtained is too small. To obtain the cor-

rect pore-space, the two masses must be reduced to equiva-

lent substances, or volumes, and must be expressed in

terms of one or the other.

The simplest reliable method with which the writer is

ac(piainted is one devised by Mr. Purdy.''^'^ This is, divide

the water absorbed by the difference between the wet
weight of the brick and its weight when suspended in

water. This gives the volume of water absorbed divided by

the volume of the brick, or ti'ue pore-space. In determin-

ing the pore-space of the brick tested, a slightly modifie<l

form of this method was used which gave, when carefully

executed, nearly as accurate results. The volume was de-

termined by measurement of the three dimensions, and this

was used as the divisor of the water absorbe<l.

Measure IK ent of the rate of fow through pores.

As has been stated, the velocity of flow through capil-

r-2 P
lary tubes is expressed by the formula -y

—

j- in which r is

^opage 211 of this volume.
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the radius of the tube, P is the cliffereuce in pressure at the

ends of the tube, u is the viscosity of the fluid used, aud I is

the length of the tube. When a brick is placed in water,

the force that causes the water to enter and pass into the

brick, is the adhesion or attraction of the water for the

walls of the pores. The height that the water will reach,

depends upon the mutual attraction of the molecules at the

surface of the water, or surface tension. The force that

causes the water to flow is expressed by the formula

2TrrT cos a, in which r is the radius of the tube, T is the

surface tension, and a is the angle of contact betvveen the

water and the walls of the pore. The opposing downward
force, due to the weight of water raised in the pore, is

expressed by the formula -n-rVipg in which k is the height to

which the water has risen at any particular instant, p is

the density of the water, and g is the force of gravity. The
unbalanced force that causes movement is equal to their

difference.

Unbalanced force=P=2TrT cos a—irr^hpg.

Since, in the equation, all of the factors may be con-

sidered as constants in the case of the brick and water, ex-

cepting /• and h, and designating these constants as K and

k respectively, the equation may be written

P=Kr — kr'h.

Substituting this value of P in the velocity equation,

we have

Velocity=\=^ —8ir7~

Since 8u is a constant in this particular case, and /

equals h we can write the equation

This means that the velocity of the water entering the

pores of the brick througli capiUary action varies approxi-

mately as the cubes of the radii of the pores, and inversely
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as (he heijiht (o which it ascends. Consequently a eoarse-

l)ored brick will fill much more rapidly than a fine-pored

one.

As a test of this theory, the three series of brick used
in the freezing- tests were placed in water, and the rate at

which they filled determined by weii^hing' at intervals of

'/4> Mj) ^y ^'h ^^> '^ii^l ^8 hours. The first set, the soft mud
made from surface clay, were placed in water three inches

deep. While some differentiation was shown, it was
thought best to set the others in Avater only one inch deep,

and allows capillarity to have full play. As was expected,

the differentiation was more marked. The results are

as follows:

Kind of Grade of
Hardness

Pore
Space

Gain
Total

BricK abs'b'd.
15 miu. 30min Ihr. 6hrs. 24hrs.

10.5

48hrs.

4.6Soft mud Soft 33.0% 369 45.3 5.1 8 7 442.0
Surface Med. s't 26.9% 320 9 2 2 2 1 7 1 7.6 3 6 343 8
Clay '

' hard 21.2% 237 9 3 1 1.6 7.7 4 6 3 2 258.9
Hard

Soft

10.3%

26.3%

36.9 4 4

52 7

3 9 37 4 33 3

12.5

1.7

4 2

106 ('.

Soft 235 1 94.2 50.4 453 1

Mud Med s't 17.8 16'> 8 44.2 68 23.7 5 1.0 310 1

Shale " hard 11.6 17.5 9 1 8.! 68.2 26.4 1.0 130.4
Hard 5.8 4 5 1.0

40.4

10

64.1

6.7 19.2

16 6

16 8

9.1

48.4

Wire Soft 27.6% 160.5 111.3 402
Cut Med. s't. 17.1 78 8 19 4 25.7 89.7 13.7 8.4 233.3
Shale '

' hard 2.1 3.8 0.4 0.9 2 2 2 3 1,6 11.1
Hard (t.9 2 2 0.3 0.4 5 5 0.7 5 6

Using the total amount of water absorbed by each

grade as one hundred, the percentage absorbed during each

interval was found to be as follows:

A. C. S.—3T.
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Kind of Grades of
Hardness

Guin

Brick
15 miu. 30 min.

10.3%

Ihr. 6hrs. 21 hrs. i8 hrs

Soft Soft 83.0% 1 295, 2.0 2.49^, 11%
Mud Med. soft 93.4 0.7 6 2.0 2 2 11
Surface Med. hard 92.1 1.2 (-.7 3 1.8 12
Clay Hard 25 1

51 9

4.0

11.9

3.4 35 31 1 14

Soft Soft 21.0 11.3 2.9 1.0
Mud Med. soft 54 2 14 3 21.9 7.7 16 0.3
Shale Med. liard 184 7.0 6.2 62.3 20.3 0.8

Hard

Soft

9 6 2 1 2.1 13.8 39.7 3 27

Wire 40.0 10.5 15.6 27 5 4.1 2.3
Cut Med. soft 33 9 8.5 11 3 38.8 6.0 1.5
Shale Med. hard 34 5 3 5 8 19 3 20.5 14.2

Hard 47.3 6.4 9.6 10 3

13.6

10.3 16.

1

Average Soft 68.3 11 12.6 3.1 1.5
of Med. soft 60 5 7.8 11 2 16.2 3.3 10
Grades Med. hard 46,7 3.9 4.9 24.9 14.2 5 4

Hard 27.3 4 2 5.0 19.7 27.0 16.7

Plotting the average percentages absorbed by the sim-

ilar grades of the series shows graphically the relative

rates with which the water was absorbed by the different

grades of brick. (See figure No. 2.)

It is fair to assume that all of the brick in a series

had approximately the same number of pores before they

were burned. As the burn progressed, the effective size

of the pores decreased as is indicated by the diminishing

pore space. Therefore, the difference in the rates of absorp-

tion is a function of the size of the pores rather than the

number. The curves of the soft and medium burned brick

show but little difference. As has been stated, the effective

diameter of the pores increases during the period of dehy-

drntion and oxidation. As these brick had been burned
only to about the close of this period, their pores should be

about the same size, as is indicated in the result.

It is proposed to use this method of determining the

relative effective diameter of the pores in testing brick that

are to be placed in situations where drainage is the domi-

nant factor. Ill using it, the method of procedure will be

as follows:



HARDNESS OF BRICK AND THEIR RESISTANCE TO FROST. 563

NOii-daosav do aoviNSOasd



564 HARDNESS OF BRICK AND THEIR RESISTANCE TO FROST.

(1) Dry tlie brick forty-eight hours at a temperature

of 300 degrees Fahrenheit.

(2) ^^'eigh, after cooling to room temperature.

(3) Bv room temperature is meant about 75 degrees

Fahrenheit.

(4) Place the brick on edge in water whose final

depth after the brick are placed is one inch.

(5) The temperature of the water is important, as

its viscosity changes rapidly with temperature, thus chang-

ing the rate of flow. If it is kept at room temperature, or

near 75°F in every test, the results may be safely com-

pared. Otherwise a variable factor is introduced.

(6) At the end of fifteen minutes, remove the brick

and weigh, after removing the surplus water clinging to

the surface.

(7) Keplace in water for forty-eight hours.

(8) Weigh as before.

(9) The percentage of water absorbed in fifteen min-

utes, using the amount absorbed in forty-eight hours as

100 percent, indicates the relative rate of absorption.

Methods of freezing.

In testing brick to be placed in a position where they

cannot drain, as in a foundation, they should be saturated

as completely as possible by boiling, or under the air pump,
and frozen while standing in water. This will test them
under conditions that are similar to those actually occur-

ring. The brick to be placed in situations where they can

drain, as in the up])er wall, should be filled with water by

soaking and placed in a dry can while freezing. These ai'e

approximately the conditions under which they will be

placed ill the wall.

At the temperatures just below freezing, overcooling

plays a more or less important part. In tests using these

temperatures, the results are uncertain to the extent of the

unknown value of this factor. As is indicated by the win-

ter temperature conditions prevailing in Springfield and
Chicago, the drop in temperature after a storm is probably

to about ten degrees F. It is probable that only the pores
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are able to cool to this temperature without freezing. The
additional damage resulting from freezing them is at most

very slight, and the differential expansion of the brick it-

self is negligible. C'ooling to a moderate extent below this

temperature would not materially alter the results. It

seems to the writer, therefore, that the temperature of the

freezing can should be at least as low as that prevailing in

nature, and that average temperatures as low as zero F are

permissible. It is best for the comparison of results to

keep between the limits given. As it is impossible to con-

trol the temperature of the atmosphere, or to obtain uni-

formly low temperatures during the length of time neces-

sary—twenty days—to conduct a freezing test, a refriger-

ating plant is a necessity.

EXPERIMENTAL DATA.

As an illustration, three series of brick were selected,

a soft mud made from surface clay, a soft mud made from
a shale, and a wire cut made from the same shale. An at-

tempt w^as made in selecting the brick to have in each ser-

ies four grades of hardness which were designated as soft,

medium soft, medium hard, and hard. Each grade of the

surface clay was represented by five brick, and each grade

of the shale brick by eight. These were selected by eye and
by the sound emitted when struck, from the different parts

of the kilns, each series coming from one kiln, and were as

nearly uniform as was possible to obtain under the circum-

stances. The selections were made by Mr. Purdy.
Four brick of each grade and series were used in the

tests of absorption and freezing. The brick were dried

forty-eight hours in an air bath at a temperature of 340

degrees F and weighed, after cooling in the bath to room
temperature. They were then placed in water three inches

deep, and allowed to remain forty-eight hours, after which
they were packed, and covered in a can placed in brine to

a depth that brought the surface of the brine considerably

above the top level of the brick. The brick were left here

from ten to twenty-four hours until they were thoroughly
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frozen. They were then removed and immersed in water
at a temperature of approximately fifty degrees F, until

they were completely thawed out. This cycle of freezing

and thawing was repeated twenty times. After the final

thawing, the brick were dried as before, weighed and the

loss due to freezing determined. The temperature of the

brine averaged two degrees F during the tests, with a max-
imum range from 18 to 24 degrees. As all brick of a series

were frozen togetlier, this extreme variation did not affec-t

the comparison of the results.

The brick were then crushed, together with unfrozen

duplicates, in an Olsen testing machine of 200,000 pounds
capacity. For the crushing test, the brick were first

broken with a hammer and the half-brick used, in order to

bring them within the capacity of the machine. Where
there was but one brick to crush, as in the case of the

unfrozen ones made from surface clay, both halves were
crushed and the average taken. The brick were bedded in

plaster of paris and the plaster allowed to set under an ini-

tial pressure of 2000 pounds. It was impossible to get the

brick bedded uniformly even by this method, and there was
an extreme variation of 400 pounds in halves of the same
brick. The brick generally failed quietly, although occa-

sionally, especially among the harder ones, they would ex-

plode and send fragments flying ten feet from the machine.
As the number of the unfrozen bricks varied, the num-

ber tested is given in the results. The results given by the

frozen brick are invariably the average of four specimens.

As it was practically impossible to select specimens in each
grade that would have the same crushing strength, and
since the perfection of bedding necessarily varied in the

different brick, the extreme variation in each grade ranged
from 400 pounds in the softer grades to 4000 pounds in the

harder brick. Otherwise the tests are quite satisfactory,

and it is believed as nearly accurate as was possible to ob-

tain under the circumstances.
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li'csiiUs of Ihr Frccziny Teats.

Percent Percent
Kind of Grade of Crushin g Strength No. Loss Percent Ab-
Brick Hardness Tested In

Strength
Pore
Space

sorption
in K)

Remarks

Frozen Unfroxen minutes

Soft Soft 1194 1374 1 13 1 33,0 83 Frozen
Mud Med. soft 3667 3400 1 *4.6 26.9 93 4 Brick
Surface^ " hard 4289 6316 1 19.9 21 2 92.1 Scaled
Clay Hard 7377 7260 1 n.6 10 2 25 1 on Face

Soft Soft 2671 2913 3 8 6 26 2 52 9 One Brick
Mud Med. soft 4626 6793 3 20.2 17.8 64 2 Broken in

Shale; " hard 8522 10143 2 16 5 11.6 13 4 Freezing
Hard

Soft

7606 11470 4 33.8 6.8 9.6

Wire 3729 4637 4 19.6 27.6 40.0
Two bricks

Cut Med. soft 6965 8117 4 14 2 17.1 o3 9 freezinji.

Shale " hard 9165 11315 4 19.4 2 1 34 5 Two bricks

Hard 116.. 11997 4 4.1 0.9 47.3
cracked in

freezing.

Gain.

The loss in weight due to freezing was very small,

being but a few grams, in most cases, and 2% in an excep-

tional one.

If these results are arranged in the order of their

pore-space, hardness, and rate of absorption as indicated

by the percentage absorbed in the first fifteen minutes, the

relations of these factors to loss of strength due to freezing

is clearing brought out.

Arranged in the order of hardness.

Grade Surface Clay Soft Mud Shale Wirecut Shale Average of All

Soft
Med. soft

Med. hard
Hard

13.1%
4.6*

19 9
1.6*

8.6%
20 2

16 6
33 8

19 6'/r

14.2
19 4

4.1

13.8%
9 9

18.6
12.1

*Gain.

As may be seen, there is little relation between the

liardness of the brick and its resistance to frost. The sur-

face clay suffered greatest loss wiien burned medium hard,

and their hard burned representatives suffered much less

;
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the soft mud shale suffered most when hard burned, and
the softest brick the least; Avhile with the wire cut shale

brick, the soft and medium hard suffered most, and the

hard burned much less. Upon plotting the average of the

three kinds, the curve zigzags very decidedly, indicating

that hardness in itself does not determine the amount of

resistance the brick will offer to frost. ( See figure 3.

)

Arranged as to Porespace.

Porespace Per cent. Loss.

Average of Similar Groups.

Porespace Per cent. Loss.

33.0c/, 13.1% 33.0fc 13.1%

27.6
26.9
26.2

19 6
4.0*
8.6

27.0 7.9

21.2
17.8
17.1

19.9
20 2

14.2
18

11.0

3.0

18 1

11.6
10.2

16 5
1.6* 7.4

6.8
2.1
0.9

33.8
19 4
4 1

19.1

*Gain.

Arranged as to pore-space even greater discrepancy

than in the former case is seen. The plotted curves zigzag

in every instance. (See figure No. 4.) They should be

continuous, if there were any relation between the amount
of pore-space and resistance to frost. An interesting series

of results along this same line is contained in Dr. Buck-
ley's report on the building stones of Missouri^^, in which
the same lack of definite relation of amount of pore space

and resistance to frost is strikingly brought out.

2> Buckley, Quarrying Industry of Missouri, 2nd ser. Mo. Qeol. Surv.,

Vol. 2, PI. LIX.
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TnAN'S.AM.CER.SOCVOL.IX JONES, PLATE !V
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Arranycd in the ordei' of their rates of absorption.

Percent absorbed in

16 minutes.
Per cent. Loss

Average of Similar Groups.

Per cent. Absorbed Per cent Loss

93.4
92.1
83.0

4 6»

19 9
13 1

89.6 9.4

54.2
52 9
47.3

20.2
8.6
4.1

50 11.0

40.0
34.6
33 9

19.6
19 4
14 2

36.0 17.7

25.1 1.6* 25.1 1.6*

13.4
9.6

16.6
33.8

10.0 26.1

Gain.

When the brick are arranged in the order of their rates

of absorption, as indicated by the amount absorbed in the

first fifteen minutes, the individual curves show only slight

agreement with the loss caused by freezing. (See figure

No. 5.) The surface clay seems to indicate the reverse of

the theory developed. The brick that absorbed most slowly,

and therefore had the smallest pores, suffered least. The
explanation of this probably lies in the number of unfrozen

brick tested. Only one in each grade was available, and
consequently the individual variations in strength, perfec-

tion of bedding in the machine, and other conditions, the

effect of which it is impossible to avoid except by using a

number of test pieces, are prominent. Indeed, two of the

grades indicate a gain in strength rather than a loss due
to freezing, which is not a reasonable thing to believe and,

consequently, while the evidence of the surface clay brick

is accepted, not as much weight can be given it as that of

the shale brick which were tested more completely. With
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tho latlxM", tlu» fincr-ponHl brick, oven thoiigjh they were uot

always the hardest or possessed the greatest })ore-si)a('e,

•generally sulTered the "greatest loss. TTpon averaging the

groups with approximately the same rate of absorption, a

curve is obtained that is continuous from beginning to end.

The only e\-cej)(ion is one of the (questionable values of the

surface clay brick. As the individual variations can only

be eliminated by the use of a considerable number of speci-

mens, it is believed that this curve approximates the truth,

and indicates the value of the rate of absorption as an in-

dication of the power of brick to withstand the ravages of

frost. This is true, since the rate of absorption is governed

by the same factor that controls the rate of flow through

the pores, and consequent relief from danger of damage by
frost. Therefore the results obtained from the brick tested

are believed to confirm the theory developed.

SUMMARY AND CONCLUSION.

It has been shown that the pores in brick originate in

the spaces between the grains of clay used in manufacture.

The size of the pores depends upon the size of the grains,

and upon the manner in which they are packed. The
coarser pores result from the larger sized grains and looser

packing. Scattered through the brick are numerous cracks

and cavities, known as laminations, which are produced in

several ways during the process of manufacture. These

are relatively much larger than the pores. As they are not

in direct contact, their only connection with each other,

and the surface of the brick is through the pores. The
pores and the laminations together make up the pore-space

of the brick, the laminations furnishing the major part.

The method of manufacture determines the compact-
ness with which the grains are packed, and therefore the

size of the pores and the pore-space. Other things being

equal, the soft mud process will make a more porous brick

than the stiff mud process, on account of the greater

amount of water and slighter pressure used.

During the water-smoking and oxidation period of the
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bum, pores are opened and enlarged by the escaping gases.

The bricks have their maximum amount of pore-space at

this time, and it remains at this value until the amorphous
material begins to melt. When this happens, the grains

soften around their borders and run together. This tends

to obstruct the pores, and eventually completely closes

them at different points along their length. The parts of

the pores that are enclosed between the points sealed, con-

tain gas that prevents the further closure of the pore. As
the amount of glass increases, the enclosed gases form

bubbles which become spherical in shape. These bubbles

are completely shut off from the system of pores, and the

pore-space apparently decreases. Those pores that are not

sealed are obstructed, which is equivalent to making them

smaller.

The strength of the brick increases as it is burned, and

also its rigidity or brittleness. This gives the brick greater

resistance to strain, but decreases the distance it may be

deformed without breaking. A given amount of expansion

or contraction may, therefore, rupture a rigid brick, when
it would not harm a tougher one.

Owing to the universal occurrence and abundance of

water, and its property of expanding upon freezing, it is

the only substance that under ordinary conditions causes

any considerable damage to brick. It expands one-tenth of

its volume when freezing, and when it is confined within

the brick, may burst it upon freezing. The important

factor serving to mitigate the destructive effect of freezing

water is the opportunity generally afforded for a portion

of the water to drain, before the brick cools sufficiently to

freeze. The temperature at which the brick freezes may be

blow the ordinary freezing point of water, owing to the

property of capillary tubes which delays the freezing of

water within tliem until a lower temperature is reached. It

is not probable tliat freezing in the larger openings is en-

tirely prevented at the temperatures prevalent during the

winter montlis in our nortiiern States.

The amount of water that may drain depends upon the

rate with which it passes through tlie pores. This is deter-
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mined by the size of tlie pores, and is much greater in

coarse pores than in the finer ones. It was found that

water will i)ass throuj^h pores four times as fast if they

are doubled in size, and nine times as fast if they are

trebled. Althouj^ii the lamination cracks contain the bulk

of the water, they are dependent upon the pores for drain-

age. Conseciuently the amount of damage done in a brick

depends on the size of its pores, since this governs the rap-

idity with which it will drain.

In the foundation at the water line, the brick are con-

tinually in contact with water. As any air originally eon-

fined in them will eventually diffuse, they become com-

pletel}' saturated. The brick just above the water line are

filled through capillary action from below, and from the

drainage of the upper wall. These also become completely

saturated, and as the frost seldom reaches the water line,

it is this part of the wall that suffers most. The amount
of damage done the brick in this zone of saturation is pro-

portional to the total pore-space, and the strength of the

brick. The best brick for this situation is, therefore, the

one that is strongest and least porous.

In the upper wall the brick are able to drain. The
amount of damage is therefore proportional to the rate of

flow through the pores, and the total amoutn of pore-space

has little direct effect. As in freezing, tests giving similar

effects are present, it is easy to understand why the hard-

burned, fine-pored brick suffered more than those softer,

but with coarser pores.

It is of vital importance to consider the future position

and conditions in which brick are to be placed, in making
tests to determine the ones best adapted. In the situations

where saturation is the controlling condition, as in foun-

dations, evidently the brick that contains the least amount
of pore-space is the best. In consequence it is necessary to

determine the total pore-space, minute pores and all, since

these become filled, sooner or later, in saturated situations.

This cannot be done by the method of soaking at present

used, but may be approximated by boiling or the use of

the air pump.
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In situations where drainage is the controlling factor

the brick that will drain fastest is the best, if injur}- from
frost only is considered. The relative rate with which the

brick will drain must be obtained. This may be easily done

by the method proposed on page 564.

The crushing strength of brick has an important value

in foundation brick, as it indicates the relative resistance

the brick will offer to expansion of the freezing water. The
brick in the upper wall, on the other hand, need only the

strength necessary to carry their load.

Consequently these three tests,—total pore-space, rate

of flow through the pores, and crushing strength,—should

give a correct indication of the power of a brick to with-

stand frost. In the brick to be used in situations of satur-

ation, only pore-space and strength need be determined.

The characters of the brick which are altered during

burning are: the size of the pores, the amount of pore-

space, the strength of the brick, and its rigidity. The
harder burned brick have finer pores, a smaller amount of

pore-space, greater strength, and greater rigidity. They
therefore drain more slowly, contain a smaller amount of

water when filled, have greater strength to resist the ex-

pansion of freezing water, but will rupture with a smaller

amount of expansion. Whether or not the hardest burned
brick will resist frost best, depends upon the relation be-

tween its gain in strength and loss of pore-space on the

one hand, and the decrease in the effective diameter of its

pores and increase in brittleness on the other. If the for-

mer factors are progressively altered more rapidly during

the burn than the latter, the harder burned brick will be

the more durable. If, on the other hand, the latter factors

are the ones to develop more rapidly, the power of resist-

ance of the brick as the burn progresses is relatively de-

creasing. The quantitative (expression of this relation has

not been worked out, and must be left for some future in-

vestigator. The present investigation, however, has shown
the direction in which the relation between hiirdness and
resistance to frost may be found.



NOTE ON TERRA COTTA GLAZES.

BY

C. W. Parmelee, New Brunswick, N. J.

The purpose of tlies(i experimentKS was to gather what
information could be obtained rej»arding the function of

various fluxing oxides in a glaze of the general formula

:

0.2 K,0 to 0.5 KjO \

0.7 BaO to 0.0 BaO f « rr ai n i -m <3i,n
0.0 CaO to 0.7 CaO [^'^^ '^^^°' ^'^^ ^'^'

0.8 ZnO to 0.1 ZnO )

It was desired to develop a glaze, or to study a group
of glazes, suitable for architectural terra cotta, applied

upon an under-slip, and burned at cone 5.

As is evident, the formula is a variation of the Bristol

type of glaze used for stoneware, and Ave may expect to find

a similarity in the conduct of the two, but there are two
important differences; first, that this glaze is designed to

go on an under-slip ; second, that terra cotta glazes are

generally applied by spraying, and consequently the flota-

tive qualities of the glaze slip are relatively a matter of

indifference, which permits a somewhat wider range in

composition than in the stoneware Bristol glaze.

The materials used in compounding the glazes were:

Zinc Oxide,
Calcium Carbonate, precipitated,
Spar,
China Clay,
Flint,

Barium Carbonate.

All of these materials were of the ordinary commercial
grade.

The glazes were prepared by weighing out six large

batches, varying in weight from over 4,000 grams to 1,400

grams as per formula? A, D, E, H, I, L. From these six

extremes it was possible by blending to prepare all the

577
A. C. S.—38.



578 TERRA COTTA GLAZES.

intermediates—a total of 100 glazes which covered all

necessary variations within the limits of the above general

formulie. The batches were mixed by the use of a ball mill,

which was run for a half hour and no longer in order to

avoid too fine grinding. The slip was put through a one

hundred mesh sieve, and in all the blending, in order to

insure the proper mixing, the slips were sieved before

using. One difficulty which we found was that due to

some of the mixtures having too much water, and conse-

quently forming a thin spray. In so far as possible, we
allowed them to settle and decanted the water on top, and
the spraying was repeated when necessary to secure the

desired thickness. From the appearance of an occasional

sample, it may be inferred that the care taken did not

quite meet the difficulty in some cases.

Two underslips were used. Those samples marked
"P" have an underslip of the batch weight

:

Spar 130
English Ball Clay 50
China Clay 50
Flint 60

The samples marked "A"' are coated with an underslip

which is slightly less fusible, I am not at liberty to state

its formula. The samples were burned in a terra cotta

kiln, and subjected to the conditions which such a glaze

must meet in the course of a regular commercial burn.

In the following table are given the RO elements of

the 6 corner or standard glazes, from which all of the

succeeding series were obtained by cross blending. The
alumina and silica are 0.55 and 3.30 throughout.

TABLE I.

Oxides

Used

RO constituents in extremes from which intermediate glazes

were made hy blending.

A B C D E F G H I J K L

ZnO ..

CaO ..

BaO . . .

K,0 ...

0.8 0.7 0.6 0.5
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.2 0.3 0.4 0.5

0.1 0.1 0.1 0.1
0.7 0.6 0.5 0.4
0.0 0.0 0.0 0.0
0.2 0.3 0.4 0.5

0.1 0.1 0.1 0.1
0.0 0.0 0.0 0.0
0.7 0.6 0.5 0.4
0.2 0.3 0.4 0.6
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(JROUP 10 (iLAZKS.

In the following table, the glazes of the first series of

the E Group are given. These were prepared by cross

blending between E and I. In the E group, the potash is

kept uniformly at 0.2.

TABLE II.

First Series of Group B Glazes.

RO Constituents

E El E2 E3 E4 E6 E6

0.1 0.1 0.1 0.1 0.1 0.1 0.1
0.7 0.6 0.5 0.4 0.3 0.2 0.1
0.0 0.1 0.2 0.3 0.4 0.5 0.6
0.2 0.2 0.2 0.2 0.2 0.2 0.2

ZnO
CaO
BaO
K,0

0.1
0.0
0.7
0.2

Results.

E.

El.

E-2.

E-3.

E-4.

E-5.

E-6.

I.

Underslip P, E covers well. Is rather dull,

and seems rather refractory.

Underslip A, same.

Underslip P, Matt, opaque, shivered.

Underslip A, Ditto.

Underslip P, Like El, but apparently

more fusible, shivered.

Underslip A, Ditto, but has not shivered.

Underslip P, Like E-2, but less fusible,

shivered.

Underslip A, Ditto.

Underslip P, More refractory, shivered

badly, opaque.

Underslip A, Ditto.

Underslip P, Immature.
Underslip A, Ditto.

Underslip P, Ditto.

Underslip A, Ditto.

Underslip P, Ditto.

Underslip A, Ditto.
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In the whole series, shivering increases and fusibility

decreases going from E to I. Some good matts.

TABLE UI.

Second Series of Group E Glazes.

RO Constituents.

Oxides Used ElO EU E12 E13 EU E16 E

ZnO 0.2
0.6
0.0
0.2

0.2 0.2
0.5 0.4
0.1 0.2
0.2 2

0.2
0.3
0.3
0.2

0.2
0.2
0.4
0.2

0.2
0.1
0.5
0.2

0.2
CaO 0.0
BaO 0.6
KjO 0.2

Results.

E-10. Underslip P, Refractory, shivered.

Underslip A,

E-11. Underslip P, Apparently a little more fus-

ible, opaque, shivered.

Underslip A,

E-12. Underslip P,

Underslip A,

E-13. Underslip P, Ditto, shivered badly.

Underslip A, Ditto, has not shivered.

E-14. Underslip P, Ditto, badly shivered.

Underslip A, Ditto, shivered.

E-15. Underslip P, Not matured, shivered.

Underslip A, Not matured, not shivered.

E-16. Underslip P, Very refractory.

Underslip A, Ditto.

The members of this series increase in refractoriness

as the lime is replaced by barium. All have shivered.

TABLE IV.

Third Series of Group E Glazes.

RO Constituents.

Oxides Used E20 E31 E32 E33 E>« ES5

ZnO 0.3
0.5
0.0
0.2

0.3
0.4
0.1
0.2

0.3
0.3
0.2
0.2

0.3
0.2
0.3
0.2

0.3
0.1
0.4
0.2

0.3
CaO 0.0
BaO 0.5
ICO 0.2
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Reiiults.

E-20. IJnderslip P, Shivered, dull, rather refrac-

tory.

Underslip A, Ditto.

E-21. Underslip P, Like the preceding, but not

shivered.

Underslip A, Ditto.

E-22. Underslip P, Dull, covers well, not shiv-

ered, apparently less fusible than the

preceding.

Underslip A, Ditto.

E-23. Underslip P, Less fusible.

Underslip A, Ditto.

E-24. Underslip P, Ditto.

Underslip A, Ditto.

E-25. Underslip P, Immature.
Underslip A, Ditto.

The members of this series differ in that there is an
increase in the amount of the barium at the expense of

the lime, which is followed by increased refractoriness.

This series shows no shiverine.

TABLE V.

Fourth Series of Group E Glazes.

RO Constituents.

Oxidei Used E30 l£31 E32 E33 E34

ZnO ...

CaO ...

BaO ..

KiO ...

1

0.4 0.4
0.4 0.3
0.0 0.1
0.2 0.2

0.4
0.2
0.2
0.2

0.4
0.1
0.3
0.2

0.4
0.0
0.4
0.2

Results.

E-30, 31, 32, 33, 34. In this series the glaze was
either sprayed very thin, or it has been absorbed.

No shivering was observed, and the series becomes
progressively more refractory as the amount of

barium is increased at the expense of the lime.

No. 34 is immature. The above results confirmed

in a second set of trials.
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TABLE VI.

Fifth Series of Group E Glazes.

RO Constituents.

Oxides Used E40 E41 E43 £43

ZnO 0.5
0.3
0.0
0.2

0.5
0.2
0.1
0.2

0.5
0.1
0.2
0.2

0.5
CaO 0.0
BaO 0.3
K2O 0.2

Results.

E-40 Underslip P, A good bright white glaze

showing a slight tendency to draw apart.

Underslip A, Ditto.

E-41. Underslip P, Seems to have been thinly

sprayed or else it has been absorbed in

part.

Underslip A, Ditto. Above results con-

firmed on second trial. The results not

E-42.

due to thin coating.

Underslip P, Bright, matured glaze. Shows
fine cracks as though beginning to draw.

Seems to have been thinly applied.

Underslip A, Ditto. The above results

were confirmed in a second set of trials.

Underslip P, Immature.
This series gives the best glaze of the E Group. There

is no shivering, but evidence of a tendency to crawl or

draw.
TABLE VII.

Sixth and Seventh Series of Group E Glazes.

E-43.

RO Constituents.

Oxides Used E60 E61 E52 E60 £61 A

ZnO 0.6
0.2
0.0

0.6
0.1

1

0.6
0.0
0.2
0.2

0.7
0.1
0.0
0.2

0.7
0.0
0.1
0.2

0.8
CaO 0.0
BaO 0.0
K,0 0.2 ! 0.2 0.2
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E-50. Underslip P, A j^ood white ^Vdza, but

shows teudeucy to draw.

Underslip A, Ditto. On a second set of

trials, the glaze was applied in a thinner

layer and did not cover so well. Showed
same partings.

E-51. Underslip P, Like 50, but thinner.

Underslip A, Ditto.

E-52. Underslip P, Immature but slightly vit-

reous.

E-60. Underslip P, Vitreous; between a glaze

and a slip in its nature.

Underslip A, Ditto. Second set of trials

gave better results but not really satis-

factory glaze.

E-61. Underslip P, Ditto.

Underslip A, Ditto.

A. Underslip P, Immature.
Underslip A, Ditto. Second set of trials

confirmed this result.

Remarks on Gtoup E.

Shivering occurs in these glazes between the limits

:

0.1 to 0.2 ZnO
0.0 to 0.7 CaO
0.0 to 0.7 BaO
0.2 K,0

None, how^ever, containing only ZnO, CaO, KgO
shiver. An increase of barium at the expense of the cal-

cium increases the refractoriness. Without calcium oxide,

an increase of zinc oxide at the expense of the barium
oxide fails to give a glaze except in the case of "I." An
increase of the calcium oxide at the expense of the zinc

oxide between the limits

:

0.1 to 0.8 ZnO
0.7 to 0.0 CaO
0.2 to 0.2 KjO

increases the fusibility of the mixture.
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GROUP P GLAZES.

The followin" tables of compositions and notes on the

trials, show the results of this series. The potash remains
at 0.3 equivalents throughout.

TABLE vin.

First Series of Group F Glazes.

RO Constituents.

Oxides Used F Fl F2 F3 F4 F5 J

ZnO 0.1
0.6
0.0
0.3

0.1
0.5
0.1
0.3

0.1
0.4
0.2
0.3

0.1
0.3
0.3
0.3

0.1
0.2
0.4
0.3

0.1
0.1
0.5
0.3

0.1

CaO 0.0

BaO O.fi

K2O 0.3

Results.

F.

F-1,

F-2.

F-3.

F4.

F-5.

Underslip P, Not well matured, vitreous,

shows the body color, has either attacked

the slip and dissolved it, or been sprayed

too thin.

Underslip A, Ditto. Results confirmed on

a second trial.

Underslip P, Better matured, brighter,

transparent.

Underslip A, A thicker coat, shows body
color, shivered.

Underslip P, Ditto, shivered.

Underslip A, Ditto.

Underslip P,

Underslip x\,

Underslip P, Transparent, shivered badly,

like above glazes.

Underslip A, Ditto.

Underslip P, Ditto, less maturetl.

Underslip A, Ditto.

Underslip P,
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The «»iaz('s of tlic sccoihl series of (ii-onp V wcn-e first

burued iu a small trial kiln in a shorter time and appar-

ently at a higher heat, although the same cones were
turned. The scnond set of trials were fired in the regular

kilns. Ma\iy of the first tiring were bubbled or "boiled."

None of the seeond set showed boilinsi;.

TABLE IX.

Second Series of Group F Glazes.

RO Constituents.

Oxides Used FIO Fll F12 F13 F14 F15

ZnO 0.2
0.5
0.0
0.3

0.2
0.4
0.1
0.3

0.2
0.3
0.2
0.3

0.2
0.2
0.3
0.3

0.2
0.1
0.4
0.3

0.2

CaO 0.0
BaO 0.5
K,0 0.3

Results.

F-10 Underslip P, Badly bubbled glaze.

Underslip A, Ditto. Second set of trials

gave a dull glaze which will shiver.

Fll. Underslip P, Bubbled, but to a less degree

;

opaque, white glaze.

Underslip A, Ditto. Second set of trials

gave a good-textured matt, which has

shivered and shows body.

F-12. Underslip P, Greyish colored glaze; trans-

parent, i. e., shows the body ; shivered.

Underslip A, Ditto, but not shivered. Sec-

ond set of trials gave a matt, which
shows the body color through.

F-13. Underslip P, Vitreous, not matured glaze,

greyish color.

Underslip A, Ditto.

F-14. Underslip P, Less matured.
Underslip A, Ditto.

F-15. Underslip P, Immature, shivered.

Underslip A, Ditto.
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TABLE X.

Third Series of Group F Glazes.

RO Constituents.

Oxides Used F30 F21 F2a F23 Tit

ZnO 0.3
0.4
0.0
0.3

0.3
0.3
0.1
0.3

0.3
0.2
0.2
0.3

0.3
0.1
0.3
0.3

0.3
CaO 0.0
BaO 0.4
KjO 0.3

The last four members of this series were also fired in

the small kiln in a short burn, in which much bubbling

occurred. In a subsequent firing in a large kiln under

commercial conditions, no bubbling occurred.

Results.

F-20.

F-21.

F-22.

F-23.

F-24.

Underslip P, Vitreous slip, thin coating,

shows fine parting lines.

Underslip A, Ditto. Second set of trials

gave a thinner glaze coating, without

parting lines.

Underslip P, Thin, bubbled badly.

Underslip A, Second set of trials gave a
fine-textured matt, shivered.

Underslip P, Dull glaze, opaque, good ex-

cept for signs of bubbling.

Underslip A, Ditto. Second set of trials

gave a good texture matt, badly shivered.

Underslip P, Vitreous slip rather than a
glaze.

Underslip A, Ditto.

Underslip P, Immature.

Underslip A, Ditto.

TABLE XI

Fourth Series of Group F Glazes.

RO Constituents.

Glides Used F30 F81 F8» FSt

ZnO 0.4
0.3
0.0
0.3

0.4
0.2
0.1
0.3

0.4
0.1
0.2
0.3

0.4
CaO 0.0
BaO 0.3
K,0 0.3
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Glazps 31, 32, and 33 were also tired in tlie short burn,

wer
later on.

and were refired with better results in the regular kilns

Results.

F-30. Underslip P, Bright glaze, more opaque
•than F-20, adheres closely to the form of

the body, shows fine parting lines.

Underslip A, Ditto. Second set of trials

showed pinholes and fine cracks.

F-31. Underslip P, Slightly better but shows the

same faults.

Underslip A, Thicker glaze but same re-

sults.

P-32. Underslip P, Ditto.

Underslip A, Ditto. Immature with part-

ing cracks. A thinner glaze coat, which
shows the body color.

F-33. Underslip P, Vitreous slip in its nature.

Underslip A, Ditto.

TABLE XII.

Fifth and Sixth Series ol Group F Glazes.

RO Constituents.

Oxides Used F40 F*l F42 F50 F51

ZnO
CaO
BaO
K,0

0.5
0.2
0.0
0.3

0.5
0.2
0.1
0.3

0.5
0.0
0.2
0.3

0.6
0.1
0.0
0.3

0.6
0.0
0.1
0.3

0.7
0.0
0.0
0.3

Resitlts.

F-40. Underglaze P, Bright, well matured glaze;

good color; shows some fine parting

lines.

Underglaze A, Ditto. Second set of trials

confirms the results. Glaze will shiver

where thick.
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F-41. Underglaze P, Good opaque glaze, but has

bubbled.

Underglaze A, Ditto. Crawled and bub-

bled. Second set of trials with a thinner

coat of glaze showed body color and
many pin-holes,

F-42. Underglaze P, Good vitreous coating.

Underglaze A, Rather better. Second set

of trials confirms the results.

F-50. Underglaze P, Opaque white glaze; bub-

bled ; shows fine parting lines.

Underglaze A, Ditto. Second set of trials

confirmed this result.

F-51. Underglaze P, Ditto.

Underglaze A, Ditto. Second set of trials

confirmed the results.

B. Underglaze P, Only thin vitreos coating,

seems to have been thinly applied.

Underglaze A, Second set of trials gave an
immature glaze.

~"
GROUP G GLAZES.

The following tables of composition, and notes on the

trials, give the results of this Group. The potash was kept

uniformly at 0.4 equivalents in this entire group.

TABLE XIII.

First Series of Group G Glazes.

RO Constituents.

Oxides Used G GI G3 G8 G4 K

ZnO 0.1
0.5
0.0
0.4

0.1
0.4
0.1
0.4

0.1
0.3
0.2
0.4

0.1
0.2
0.3
0.4

0.1
0.1
0.4
0.4

0.1
CaO 0.0

BaO 0.5

KjO 0.4
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Resulis.

G.

G-1.

G-2.

G-3.

G-4.

K.

Uudorslij) 1*, IJri^ht well iiiaturwl glaze;

very thick, crazed, and shows tendency

to crawl.

Underslip A, Ditto.

Underslip P, Good glaze, covers well, fits

well, inclines towards a matt.

Underslip A, Appears even better. Second

set of trials with a thinner glaze coat,

shows the body badly.

Underslip P, More nearly a matt, with a

tendency to shiver.

Underslip A, No shivering. liesult con-

firmed in the second set of trials.

Underslip P, Matt of better texture. Shiv-

ered. Has not flowed as well as G.

Underslip A, Ditto.

Underslip P, Vitreous slip, shivered.

Underslip A, Ditto.

Underslip P, Immature.
Underslip A, Ditto.

TABLE XIV.

Second Series of Group G Glazes.

RO Constituents.

Oxides Used

ZnO
CaO
BaO
K,0

GIO Gil G12 G13

0.,2 0.2 0.2 0.2
0.4 0.3 0.2 0.1
0.0 0.1 0.2 0.3
0.4 0.4 0.4 0.4

Results.

G-10.

0.2
0.0
0.4
0.4

Underslip P, Vitreous coating, semi-trans-

parent.

Underslip A, Ditto. Second set of trials,

with a thicker glaze coat, shows the body
color.
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G-11. Underslip P, A dull glaze, more opaque
than G-10.

Underslip A, Ditto. Second set of trials

gave a good, smooth glaze, which, how-
ever, shows the body color.

G-12. Underslip P, Immature, thin coating.

Underslip A, Ditto. Results in the second
set of trials confirms this.

G-13. Underslip P, Ditto, shivered.

Underslip A, Ditto.

G-14. Underslip P, Ditto, not shivered.

Underslip A, Ditto.

TABLE XV.
Third Series of Group G Glazes.

RO Constituents.

Oxides Used GtO G21 G23 G23

ZnO 0.3
0.3
0.0
0.4

0.3
0.2
0.1
0.4

0.3
0.1
0.2
0.4

0.3
CaO 0.0
BaO 0.3
KjO 0.4

Results.

G-20.

G-21.

G-22.

G-23.

Underslip P, Seems to have been partly ab-

sorbed ; bubbled where thick.

Underslip A, Ditto. Results confirmed in

the second set of trials.

Underslip P, Ditto, without indication of

bubbling.

Underslip A, Ditto. Results confirmed in

a second set of trials, with a somewhat
better fusion.

Underslip P, Dull glaze, covers well.

Underslip A, Ditto. In a second set of

trials with a coating, shivered, otherwise

same revsults.

Underslip P, Quite immature.

Underslip A, Ditto.
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TABLE XVI.

Fourth and Fifth Series of Group G Glazes.

RO Constituents.

Oxides Used G30 031 G32 G40 G41 C

ZuO 0.4
0.2
0.0
0.4

0.4
0.1
0.1
0.4

0.4
0.0
0.2
0.4

0.5
0.1
0.0
0.4

0.5
0.0
0.1
0.4

0.6
CaO 0.0
BaO 0.0
K,0 0.4

Results.

G-30.

G-31.

G-32.

G-40.

G41.

C.

Underslip P, Good glaze, white, bright,

very opaque.

Underslip A, Ditto. Results confirmed in

the second series of trials.

Underslip, Missing.

Underslip, Missing.

Underslip P, Vitreous slip rather than a

glaze, opaque, badly shivered.

Underslip A, Ditto. Results confirmed in

the second set of trials.

Underslip P, Between a glaze and a slip,

peculiar texture, covers well.

Underslip A, Ditto. Results confirmed in

the second set of trials.

Underslip P, Opaque, good color, drawn in

fine lines.

Underslip A, Ditto. Results confirmed in

the second set of trials.

In this series, Nos. 10 and 20 may have been sprayed
too thin because G and G-30 are good opaque glazes, al-

though thick.

GROUP H GLAZES.

The Group H glazes carried potash to the amount of

0.5 equivalents, throughout the whole list. The composi-

tion and the description of the trials follow

:
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TABLE XVII.

First Series of Group H Series.

RO Constituents.

Oxides Used H HI H2 H3 L

ZnO 0.1
0.4
0.0
0.5

0.1
0.3
0.1
0.5

0.1
0.2
0.2
0.5

0.1
0.1
0.3
0.5

0.1
CaO 0.0
BaO 0.4
K,0 0.5

Results.

H.

HI.

H-2.

H-3.

Underslip P, Matured, bright glaze, shows
the color of the body. Seems thin.

Underslip A, Ditto. Results confirmed on
a second set of trials.

Underslip P, Ditto. More ti-ansparent.

Underslip A, Ditto. Results confirmed on

a second set of trials.

Underslip P,

Underslip A,

Underslip P, Shivered, more of the nature

of a vitrified slip than a glaze.

Underslip A, Ditto.

Underslip P, Less matured than 3; shiv-

ered ; apparently sprayed thin.

Underslip A, Ditto.

TABLE XVHI.

Second Series of Group H Glazes.

no Constituents.

Oxides Used HIO HU H12 HIS

ZnO 0.2
0.3
0.0
0.5

0.2
0.2
0.1
0.5

0.2
0.1
0.2
0.5

0.2

CaO 0.0

BaO 0.3

KjO 0.5
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11-10. rnderslip J*, Hri^lil, well iiuitured glaze,

ratlior (liiii jni(,l shows (lie body color.

iSliows imiucrous white si)ots.

Underslip A, Ditto. Kesults coufirmed on

a second set of trials.

11-11. Underslip V, Dnll, crazed, better covering-

power.

Underslip A, Ditto, crazing more marked.
11-12. Underslip P, Bubbled, shivered, dull, and

not floA\'ed smooth.

Underslip A, Not shivered, bubbles more
numerous. On second set of trials, im-

mature.

U-13. Underslip P, Thin glaze, immature and
shivered.

Underslip A, Ditto.

TABLE XIX.

Third and Fourth Series of Group H Glazes.

RO Constituents.

Oxides Used

ZnO
CaO
BaO
K,0

H20 H2l H22 H30 H31

0.3 0.3 0.3 0.4 0.4
0.2 0.1 0.0 0.1 0.0
0.0 0.1 0.2 0.0 0.1
0.5 0.5 0.5 0.5 0.5

0.5
0.0
0.0
0.5

ResuUs.

H-20. Underslip P, Bright glaze, bubbled, spray-

ed too thin.

Underslip A, Ditto. On second set of trials

the results are better. No parting or

boiling. Shows body color.

H-21. Underslip P, Duller glaze, covers better,

shivers.

Underslip A, Ditto.
A. 0. S.—39.
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H-22. Underslip P, Immature, shivered.

Underslip A, Ditto, shivered badly. On a

second set of trials, immature, not shiv-

ered.

H-30. Underslip P, Good, white bright glaze.

Underslip A, Ditto. On a second set of

trials with a thinner coat of glaze, not

equal to the first in whiteness.

H-31. Underslip P, Immature, shivered.

Underslip A, Ditto.

D. Underslip P, Bright glaze, shows fine

cracks due to body.

Underslip A, Ditto. Results confirmed on

a second set of trials.

GENERAL CONCLUSIONS.

As already stated, the glazes studied are of the Bristol

type, but they differ from a similar series of glazes studied

by ]Mr. Purdy* in that these were applied upon an under-

slip, and were fired in a muffle terra cotta kiln, where the

period of firing was very much greater than is the case

with a stoneware kiln. The temperature of firing was
cone 5, down flat. The fuel used was coal. The importance

of the difference of heat treatment is emphasized by Mr.

Purdy in his paper,** where he says "But time taken to

mature the body and the glaze certainly has a direct and
jjositive influence. Especially is this so in a Bristol glaze,

when zinc oxide is used in quantities ranging from 9.25

per cent to 15 per cent of the total batch weight.''

The scheme of this experiment may therefore not be

regarded as a repetition of a previous investigation, not

only for the reasons stated, but also for the fact that this

study includes a more comprehensive view of the four

relative functions of the four members of the RO group.

]t is of interest, however, to compare the results obtained

with those of Mr. Purdy, within the same limits.

*Trans. Am. Cer. Society, Vol. IV, page 61, and Vol. V. page 136.

Ibid. Vol. V. p. 143.
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We liiul tliat with (he 110 ^roiip containing only two
nienibers, K^O and ZuO, varyiuj^ between tlu; limits,

0.8—0.5 ZnO
0.2—0.5 K,0

at least 0.4 equivalents of KgO is needed to secure suflBcient

fusibility to yield a glaze.

With three members of the RO group, namely, CaO,
ZuO, KoO, our series covers the following variations:

ZaO
CaO
K,0

ZnO
CaO
K,0

ZnO
CaO
K^O

ZnO
CaO
K,0

ZnO
CaO
K.O

ZnO
CaO
K,0

ZnO
CaO
K,0

H
0.1
0.4
0.5

H 10

0.2
0.3
0.5

H 20

0.3
0.2
0.5

H 30

0.4
0.1
0.5

G
0.1
0.5
0.4

G 10

0.2
0.4
0.4

G 20

0.3
0.3
0.4

G 30

0.4
0.2
0.4

G 40

0.5
0.1
0.4

F
0.1
0.6
0.3

F 10

0.2
0.5
0.3

F 20

0.3
0.4
0.3

F 30

0.4
0.3
0.3

F 40

0.5
0.2
0.3
F 50

0.6
0.1
0.3

E
0.1
0.7
0.2

E 10

0.2
0.6
0.2

E 20

0.3
0.5
0.2

E 30

0.4
0.4
0.2

E 40

0.5
0.3
0.2

E 50

0.6
0.2
0.2

E 60

0.7
0.1
0.2

The best whiteness and opacity were found within the

range

:

0.4—0.6 ZnO
0.0—0.3 CaO
0.2—0.5 K^O
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Fiue Jines due to the partiug of the glaze were uiimer-

ous, however, and the best glazes were found within the

range

:

0.4 ZnO
0.1—0.2 CaO
0.4—0.5 K,0

Crawling. There was no well marked, or in fact no
true crawling, in the glazes of this series. One glaze which
had been very thickly applied, showed drawing up on the

edges, which, however, can hardly be fairly classed as

crawling. There were, however, in some of the glazes, fine

lines due to parting preceding fusion. Accepting these as

signs of a tendency to crawl, we find that glazes with a

high content of zinc are liable to this fault, which agrees

with the conclusion of Mr. Purdy, but it was found that

the high spar content considered by him as a cause did not

appear to act so here. In this connection, it is interesting

to note that the glaze, H-30, which is discussed in Purdy's

second paper* has also developed well here, as well as in

repeated trials upon a flat surface. No soluble salts were
used in any of these glazes in order to bind them upon the

surface of the trials, which is due to the difference in the

method of application. These were all glazed by spraying,

while the glazes made by Mr. Purdy were dipped. We
cannot at present say whether this glaze will develop the

objectionable qimlity of crawling, if used upon surface

with raised ornaments.

BJi.^tcring. Mr. Purdy states, that under the condi-

tions which obtained with the firing of his trials, "that

glazes containing over 0.40 equivalent of feldspar will thus

blister, when a glaze containing 0.40 equivalent of feldspar

or less will not. The higher the content of feldspar, the

more certainly will this blistering on the pans occur, and
0.50 equivalent of feldspar will invariably cause such blis-

tering."** Only one of these glazes showed this defect,

G-20. A number of the 1^^ series, burned in a short fire to

•Trans. Am. Oer. Soc, Vol. V. p. 136.

*Ibld, Vol. V, p. 162.
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tlic same coiic, in a (rial kiln, showed this fault. Wlicii

I'opeatod iu the larj'e kilns, none of this blislerinj* was
apparent.

Opacity. The following glazes were opaque:

E 0.1 ZnO 0.7 CaO 0.2 K^O
E-40 0.5 ZnO 0.3 CaO 0.2X^0
E-50 0.6 ZnO 0.2 CaO 0.2 K^O
F-10 0.2 ZnO 0.5 CaO 0.3 K^O
F-30 0.4 ZnO 0.3 CaO 0.3 K^O
F-40 0.5 ZnO 0.2 CaO 0.3 K.,0

F-50 0.6 ZnO . 1 CaO . 3 K^O
G 0.1 ZnO 0.5 CaO 0.4X^0
G-30 0.4 ZnO 0.2 CaO 0.4X^0
H-30 0.4 ZnO 0.1 CaO 0.5 K^O

In this series of glazes, since the amount of alumina
remains constant, the opacity cannot be ascribed to the

amount present, as Mr. Purdy did in some of his glazes.

Upon inspection of the above formulae, it will be noticed

that most of the glazes have a low potash content, and
there is a wide range of both lime and zinc. It is not pos-

sible, therefore, to assign to either oxide the role of opaci-

fier. Neither is the opacity to be ascribed to the excess of

clay, or the alumina set free by the action of lime, since

there is a wide variation iu the amount of lime, as well

as in the amount of clay. It therefore seems that this

opacity may be attributed to the following conditions:

1, the presence of a silicate which is a solvent; 2, the exist-

ence of lime-silicate or a lime-aluminum-silicate and; 3, a
similar zinc compound. The solvent will hold in solution

only a certain amount of either of these compounds, and
the separation out upon saturation of the solvent gives rise

to the opacity.

Inpuence of hariuni. With three members of the RO
group, namely, BaO, ZnO, KgO, and no calcium present,

our series covers the following variations

:
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ZnO
BaO
K,0

ZnO
BaO
K,0

ZnO
BaO
K,0

ZnO
BaO
K,0

ZnO
BaO
K,0

ZnO
BaO
K,0

L
0.1
0.4
0.5

H 13

0.2
0.3
0.5

H 22

0.3
0.2
0.5

H 31

0.4
0.1
0.5

K
0.1
0.5
0.4

G 14

0.2
0.4
0.4

G 23

0.3
0.3
0.4

G 32

0.4
0.2
0.4

G 41

0.5
0.1
0.4

J

0.1
0.6
0.3

F 15

0.2
0.5
0.3

F 24

0.3
0.4
0.3

F 33

0.4
0.3
0.3

F 42

0.5
0.2
0.3

F 51

0.6
0.1
0.3

E 16

0.2
0.6
0.2

E 25

0.3
0.5
0.2

E 34

0.4
0.4
0.2

E 43

0.5
0.3
0.2

E 52

0.6
0.2
0.2

Only one matured glaze was found in this entire list,

viz., F-51. This has a good white color, and good opacity,

but has some defects due to parting of the glaze.

An increase of barium oxide beyond 0.1 equivalent

renders the glaze too refractory. The addition of barium

can not be said to accomplish any good purpose, except in

certain instances where matts were developed.

Shivering. In the whole series of glazes, shivering is

almost entirely confined to those which have less than 0.3

equivalents of zinc oxide. It is particularly common if the

zinc oxide is 0.2, and the potiissium oxide 0.2 equivalents.

Partinf) rrackft. The fine parting cracks occur when
there is

0.3 or more ZnO
0.2 K,0

and with
fO.3 or more ZnO
\0.3 K,0
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It seems traceable to a low coiileiit of potash since it is

seldom or never found in glazes with 0.4 and 0.5 K^O, hoAV-

ever low the zinc oxide may be.

In closing I wish to express my a])preciati()u of the

kindness of Mr. W. 11. Powell, of the ]^]xcelsior Terra Cotta

Works, for the trial i)ieces, and for burning the same; to

Mr, Plusch, ceramist of the same company, for assistance

at the factor}^, and Mr. Wilson, student, for assistance in

the laboratory.

DISCUSSION.

The Chair: Would you mind describing what you
mean by "parting?'"'

Mr. Parmelcc: I can explain it best by showing a

sample. (Exhibits sample.) This has often been attri-

buted to the presence of small particles of grog. My exper-

ience indicates that it depends more on low potash content

than upon high zinc.

T/ie Chair: Don't you consider that in a large mea-

sure it is the same thing as curdling?

Mr. Parmelee : It may lead to curdling, in a more
aggravated case.

The Chair : Incipient curdling, I would call it. Do I

understand you took a uniform body in each case?

Mr. Parmelee: Yes.

The Chair : Did you vary your fire, or did you bring

each series to a uniform heat?

Mr. Parmelee : They were all fired to cone 5, in a

regular terra cotta kiln.

Mr. Plusch : I think a point of commercial interest in

that paper lies in the glaze H-30, a sample of which I would
like to pass around. This glaze does not contain any tin,

which is an expensive thing for the terra cotta manufac-
turer to use, but the glaze is opaque without tin.



PORCELAIN FOR ELECTRICAL PURPOSES.

BY

A. S. Watts, Victor, N. Y.

(A continuation of an article on the above subject, Vol. IV, p. 86-130.)

It has now been five years since the writer offered the

first paper on this subject to this society. The data con-

tained therein, as was stated at that time, was only a

beginning, and might be proven in error by later investi-

gation.

With the experience gained by the past five years,

spent largely in the insulator business, the writer believes

that with but two exceptions, the laws laid down therein

are reliable. Although some may feel inclined to take

exception to some of the findings in the first paper, with

the exceptions noted below, the results obtained have been

duplicated in every instance. Many of the formulae have

been used repeatedly, and found thoroughly reliable.

The first correction to be made is in the matter of

maturing temperature of the various bodies. A difference

of about 50 degrees C may exist between the temperature

necessary in a laboratory kiln, and the temperature neces-

sary in a large pottery kiln. The difference noted is not,

in the opinion of the writer, wholly dependent on the

length of the burn; it can perhaps be partly explained by

the irregularity of the smaller kiln. When a small one-

furnace trial kiln is fired, a very appreciable back-set is

experienced with each baiting of fuel, and this is not so

noticeable in large kilns, if i)r()])erly fired.

Second.—Regarding the composition of the RO in a

porcelain, the writer has made good porcelains with the

RO as low as 0.33 K,() and 0.r>7 TaO, but cannot see that

anything is gained by so high a content as CaO; it merely

aggravates the troubles which are always experienced with

000
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liinc-boariiiji bodies. A waniiiiy, lias been advanced by

some very able potters ajj;ainst excessive use of feldspar, as

they claim a porcelain hi<>b in potash has a tendency to

craze. This may be the case, but no trouble in glazin«> the

high-potash porcelains has been experienced in the writer's

practice, and specimens which have been exposed to the

action of the elements for four years, show no evidence of

crazing. It is therefore proper to conclude that if a porce-

lain is fitted with the proper glaze, a high potash content

is not a drawback.

The amount of EO necessary to obtain a given vitrifi-

cation and translucency and at the same time, not produce

a tendency to brittleness and warping, is greatly influenced

by the SiOg content. As the amount of SiOg increases, the

limits between vitrifying and the warping temperatures

decrease, so that a loss from warping and over-vitrification

threatens the manufacturer of a high silica porcelain.

While the AI2O3 and SiOg limits were well established

in the preceding paper, the writer has always felt that the

discussion of RO elements was unsatisfactory. Just why
CaO was chosen as the only element with which to blend

K2O is not clear, unless it is because Seger chose this oxide

in the manufacture of his porcelains. Why are not some
of the other alkalies or alkaline earths equally good or

even better than lime? We know that we could hardly find

a more unreliable and sudden-acting flux than calcium

oxide, and yet it is turned to as the blending RO element

for porcelain.

In order to obtain a comparative set of figures on the

action of the various RO elements, a set of trials for

di-electric strength tests was made. In this series, the RO
was introduced in the form of carbonates. As a further

help in comparing results, a pure potash porcelain of the

same chemical formula as the proposed series except that

that potash is ol)tained from the purest ortho-clase feldspar

obtainable was also made up. These trials are all fired

at Cone 10.
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Ortho-clase Porcelain.

No. 1. Formula 0.25 KoO, 1. AlgOg, 4. SiOg; Absorption

.00% ; 5 plates; total thickness, 1.033 inches; total di-

electric strength 315,000 volts. Average thickness

0.216 inch; average di-electric strength 63,000 volts;

average di-electpic strength per 0.01 inch, 3,049 volts.

Series made from Carbonates.

No. 2. Formula 0.25 KgO, 1. AI2O3, 4. SiOo ; Absorption

8.53%; 3 plates; total thickness 0.552 inch; total di-

electric strength 55,000 volts. Average thickness

0.184 inch; average di-electric strength 18,333 volts;

average di-electric strength per 0.01 inch, 996 volts.

No. 3. Formula 0.25 NasO, 1. AI2O3, 4. SiOo ; Absorption

8.44%; 7 plates; total thickness 1.269 inch; total di-

electric strength 138,000 volts. Average thickness

0.181 inch; average di-electric strength 19,714 volts;

average di-electric strength per 0.01 inch, 1,087 volts.

No. 4. Formula 0.25 BaO, 1. AI2O3, 4. SiOg ; Absorption

2.81%; 6 plates; total thickness 1.166 inch; total di-

electric strength 164,000 volts. Average thickness

0.194 inch; average di-electric strength 27,333 volts;

average di-electric strength per 0.01 inch, 1,406 volts.

No. 5. Formula 0.25 MgO, 1. AI0O3, 4. SiOs ; Absorption

10.55%; 5 plates; total thickness 0.96 inch; total di-

electric strength 20,000 volts. Average thickness

0.192 inch; average di-electric strength 4,000 volts;

average di-electric strength per 0.01 inch, 208 volts.

No. 6. Formula 0.25 CaO, 1. AI2O3, 4. SiOg; Absorption

9.65% ; 5 plates; total thickness 1.029 inch; total di-

electric strength 117,000 volts. Average thickness

0.206 inch; average di-electric strength 23,400 volts;

average di-electric strength per 0.01 inch, 1,137 volts.

No. 7. Formula 0.25 ZnO, 1. AI2O3, 4. SiOg; Absorption

9.56%; 2 plates; total thickness 0.371 inch; total di-

electric strength 5,000 volts. Average thickness 0.186

inch; average di-electric strength 2,500 volts; average

di-electric strength per 0.01 inch, 135 volts.
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No. 8. Formula 0.25 PhO, 1. AI2O3, 4. SiOg ; Absorption

0.013%; 5 plates; total thickuess 0.835 inch; total di-

electric strength 221,000 volts. Averaj^e thickness

0.1(17 iiuli; avcraj;;(^ dielectric strength 44,200 volts;

average di-electric strength per 0.01 inch, 2,647 volts.

No. 9. Formula 0.25 FeO, 1. AI2O.,, 4. SiOa ; Absorption

8.32%; 4 plates; total thickness 0.79 inch; total di-

electric strength 75,000 volts. Average thickness

0.197 inch; average di-electric strength 18,750 volts;

average di-electric strength per 0.01 inch, 949 volts.

No. 10. Formula 0.25 MnO, 1. AI2O3, 4. SiOa ; Absorption

3.75%; 4 plates; total thickness 0.717 inch; total di-

electric strength 189,000 volts. Average thickness

0.179 inch; average di-electric strength 47,250 volts;

average di-electric strength per 0.01 inch, 2,623 volts.

A careful study of the above data seems to only lead to

bewilderment. The action of the metallic RO elements do

not bear an,y similarity to one another. Lead and manga-
nese produce the best porcelains di-electrically, while zinc

and iron are among the poorest. The alkaline earths do

not act with any more regularity than do the metals. Bar-

ium is near the head of the list, while magnesia is next to

the last.

The results of the foregoing tests are especially un-

satisfactory, owing to the fact that every trial shows
porosity. We note that while 0.25 K2O introduced in

ortho-clase gives us a dense body, standing 3000 volts per

0.01 inch, the same amount introduced as K2CO3 will not

stand one-third as much voltage, even though every pre-

caution is taken to insure a thorough and reliable mixture.

Only the PbO, the BaO and the MnO trials indicated any
possibility of producing good insulators. Just how valu-

able these elements may prove as RO elements in the future,

I cannot say, but present experience proves that PbO is

unreliable, owing to its volatility, which is in proportion

to the length of the burn. The BaCOg is more expensive

than CaCOg, but it appears to produce a more dense body
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alone than can be obtained from lime alone. MnO reallj

looks the most promising of any of the fluxes, but we know
that the color of manganese porcelain would condemn it.

Influence of Different RO Elements.

The value of CaO with KgO being an established fact,

it was decided to make a set of trials, in which enough
KoO from feldspar to insure nearly complete vitrification

would be used, allowing the other fluxes to do the remain-

der of the work. In this way, a comparison would be

obtained which should be more reliable.

The results as obtained, are given below

:

No. 11. Formula 0.225 KgO, 1. AI2O3, 4. SiOa ; Absorption

0.00%.

Thickness of Plate Di-electnc Strength Tensile Strength per sq. in.

0.227 inch 84,000 volts 1,878 lbs.

0.205 inch 74,000 volts 1,906 lbs.

0.192 inch 74,000 volts 1,593 lbs.

0.190 inch 70,000 volts 2,163 lbs

1,650 lbs.

0.814 inch 302,000 volts 9,190 lbs.

4 plates; average thickness 0.207 inch; average di-electric

strength 75,500 volts ; average dielectric strength per 0.01

inch, 3,710 volts. Average tensile strength per square

inch, 1,836 lbs.

No. 12. Formula 0.2 KgO, 0.1 CaO, 1. AI2O3, 4. SiOg ; Ab-

sorption 0.00%.

Thickness of Plate Dl-electric Strength Tensile Strength per sq. In.

0.269 inch. 79,000 volts 2,390 lbs.

0.220 inch 83,000 volts 1,707 lbs.

0.190 inch 60.000 volts 1,650 lbs.

0.185 inch 60,000 volts 1,593 lbs.

0.179 inch 68,000 volts

0.176 inch 65,000 volts

0.173 inch 71,000 volts

0.160 inch 68,000 volts

1.542 inch 554,000 volts 7,340 Ibs^

8 plates; average thickness 0.193 inch; average di-electric
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strength 09,250 volls; iivciu^c (li-ck'ctric sti-(Mi<^(li per 0.01

inch, 3,5(52 volts. Average tensile strength per square

inch, 1,835 lbs.

No. 13. Formula 0.2 KgO, 0.1 BaO, 1. AUO.,, 4. SiOa; Ab-

sorption O.OO^o.

Thickness of Plate Di-electric Strength Tensile Strmgth per sq. in.

0.262 inch 70,000 volts 2,163 lbs.

0.250 inch 74,000 volts 2,048 lbs.

0.231 inch 73,000 volts 1,878 lbs.

0.229 inch 73,000 volts 1,707 lbs.

0.223 inch 74,000 volts 1,593 lbs.

0.179 inch 58,000 volts

0.175 inch 78,000 volts

1.549 inch 500,000 volts 9,389 lbs.

7 plates; average thickness 0.274 inch; average di-electric

strength 71,428 volts; average dielectric strength per 0.01

inch, 3,228 volts. Average tensile strength per square

inch, 1,880 lbs.

No. 14. Formula 0.2 KgO, 0.1 MgO, 1. AlgO^, 4. SiOa; Ab-

sorption 3.57%.

Thickness of Plate Di-electric Strength Tensile Streiig.h per sq. in.

0.161 inch 58,000 volts 2,105 lbs.

0.151 inch 45,000 volts 1,935 lbs.

0.141 inch 68,000 volts 1,650 lbs.

0.139 inch 70,000 volts 1,821 lbs.

0.130 inch 56,000 volts

0.722 inch 297,000 volts 7,511 lbs.

5 plates; average thickness 0.144 inch; average di-electric

strength 59,400 volts; average di-electric strength per 0.01

inch, 4,113 volts. Average tensile strength per square

inch, 1878 lbs.

No. 15. Formula 0.2 KgO combined, 0.1 KoO uncombined,
1. AI2O.,, 4. SiOa; xVbsorption 0.638%."

Thickness of Plate Di-electric Strength Tensile Strength per sq. in.

0.148 inch 55,000 volts 1,650 lbs.

0.139 inch 45,000 volts 1,480 lbs.

0.130 inch 55,000 volts 1,423 lbs.

1,423 lbs.

1,195 lbs.

0.417 inch 155,000 volts 7,171 lbs.
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3 plates; average thickness 0.139 iuch; average di-electric

strength 51,666 volts ; average di-electric strength per 0.01

inch, 3,717 volts. Average tensile strength per square
inch, 1,434 lbs.

No. 16. Formula 0.2 KgO, 0.1 NagO, 1. AI2O3, 4. SiOg ; Ab-
sorption 0.00%.

Thickness of Plate Di-electric Strength Tensile Strength per sq. in.

0.152 inch 73,000 volts 2,276 lbs.

0.150 inch 60,000 volts 2,105 lbs.

0.148 inch 75,000 volts 1,906 lbs.

0.138 inch 63,000 volts 1,366 lbs.

0.135 inch 59,000 volts

0.723 inch 330,000 volts 7,653 lbs.

5 plates; average thickness 0.144 inch; average dielectric

strength 66,000 volts; average di-electric strength per 0.01

inch, 4,564 volts. Average tensile strength per square

inch, 1,913 lbs.

The above data promises more than did the first lot,

since the majority of the trials are non-absorbent. Further

tensile test brickettes have been made in order that we may
compare the strength of the materials.

Formula No. 11. This porcelain is an alien, which

was picked out as being of about the same composition as

the succeeding series, except in the RO, and it was rightly

conjectured that the 0.225 combined potash would not

bring it far above the standard of the remainder of the

series, all of which were matured at Cone 10. Note that

there is less than 150 volts per 0.01 inch difference between

the average dielectric strength of the pure potash porce-

lain and the potash-lime porcelain of formula No. 12. Also

note that the tensile strengths of these two porcelains are

practically the same. Abrasive tests on this series should

have been made, since it is here that we note the greatest

difference between a pure potash ])orcelain and a lime-

bearing porcelain.

Formula No. 12 is not unsimilar to C-1-4 in the origi-

nal paper on this subject, and while it does not show quite
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SO high a tensile strength as is indicated by the two sam-

ples then tested, it will be noted that the di-electric strength

is three times that of C-1-4.

It therefore a])pears that if the dielectric strength is

developed to the maximum in a potash-lime porcelain, we
cannot expect to obtain (j[uite so great a tensile strength.

This has been found by experience to be the case.

Formula No. 13. This porcelain appears somewhat
weaker di-electrically and slightly stronger mechanically

than either No. 11 or No. 12; otherwise it appears very

similar to porcelains of the preceding formulae.

Formula No. 14. This is one of the most interesting

specimens of porcelain tliat has ever come to my attention.

Note the fact that a careful absorption test showed 3.57%.
At the same time, when we consider the thickness of the

trials, we find that the porcelain will carry 400 to 900

more volts per 0.01 inch thickness than any of the preced-

ing trials. The action of this porcelain under electrical

test is very similar to that noted in tests made ou bone

china, which also shows from 2 to 4% absorption. Note
also that No. 5 formula shows the highest per cent ab-

sorption of any of the trials made.

Formula No. 15. This is a porcelain from which we
should expect great results di-electrically, but owing to its

glossy fracture, not much tensile strength need be expected.

The results of the tests are exactly as anticipated.

The trials show almost the same di-electric strength per

0.01 inch as do the trials of No. 11 Formula, which is a

pure potash porcelain, made from feldspar. We find that

the trials made of Formula No. 15 show an absorption of

0.G38%. Under a microscope, this porcelain is full of

minute pores, undoubtedly formed by the volatilization

of some of the potash, and it may be that what appeared to

be absorption was only the filling of the pores on its sur-

face. These trials are much glossier than those of For-

mula No. 11.

Formula No. 16. This is the most promising porce-

lain in the entire set. It is not so glossy as Formula No.
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15, and it still has a cleau strong fracture, remarkably
free from bubbles. It shows uo absorption and still does

not show anj evidence of over-vitrification. Its di-electric

strength is nearly 500 volts per 0.01 inch greater than any
other trial of this series, and its average tensile strength

is greater than any other number of the series. Of course,

the proposition of introducing sodium oxide in an insoluble

form must be overcome, before such a formula as this can

be of commercial value, but the use of albite feldspar in

connection with ortho-clase, would solve this difficulty, and
it is apparent that there is a very promising field of re-

search in the blending of feldspars for porcelain manufac-
ture.

Another subject which seems worth bringing to the

attention of the society, is a table of porcelains in which
the di-electric strengths are comparable with the maturing
temperatures. For this purpose a formula has been chosen

as follows:

0.15-0.15 ^^ I
1 AI2OS {5 oSi02

This should give a series of porcelains maturing from

cone 6 to cone 12. The purest materials obtainable were

used and small test-plates were made up and fired at cone

6, cone 9, and cone 12. By firing an entire set at each tem-

perature, it >Nas found that the series had covered the scale

of fusibility desired. The same phenomena was observed

in this set of trials as was noted in the former paper on

this subject, i. e.

:

The maximum di-electric strength is displayed by

specimens which are over fired, and therefore useless.

Specimens which are wari)ed so badly out of shape that

they are hardly recognizable, stand an extremely high

test, while the specimens which show promise of remark-

able tensile strengtli and abrasive strength are notably

lower in di-electric strength.*

*See Vol. VI, Trans. A. C. S.. pages 118 to 122 inc.
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ill llic f()ll()\\ iii^ table, tilt' datii obtaiued in this exper-

iment is presented

:

Formula

0.350
0.160

0.325

0.150

0.300
0.150

0.275

0.150

0.250
0.160

0.225
0.150

0.200

0.150

0.175
0.150

0.150
0.150

0.125

0.150

0.100
0.15(t

0.075
0.150

0.050

0.150

0.02=.

0.015

0.000
0.160

gj^ 1 1 AlaOj 5.6 Si02

g»^
I

1 AliOs 5.5 Si02

g^^ I

1 AI2O3 5.6 Si02

g^^Jl Al203 6.5Si02

g^^ j
1 AI2O3 5.6 SiOz

§^^ 1 1 AI2OS 6.5 Si02

J^g}l Al203 5.6Si02

^l^ j
1 AI2O3 6.5 Si02

^l^ }
1 AI2O3 5.6 SiOz

q^'qJ^I Al203 6.6Si02

^l^ \ 1 AI2O3 5.6 SiOz

Coae 6

H.S

CaO } 1 AI2O;3 6 6 Si02

K20\
CaOf 1 AI2O3 5.5 Si02

^^§
I

1 AI2O3 5.5 Si02

^l^ j
1 Al,03 5.6 SiOs

0.186
0.202

0.190
0.191

0.162
0.184

0.178
0.160

0.171
0.162

0.152
0.149

0.175
0.178

0.160
0.190

0.166
0.167

173
0.181

200
0.206

82000
87000

90000
88000

89000
95000

60000
69000

85000
78000

70000
860(iO

92000
72000

76000
82000

48000
42000

67000
64000

37000
41000

Cone g

Porous white
biscuit

Porous white
biscuit

Porous white
biscuit

Porous white
biscuit

0.216
0.220

0.193
0.193

0.183
0.200

0.183
0.188

0.187
0.188

0.185
0.177

0.181

0.176

0.162
0.158

81000
77000

94000
86000

81000
85000

Cone 12

Thickness
in inches

Puncture
Voltage

Melted entirely out of
shape. No test

Melted entirely out of
shape. No test

Melted entirely out of
shape. No test

85000 Melted entirely out of
88000 shape. No test

83000
85000

86000
86000

88000
82000

65000
65000

0.173 62000
0.164 58000

0.161
0.160

0.170
0.182

0.176
173

0.169
0.160

0.177
0.180

0.187
0.190

70000
67000

76000
77000

90000
78000

18000
20000

40000
30000

65000
57000

Melted entirely out of
shape. No test

Melted badly out of
shape. No test made

Melted badly out of
shape. No test made

0.179
0.176

0.181
176

0.162
0.164

0.174
0.168

0163
0.166

0.175
0.182

0.199
0.197

0.198
0.214

84000
91000

87000
86000

86000
86000

78000
84000

58000
63000

36000
4100O

41000
460' '0

50000
53000

A. C. S.-40.
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A study of the appearance of the test plates of Series J
reveals the followiug:

Fired at Cone 6.

J- 1. Somewhat sagged, very glossy.

J- 2. Similar to J-1.

J- 3. Less sagging and not so glossy.

J- 4. No sagging and surface fair, but very brittle.

J- 5. Similar to J-4.

J- G. Slight improvement over J-5.

J- 7. Good porcelain, no sagging, fairly strong.

J- 8. Good general purpose porcelain, but not so

translucent as J-6 or 7.

J- 9. Good porcelain, but only slightly translucent.

J-10. Very dry surface, no translucency.

J-11. Dry chalky surface, no translucency.

J-12. Good biscuit only.

J-13. Good biscuit only.

J-14. Good biscuit only.

J-15. Good biscuit only.

Fired at Cone 9.

J- 1. Sagged out of shape, surface glossy and fine

bloat.

J- 2. Similar to J-1.

J- 3. Some l)loat and slightly sagged.

J- 4. Signs of bloat and slightly sagged.

J- 5. Fair porcelain, no bloat, glassy surface.

J- 6. Fair porcelain, but glassy surface.

J- 7. Similar to J-6.

J- 8. Good porcelain, surface very smooth.

J- 9. Ctoo(1 porcelain.

J-10. I'inc porcelain in every respect.

J-11. Fine porcelain in every respect.

J-12. Fair porcelain, but appears less translucent.

J-13. Notable loss in translucency, surface looks dry.

J-14. No translucency and very dry surface.

J-1 .5. Only a good hard biscuit.
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Fired at Cone 12.

fl- 1 to 4. (^>mpleteI.y uioIUmI out of sIui|K'.

J- 5. Molted out flat.

J- (). Molted iienrl.v flat.

J- 7. Badly sa,i»i>('d, vei'j f^lassy surface.

J- 8. Souiewliat saj».ued, very s'*i*^sy surface.

J- 9. Slightly sagged, glassy surface.

J-10. Fair porcelain. Good surface, but slightly

sagged.

J-11. Very good porcelain. Good surface.

J-12. Good porcelain in every respect.

J-13. Good porcelain, but lacks translucency.

J-14. No translucency. Very dry surface.

J-15. Good dry hard biscuit.

Any attempt to discuss the foregoing would make too

lengthy an article and I, therefore, have decided to offer

the data and leave the interpretation to you.

DISCUSSION.

Mr. Orton* Mr. Watts has perhaps shown that dis-

cretion is the better part of valor, in not attempting to

deduce conclusions from the foregoing evidence, for there

is much that is contradictory in his figures, even where
correlated and reduced to their lowest terms. A part of

this difficulty comes in from the structure of the series

itself, in which there are too many variables. The porce-

lains run from 0.50 RO, AI2O3, 5.50 SiOg down to 0.15 RO,
AI2O,, 5.50 SiOo.

The variation is not only in quantity of RO, but in

quality as well, the high end of the series having a well

balanced RO, with low lime and high potash, while the

other end has no potash and is fluxed with lime alone, a

mixture which no one would seriously expect to produce a
desirable result. On top of this, comes the consideration

of the behavior of these bodies at three different tempera-

tures.

*Note by the Editor, subsequent to the reading of the paper.
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Reducing Mr. Watts' puncture voltage to the amounts
per 1-100 inch thickness, as he has done earlier in the

paper in dealing with other data, we find the averages run
as follows

:

Reducing his characterization of the condition or

qualitv of the various bodies at the various temperatures,

as given in his table, to the lowest terms, we have

:
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No. RU Composition Cone Cone 9 Coi.o la

J-1
SMKxO

0.150('aO
overfired
sagged

overfired
bloated

overfired
bloated

overfired
melted

J-2
326K2O

0.160 CaO
overfired
sagged

overfired
melted

J-3
0.300 K2O

150 CaO
overfired

little sagged
overfired

little bloated
overfired
melted

J-4
275K2O

0.150 CaO fair porcelain
overfired

little lagged
overfired
melted

J-5
0.250 K2O

160 CaO fair porcelain fair porcelain
overfired
melted

J-6
0,225 K2O

150 CaO better porcelain fair porcelain
overfired

nearly melted

J-7
O.2OOK2O
0.150 CaO good porcelain fair porcelain

overfired
badly sagged

J-8
175K2O

0.160 CaO good porcelain good porcelain
overfired
sagged

J-9
0.160 K2O
0.150 CaO good porcelain good porcnlain

overfired
little sagged

J-10 125K2O
0.160 CaO

underfired
stony

fine porcelain fair porcelain

J-11
0.100 K2O
0.150 CaO

underfired
hard biscuit

fine porcelain fine porcelain

J-12 0.075 K2O
0.150 CaO

underfired
biscuit

fair porcelain good porcelain

J-13
050K2O
150 CaO

underfired
biscuit

underfired
poor porcelain

good porcelain

J-14 0.025 K2O
0.150 CaO

underfired
biscuit

underfired
stony

underfired
strong porcel' in

J-16 0.000 K2O
0.15(1 CaO

underfired
biscuit

underfired
biscuit

underfired
hard biscuit

From a scrutiny of this data, we may say

:

1st. The higher the lime and the lower the potash,

the higher the maturing temperature of the porcelain will

run, and conversely. Thus at cone 6, it requires 0.15 KgO
to 0.15 CaO to make porcelain. At cone 9, 0.075 KgO to

0.15 CaO is the limit, and at cone 12, 0.050 K2O and 0.15

CaO is the last good body. The position of the Avorkable

porcelains in the series is well shown in the following

little chart

:
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TRANS AM CER, 50C VOL.IX WATTS, PLATE I

High Pot/^sh - lo\^ LifviEi

CONE 6 CONES CONE l2

Low Potash - High Lin/ie:
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2nd. The resistance of the porcelain to puncture

passes from low at under fire, to high at correct fire, and
back to low at overfire. But, the sensitiveness of the por-

celain is very much greater to underfire than to overfire.

In fact, the overfire voltages are excellent, often superior,

if the vitrification has only gone to the extent of making
the body a little glassy, or brittle, or slightly sagged out

of shape.

For instance, J-4 shows

Cone 6 Cone 9 Cone 13

Puncturing voltage per lOOtli in.

Ck)ndition

270

fair

466

little sagged melted

Similarly J-9 shows
Voltage

Condition

and J-8 shows
Voltage

Condition

482

little bloat'd

492

sagged

But, if the overfire has gone to the extent of producing

a vesicular structure, then the puncture voltage drops

rapidly. This may be seen in J-1

:

Cone 6

Puncturing Voltage per 100th in. 436

Condition sagged

and J-3

Voltage
I

632

Condition [little sagged

Cone 9

363

bloated

434

little blojit'd

melted

melted

3rd. The resistance of good or workable porcelains

to puncture seems to vary but little, without much regard

to composition or maturing temperatures. This is well

shown in the following:
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Voltage per ,J(, inch

The 6 good Porcelains maturing at cone 6 show 424

Tlie 8 good Porcelains maturing at cone 9 show . . .
426

The 4 good Porcelains maturing at cone 12 show 395

4th. There are very many inconsistencies in the series,

as in fact in all published records of the puncturing- point

of porcelains. For instance, the low tests shown by J-8

and J-9 at cone 9, or the low tests of J-4 and J-9 at cone 6,

Haws are of course a fruitful source of low breaking point,

and as they are hardly ever to be seen in advance, they

minimize the value of the evidence of any individual test,

and force the resort to averages of a number of tests for

learning anything reliable as to tendencies.

Mr. Stover: I will ask Mr. Watts if he made any
trials with Cornwall stone, in place of soda and lime and
potash?

Mr. Watts: No.

Mr. Stover: I think promising results can be ob-

tained by use of that flux, judging from some experiments

which I have made.

Mr. Hensel : Several years ago I was working in this

line, and tried to get an electrical porcelain which should

mature between cones nine and ten. I got mixes that

stood the electrical test all right when used in small

batches, but when I asked the owner to try these mixes in

a large way, he was always afraid. I will ask Mr. Watts
if he would recommend a man going into the electrical

porcelain business to start making a porcelain at cone ten?

I found all those I looked into were fired at still higher

temperatures. Why don't porcelain makers use mixtures

that mature at lower temperatures? Why do they stick

to those tired at higher temperatures?

Mr. Wutt.s : You will find that glass at about forty-

two or forty-three thousand volts, on a piece a quarter of

an inch thick, will show some static light on each side.

When it does that, there is undoubtedly a little leakage.

I>y raising it to forty-five thousand volts, you will get a

more pronounced display. The same thing occurs in porce-
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laiu fired at (he lower tein])eratures. Under cone ten, you
will j;('t a i)or<elain that in time will leak, (electrically j.

That is the supposed reason why European porcelains,

which are in all probability the finest porcelains in the

world, are inferior for insulating purposes. 1 should not

say worthless, but they find it necessary to make their

pieces very heavy for this purpose. The American porce-

lain is about half as thicic as the foreij^n. The extra thick-

ness is necessary in the forei<»n porcelain because of its

tendency to heat u]). The lower fired porcelain will h.eat

up and finally puncture. I do not know whether I have

any data with me in regard to that point or not. (Consult-

ing note book.) Here are a few figures on some imported
glass, ('rown flint glass, a quarter of an inch thick, will

break down quick at 08,000 volts and showed static light

at 60,000. It will break down at 05,000 volts on a 15-

seeond test, and at 03,000 volts on a 43-second test. If not

carried over 58,000 volts, it will stand fifteen minutes. You
will find exactly the same time factors in porcelain ma-
tured at low temperatures. That has been the experience

of myself, and of others who have gone into the question

of thoroughly testing electrical porcelain.

Mr. Binns: I will ask Mr. Watts if he can offer any
reason?

Mr. Vi^attfi: No, I can not; I wish I could. I wish
somebody knew.



INFLUENCE OF THE RATE OF COOLING ON THE
TOUGHNESS OF VITRIFIED PAVING BRICK,

BY

Leonard B. Coulter, Columbus, Ohio.

It is certainly a well accepted view, if not the con-

census of opinion among manufacturers of vitrified brick,

and municipal engineers, that the longer the cooling pro-

cess of paving bricks is continued, the better the brick will

stand the rattler test. A ''straw-vote" was taken among
a number of paving brick manufacturers to discover their

opinion on this point, and all but one of those asked for an
opinion held the view above set forth. The one minority

member thought that he found his best bricks in those

parts of the kilns which had cooled most rapidly; single

tests made from different parts of the kiln led him to this

conclusion, at least so far as he could give credence to any
principle supported only by the results of single tests.

Bricks were secured by the writer from this manufac-
turer, and tested, with the result that his contention was
supported; a difference of several per cent being found in

favor of brick from rapidly cooled portions of the kiln.

Of course, the results of this little investigation may have

been accidental, but at least they gained significance by
agreeing with the manufacturers forecast.

As no records of accurate and conclusive tests on this

subject could be found in ceramic literature, and as the

proper treatment of clays to secure the maximum tough-

ness, or ability to withstand shocks and wear, is a matter

of great concern to persons in cities all over the country
where brick streets are being put down, the writer under-

took a series of experiments to throw a little light on the

subject.

The method of the test was, first, to secure a large

618
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supply of soft-burnt, paving brick, which had not yet en-

tered the stage of vitrification, and yet were sufficiently

hard to endure transportation and handling without dam-
age. Second, to fire successive charges of these soft bricks

in a test kiln, under accurately controlled conditions, up
to their best stage of vitrification.

Third. To cool these successive charges at varying

rates of speed, under carefully controlled conditions.

Fourth. To test the product by the rattler, find

whether any characteristic increases or decreases in tough-

ness can be correlated with the rate of cooling, or so-called

"annealing."'

The material from which the bricks used for this test

were made, was a shale extensively used for manufacture
into vitrified paving brick at Portsmouth, Ohio, and in its

immediate vicinity by the Peebles Paving Brick Company,
to whom acknowledgements are due for the donation of the

considerable number of bricks required by the test, and for

numerous courtesies extended in their selection and ship-

ment.

This shale has excellent plastic working qualities; it

burns to a good vitreous body between cones 2 and 5. It is

at its best at about cone 4. Paving brick manufactured
from this clay, w^hen tested in the rattler, suffer the great-

est part of their loss from the chipping off of large flakes,

rather than from the grinding away of small particles

from their surface. It w^as because of this fact that this

particular kind of brick w^as selected for the test, as it was
thought that if the rate of cooling had any very appreciable

effect on the brick, it would be more pronounced in a brick

which lost weight from chipping, rather than in one where
the wear was equally distributed over the whole surface.

The burning was done in a small muffle test-kiln,

heated on five sides by the products of combustion, which
circulated around the muffle, but did not pass through it.

The dimensions of the muffle chamber are 35 inches by 24

inches by 29 inches, and the capacity is about 85 paving

brick at one time, and in a good burn 70 brick of first
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quality could be obtained. The others would be soft, near

the wicket, or over burnt near the walls. The fuel used

was natural gas, and the time required for making a burn

ranged from 36 to 48 hours, according to the gas pressure

and draft conditions. (See curve sheet, page 621.)

In making the successive burns, there was some diffi-

culty in getting the finishing point exactly alike. For in-

stance, in burn No. 1 and No. 3, the temperature reached

was a little too high, and only 30 or 40 bricks could be

selected whose hardness and vitrification were comparable

with that of the other burns. In Burn No. 4, a crack in

the muffle wall allowed flames and gases to penetrate a

part of the muffle, and some of the bricks were "reduced"

on the exterior so that the nund)er of good bricks available

was here also somewhat limited. In general, however, the

burns were successfully managed, and the results very

uniform and of good quality.

Several brick manufacturers with whom the subject

was discussed intimated that paving bricks of good quality

could not be made by the reburning of salmon or unvitri-

fied material. The results of these burns, compared with

tests of the best No. 1 pavers furnished by the company
showed that with its particular clay under such conditions

as we have in the small test kiln here that there is no foun-

dation for this belief.

Tlie only part of the entire process which was allowed

to vary was the cooling, and this feature was purposely

varied.

The length of time for cooling the brick from their

maximum temperature to 100 degrees C, varied from seven

and one-half days at the slowest rate to 19 hours at the

quickest.

On one of the burns, the cooling was retarded by

partly closing the damper and gradually reducing the gas

consumj)ti()n ; on otliers, the cooling was allowed to proceed

as slowly as possible by merely closing the dampers and

letting the kiln stand, well sealed up; on others, the cooling

was hastened by opening up the wicket and allowing air
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to be drawn iii under natural draft; in others, the speed
was still further increased by blowing in air with an office

fan. In most cases, the amount of air was so regulated as
to keep the cooling rate constant, but in others, either the

first or the last part of the cooling was hastened, the rate

being kept constant, while the other part of the cooling was
allowed to take place naturally.

When cooling naturally, with the wicket closed, the

damper being either open or shut, the whole muffle-chamber

would cool off very uniformly. When more rapidly cooled

by opening up the wicket, the air would flow in at the

bottom openings along the floor of the muffle, then up the

back wall to the roof, and then along the roof to the front

of the kiln and out. The very front courses at the top

would naturally be cooled partially by radiation through
the hole made by removing part of the blocks in the wicket.

When blowing air in with a fan, it went in on one side,

circulated around, coming out on the opposite side. When
blowing in air with a fan through a 4 inch pipe, and with

other holes open, very little air would flow in through the

lower holes in the wicket, so that the front bricks, in

either bottom or top, would be the slowest and most grad-

ually cooled parts of the kiln's contents.

In Plate II is shown an outline drawing of the kiln

in which this work was carried out. The gases of combus-

tion come in on either side at the floor level, pass up the

sides into a common chamber, covering the top and upper

part of the sides of the muffle. Here they turn back down
the side of the muffle, inside of the flash wall, and reaching

the muffle bottom pass under it into a central flue, and
thence back to the rear wall of the muffle, where they pass

up and out at the rear upper end. In their circuit, the hot

gases successively bathe five of the six sides of the muffle,

the wicket side only being in contact with the atmosphere.
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111 Plate III are shown the eurveK described by plot-

ting the cooling temperatures at frequent intervals for the

first five burns.

The bricks in each muffle charge were studied in groups,

according to their position in the muffle. This was not of

any particular importance in the first and second burns,

where the cooling was so slow that all parts were alike, but
it became increasingh^ important as the period of cooling

was shortened by opening the wicket, and permitting cold

air to strike the brick all at once. Those brick which were
struck by cold air, w^hile still red hot or but just below red

heat, were nearly always cracked ; if the incoming air were
heated up so as not to offer too great a contrast on striking

a heated brick, it seemed to matter very little how fast the

cooling was done.

The location of bricks with reference to the incoming
and outgoing air currents became the subject of closer

study with each succeeding test. The contour of the muffle

chamber is therefore shown in connection with each burn,

and the location of the charges of brick is indicated by
boundary lines, and the results of the rattling test is indi-

cated in the area thus bounded.

A. O. 8.—41.
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BURN I.

TOP

18.94 17 03 18.36

Front or

1 broken 1 broken 1 broken

Wicket

End
17 96 19 86 16 44

15 71

BOTTOM

Rear

End

BURN 2.

Front or

Wicket

End

TOP

18 66

17.47

17.08

Rear

End

BOTTOM

BURN 3.

Front or

Wicket

End

TOP

17.43

17 85

18.32 18.07

Rear

End

BOTTOM
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Cooling

Period

In Hours

180

90

Rbsults of Rattlir Test

19.86

48

18.76

Min.

16.71

16.65

18.32

Aver'ge

17.75

17.07

17.43 17.92

Broken
Brick per
Chance

0.43

0.50

0.25

Rhmakks

The cooling was prolonged by
partially closing the damper
and by continuing the use of

gas, in gradually diminishing

amounts.

The cooling was accom-

plished by closing all inlets and

all outlets as tight as possible

and letting the kiln and con-

tents cool as slowly as they

could.

The cooling was accom-

plished by leaving all fire open-
ings open and damper in stack

flue open. The muffle itself

was kept tightly closed.



628 INFLUENCE OF COOLING ON THE TOUOHNKSS OF BRICK.

BURN 4.

18.54 18.09

4 broken 2 broken
From or

Wicket

End

16 76

BOTTOM

Rear

End

BURN 5.

TOP

29.63 27.78 24.25

Front or

10 broken 9 broken 10 broken

Wicket

End
24.67 19 61 20.23

9 broken 9 broken 7 broken

Rear

End

BOTTOM

A study of the results of the first five burns gave some
support to the minority view as before set forth. The
average losses and average number of broken bricks per

charge seems to .show no close connection with the rate of

cooling, until the usual speed of cooling is far surpassed,

viz.

:

Number of Burn Cooling Period Number of
Charges Tested

Average Rattler
Test

Average Number
Broken Brick per

Change

1

2

3

4

180
90
48
28

7

3
4
3

17 75
17 07
17.92
17.79

48
0.50

26
2.00
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Cooling Rbsults of Rattlbr Test

Period

In Hours Max. Min. Aver'ge
Broken

Brick per
Change

28 16.75 17.79 18.64 2 00

The cooling was accom-

plished by leaving all fire and

stack openings wide open, and

by gradually opening holes into

muffle chamber, until at the

last % of the wicket wall was
removed, and an electric desk

fan was blowing into the

opening.

19 19.61 24.39 20.63 9.00

Cooling accomplished same
as above, except the wicket was
opened sooner, and was finally

all removed and the fan was
used earlier and more vigor-

ously.

But when this rate of cooling is greatly surpassed, the

losses on rattling increase—apparently as much from the

wearing off of the increased number of broken brick per

charge and the additional corners and edges thus created

—

as from actual decrease in strength. This will be shown
in the last two burns

:

Number of Burn Cooling Period Number ol

Charges Tested
Average Rattler

Tests
Average Number
Broken Brick

4

5

28

19

3

6

17 79

24 39

2

9
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At any rate, the contention of advantage from slow

cooling or annealing is not supported by this evidence

at all.

In view of the great breakage in very quick cooling, the

question arose as to the real or ultimate cause—whether

it was due to a fundamental loss of strength with increase

of glassiness, by quick cooling, or to the creation of strains

when a brick is suddenly exposed to cold air, which

would crack it partly through at the time and render its

standing the blows of the rattler test an impossibility.

Also, it was desired to know whether the damage was done

by allowing the* cold air to strike the bricks when highly

heated or whether the dangerous period is that at low

redness or just below redness. The idea is held by some
that a brick at a very high temperature, 800 to 1200°

C

cannot come in contact with really cold air, except under

conditions of abnormally strong draft, because the heat

emanating from the brick itself heats the air all around it

as fast as it approaches. If this were true, then the reason

for clay wares checking or audibly cracking when cooling

at black or low red heat, 400 to 600° C, would be found in

the increasing disability of the brick to guard itself from

contact with cold air and sudden shrinkage strains, by

reason of its lower temperature.

It seemed desirable to try to get some sort of confirma-

tion of one or other of these rival points of view, by actual

test. Accordingly, three more burns were made which,

when marshalled with burns No. 4 and 5, give a fairly

complete sequence of conditions from which to judge.

The data of burns 6 to 7 and 8 follow on pages 632

and 633.
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Plate IV, page 634, shows the cooling curves described

by the five burnings in which rapidly cooling conditions

were produced.

A study of these curves shows that the cooling of burns

Nos. 4 and 7 are much alike, both proceeding steadily and
rapidly down to 300 to 400 °C, after which both were has-

tened by use of a fan. The No. 4 was the most severely

treated.

Burns 6 and 8 were also cooled very much alike, as

seen by their curves. Both were cooled with all possible

speed in the early stages, down to a temperature of 540 to

550°C, only six or nine hours being used to that point.

Then, the kiln was shut up and carefully nursed through

the supposed danger zone between 300 to 600° O.

Burn No. 5 represents the most severe condition pos-

sible—short cooling both above and below the red heat

zone.

For convenience, the results are again correlated

:

Number of
Cooling Pbriod in Hours

Number of

Charges
Averaee

Rattler Loss
Average No.

Burn
Above 660" Below 6&0<>

Broken Brick

6 6 5 12 5 6 24.39 9.00

4 17.0 11.0 3 17.79 2.00

7 17.5 16 5 6 17.73 1.50

6 7 5 32.5 6 19.09 2.16

8 6.5 39.6 6 18.90 3.16

If one was to draw his conclusions from the average
results of different cooling tests, one would conclude that

the bricks endure the rapid cooling better in the last part
of the process, from red heat down (550° to 100°C) than
in the early part (1100°-550°C). The rattler losses are

slightly less in burns 4 and 7 (17.79—17.73) than in burns
6 and 8 (19.09—18.09), and the proportion of broken brick

bears the same relationship, (2 and II/2 vs. 2I/2 and 3%).
To one thoroughly conversant with the facts of each

test, the most reasonable method of drawing conclusions
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BURN 6.

Rear

End

TOP

19.96 19.20 15.92

Front or 2 broken

Wlclcet

End
23.52 19 38 16.58

7 broken 4 broken

BOTTOM

BURN 7.
TOP

19.40 18.70 17 69

Front or 3 broken 1 broken

Wicket

End
16.12 17 44 17.02

2 broken 3 broken

Rear

End

BOTTOM

BURN 8.
TOP

17 46 15.88 19 81

>ont or 3 broken 2 broken

Wlclcet

End
20 36 20.13 19.76

5 broken 5 broken 9 broken

Rear

End

BOTTOM
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Cooling
Results of Rattlkr Tbst

Period In

Hours Max. Mln. Aver'ge
Hroken
Brick per
Charge

Remarks

40 23.52 15.92 19.09 2.16

Kiln cooled down rapidly to

540° 0., by opening peep-holes

and part of wicket. At 640° C.

,

the kiln was shut tight and
cooled as slowly as possible, to

100° a

84 19.40 16.12 17.73 1.50

Kiln cooled at normal rate,

without external aids, till 540° C.

was reached. Then, by means
of open wicket, fan and air-pipes

iaserted among the charges, the

cooling was greatly hastened at

the critical i)eriod.

46 20.86 15.88 18 90 3.16

Kiln cooled down very rap-

idly by opening damper ports

and wicket, and by blowing in

air from electric fan by means
of pipe, till 650° was reached.

Oooling now checked by stop-

ping, shutting wicket and giving

time.
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as to the effects of the rapid cooling-, seems to be to consider

the best charge from each cooling treatment as representa-

tive of what the effect of that particular rate of cooling is,

and not to consider the average from the whole kiln. There

seems to be no reason to the contrary that if it had been

possible to cool all the brick in each kiln with air in suffi-

cient quantity and tempered to the same degree as that

which cooled the best charge, we would have had results

all of which compared with it, as close as it is possible to

get single tests to agree with one another.

Comparing the tests in this way, we have a series of

results,, that with one exception (Burn No. 5) agree as

closely as one would expect, even if testing the same kind

of material, all of which has been burned together in one

fire in a full sized commercial kiln.

Cooling Period

Burn
Hours above 560* Hours below 660*

Minimum Rattler Loss

1 76. 105.0 15.71

2 30.6 59.0 16.65

8 17.6 30.6 17.43

4 17.0 11.0 16.76

7 17.5 16.5 16.12

6 6.5 12.6 19.61

6 7.5 82.5 15.92

8 6.5 89.6 16.88

The results that we found on testing the brick from
Burn No. 5 were expected, for at one period of its cooling,

when it was at about 450 degrees O, an attempt was made
to hasten the process a little more. To do this, the fan

was made to blow a little more directly into the muffle, but
this caused such sharp snapping, that the treatment was
soon made less severe. The damage had been done, how-
ever, and could not be remedied.
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Considering the data from this point of view, the con-

clusion is drawn that the rate of cooling within the limits

of this test has had no appreciable effect on the toughness

of the brick.

The reason why so many bricks were broken in some
charges seems not to be due to increase of glassiness, by
quick cooling, but to be due to the creation of cracks or

strains originating at that time. On examining the brick

from the kilns that cooled the slowest, and in the quickest-

cooled kilns from charges where the broken brick were
very few, we cannot find any glassy surfaces on breaking

them, while from charges where the broken bricks were
very numerous, we find many surfaces that have a glassy

fracture. The brick will show this smooth fracture only

over a part of its cross section, and on chipping the glassy

surface, it will be seen that the glassiness is purely super-

ficial.

This same phenomenon is frequently noticed in vitri-

fied bricks that are burned to vitrification in one operation

in the same kiln used in these tests. They usually occur

on the floor of the muffle or in a part where the cooling is

most rapid, and on this account likely to be irregular, even

in the dimensions of a single brick. It quite often happens

that on drawing the kiln, a brick will fall apart from no

apparent cause. Some of the glassy surfaced breaks have

been chipped deeper and their interior fractures were very

much like those in the tests where the breakage in rattling

was heavy.

SUMMARY OF CONCLUSIONS.

1. When the cooling is effected by means of air tem-

pered to a degree but slightly below that of the brick it

circulates around, the rate of cooling has no appreciable

influence on their toughness.

2. If the cooling is effected by air of a decidedly

lower temperature than the brick, it will result in their

checking and breaking, and consequent high loss in the

rattler test.



FIRE-PROOF PORCELAIN.

BT

M. Llewellyn Bell, Alfred, N. Y.*

Fire-proof porcelain in the generally accepted term
means ware which will undergo sudden changes of tem-

perature without rupture. This kind of ware has been

made in Europe for some time and imported. It must not

be confused with another class of ware known as "Cooking
Ware," which, as made here, consists of a red clay body
with white engobe lining, and glazed usually with a soft

lead glaze. This ware is detrimental from a hygienic

point of view, and besides is not fire-proof in the sense

mentioned.

The opinion has been advanced in the hearing of the

writer that the successful manufacture of this ware de-

pended on the use of a particular type of clay. This is

unscientific, because it is evident that a clay depends for

its action either upon physical or chemical properties.

The object of this investigation was, therefore, to

discover what these properties might be, and thus point the

way to a successful manufacture.

Articles made from a body of this sort would include

crucibles such as are used in laboratories, tubes for physi-

cal and chemical experiments, baking dishes, etc., in fact,

any ware which might be subject to sudden and moderately
great changes of temperature. The ideal body would be

one which could be heated to redness and then plunged into

cold water without injury.

No works or articles bearing directly on this line of

work were to be found, with the exception of that given by
Bourry in his book "A Treatise on the Ceramic Industries."

*A thesis presented for graduation from the New York School of

Olay-Working and Ceramics, June, 1907.

637
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Under "Porcelain for the Fire" (page 724) he states that

in France a body of the composition

Silica 61.61

Alumina 80.01

Iron 1.56

Lime 3.66

Potash 3.26

100.00

is used to produce articles which are to be used for pur-

poses similar to those just given. The composition of the

body scarcely differs from that of the other hard porce-

lains, yet is, if anything, less silicious and more aluminous.

A reproduction of this body was undertaken for the

first experiment, intending to determine what was its be-

havior under sudden temperature changes, and how it

could be improved by the introduction of new materials,

or varying the amounts of those already contained.

The rational composition, as calculated from the above

analysis, is as follows

:

Clay Substance 67 . 59

Quartz 18.01

Feldspathic Matter 19 . 27

Iron 1.56

Lime 3 . 56

99.99

Two bodies were made up following this composition,

in one case deriving all the clay substance from English

Washed Ball Clay, and the other, from Tennessee Ball

Clay. Ball clays were used in order to obtain a plastic

body. The analysis of these clays and the spar used is as

follows

:
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Eng. Washed
Ball Clay

Tenn.
Ball Clay Feldspar

Silica 54.78
32.29

.40

52.98
34 26

.40

68.98
Alumina 18.82

Ferric Oxide

Alkalies
Water

3.66
9.27

1.62
11.49

12.66
.60

99.40 100.75 101.06

The rational composition of these materials being,

Olay Substance . .

Quartz
Feldspathic Matter.

73.22
11.14
15.64

100.00

83.48
12.37
4.16

100.00

4.28
3.16
92.66

100.10

The batch weights of the two bodies were as follows

No. 1.

Eng. W. B. 57.30

Feldspar (ground) 7 .08

Flint (ground) 9.89

Whiting 6. 36

SERIES I.

No. 2.

Tenn. B. O 57.16

Feldspar (ground) 6.17

Flint (ground) 8.75

Whiting 6.35

These two bodies were ground for about one hour on

ordinary glaze ball-mills; then passed through a lawn of

120 mesh and made into slip suitable for casting. The
reason casting was used in making these and all the pieces

following was that it could be done easily and rapidly.

The test pieces were small crucibles, such as are used in

chemical laboratories. The pieces were biscuited at Cone

7, and gloss fired at Cone 9. In this series, a fritted glaze

containing both lead and boric acid was used, as the in-

vestigation did not then contemplate the employment of

any particular glaze, and this one being on hand was used.

These trials came out good in color, but badly warped,

apparently due to the plastic clay.
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Test of Resistance. In seeking a satisfactory method
of making quick tests for pieces of this sort, it was thought
best to heat them over a Bunsen burner until the piece

showed a yellow tinge over the entire surface, and then

plunge them quickly under water. This test was severe,

but as stated before, the aim was to produce a body which
would stand this treatment. It is also obvious that from a
scientific standpoint, it was not satisfactory, as no mea-
surement could be made, but in view of the fact that no
scientific test seemed feasible, it was thought best to adopt
this empirical method.

Pieces made from these two mixes and tested as de-

scribed above were all broken, generally breaking with a
clean fracture into several parts. These tests showed that

the body by no means answered the requirements of a fire-

proof china.

It is well known that in such ware as fire-brick and
saggers, a high content of alumina proves most satisfac-

tory. Accordingly, it was determined to increase the

alumina content. This could only be done by the intro-

duction of alumina in excess of that provided by the clay.

Two sources of alumina were available, namely, Alundum
and aluminum hydroxide. The Alundum is prepared by

fusing bauxite (AlgOg 2H2O). That which was used in

these experiments was suflBciently fine to pass through a

180 mesh screen. Aluminum hydroxide is A1(0H)3 ob-

tained by precipitation. It contains about 33% moisture.

It was decided to first try the effect of alundum, and
for this seven batches of the following mix were weighed

out, and Alundum added as shown in the table. This is

practically the same body as used in the first series, except

that Georgia China Clay has been substituted for part of

the ball clay. Mix of body

:

Wliiting 10
Feldspar 28
(}eo. China Olay 26
Tenn. Ball Olay 26

Flint 15
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Tlic aiiumnt of Aluiidum uddcnl was 10, 19, 26, 32, 37,

41 and 4(5, inakinj; the final percentage comijosition of the

bodies as follows

:

SERIES II.

Body Numbers

Greorgia Ball Clay
Teun. Ball Clay..
Flint

,

Feldspar ,

Whiting
,

Alandum ,

Totals,

23.00
21.22
13.26
24.79
8.86
8.86

99.99

21.30
19 67
12.27
22 95
8.21
16.65

99.95

20.16
18.60
11.62
21.70
7.76

20.15

99.98

19.26
17.78
11.10
20.76
7.42

23.70

100.00

18.55
17.16
10.70
20.00
7.16

26.41

99.96

18.05
16. 66
10.40
19.46
6.96
28.45

99.96

17.43
16.10
10.05
18.79
6.72

80.85

99.94

Each number of this series was ground as before and
prepared in the same way. No difference was found in

casting, except that the last numbers cast more rapidly,

due to the greater porosity. In finishing, care had to be

taken, as the pieces were extremely brittle. The trials

were all put in one sagger and fired to Cone 9. The firing

took about 24 hours and cooling 12 hours. The color of the

ware as it came from the biscuit fire was a dirty brown,
evidently due to the dark color of the Alundum. The
greater the percent of the Alundum the darker was the

piece. The pieces were glazed with the same glaze as be-

fore and burned to Cone 9. In the resistance test as de-

scribed, these trials showed a marked improvement on the

first series.

The following is a table giving the average result of

testing five pieces under each number

:

No. Results

6 Broke into several pieces.

6 Stood better than No. 5.

7 ) i About equal ; all standing
S> \ better than any otlier of
9 *

( tlie Series.

10 Poor.

11 Poor.
A.O. S.—42.
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. These tests seem to show that a content of Alundum
of 25 to 40 per cent was best. These pieces showed a

marked improvement over those of the first series, and
proved a step in advance.

It was then determined to prepare trials on the porce-

lain plan of soft biscuit and hard glaze. The series was
again made up and fired; biscuit at Cone 2 and glaze at

Cone 12. The formula of the glaze used is

0^7 clo } 5AI2O3
{

4.00 SiOs

No appreciable improvement was noticed in the results.

Accepting the evidence that 25% to 40% of Alundum
gave a better body, it was decided to try the eifect of lime.

It will be noticed that lime was used in the original body.

Two batches of the body corresponding to No. 7, Series II,

were then made up ; one batch containing no lime and the

other 5% lime. They were then ground separately, passed

through a 120 mesh screen, dried, powdered, and blended

thus:

SERIES III.

Number Parts Batch 1 Parts Batch 2 Per cent, of Lime
Present

21 300
260
L'OO

150
100
60

50
100
160
200
260
300

0.0
22 8

2.S

24
25

1.7
2.2
3.4

26
27

4.1
5.0

Each number of this series was blunged, then passed

through a 120 mesh lawn and cast pieces made as before.

The trials were biscuited at Cone 4, and glazed at Cone 12,

with the same glaze as the series just preceding.

The results of the tests showed that those low in lime

gave the best results, though the line could not be sharply

drawn. Up to about No. 24 the pieces tended to break with

an irregular fracture but did not fall apart. The crack

could not as a rule be seen, but by gently pulling on the
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edges of the piece, it was easily broken. Those higher in

the series broke with a clean straight fracture.

This series showed that lime above about 3% tended

to make the body more brittle.

The next step was to test the effect of silica or rather

the result of removing the free silica. That crystalline

silica has a high co-efficient of expansion is well known.
In a body, silica ocurs crystalline, hence it was reasonable

to suppose that by leaving out the free silica, the ideal body
might be more nearly approached. Accordingly Series IV
was made up in all respects the same as Series II, except

that all the free silica, there introduced as flint, was left

out. Trials of this series were made up and fired as before.

These pieces resulted in a peculiar speckled ware, the

Alundum seeming to gather in small masses. This differ-

ence in appearance may possibly be accounted for by sup-

posing that in Series II the free Alundum and free silica

partially united, while in the last series the Alundum re-

mained uncombined.
A further proof that the Alundum dd not unite is the

fact that in this series, the body was badly attacked by the

glaze, producing a dry or orange-skin surface, unless the

glaze was very thick.

The cause of the attack upon the body was probably

due to the fact that there was no free silica which the glaze

could attack, and consequently the crystallized alumina
was absorbed instead, producing a surface akin to a matt
glaze. Test pieces of this series were prepared as before,

biscuit Cone 4 and glaze Cone 12.

Contrary to expectations, no great gain was found in

the omission of flint; if anything, the pieces were inferior

to those already tested.

The next step was to try the aluminum hydroxide. A
body was mixed up, which was the same as series II, but
with the hydroxide instead of Alundum and without lime.

Six batches were weighed out and the hydroxide added, as

in the following amounts : 21, 25, 36, 40, 44 and 48, which
on calcination would respectively produce 15, 21, 27, 31,
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36, aud 39 parts of the oxide. The constitution of these

bodies, in percents, was as folows:

SERIES V.

Body Number

Georgia China Clay .

.

Tenn. Ball Clay
Flint
Feldspar
Aluminum Hydroxide

Totals

22.8(1

21.05
13.16
24 56
18.40

99 95

22.02
20.33
12.70
2.S.72

21.18

99.95

20.16
18.60
11.62
21.71
27.90

99.98

19.55
18.04
11.25
21.05
30.10

99.99

4&

18.95
17.52
10 94
20.45
32.12

99 98

18.46
17.08
10.62
19.85
34.02

99 97

Trials of this series were made up as before, biscuited

at Cone 2 and glazed at Cone 12. The pieces were very

white, and fairly translucent, approaching in looks more
nearly a true porcelain body. The same resistance test

was given these trials, and a very marked improvement
was found. Nos. 42-44 were the best. In this series, a
percent of 21 to 30 aluminum hydroxide was best; this is

probably because the hydroxide entered more fully into

combination with the body. The best of this series would
stand being heated to redness, and then plunged into

water. This was a body very near to that which was
sought.

In order to test the influence of fineness of grain, three

bodies were mixed up (Series VI). Body No. 1 corres-

ponded to No. 42, Series V ; body No. 2 to No. 7, Series II

;

and Body No. 3 being the same as Body No. 2, except that

specially ground Alundum was used.

The ground Alundum was prepared by grinding four

hours wet, on a ball mill. It was then taken off and dried,

and used as before. The three bodies were ground for a

short time, more to produce a thorough mixing than for

the sake of any further grinding; they were then lawned
and cast as before. Trial pieces were also made by jigger-

ing. The pieces both cast and jiggered were biscuited at

Cone 2 and glazed at Cone 12.
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In the tests nuule on tlit'sc pieces, no difference conld

be seen between Nos. 2 and 3, seeming to show that no
advantage was to be gained by having the Alundum finer

ground, and that the strength of the ware did not depend
on the fineness of the aluminnni hydroxide as against the

Alundum, Those pieces which were jiggered were a trifle

weaker than the cast trials, possibly due to imperfect

wedging of the clay.

CONCLUSIONS.

These experiments seem to show conclusively that

alumina may be introduced directly into a pottery body,

with good results for certain classes of ware. The lime

content should be low, not exceeding S%, and there should

be a small proportion of free silica. A greater content of

alumina that can be introduced from clay alone seems
necessary. Another source of alumina, which was not

tried, is refined bauxite, such as is used in the refining of

alumina. An investigation of this sort is necessarily in-

complete, for in the limited time available it is npt possible

to follow out every line of experiment which suggests itself

as the work proceeds.



THE TYPES OF ENAMEL USED FOR ENAMELING
CAST IRON SANITARY WARES.

BY

Frank H. Riddle, Colorado Springs, Colo.

In the discussion of such a topic the fundamental
properties to consider are the uses of the finished product,

and how to make the ware satisfactory for these uses. A
few fundamental requirements are all that need to be

stated here, as the uses are very generally known.
I. The enamel must fuse at the proper temperature,

i. e., just below^ 1000 degrees Centigrade,

II. It must mature quickly and lie smoothly.

III. It must withstand sudden changes of tempera-

ture and fit the iron perfectly.

IV. It must have a perfectly smooth vitreous surface.

V. It must be insoluble or very difficultly soluble in

water and weak acid solutions.

VI. It must present a pleasing appearance to the eye.

This is one of the most important facts to the consumer,

therefore a very essential one to the manufacturer.

The potter in his work can vary not only the glaze but

also the body. Cast iron is a decidedly different proposi-

tion. The composition of the iron is controlled principally

by the casting quality, and but little attention can be paid

to how the enamel will act on it. In other words, the iron

body is practically of fixed character and only the enamels

can be varied. Again, the potter has the advantage in that

his wares are annealed properly in a slowly cooling kiln,

while the enameler must at once bring his hot ware to nor-

mal temperatures, and thus expose it to sudden and severe

contractions.

Cast iron, if heated above 1000 degrees Centigrade,

undergoes a change which materially weakens it. Glasses

646
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which mature much h('h)\v tluit tcMnpcratiire must be hi<;h

in the heavy tiiixey, and are therefore expensive. The fus-

ing point of the enamel is thus held up on one side by con-

sideration of expense, and lield down on the other on ac-

count of tlie danjjjer of weakening the iron.

Enamels for metals, as all ceramic chemists know, are

very similar in nature to the glazes used in the manufac-
ture of pottery, the chief difference being that they gener-

ally are composed wholly of fritted ingredients. They gen-

erally contain greater amounts of fluxes, in order that they

may fuse at the low temperatures necessary. They must
also be supersaturated with some material, which will

produce opacity. The substance commonly used in sani-

tary enamels is tin oxide, but the experiments given below,

show that several of the other ingredients of the enamel
assist materially in giving opacity, and if they are not

present in proper proportions, the amount of tin required

will be excessive.

Object of the Investigation.

In the following investigation, the object was to define

as fully as possible in the limits of the lime available, the

range of composition within which enamels for cast iron

may lie, and still give workable, commercially useful pro-

ducts. There has been something written on this subject

before, but chiefly on enamels worked by the wet or slush

process, for steel and pressed wares, as well as art enamels

for silver, gold and copper, and so far as the writer is

aware, no specific information as to the composition of the

dry process enamels for cast-iron is available outside of

trade circles, and it is guarded there with great secrecy.

The scheme of the investigation was to take as a start-

ing point a composition which w^as thought to resemble

some good enamel in practical use, and with this as a basis,

vary the amounts of its several constituents until the

enamel no longer met the general conditions required.
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THE STARTING POINT.

The following enamel was chosen as a starting point

0.4285 PbO ^

0.2142 BaO f 0.9186 Si02
0.1(171 CaFi } 0.1071 AI2O3 ] 0.2857 B2O3
0.1428 Na20 I [ 0.16 Sn02
IO7IK2O

O. R. 1:1

This gives nearly 8% of tin oxide in the fritted weight.

A batch corresponding to the above formula was fused to

a glass, poured into water while molten, thoroughly dried

and ground in a ball mill until it readily passed through a
200 mesh screen. It was then sifted onto a piece of cast

iron heated to about 980 degrees Centigrade. It fused

readily, forming an opaque coating with a good glossy

vitreous surface. It was rather grey in tone, however, and
could not be classed as a good enamel. It showed signs of

reduction in some places. It was thought at first that this

was caused by failure to coat the iron with a preliminary

or "slush coat," before putting it in the kiln, but on a sub-

sequent trial, it worked the same way on a piece of slush-

coated iron. When a small amount of nitrate of soda was
added to the raw fritt, this reduction was overcome, show-

ing that the enamel had been reduced in the fritt kiln.

This goes to show that some strong oxidizing agent should

be used as one of the ingredients of the mixtures employed

as enamels.

THE INGREDIENTS.

The various different enamels made in the series given

below were produced by the use of the following raw ma-

terials :

I. PbO :—Ths was brought in by using red lead. Red
lead was used in preference to any other form of lead, on

account of its oxidizing value.

II. BaO:—This was obtained by using barium

carbonate.

III. OaO:—This was obtained by using calcium
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fluoride, (^alciiini carbonato could have been used, but it

is a well known fact that the fluoride is an almost univer-

s<illy present ingredient in commercial enamels. Its fusing

point is low, and it makes an opaque white substance after

fusion. Although it is said to break down and set free

fluorine, at temperatures somewhat above its fusing point,

yet this is thought by some to be an advantage, as the es-

caping fluorine is supposed to attack the quartz and com-
bined silica present and take them out as SiF4, leaving the

mixture in a condition to more readily combine.

IV. ZnO :—When used, this was obtained by adding
zinc oxide.

V. NagO :—This was introduced by using borax, so-

dium carbonate, or nitrate. When borax was used, it was
with the intention of bringing in the B2O3 in the combined
form. Nitrates are used as an aid in oxidation.

VI. K2O :—This was introduced in the form of feld-

spar. Potassium carbonate or nitrate could be used, but

are costly and not any better than the corresponding soda

salts.

VII. AI2O3 :—This was introduced in chemical com-

bination, chiefly as feldspar, but in a few cases clay was
used.

VIII. SiOg :—This was introduced both in the free

and combined state; combined in feldspar and clay, and
free in flint.

IX. B0O3 :—In most cases this was introduced as

borax ; in two or three trials, boracic acid was used in order

to keep the NagO low and the B2O3 high.

X. SnOg:—This was the regular commercial tin

oxide.

PREPARATION OF ENAMELS.

Each batch of enamel was weighed out on a torsion

balance, sensible to half a gram. The total weight of each

batch was 500 grams. After being weighed out, each batch

was passed through a 20 mesh screen in order to break up
any large lumps, as clay, etc., and then thoroughly mixed.
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The Fritting. Each batch was put in a No. 6 Hessian

crucible and fired in a regular assay wind-furnace until

all gases had been driven off, and the mass had been thor-

oughly fused to a liquid. The temperatures of fritting

were not measured, but the crucibles were of a good bright

red color when drawn. Coke was used as the fuel, and
great care was required in its use, as it caused immediate
reduction if any small particles dropped into the crucible.

When the heat treatment was complete, the crucibles were
drawn from the fire and their contents poured in a very

thin stream into cold w^ater. The shattered glass w^as then

thoroughly dried and ground in eight-inch porcelain ball

mills to 200 mesh powder. The time required for this

operation was forty-five minutes. The mills were two-

thirds full of one inch porcelain balls, and ran at the rate

of 80 R. P. M. If all the frit was not thoroughly dry, the

balls would become caked or "pasted," and the grinding

became slow and unsatisfactory.

The Cast Iron Trial Pieces. The iron used for casting

these trials was a soft open-grained grey iron. It was
specially ordered to be low in sulphur, and although no
analysis was made, the general aspect of the finished trials

indicates that it was. The form of the trial was designed

to give surfaces and corners, covering all the requirements

met with in practice. A glance at the following drawing
will show that this trial-piece has both plane horizontal

and vertical surfaces, as well as one square corner and one

round surface. These forms not only test the ability of the

enamel to run smooth, but also whether or not it will be-

come too liquid and so run off from the vertical surface.

In practice, a sand blast is usually employed to clean

the iron before the enamel is applied. This was not avail-

able at the University laboratory, so the iron was "pickled"

in a dilute solution of sulphuric acid, which loosened the

sand and scale, and gave after washing and drying, a clean

metallic surface.

The Slush Coat. This coat is applied to the iron di-

rectly after it had been "pickled" and dried. Its function
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is to prevent the surface of the iron from oxidizing, when
put into the furnace, and also to make a sticky surface to

which the dry powdered enamel will adhere when the dust-

ing first begins. It was applied as a thick slip and dried

on before it was heated up. It fused into a thin transpar-

ent glass, and acted as a bond between the iron and the

real enamel. One trial was allowed to cool after the slush

coat had been fused on it, and the coat held on, showing
that it fitted the iron. It was composed largely of borax
glass and a little clay. No investigation was made as to

whether or not it was a good coat compared to those in

commercial use, but as it was the first one tried and as it

gave good results, the subject of the best composition of

this coat was not taken up.

7'he Enameling. The furnace in which the enameling
was done had a muffle ten inches wide by ten inches high

and twenty-four inches long. A swinging door was ar-

ranged, so that this muffle could be opened and closed at

will, and required the use of only one hand for the opera-

tion. This enabled the operator to draw trials at will with

the other hand. Natural gas was used as fuel, so that after

the furnace got heated up thoroughly, a constant temper-

ature could be maintained with very little attention. The
temperature of the furnace was kept as near as possible

to 980 degrees Centigrade. The back or closed end of the

muffle was a little hotter than the front or open end, so that

a variation of temperature within a narrow range could be

reached. This proved very advantageous, as some of the

enamels were more fusible than others, and therefore did

not require as much heat.

The trial-piece to be enameled after being slush-coated

and dried, was placed in the back part of the muffle, and
left there for about eight minutes. In that time, the slush

coat was thoroughly fused, and the iron had became a

bright cherry red color. The trial was then withdrawn,

and the enamel sprinkled on by shaking a forty mesh screen

over the top. This screen of course contained the enamel,

and the slight jar of the screen allowed the enamel to sift
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through the meshes aiid fall iipou the irou in a fine, even

shower. Owin<;^ to the small size of the trial-pieces, they

cooled very rapidly, so that it was necessary to repeat th(i

operation three times hefore a proper thickness of enamel

was on the iron. The second and third times the trial was
placed in the furnace were of short duration, as compared
w ith the first time, being only about a minute or half a

minute. When a proper coat had been put on, the trials

were set aside to cool in the open air.

Compositions of the Glasses. With the formula given

above as the basis, five series of tests were laid out with the

idea of showing the results produced by varying one in-

gredient, and keeping all the rest constant, or by substi-

tuting one ingredient for another, and still keeping the

remainder of the furmula the same. These five series were
all planned at one time and executed together, so that the

findings in one series could not be used in planning the

next. For convenience, the experiments will be taken up,

series by series.

Series I.

This series contains less PbO than the original trial.

The reason for this is the fact that the original showed
very plainly that it could be lower in fluxes and still fuse

at the proper temperature. Everything in the series is

constant, but the B2O3. This is varied from 0.2857 to

0.0769. The oxygen ratio as shown varies from 1 : 1.6 to

1:1.3.

u
V
J)

H B PbO BaO ZnO CaO K,0 Na,0 Al,03 SiO, B.O, SnO, 1.2

K «
OP5

1

2
3

0.3461
0.3461
0.3461

0.2307
0.2308
0.2307

0.1154
0.1164
0.1154

0.1154
0.1154
0.11B4

0.1923
0.1923
0.1021

0.1164
0.1164
0.1154

1.0000
1.0000
I. 0000

0.2307
0.1538
00769

0.1638
0.1638
0.1538

1:1.62
1:1.48
1:1.34

Series I. A marked difference was shown in the fusi-

bility of these trials : No. 1, being the highest in B2O3, fused

very quickly, and No. 3, being the lowest, was very hard to
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fuse. The color of the three is about the same, No. 1 being
slightly darker. This is probably due to the fact that it

was allowed to remain in the kiln longer, and the iron at-

tacked the enamel somewhat, nor was the enamel quite as

thick as that on the other trials. When rubbed with the

fingers, the surface feels rough, showing that all the enamel
did not become perfectly molten on the iron. Trial No. 2

is very smooth, and No. 3 still smoother. The opacity has
not been lost in any of them. The results of this series

shows that the B2O3 is powerfully efficient in bringing a
desirable surface on the enamel. The chief restriction in

the amount lies in the cost, and the solubility of the enamel,

after the BgOg gets very high. Trials No. 2 and 3 (the

more basic ones) are both crazed, while No. 1 (the more
acid one) is not.

Series II.

This series keeps the same RO, AI2O3, SnOg and B2O3
as trial I, Series I, but varies the Si02. Trial I, Series I, is

also Trial 21/2 in Series II. The oxygen ratio in this series

varies from 1 : 1.75 to 1 : 1.34.

V

•5 e

HZ
PbO BaO ZaO CaO K,0 Na.O Al,0, SIC, B,0, SnO,

e
&o
^—
M •«

CO!

1

2

3
4

0.3461
0.3461

3461
0.3461

0.2307
0.2307
0.2307
0.2307

...

0.1154
0.1154
01164

1154

0.1154
0.1164
0.1154

1164

0.1923
0.1923
0.1923
0.1923

0.0769
0.1538
0.1923

2307

1.000(»

1.0000
1.0000
1.0000

0.2308
0.2308
0.2308
0.2308

0.1638
0.1638
0.1638
0.1688

1:1.76
1:1.62
1:1.42
1:1.34

Series II. This series, increasing in AI2O3 from

0.0769 to 0.2307, increases in shivering as the alumina in-

creases. No. 1 is not shivered at all, while No. 2 is slightly

shivered, No. 3 a little more, and No. 4 still more. This

increase in alumina increases the opacity, whiteness and
texture up to 0.1932 AI2O3. An additional increase gives

a dirty gray color. If No. 3 did not shiver, it would be a

fairly good enamel. In trials No. 2, 3 and 4 it was neces-

sary to use clay substance to get all the alumina in. This
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was also necessiiry in series IV Nos. 1 and 2, and Series VI
Nos. 2 and 3. In every case hnt No. 2 of Series II, the

trials are shivered. However, other parts of the composi-

tion of these trials are partly the cause of the shivering. In

general, the results show that clay substance is objec-

tionable.

Series III.

This series is designed to find the effect of variations

in PbO and barium. A glance at the chart will show that

every ingredient is variable, but a little careful study will

show that only the PbO and BaO vary to any extent. The
PbO is increased at the expense of BaO.

u

St

HZ
PbO BaO ZnO CaO K.O Na.O AljOj SiO, B,0, SnO,

B

O05

1

2

3
4

6

0.2500
0.3861

4286
0.5625
0.6666

0.2900
0.2308
0.1786
00937
0.0277

1250
0.1164
0.1071
0.0937
0.0833

0.1250
0.1154
0.1071
0.0937
0.0833

0.2100
0.1923
0.1786
0.1662
0.1388

0.1250
0.1164
0.1071
0.0937
0.0833

1.0800
1.0000
0.9280
0.8125

7212

0.2500
0.2307
0.2143
0.1876
0.1666

0.1666
0.1638
0.1428
0.1330
o.nii

1:1.70
1:1 62
1:1.66
1:1.41
1:1.30

As the lead increases, the fusibility increases, but the

character of the color decreases from a fair white to the

characteristic yellow of high lead glasses. The series shows
very plainly that 0.25 PbO is suflacient. Series VI, VII,

and VIII, were calculated on this basis.

Series IV.

Here the PbO and the BaO are kept at a constant

ratio of 1 : 0.65, and the sum of the two is decreased from
.874 to .1428 equivalents. As these decrease the KoO and
CaO are proportionately increased. They are kept at the

ratio of CaO : K2O as 1 : 1. The NagO is increased from .0

to .5714 equivalents. The remainder of the composition

was so altered that the oxygen ratio increased from 1 : 1.46

to 1:1.84.
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u

.a
•3 S

HZ
PbO BaO ZnO CaO K,0 Na,0 AUG, SiO, B.O, SnO,

„ ...

a

u

1

2
8
4
6
6
7

0.6300
0.4860
0.4286
0.3806
0.2500
0.1842
0.0867

0.3440
0.8106
0.2857
0.2462
0.1666
0.1140
0.0571

0.0649
0.1012
0.1071
0.1119
0.1250
0.1316
0.1428

0.0649
0676

0.1071
0.1119
0,1260
0.1315
0.1428

0337
0.0714
0.1492
0.3338
0.4386
0.6714

0.0974
'M013
0.1071
0.1119
0.1260
0.1315
0.1428

0.8440
0.8776
0.9286
09700
1.080U
1.1400
1.2380

0.1948
0.2026
0.2143
0.2238
0.2500
0.2682
0.2860

0.1290
0.1350
0.1428
0.1492
0.1666
01760
0.1900

1:1.46
1:1.50
1:1.55
1:1.69
1:1.71
1:1 76
1:1.84

Number 1 of the series was nearly all shivered off of

the iron, while No. 7 is very badly crazed. The interme-

diate trials vary systematically, No. 4 of the series being

the only one which fits. This series shows that the ratio

of the heavy fluxes BaO and PbO to the others CaO, KgO
and NagO should be about as 1 : 0.6.

Series V.

Series V. In this series the RO and alumina are kept

constant and the SiOg increased, changing the oxygen ratio

from 1 : 1.25 to 1 : 1.81.

u

.o

SI
PbO BaO ZnO CaO K,G Na,0 A1,0, SiO, B.G, Sn,0 is

K (I

1

2
3

0.3461
3461

0.3461

2308
0.2308
0.2308

0.1164
0.1154
0.1154

01154
1164

0.1154

0.1923
0.1923
0.1923

0.1164
1154

0.1154

6921
0.8-169

1.1538

0.3308
0.2308
0.2308

0.1688
0.1538

1638

1:1.26
1:1.60
1:1 81

The lowest two of this series containing 0,6921 and

0.8459 equivalents of SiOg are crazed, while the one higher

in SiOa (1-153 equivalents) is not. However, the increase

in acidity decreases the quality of the color, probably due

to the fact that the high acid dissolves more of the opacifier.

The following four series were made after the first five

series had been tried, and are based on the composition

which the first set of results seemed to indicate as the best.

In all of them the lead was kept at .25 and BaO at .25 and
.0417 ZnO was introduced.
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Series VI.

Series VI. This series shows the effect of increasing

the AI2O3 from 0.0833 to 0.25 equivalents. The series is

closely comparable to Series II, except that the RO has

been considerably altered and the silica, boric acid and tin

reduced. Under this radical change in formula, it was
thought best to repeat in Series VI the work done in

Series II.

V

SB PbO BaO ZnO CaO K,0 Na,0 AIjO, SiO, B.Oa SnO,

Q

1

2
3

0.2500
0.2500
0.2500

0.2500
0.2500
0.2500

0.0417
0.0417
0.0417

0.1260
0.1250
0.1260

0.0833
0.0833
0.0833

0.2600
0.2500
0.2500

0.0833
0.1666
0.2500

0.8333
0.8333
0.8383

0.1666
0.1666
0.1666

0.0984
0.0934
0.0934

1:1.60
1:1.27
1:1.11

This increase in AI2O3 makes a decided increase in the

opacity and whiteness of the enamel.

Series VII.

Series VII, Zinc oxide is substituted in increasing

amounts varying from .0 to ,125 equivalents to see if its

addition has any effect on its opacity.

HZ
PbO

2500
0.2500
0.2500
0.2500

BaO

0.2910
0.2500
0.2080
0.1696

ZnO

0.0000
0.0417

0833
0.1250

CaO

0.1250
0.1250
0.1260
0.1250

K,0

0.0833
0,0833
0.0833
0.0833

Na,0

0.2600
0.25IJ0

0.2600
0.2600

Ai,0,

0.0833
0.0833
0.0833
0.0833

SiO,

0.8333
8333

0.8333
0.8333

B,o,

0.1666
0.1666
0.1666
0.1666

SnO,

0.0934
0.0934
0.0934
0.0934

1:1.60
1:1.60
1:1.60
1:1.60

This increase of ZnO at the expense of barium has no
very noticeable effect, except to decrease the yellowish

cast very slightly.

Series VIII.

In this series SIO2 is increased from 0.833 to 1.25

equivalents.
A. O. 8.-43.
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« S

HZ
PbO

0.2500
0.2500
0.2500

BsO ZnO

0.2500
0.2500
0.2500

0.0417
0.0417
0.0417

CaO

0.1250
0.1250
0.1260

0.0833
0.0833
0,0833

2600
0.2500
0.2500

Al,0, SiO,

0833 0.8330
U 0833 1.0000
0.0833 1.2500

B,0,

0.1666
1666

0.1666

SnO,

0.0934
0.0934
0.0834

mO

1:1.60
1:1.85
1:2.21

When increased above 1,00, shivering occurs.

Series IX.

Series IX. Here the SiOg is constant at 0.833 and
the BoOs raised as high as 0.416 equivalents.

n E PbO

0.2500
0.2500
0.2500
0.2500

BaO

0.2500
0.2500

2500
0.2500

0.0417
0.0417
0.0417
0.0417

CaO

0.1250
0.1250
0.1260
0.1250

K,o Na,0

0.0830
0.0830
0.0830
0.0830

0.2500
2600

0.2600
0.2500

AI.O, SiO,

0.0830 0.8333
0.0830 0.8333
0.0830 0.8333
0.0830 0.8333

B,0,

0.0833
1666
2910

0.4165

SnO,

0.0934
0.0934
0.0934

0934

bi.2

1:1.41
1:1 60
1:1 87
1:2 15

In this case no shivering occurred and the glaze was
very much softer.

The results of the last two series seem to point to the

fact that the acidity can be increased much higher by the

use of ^2^3 than Si02 before shivering occurs. However,
the oxygen ration should not be over 1 : 2.15.

RANGE OF FAVORABLE COMPOSITION.

These various series, wliile far from complete, still

enable us to form some opinion as to the proper range of

variations which the different ingredients may have and
still make enamels.

Allalicft. From 0.2 to O.G equivalents. Alkalies iu

excess are soluble in water, therefore, should be kept near

the lower limit. Most of the alkalies should be introduced

as feldspar in order to bring iu combined alumina and
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silica. Enough siioiild bo brought in as the nitrate to pre-

vent reduction in the fritt kiln. It is also best to introduce

BoO;{ as borax, tlicrcforc tliis shonhi bo considered.

Fluorides. In those sorios, the fluorides were begun

at 0.083 and raised to 0.125, and were satisfactory at the

last figure. Any lower than 0.083 would make the glasses

less easily fusible. By introducing fluorides as BaFg or

NagAlaFg this could be raised above 0.125, but no trials

were run showing this. There seems to be no reason why
as high as 0.25 to 0.3 could not be used.

Barium. From 0.0 to 0.45 equivalents. Barium is a

substitute for lead, to some extent. When high lead is

used, low barium should be used. The ratio of the BaO
and PbO to the other RO ingredients ought to be about
1 : 0.5 to 1 : 0.7.

Boracic Acid. From 0.05 to 0.3 equivalents. It may
be introduced as borax or boracic acid.. The borax is pre-

ferable, whore the RO permits its use without over running
the sodium. BoOo acts as a strong acid flux, but is expen-

sive and so should be kept as low as possible and still get

results.

T.ead Oxide. From 0.1 to 0.4 equivalents. Lead in

high amounts produces transparency and a yellow enamel,

and therefore should be kept as low as possible. It is also

expensive and of high specific gravity.

Zinc Oxide. From 0.0 to 0.1 equivalents. This sub-

stance aids in opacifying, but not so strongly as tin oxide.

It is rather infusible, so that the introduction of very much
raises the fusing point of the enamel. It tends to overcome
the yellow cast produced by the lead.

Alumina. From 0.1 to 0.25 equivalents. Avoid the

use of clay. The higher the AI2O3 is, the less tin will have

to be used.

Silica. From 0.75 to 1.25 equivalents. It may be in-

troduced as flint, feldspar or clay, and should be kept as

high as possible, as these glasses are generally basic, and
they are consequently subject to attacks by pure water and
feebly acid solutions which come in contact with them.
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Silica also prevents crazing, but if used in excess causes

shivering and raises the melting point.

Tin Oxide. Most people say use 7 to 10 percent of the

fritted weight. In the general run of such glasses as these,

this would mean from 0.2 to 0.25 equivalents. The use of

0.15 equivalents gives about 7.5 percent, and works very

well.

In regard to the ratio of acid to base, it is so far im-

possible to give a definite conclusion, but the enamels pro-

duced in this work were of lower ratio than ordinary

glazes, though not very much so. Eatios of 1 : 1.5 up to

1 : 2 seem common.
Taking the above extremes and picking the most likely

formula would give a composition about as follows

:

PbO and BaO 0.40 1
K2OO 15

I

r SiOj 10
CaO0.16 J>0 15Al2O3< B2O1 0.2
ZnO0.05

I [ SnO2 0.2
Na2O0.25 J

The lower the lead and the higher the barium can be

made, the better.

The above experiments were laid out with the hope of

giving a mere general idea of the field. The heat treatment

in the work proved a very difficult factor to keep constant,

and probably accounted for some of the more erratic re-

sults which were brought about. On the whole, the work
done will serve to make an easier starting point for some
future investigator, if it accomplishes no more immediate

ijood.



NOTE ON THE BURNING OF TERRA COTTA
IN OPEN KILNS

BY

H. P. Humphrey, Bradford, Pa.

Since the time of fire-flashed terra cotta which was
burned in open kilns, the use of the muflEle kiln has been

universal, and by the majority it is safe to say, has been

considered indispensable. Mr. I. L. Conkling* states that

in his experience with open and muffle kilns, the former

consumed very little more coal than the latter, but does not

know at what temperature the former was burned, though

it was probably higher than the latter.

With no more definite data at hand, we are hardly

justified in assuming that the difference is small, since the

surface for heat contact in the muffle kiln is limited, as

compared with that of the open kiln. In taking up this

subject, therefore, it was done with the assumption that

an open kiln consumes less fuel than a muffle of the same
capacity, to obtain the same temperature. Mr. Conkling

suggests that the use of gas will probably be the solution

of this problem, with which many agree, but frequent

flashing in the muffle kiln has been the cause of much doubt
as to the advisability of removing the muffle walls, even

with as pure a fuel as natural gas.

In the light of the above statements the writer wishes

to give to this Society his experience in burning terra cotta

in open kilns, with natural gas as fuel; at present this

work has been going on only about six months, and the

results are consequently limited, but already give a good
insight into the subject, and a view of some of its possi-

bilities. The writer hopes at a later date to give other

results, more nearly perfected, including more complete

data.

•Transactions American Ceramic Society, Vol. VIII, p. 125.
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Location.

As sliowu in Fij^iire 1, the kilus are located inside the

main factory buihlinji-, wliich is constructed of bricli. The
buildini;' stands at the foot of a hill, which slopes down to

a small stream, at the rear. The front portion, together

with (he kilns, stands on hii;h <>round. There is a railroad

cut at the front, four feet below the level of the floor, which

intersepts all drainage from the hill above.

From the above, it is evident that the kilns receive no

drainage, but to further insure them from ground mois-

ture they are placed on a four foot sill of concrete. These

unusually favorable conditions, together with the fact that

the kilns are not subjected to variable air currents, give us

the same results throughout, no one burning better than

another.

Kilns.

The kilns used, as shown in Figures 2 and 3, are of

the usual downdraft open type, twenty-four feet inside

diameter, by nine feet to the spring of the crown, and four-

teen feet high at the center. Each has four stacks, thirteen

inches by eighteen inches inside, as a part of their con-

struction, and extending twenty-five feet above the floor

level. At the base of each stack there is an underground
duct, that leads directly to a large rotary fan, and can

either be opened or closed, at the kilns, by means of a
sliding damper.

In the original construction, the one object to be at-

tained above all others, was to avoid flashing. The flue

spaces in the floors were consequently made large, in order

to obtain sufficient draft, or air supply, without due con-

sideration of evenness in temperature from top to bottom.

The flash wall was then about six feet high, but experi-

ments carried on in a small trial kiln of much the same
construction, resulted in considerable trouble with reduc-

ing conditions, and the flash walls were raised, to within

one foot of the crown, or to a height of eight feet.
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The floors consist of fire clay slabs, two feet square,

and originally had two inch flue spaces on two sides, mak-

ino- continuous slots or two inch openings, every two feet,

the full width of the kiln. The cross section of these open-

ings was reduced in setting by a post six inches square,

placed on the corners of four slabs, leaving the actual open

spaces two by eighteen inches. The above has since been

gradually decreased, until the opening is now two by four

inches. (See Figure 5, page 665.)

Fie. VI

Fire Boxes.

There are eight fire boxes to each kiln, of about the

following dimensions, 2 feet by SVs feet by 2V2 feet deep.

They are walled up tight in front, with the exception of

four openings. (See Figures 4 and 6.) The bottom of

No. 1 opening is level with the factory floor, and leads back

under the fire box, being covered above, to within about

four inches of the flash wall, where it broadens to the full

width. No. 2 opening is one brick above No. 1, and is four
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and one-half by nine inches, and extends into the fire box,

only about four inches coming up directly under the burn-

ers. Two and one-half inches above the burners is located

the third opening, 4I/2 inches by 41/2 inches, and at the

extreme top, is the fourth, 4i/i> inches by V-fo inches. It

will be observed that the above openings are excessive, and
are consequently not all used at the same time, but can be

utilized, if needed.

As first constructed. No. 1 opening was not included.

No. 2 taking its place, the burners being placed correspond-

FIG.VIA

ingly lower. From the results of our first burn, which
showed considerable flashing, it was deemed advisable to

add the lower opening to supply air at the rear of the fire

box, and consume at that point any gas that had escaped

combustion at the burners. This change resulted in the

complete elimination of flashing.

Gas Burners.

After experimenting with many different designs of

burners, most of which had two inch nipples, the one

adopted (See Figure 7) consists of three ll^ inch nipples,



868 BURNING OF TKRBA COTTA IN OPEN KILNS.

six inches long, each leading from an ordinary mixer of

the Bunsen burner type, which in turn is connected with a
three inch gas pipe, eighteen inches long, capped at each
end, the burners proceeding all from one side, from a 1M>
inch pipe. The mixers allow the gas to escape through an
opening five thirty-seconds of an inch in diameter. By
means of the above burner, we eliminated back-firing or

flashing back in the mixer, which with all others was a
source of great annoyance. As placed in the fire box, the

burner nipples penetrate the front wall, but do not extend

bevond it.

H w w

FI6 VII

Setting.

As shown in Figure 4, the kilns are set with two floors

above the first, the distance between each varying from
thirty-two to forty inches. Up to the present time, the size

of a greater part of the material manufactured has been

running unusually large, but under ordinary conditions, a
third movable floor will be placed in the crown, covering

about one-half the area of the kiln. The standards are six

inches square, by sixteen inches high, and have a two inch

cylindrical opening, passing lengthwise through the center.

The slabs are two feet square, by three inches thick, and
rest on the post at each corner, all occupying the same
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relative position as those below in the kiln floor. There is

about double the amount of flue space allowed in the upper
floors as in the kiln bottom.

Kiln Capacity.

The interior volume of each of our large kilns is about

4,800 cubic feet. The weight of terra cotta contained is

about eighty tons, at approximately seventy pounds per

cubic foot, thereby occupying 2,286 cubic feet of space, or

48% of the total. The movable floors occupy a space vary-

ing from 208 cubic feet to 260 cubic feet, averaging 234.

The standards occupy from 165 to 208 cubic feet, averaging

187. The total volume of caps, and other accessories, is

about 28 cubic feet, making the space occupied by kiln

fixtures about 449 cubic feet, or 9% of kiln volume. The
total volume of kiln space utilized, therefore, is about 57%,
a figure which agrees with the one given by Mr. Conkling,

although his percentage of terra cotta by volume is 45, and
fixtures 12^. The weights of the above are as follows

:

Tons

Slabs 12 Oto 16.0

Standards 8 5 to 10. B

Gaps, etc 1.5 1.5

Total 22. Oto 27

This gives by weight, in terms of the total contents,

78.4% to 74.8% terra cotta, and 21.6% to 25.2% fixtures.

Mr. Conkling's calculation shows 66.7% for the former^

and 33.3% for the latter.

From the above, we conclude that the low broad kiln

allows for a greater quantity of terra cotta than the high

narrow one of the same volume, for while our results show
the same percentage of kiln space occupied, as that given

by Mr. Conkling, our proportion of terra cotta is three

percent greater than his by volume, and by weight shows
an increase of 8.1% to 11.7%.
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Burning.

Kiln Pyrometers. The means of determining kiln

temperature consists, 1st, of a Le Chatelier electric pyro-

meter, placed at the door near the kiln floor, 2nd, Seger

cones placed at the different quarters, top and bottom, and
3rd, draw trials.

The first burns proved that the flue spaces were too

great, allowing the heat to escape too rapidly, and causing

great variation in temperature. Efforts made to supply

suflScient heat resulted in considerable trouble from flash-

ing. The flue spaces as now used, 2 inch by 4 inches on

one side of each slab, allow more draft than necessary, and
can probably be still somewhat reduced. The result is the

loss of but little heat, and the burning of much less gas.

Kiln Atmosphere. By means of the Orsat gas appar-

atus, we keep oxidizing conditions at all stages of the burn.

Up to the present time we have found the above instrument

absolutely essential, as it often happens that flashing can-

not be detected in any other way, until it has damaged the

material. If gas, unlike coal, is giving slightly reducing

conditions, it does not smoke, but ignites in the kiln cham-
ber, and at the same time the kiln atmosphere is apparently

clear. We therefore make gas analyses after every change

in the firing process, which would tend to reduce the pro-

portion of oxygen. With the following percentages, of

excess of air at the various stages, no flashing or other

damaging conditions result.

Oxidizing 40% to 70%
Vitrifying 20% to 50%

We note than in burning glazed ware, reducing con-

ditions, while often not evident on the body of the material,

leave the glaze in a porous dry state in which it does not

flow.

Equalizing Temperatures. In the process of equaliz-

ing kiln temperatures, it was found that high flash walls

would not give an even temperature from top to bottom,

since the heat was not only obliged to come in contact with



BURNING OK TERRA COTTA IN OPRN KILNS. 671

a }j:roat surface area, of terra cotta, but also pass tlironjifh

two floors, three inclies tliick, wliicli form almost solid

partitions, before reacliiii}; the material on the kiln floor.

At the present time, the hei<:;ht of the flash wall, which is

about six feet, permits a portion of the heat to be applied

directly to the ware in the second tier. The result is an

even temperature down to the first movable floor, below

which it is always lis;hter, usually showinj]^ a difference of

one to three cones. We therefore set the material accord-

ingly, to take advantapje of this temperature difference.

At the beoinnin<? of the oxidizing stage of the burn, we
start what we term the "Easing Process." At intervals of

about one hour, the burner walks around the kiln, turning

off the gas at each fire box, until the fires are all extin-

guished. He then proceeds to turn them on again in the

same order. This is continued throughout the burn. By
this means, we check the heat at the top of the kiln without

affecting the increase in the kiln floor. The air is admitted

to the fire boxes entirely through the gas mixers and Nos. 1

and 2 openings, w^hich are below the burners. When the top

portion of the kiln has reached the required temperature,

Nos. 1 and 2 openings are closed and No. 3 above the burn-

ers opened, and the gas turned low. At the same time, the

draft is checked until the air excess is reduced to 20% or

30%. The heat at the top no longer increases, but the

bottom gains rapidly. Gas pressure per square inch is

maintained between eight and ten ounces.

In the course of our investigations on equalization of

kiln temperatures, we have recently performed an experi-

ment whch seems to open a new field of possibilities, not at

first anticipated, although we have not yet perfected the

method.

Figure 8 shows a small rectangular kiln, 4I/2 feet by 5I/2

feet and 6 feet high inside. With a view to bringing heat

directly in contact with the material on the kiln floor, the

height of the flash walls was reduced to eighteen inches.

It has been learned by experiment, that the burners having

mixers gave too long a flame for this construction, no mat-
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ter how constructed. The three buruers at each fire box

were therefore removed, and pieces of % inch pipe six

inches long were substituted, without mixers. These pipes

were reduced at the ends, until there remained openings

five thirty-seconds of an inch in diameter. The outer wall

or door of the lire box was then constructed with only

three openings, extending half tlirough the wall. Four
inches inside of this wall a column of brick was built di-

rectly in front of each opening, to receive the blast. By the

above construction, the fire box openings form the mixers,

and the blast of gas striking the brick directly in front

spreads out to form a short fan-shaped blue flame, which
with proper adjustment, does not extend far enough to do

any harm. In the kiln floor, there was allowed only three

openings at the center, each two by four inches. When
burned, the material showed only a few flashed spots on

the backs of several pieces at one end, due to the displace-

ment of a blast wall, in front of one of the burners. The
heat was practically uniform throughout, the bottom being

somewhat the hottest portion.

We shall not at the present time attempt to reach

definite conclusions regarding the possibilities of this

method as applied to large kilns, but it seems to indicate

the means by which advantage can be taken of the best

qualities of gas as a fuel.

Cost of Burning.

Natural gas, the fuel used, is obtained from the gas

fields about Bradford, Pennsylvania, at a cost of ten cents

per thousand cubic feet. We are supplied from the mains
of two separate companies, and are thereby protected

against any ordinary trouble that might arise from breaks

in the lines or other similar causes.

The time required to burn a kiln of the size above
given to cone 2, the burning temperature, is usually seven

or eight days. The gas consumed varies from about 600,-

000 to 700,000 cubic feet. The cost of fuel, therefore,
A.O S—44.
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ranges from sixty dollars to seventy dollars for each burn,

or from 75 to 87.5 cents per ton of terra cotta. The amount
of labor required in burning is small, since it takes only

about one half of the time of one man. The watchman
spends about five minutes per hour on each kiln during the

night, but we do not include his time in the cost of burning,

as his wages would be the same if there were no such duties

for him to perform. The labor cost is calculated at $10.43

for each burn, or thirteen cents per ton. The total cost of

bir.iiing including fuel and labor varies, therefore, from
eighty-eight cents to one dollar per ton.



NOTE ON MUFFLED KILNS USED FOR PRODUCTION
OF ENAMELLED BRICK

BY

J. B. Mir.LAR^ Dou Valley, Ontario, Canada.

The production of enamelled bricks in Canada is

small, being as far as the writer is aware confined to his

own firm.

It is about fourteen years since the making of enam-

elled bricks first began at Don Valley, and they were first

burned in an up-draught round kiln of the Dutch type, fired

entirely with wood. This method produced some very good
brick indeed, but they were not uniform in color, and we
could rarely get more than 50% of Number 1 bricks; the

remainder would be from a very good Number 2 down to a

quality not worth as much as they were before being enam-
elled. A dry pressed brick which has been burned, selected,

and sometimes made especially for this work, was used for

enamelling. Such results were the best we could get, and
frequently when the wood was wet, or the firemen were
careless, we would get kilns containng very few good bricks

at all. After proceeding in this manner for some time we
saw that a remedy would have to be found or the trade

abandoned.

The quality of our good bricks was so good that we
were loath to give up, and we decided to try to obtain a

different kiln that would meet our requirements, and not

to be too costly to operate, nor too large, and at that time

we did not require many enamelled bricks to fill our orders.

Finally a muffled kiln, of the type used by the Leeds Fire

Clay Company, in England, was decided on, drawings of

which had been obtained.

In Figure I is shown an outline of the kiln as origi-

nally furnished me. The interior, especially the floor, has

676
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been soiuowhat altered, but tbe main structural features

are still iiitaet. Originally, tbe arebes over tbe grate bars

continued under tbe clianiber of tbe kiln to tbe flue at the

back of tbe inutile. In between tbese arebes tbe spaces

were tilled up to a level with fire bricks built in solid ; tben,

over all, a 21/2 inch slab was laid for a level floor. This

made tbe mulUe bottom fully 7 or 71/2 inches thick; tbe

inulUes were then built lyo inches thick, both on sides and

top, audthe gases after passing up the back w^ent over the

top of the mnflle, and down the side next tbe furnace, then

back through a parallel passage to a point in close proxim-

ity to where it started to ascend at the back of the kiln,

and finally up the back wall and out into the stack. The

path of these gases may easily be traced by studying Fig-

ures 1, 2 and 3.

We found that the size of the flues made a great differ-

ence in the economy of the kiln, and the exact method of

letting the gases escape when going out into the stack both

at the bottom of flue, and also where it emerges into the

open stack, are of great importance. •

We found the bottom as originally built was not satis-

factory at all ; our goods do not require a very high temper-

ature, cone 06 or 07 (18G0° to 1900° Fahr.), but it does

require to be uniform, and to be maintained for a consid-

erable length of time to get a good color. By the time the

bottom was hot enough, and the temperature in the center

of kiln where it should be, the outside and upper portions

were destroyed ; if, on the other hand, the kiln was put out

when the top and sides were right, then the bottom and
center were much too soft.

It seemed an easy matter, either to thicken the muffle,

or make the bottom thinner. The latter w^as chosen, as

promising the most certain relief. A series of flues were
run between the arches, and midfeathers were set between,

where all had been solid before, and the floor tile were
allowed to rest upon these small brick piers; also the floors

were made as thin as possible over the crow^n of the arches.

These changes gave considerable relief, but still the results
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were not satisfactory, as a fire brick of a sufficiently refrac-

tory nature to stand up where set alone in these small

piers had not yet been found. The tile in the floor, and also

the muffle walls and roof seemed to be quite equal to what
was required. This difficulty was finally overcome by the

use of Christy fire brick from St. Louis.

Before putting in the Christy bricks a still further

change was decided upon. The arches holding up the floor

of the muffle were taken out completely, except immediately

over the furnaces, and a system of midfeathers was substi-

tuted, as shown in Figure 3, section on line E. F. The floor

tile, 21/2 inches thick, were laid upon these little piers, after

being nicely levelled. The muffle walls and crown were
still kept at II/2 inch thickness, and no difficulty is now
experienced in getting both top, bottom, and sides uniform,

and there is very seldom an hour's difference in the time

of kilns going out, providing the same coal is used in each

case.

With the aid of the changes in construction just de-

scribed, first class results are now obtained. Our small

kilns hold 3,000 bricks, set on their flat as we used to set

them, but we found that to get a good color, we had to go

to a little higher temperature, and maintain the heat a few

hours longer. In doing this, it caused the brick to "lip" as

we call it, or allowed the glaze to run down and collect

along the lower edge. This thickening of the glaze coat

was not discernable except when the sun shines brightly

on the work in a certain angle after the brick are laid up
in the wall, but when seen at all, it looks badly.

This was overcome by putting the bricks in with sup-

ports, thin Roman bricks forming a series of shelves, and
keeping every brick on its back, as far as possible. This

only allowed about t\vo-thirds as many bricks in a kiln,

and took fully as much coal as before.

Our recent kilns have been placed tw^o under one dome,
facing in opposite directions, but still retaining the origi-

nal size of chamber. These double kilns have turned out

very satisfactorily, and use if anything a little less coal
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than the single kilns. This is probably due to the brick

work of one kiln being kept more or less warm from the

kiln on the opposite side. Encouraged by these results,

we built our next kilns with another furnace and an addi-

tion of four feet to the length of the chamber, and also an
addition in height of about eight inches in the sides.

We find these kilns, holding half as many more bricks,

can be burned with not more than one ton more of coal

than the smaller kilns. This may be accounted for from
the fact that the people who had the contract for supplying

the muffle and floor tile furnished us with floor tile only

2 inches thick, and a side tile barely 11/2 inch thick. Not
wishing to be delayed in our construction we used them,

and the results so far would seem to warrant us in contin-

uine to do so for all time to come.

The time required to burn these kilns does not vary

many minutes in burning the same class of goods. We can

rely on having our kilns out in fifty-seven hours after start-

ing. The larger ones do not require more than two hours

more than the small ones.

The single muffle kilns, holding 2,000 bricks, with the

necessary supports and spaces, require from 8,000 to 8,200

pounds of Youghiogheny steam lump coal per burn to

cone 06. The double kiln of larger size, holding in each

muffle 3,000 bricks with their necessary supports and
spaces, consumes 10,000 pounds per muffle chamber.

The writer hopes that his experience in adjusting this

English kiln to new conditions may be useful to some one

similarly situated, and that the results in fuel consumption

may be found to compare favorably with other muffle kiln

practice.



NOTE ON THE MUFFLE TERRA COTTA KILN

BY

W. J. Stephani, Philadelphia, Pa.

The kiln shown in the following plates is in my opin-

ion the best kiln for its size for the terra cotta business,

both as regards uniform heat distribution and economy in

setting and unloading. A kiln of larger diameter and the

same height would be more economical in fuel per ton of

ware fired, for the cost of burning decreases as the diame-

ter of the kiln increases.

The kiln shown in Fig. I is only 12 feet in inside

diameter and 8^^ feet in height to the spring of the arch.

The outside diameter at the hub is 20 feet. It would be

better where ground space permits to increase the diame-

ter, but not the height, as the weight per square foot of

floor space is too great in a loaded kiln, if the height is

more than 8^/2 or 9 feet to the spring of the arch. The cost

of setting is greater also, in a tall narrow kiln than in a

low broad one, since a high kiln necessitates two men on
each floor to handle the terra cotta.

There are eight fire boxes in this kiln, set at equal

distances apart. There is one doorway, three and one half

feet wide, by five feet high, to the spring of arch. A wide
doorway is needed for large pieces to be taken into kiln.

The gases pass from the fire box (eighteen by thirty-six

inches) up the muffle to the top of the crown, then down
between the fire boxes, and down between the two doorways
under the floor of the kiln and up the stack in the center

of kiln; all flue spaces measure the same. This gives a
very even heat distribution in all parts of the kiln. Six

peep holes are provided; three around the top, and three

around the bottom, and a seventh is built in the doorway.
Pyrometric cones are placed inside of kiln, about six to
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Design of a small terra cotta kiln, as furnished by Mr. Stephani. Inside

diameter, 12 feet; lieight 8* feet to the foot of the arch.
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eight inches back from muffle, and these turn at practically

the same time throughout tlie liiln.

The Iviln requires forty-eight hours for water smoking,

as a rule, and forty-eight hours on full fire, with four days

in cooling. The capacity of the kiln is twelve to fifteen

tons of burnt terra cotta, according to kind, size and shape

of material.

The advantage in this type of kiln is in its heat distri-

bution. A gas coal must be used in order that the flues

shall be radiating heat into the muffle throughout their

entire course. In a kiln where the gases pass from the

flue box directly into the stack, it is necessary to use a coal

that makes a very hot fire box. This necessitates repairs

in the fire box often, and sometimes flashes the terra cotta

drectly back of the fire box inside the muffle, and the heat

distribution is not nearly so uniform as when the flues

are all full of flame from end to end, and are all radiating

heat at practically the same rate.

A TERRA COTTA KILN OF UNUSUAL DESIGN

BY

Albert Boleschweiler^ Perth Amboy, N. J.

Note hy the Editor. Mr. Boleschweiler was present
and showed the society four or five large scale blue printed
drawings of his kiln, which was low and of extraordinary
diameter for terra cotta burning. As he talked entirely

impromptu, and referred to his drawings constantly, the
stenographic report cannot be used intelligibly, as the

drawings have not been furnished for reproduction.



DATA ON THE NORTH-WESTERN TERRA
COTTA KILN

BY

A. F. HOTTiNGER_, Chicago, Ills.

The drawing. Figure I, shows our eighteen-foot stand-

ard terra cotta kiln, ditterent from most in use. It has a
double bottom, a double center flue, and nine fire holes.

It does not make for economy of construction, being pro-

bably the most expensive type of kiln to build, but high

uniformity of burning can be claimed for it. The total

capacity is 3,200 cubic feet. Its working capacity, with

five movable floors, is 2,800 cubic feet, and it holds forty

(40) tons of terra cotta. The amount of coal used is about

TO pounds per 100 pounds of ware. The usual progress of

our burn is shown on the curve sheet. Figure 2. The aver-

age life of the kiln is about forty burns, before repairs are

necessary. If there are questions, I shall be glad to answer.

DISCUSSION.

The Chairman. The whole subject of terra cotta

kilns and terra cotta burning, as covered in the papers of

Mr. Humphrey, Mr. Millar, Mr. Stephani and Mr. Hot-

tinger, and jMr. Boleschweiler, is now open for discussion

:

Mr. Stocer: I want to ask Mr. Hottinger if the cool-

ing proceeds immediately after striking the top point there,

(indicating Fig. 2 of Mr. Hottinger's paper), or do you
give three or four hours' soaking?

Mr. Hottinger: No, we do not, for this reason: we
have found in burning this kiln that if we attempt to hold

the heat by closing up the fire boxes, or anything of that

kind, we will gain heat there, probably to the amount of

one cone. That is, the heat would continue to advance
after we shut down the fire. Our practice now is to throw

684
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Standard 18 foot terra cotta kiln of the North-Western Terra Cotta

Company, Chicago.
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open all the fire holes at the conclusion of the bum and let

air run through until they are nearly blackened. Even
then there is a flattening of the curve and a gain of about
five degres in the muffle.

Mr. Stover: You say the life of the kiln is about
forty burns before repairs are needed. Don't you think

you could increase the life of the kiln if 3'ou would stop

firing a little earlier and let the heat soak? In other

words, do you not have to drive to a higher heat than if you
stopped a cone earlier, and let the heat rise as high as it

would. Wouldn't that prolong the life of your kiln?

Mr. Hottiiifjcr: No; the kiln plays out right in here

(indicating the base of the muffle, where the fire box opens

against it). The brickwork here commences to soften, and
the muffle begins to go down, and finally crumbles away
and falls through. That necessitates the relining of about

half that muffle, the upper part being perfectly good.

Mr. Stephani: I will ask Mr. Hottinger if he uses

merely natural cooling after the fire becomes black—^just

the natural draft? Do you close the kiln any way?
Mr. Hottinger : We open it up.

Mr. Stephani : The curve I get from cooling my kiln

is more abrupt; it drops right down. It is a much sharper

curve.

Mr. Hottinger: That curve I have brought is one of

many typical curves which I have made from our kilns.

The readings are taken every four or five hours in here

(indicating the rising portion of the curve). None are

taken from this point to this point (indicating from just

beyond maximum down to the atmospheric temperature.)

Mr. Stephani: Do you draw your fii-es after a burn?

Mr. Hottinger: No.

Mr. Stephani: Nor close up the kiln?

Mr. Hottinger: No. We open up the doors.

Mr. Stephani: What is the thickness of your muffle?

Mr. Hottinger: The thickness varies. This drawing

is made to a scale and you can see for yourself. It is about

twelve inches at the base, nine inches opposite the fire
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holes, about four inches half way up, it is two inches near

the crown. The arch over the muffles is of four inch brick,

and a four inch brick flue inside. The size of the flue is the

same all around the kiln except the bottom. At the bottom
it is much larger. We used to have the bottoms very much
narro\\er than this, but we have found this gives better

results.

Mr. Flusch : The fact that the gases pass out at the

central or inner stack probably accounts for the difference

in the rate of cooling. The gases in this kiln pass over a

greater radiating surface than in the type used by Mr.

Stephani.

J/r. Richardson : Did you ever test the difference in

the temperature of the gases passing down from the crown
bottom through the outer section of the stack and those

passing up in the center of the stack, to find whether the

hot gases passing down do not heat up those going out of

the kiln?

Mr. Hottinger : No ; but I made a test on one of our

larger kilns, as to the difference between the temperature

of the muffle, and of the gases leaving the stack. It was
twenty-five degrees cooler in the stack than in the muffle.

Mr. Richardson : Do you use grate bars?

Mr. Hottinger: Yes.

Mr. Humphrey : What is the depth of the fire box?

Mr. Hottinger : It is about three feet and six inches.

Mr. Humphreij: What portion of the muffle has a

tendency to become the hottest, if there is any difference?

Mr. Hottinger: The point right opposite the firebox.

Mr. Humphrey: Otherwise, is it even throughout?

Mr. Hottinger: Yes, sir. For that reason, we have

the muffle wall right opposite the fire box a great deal

thicker than elsewhere.

Mr. Humphrey: How many movable floors do \o\\

use in your kiln, Mr. Hottinger?

Mr. Hottinger: There are five for ordinary ware, but

many times we only have throe. It depends on the class of

ware we are making.
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Mr. mover: How many floors has Mr. Boleschweil-

er's kiln?

.1 Member: One floor.

Mr. Humphrvii: If you will permit me to refer back

to my paper, I would like to add a word. Several ques-

tions have been asked me in re<»ar(l to flashing; in our open

kiln. I would like to have it understood that under present

conditions we ijet no flashing. No precautions are neces-

sary in setting the kiln to keep goods away from the bag

walls, and we never get a flashed piece; also, our glazes

show no defects whatever from firing in the open kiln.

A.C8-45



TERRA COTTA KILN IN USE ON THE PACIFIC COAST.

A TERRA COTTA KILN IN USE ON THE
PACIFIC COAST.

Note by Editor. Mr. William Phillips, of Alameda,
California, formerlj with the Steigjer Terra Cotta and Pot-

tery Company at San Francisco, and subsequently with the

Hyfire Brick Company, of Vallejo, Cal., responded to the

secretary's request for a contribution to this series of dis-

cussions on terra cotta kilns, by sending the following

drawings. They were not accompanied by any descriptive

matter.
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ABSORPTION TESTS ON WISCONSIN BRICK •

BY

Heinkich Ries, Ithaca, New York.

In 1904 the author uudertook a study of the Wisconsin

clays for the Wisconsin (Geological Survey, and in connec-

tion with this investigation there was made a series of

crushing, transverse and absorption tests on the bricks

manufactured from the local clays. It is only the absorp-

tion tests which are referred to here.

For testing purposes, ten bricks were collected at each

locality, the samples being taken from the kiln or stock

pile, and unless otherwise stated, representing normally

burned ones. All of the bricks were collected either by the

writer or his assistant, and the actual work of testing was
done at the University of Wisconsin by Messrs. C. V.

Hopper and L. F. Van Hagen.

One reason for calling especial attention to the absorp-

tion tests is that they bring out well the difference in re-

sults obtainable by different methods.

An absorption test is made for determining how much
water a brick is likely to absorb, since it is regarded by

many as an index of its frost resisting qualities. Bricks

of high absorptive power are considered by many to have

low resistance to frost, and some works contain the state-

ment that a good brick should not absorb over 12 or 15

per cent of water.

The most common method of making an absorption

test has been to determine the amount of water absorbed

by a brick when completely immersed for forty-eight hours.

Two other methods have however been tried, and even

strongly advocated by some. One of these, which may be

Published by permission of the Director of the Wisconsin Geologi-

cal Surrey.
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termed the partial immersion method, consists in immers-
ing the brick to one-half or one-third its depth, for a vari-

able length of time. In this way the water is drawn into

the brick by capillarity while the air escapes from the top.

Such treatment enables the brick to absorb the water
more rapidly, and cou.seqnently shortens the time required

for making an absorption test.

The third method consists in completely immersing
the brick in water under a vacuum, which results in more
or less complete removal of the air from the pores of the

sample being tested, and therefore increasing the amount
of water which the brick will absorb.

Those in favor of the last method have objected to the

first one mentioned, on the ground that immersion under
normal atmospheric pressure does not permit the brick to

become thoroughly saturated \Aith water.

In making absorption tests we should not forget, how-

ever, that we are trying to duplicate as nearly as possible

the conditions to which the brick will be exposed when in

actual use. Under such conditions a brick is not exposed

to a vacuum but absorbs moisture while exposed to ordi-

nary atmospheric pressure, and consequently in the

vacuum method, the brick is being forced to draw in more
water than it would when in use.

Indeed, a brick when set in the wall, absorbs water

mainly from one surface, and under such conditions pro-

bably never takes in as much as when tested in the labora-

tory by any of the methods above mentioned.

In testing the Wisconsin bricks, three pairs of half

brick were used.

One pair was carefully dried, weighed, completely im-

mersed in water for forty-eight hours, and weighed again,

the increase in weight showing the amount of water ab-

sorbed. The percentage of absor[)ti()n was calculated in

terms of the original dry weight.

A second pair were immersed to half their depth in

water. At the end of four hours these were taken out, the

gain in weight noted, and the samples put hack for an
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additional forty four hours' soakin**. The percentage ab-

sorption for both the four and fort v-eij;ht hours was de-

termined.

A third pair were (•onij)letel.v immersed in water under

a vacuum, so that all the air could he extracted from the

pores, and the bricks became completely saturated.

In the acccnnpanyinjj; tables there are «;iven the results

of the tests made on the three sets of bricks. The bricks

are grouped according to their method of manufacture,

and those of each grouj) arranged according to their ab-

sorption percentage obtain(Ml by forty-eight hours complete

immersion.

The several columns are properly headed. Those lo-

cality names which are followed by an * are cream burning

clays, while the others represent red burning clays

:
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An exuiiiiiialion of the ti<;iires j^ivon in these tables

briiij;s out a iiumbor of interstiii<>' points, some of them
contirniatory of what we might expect.

The i)ei'('entat»e of absoi'i)tion of Uie dilTcrent bricks

wlien tested by comi)lete immersion for fort,y-eioht hours,

raniicd from 5.8 i)er cent to 34.30 j)er cent. Tlie former is

a well burned soft mud brick made from a very plastic

clay, while the latter is a stiff-mud brick.

If we compare the fii»nres in column IV with those in

column II, it is seen tliat the total absorptions agree quite

closel.y in most cases, especially when we remember that

they were made on different bricks of the same lot. Of
more interest, however, is the comparison of the figures in

columns III and IV, Avhich indicate that in nearly every

case the bricks at the end of four hours partial immersion
had absorbed over 00 per cent (see column V) of the total

quantity the^^ were capable of absorbing after forty-eight

hours partial immersion. The method of manufacture and
degree of density of the brick did not appear to affect the

result in any way whatever.

Now if we examine the figures in column VI (immer-

sion under vacuum), we find, as is to be expected, the

quantity of water absorbed is greatly increased, and that

the per cent gain over the absorption given in column II,

ranges from 2.3 to 69.6 per cent.

Classifying the absorption tests by kinds, the follow-

ing figures are found :

Kind Minimum Maximum Average

Soft-Mud B.80 28.20 18.60

Stiff-Mud 13.05 24.30 20 26

Dry-Press 12 90 83 85 21 47

It will be seen from this that in the case of Wisconsin

products, the soft mud brick showed not only the minimum
absorption, but also the lowest average absorption. This

is due partly to the character of the raw materials. Most
of the soft mud brick made in Wisconsin are manufactured
from red burning clavs, which burn hard and dense at a
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much lower temperature than the calcareous ones, the

latter being still very porous if burned at as low a cone as

the red ones, and requiring cone 1 or even 3 to get them
hard; but even at these cones they are often quite porous.

Nevertheless, in spite of a high absorption, the bricks

often show an excellent crushing strength, as can be seen

by reference to the last column of the tables.

These figures, moreover, bring out well the lack of

relationship which api)ears to exist between the absorption

percentage and the crushing strength, and the same holds

true with regard to the absorption and transverse strength.

Lastly, they rather contradict the statement some-

times seen in books, that a good strong brick must not show
over 12 or 15 per cent absorption. A low absorption is

desirable, but does not appear to be essential to the

strength of a brick.

DISCUSSION.

Mr. Wheeler: There is one matter on which I would

like to speak. We are under obligations to Professor Ries

for going to the trouble of making the vacuum test, as we
desire a reliable method of testing brick for commercial

purposes, and the method we have been using is shown by

Dr. Ries to be imperfect.

The porosity of clay products is an important factor

in their durability, their cleanliness, and their non-con-

uctivity to heat. This also applies to other building ma-

terial. Engineers and architects lay great stress on

porosity as determining the durability of clay products,

as the ability to resist freezing strains is popularly sup-

posed to vary inversely as the porosity. While as a broad

general rule, all clay products are the more vulnerable to

frost action as their porosity increases, yet porosity alon<

is not always the determining factor. The individual

strength of the clay and the coutiuuosity of the pores are

found in quite a few cases to have a more important influ-

ence than porosity, so that some clay products are found to
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be capable of resisting freezing strains although very por-

ous—at least for moderate periods of time. That such

porous material can resist disruption by frost over pro-

longed periods, or such periods as are required of the bet-

ter grade of architectural work in Europe, is open to grave

doubt; as tlie severe strains resulting from freezing are

almost sur(> (o finally rupture the strongest clay when the

porosity is high. As the life of even our better grade of

buildings in America seldom exceeds one or two genera-

tions, from the rapid change in conditions that occurs

throughout our active country, porosity is not such a ser-

ious factor as in Europe, where their more settled condi-

tions results in their buildings surviving at least several

generations.

That porosity greatly affects the ability of clay goods
to remain clean is appreciated by all, and the brick and
terra cotta makers especially realize that the beauty of

most of their goods is ruined by the dirt that lodges in the

pores of much of their output. To overcome the dirty,

grimy pall that soon invests most brick and terra cotta

buildings in our smoky, Western cities, the manufacturers
are being forced to either adopt dark, sombre, unattractive

colors that do not show the dirt, or else to fill the pores

with glasses, under the name of enamels, which so mar the

soft, natural tone of the clay with their garish coating as

to often make the cure worse than the disease.

In fireproofing ware, porosity is a valuable factor, as

the more porous the goods, the greater is the non-conduc-

tivity, and therefore the greater the protection it affords

to the steel columns or beams that it encloses. As strength

is usually of very minor importance in this class of goods,

the porosity is not only developed by light burning, but

sawdust or other carbonaceous material is often incorpor-

ated into the clay to increase the porosity from its burning

out in the kiln.

The accepted method of determining the porosity is

to soak the dried sample in water for more or less time,

and to express the weight of water absorbed as a percent-
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iige of the origiual weight. This gives tlie ratio of the

weight of water absorbed to the weight of the dried sample
and, therefore, is assumed to be a relative measure of the

porosity. If all clay products had the same specific grav-

ity, this would be a correct measure for purposes of com-
parison, althougli it gives an incorrect measure of the

porosity, which is a volume factor. But as clay products

range from 1.4 to 2.5 in density, it is an inaccurate and
erroneous method of expressing the volume of the pores

even for comparative purposes. While most clay products

fall within a range of 1.9 to 2.3 in density, the error of the

weight measure of porosity is uot as grave as the above

extremes suggested. Still, there is no excuse for using

such an inaccurate, uncertain method.

As it is a question of volume, it should be measured
as volume. The ratio should therefore express the volume

of water absorbed to the v(dume of the sample. This is

most simply obtained by multiplying the weight ratio of

absorption by the specific gravity of the sample. Until this

correct method of measuring the porosity becomes univer-

sal, it may be well to express it as poral space, to avoid

confusion with the present widespread method of measur-

ing absorption as a weight unit. The United States Test-

ing Laboratory at the Watertown Arsenal, Watertown,

Massachusetts, in its excellent and very extensive work on

the structural materials of the country, express the poros-

ity in both terms, or as a ratio of weight and a ratio of

volume; and as far as I am aware, this is the only authority

who has used the correct or volume measure for the

porosity.

To cite a case that emphasizes the misleading nature

of the old weight ratio, a magnesite brick gave an absorp-

tion test of 9.7% as expressed by weight, and 24.8% as

correctly expressed by volume. The weiglit ratio would

suggest that the pore-space was only about 10% of the

brick, and ctmsequently that it might be safe from frost

disintegration; but the actual porosity is about 25%, and

hence the grave risk of the brick being unable to resist frost
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(lisiutegration is jippaicMit, especially as water expands

\0^/c in chnnjiin^ into ice.

Porosity in lire brick is very desirable, provided the

brick does not have to withstand abrasion, and provided

the shrinkajje has been eliminated, as i)or()sity decreases

the heat conductivity of the fire brick and makes it more
refractory. The ])or()sity of fire brick, as expressed by the

old \veii;h( method, usually ran«»es from 8 to 12 percent,

or but little liii>hei' than most bnildini*' brick; yet they are

known to be usually inca[)able of withstanding frost. But
as their true porosit}- or poral space, as expressed by the

volume unit, usually ranges from 16 to 24 percent, it can

be promptly seen why they are unable to withstand the

severe strains of freezing water. The simplest method of

determining the true porosity or i)oral space is to deter-

mine it by the old weight method, and to then multiply

this by the specific gravity; for it will be usually quicker

to determine the latter than to measure and calculate the

volume of the sample, especially if it is irregular in outline,

while the additional information of the specific gravity of

the sample is also thus obtained.

Professor Ries brings out an important point in re-

gard to the rate at which the brick absorbs its water. If we
have a brick of practically uniform particles, it would
quickly take up its maximum amount of water, as the pores

or water channels would be large and uniform. If a second

brick is made up of large and small particles, the channels

are irregular and contracted, and while it may have as

great porosity as the first it will take more time to absorb

the same amount of water. If the first brick, when water

soaked, rests on the earth or in a wall, no matter how
rapidly it may freeze, it will not burst, as the surplus water

is extruded easily and rapidly towards the unfrozen earth

or wall, as the freezing advances from the outer face. The
second brick may absorb only 5 per cent as ag^ainst tAventy

in the first brick, yet it may burst if suddenly frozen, from
inability of the water to escape as fast as the frost ad-

vances.
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Rapidity of absorption is therefore valuable in giving

a clue to the frost-resisting qualities of a brick.

Mr. Purely : Mr. J. C. Jones has conducted a series of

experiments in our laboratories on the frost resistance of

brick manufactured by different methods, of different

porosity, varying size of grain, etc., noting in each case the

rate of absorption and rate of drainage. In the beginning,

we held the same theory that Professor Wheeler has just

announced, i. e., that brick having large and regular size

pores would suffer the least disruption by frost. We are

now, however, compelled to believe that regularity in size

of pores does not make a brick frost proof; in fact, our

experiments have demonstrated that the brick which has

a large range in size of grain, and consequently in pore

space, has the greatest frost resistance. This is not a mere
theory, for in one case, at least, the clay from which our

brand of bricks used in these experiments were manufac-
tured was analyzed mechanically, and found to be made of

quite evenly proportioned grains of different sizes. Bricks

made from clay having a large range in size of grain must
themselves have large range in size of grain and hence in

pore spaces.

Mr. Wheeler: Professor Purdy has perhaps misun-

derstood me, as I was not alluding to the strength of brick.

I simply stated that where the clay particles are of the

same size, the poral tubes are regular and continuous, and
therefore the water is readily transmitted through them.

If they are irregular in size so that the channels are more
or less choked up, the water may freeze before the excess

is all extruded, and therefore the brick may go to pieces.

Variation in the size of the clay particles adds to the

strength of the brick, and by the unnatural method that

Professor Purdy employed in freezing them, on stilts,

which deprives the brick of an unfrozen face for the escape

of the excess water, as always occurs in use, the greater

strength of the brick made of irregular grain would enable

it to make a better freezing record by this method of ap-

plying the freezing strains.

Mr. Purdy: I want to state again that we started our
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invest ii;ati()ii on (he same assuiiii)(i()n, ImL Uit; hiicks Lliut

had this continuous poral channel went to pieces, and the

ones that had the discontinuous or (obstructed channels

stood, ^^'e }j;ave severe tests—freezing- at least fourteen

times.

Mr. WlH'clcr: How did you arrive at your conclu-

sions as to the channels?

Mr. Purdif. By mechanical means. We know that

if (he clay is composed wholly of coarse j^rains, the brick

will be. If a coarse grained brick will not drain, can it be

said that water will tiow throujih it readily? We have

found by actual results that our orijj^inal assumptions were

wrong.

Mr. Ofidcn : In your tests the bricks were frozen so

the heat was extracted from all sides, and the water was
frozen on all sides at once. The water was thus hemmed
in b}'^ ice all at once, and the weaker brick burst quicker

than the other. The one with the irregular particles would
be supposed to be the stronger brick, so it would hold. If

your brick had been subjected to the same manner of freez-

ing that Professor Wheler speaks of, the result might have

been different.

Mr. Purdij: >Ve examined the brick taken from the

can by a magnifying glass, and found that the spicules of

ice on the bricks having irregular sized particles were as

large as those on the brick having quite uniform sized

grain. Further, after saturation, and suspension on stilts,

we found the bricks having irregular sized grains did not

drain any slower than those having regular size of grain.

The escape of moisture, either as solid ice, or as liquid

water, was not quicker or more pronounced in one than in

the other. In fact, it did not seem to matter whether the

bricks were porous or vitrified, coarse or fine grained, or

wether they were made by tlie soft or stiff mud process, all

drained at the same rate.

Mr. Fox: It seems to me the \\hole matter hinges on
the way the bricks are frozen and tlie condition of contact

between the bricks themselves. If you take two bricks, as
A.OS—46
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suggested, and saturate both with water and freeze them
in a can artificially, it would seem that it ought not make
much difference, except that in the case of the bricks with

the larger grains tlie points of contact are not so broad,

and the result is the brick is weaker than in the other case.

On the other hand, suppose you have these bricks in a

wall, which is really the essential thing, and there comes
a rainstorm followed immediately by freezing. If the

pores of the brick are of uniform size and rather large, the

probability is, as Professor Wheeler says, that the parti-

cles or spicules of ice will be formed on one side and the

pressure relieved from the other side, causing partial re-

lief to the brick. Here comes the point where I am inclined

to disagree with him. He says if the grains of the brick

are uniform throughout there is less chance of disruption

than if they are irregular, because in the latter case the

channels are choked and it will not drain quickly enough.

If you have a brick with large and small pore spaces mixed,

it is probably almost never the case that the brick will

become completely saturated. The water from the large

pores paces will in part drain away, thus giving a chance

for relief from the expanding ice in the large ones and
from the small ones into the larger ones, and it will pro-

bably last longer than a brick with uniform size of grains.

So it seems we are at loggerheads as to conditions of freez-

ing, rather than results of freezing under the same con-

ditions.

WRITTEN DISCUSSION SENT IN RY R. C. PURDY^, CHAMPAIGN,
ILLS., SUBSEQUENT TO MEETING.

Determination of the amount of poral spaces in clay

ware has been so infrequently made that the methods of

determination and formulae for calculation are still quite

crude. Dr. Buckley, in his report on the Wisconsin clays,

outlines a very accurate method of determining the amount
of pore spaces, but gives as a means of calculation a for-

mula that, while accurate, involves more factors than is

necessary. His formula is
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/ (W — D) 8p.gr. \
1001 —

^

:r 1= percentage porositj'

V(W - D) sp. gr. + D/
in which W=saturated weight; D= dry weight.

I have reduced the Buckley formula by substituting

for D in the denominator its value obtained from the for-

mula for specific gravity, as follows:

((W — D)\
1= percentage porosity(W- S)/ "^

in which S= suspended weight.

That the percentage absorption can not be converted

to percentage porosity by multiplying by the specific grav-

ity of the brick, as suggested by Professor Wheeler, can be

demonstrated as follows:

/w — D\ / w — D \
Percentage Absorption — 1001 ——— \, or 1001 — I

Percentage porosity as suggested by Wheeler =

(W — D) sp. gr.
100

,(W-D) sp.gr. + D(8p.gr:)

The Wheeler formula for percentage porosity is simi-

lar in form to that of Dr. Buckley's, but it contains in the

denominator the term (D sp. Gr.), which is incorrect. It

should be simply 'D' as given by Dr. Buckley.

The following table shows the ratio of percentage ab-

sorption to percentage porosity and specific gravity as de-

termined on several bricks. In columns 2, 3 and 4, are

given the actual data obtained, w^hile in columns 5 and
are given the ratio of percentage absorption to percentage

porosity, using percentage absorption as unity.

If percentage absorption X specific gravity = percen-

tage porosity, the porosity data in columns 5 or 6 ought to

be approximately equal in value to the specific gravity data

given in column 7, for with percentage absorption equal

to 1, we would have

iXSp. Gr.=% Porosity,

or

Sp. Gr.=% Porosity.



Per cent,
absorption
by 2 weeks
soaking

Per cent, porosity obtained
|

from data i

Ratio of per cent, absorption
to per cent, porosity \rSample

Before
vacuum
treatment

After 20 mln.
vacuum
treatment

Before vacuum
treatment

After 20 min.
vacuum
treatment

Brick

Klod 1

11

13

1.08
2.12
2.29

2.40
4 91

6 37

2.97
6.10
6.15

1:2 22
1:2.31
1:2.34

1:2.76
1:2.87
1:2.67

2. 36
2.43
2.47

Kl.'.b 2
11

14

9.66
10 30
8.87

19 5

21.4
18 6

21.6
22 1

20.1

1:2.02
1:2 08
1:2 09

1:2.23
1:2.14
1:2.26

2.51
2.66
2 58

K15C 1

11

13

1.40
2.36
2.07

3.23
6.46
4.86

4.66
7 49
6 63

1:2 31

1:2 31

1:2.35

1:3.26
1:3 17

1:4 20

2 38
2.46
2.47

K 13 c 2 1 83 4 27 6.26 1:2 33 1:3 42 2.43

R4 1

5
14

2.20
2.40
2.34

5 11

5 66
4.60

6.82
7 86
10,10

1:2 32
1:2 33
1:1.97

1:3 10
1:3 23
1:3 81

2. 45
2.37
2 47

K8d 4

9
12

2.94
4 84
4 76

6.48
10.4
10 3

7.58
13.90
12.80

1:2 1^0

1:2.14
1:2 16

1:2.57
1:2 87
1:2.68

2 35
2.40
2.41

VHe 7

11

13

0.576
606

1.37

1 33
119
3.01

2.04
1.72
4.38

1:2 31

1:2. 36
1:2 19

1:3 64
1:3 42
1:3.19

2.35
2 39
2 26

K4b 5
7
14

2.07
1.08
2.08

4.74
2.26
4 80

6.08
3.45
6 33

1:2.29
1:2.09
1:2 31

1:2.93
1:3 19

1:3 04

2.40
2.41
2 42

J-II 6
7

14

3.09
2.84
4.28

6.89
6 25
9 45

8.10
7.30
10.90

1:2.23
1:2.20
1:2.21

1:2 61

1:2 53
1:2 54

2.39
2 35
2 44

B-II 6
7
14

3.43
2.85
3.01

7 65
6 33
6.76

10 00
7 91

9 61

1:2 23
1:2.22
1:2 24

1:2 91

1:2 77
1:3 16

2.41
2.37
2.43

III 8
11

13

3.58
4.67
4.06

8.22
10.30
7.40

9.58
11.9
8 32

1:2.29
1:2 26
1:1 82

J:2 67
1:2.60
1:2 04

H-II 8
11

14

2 50
2.70
1.86

6.61
6.07
4 20

7 80
8 40
6 86

1:2.24
1:2.25
1:2 27

1:3 12

1:3.11
1:3 14

2.38
2 89
2 37

S-2. 7

10
12

1 37
1.95
0.993

2.94
4.58
2.16

4.28
7 01
4 25

1:2.15
1:2 36
1:2 18

1:3 12
1:3 69
1:4 28

2 44
2 45
2. 48

K2 8
11

13

2 44

3 03
2 90

5.69
7 13

6 85

7 24
8.72
8.46

1:2.33
1:2 86
1:2.36

1:2.97
1:2.87
1:2.91

2.42
2.50
2 47

K«b 2
11

13

9.28
16 10
11 00

18.4
28 1

22 4

21 2
29.1
28.6

1:1 98
1:1.86
1:2 03

1:2 28
1:1 92
1:2 14

2.66
2.59
2.62

Fie 1

5
7

5 27
5 23
6 49

11 4
11.4
18 9

14 6
14 9
17

1:2.16
1:2.18
1:2 14

1:2 77
1:2 84
1:2 61

2 44
2 46
2 50

SI 6
8
18

4 81

4.14
5 36

10 7
9 3
12 2

12.6
10.9
14.2

1:2.22
1:2.24
1:2. 27

1:2 60
1:2 63
1:2 64

2 60
2.47
2 61

Fib 2
6

11

11 00
11.80
11 60

22
28.4
28.0

24.6
25 8
26.1

1:2 00 1:2.23
1:2.00 1:2.18
1:2.00 1:2.18

2.68
2.56
2.69
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The (lata in the foregoinj* tal)le not only refutes the

stalciiu'iit that absorption nuiltiplied by specific gravity

will jiivc (he jxn'osity, but also shows that the percentage

absorption does not bear any constant ratio with the

porosity.

Prof. Wlieeler did not state how he obtains the specific

gravity of a brick without measuring its volume. I fail to

see how it can be done. The specific gravity of a brick,

taken as a whole, is not equal to the specific gravity of the

material comprising the brick even when allowance is made
for the poral spaces. The denominator in the specific

gravity formula p _ g ,
where D is dry weight and S sus

pended weight, gives the volume of that portion of a satur-

ated brick not occupied by water. Water, however, can not

penetrate into and fill every cavity in the brick. There are

a large number of sealed cavities, formed in part by the

development of a vesicular structure during vitrification,

and in part by sealing up of cavities that were formed in

the manufacture. These cavities are not pores, and wdll

not admit water. They do, however, occupy space; i. e.,

they have volume. If the amount of pore space is reckoned

as a fractional part by volume of the whole brick, then ob-

viously the specific gravity of the brick as calculated on

the above formula, and not that of the pow^dered brick, is

the one that must be used in the Buckley porosity formula.

To determine this specific gravity and porosity requires the

finding of the volume of 1st, of that portion not occupied

by water when saturated or D—S, 2nd, the volume of the

whole brick, i. e., the pores plus the non-penetrable "solid

portion."

The difference between the specific gravity of the so-

called solid portion of a brick, and the specific gravitj^ of

the same solid material crushed to a powder, is indirectly

proportioned to the amount of sealed cavities in the solid.

In our clay investigations for the State Geological

Survey of Illinois, apparatus w^as not available with w^hich

we could determine the volume of a whole paving block. It
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was necessary therefore to take portions of a block and de-

termine the volume of these smaller portions either di-

rectly in a volumeter or indirectly by noting their apparent

loss in weight when suspended in water. The question

arose as to whether the percentage porosity of any portion

of a block would be ecjual to the percentage porosity of the

block taken as a whole. If it would, we could use either

the volumeter or chemical balance in the volume determi-

nation, and greatly expedite the work. Sections were
therefore cut from several paving blocks as shown in the

following figure, and the porosity and specific gravity of

each section determined.

^-^-y^
^^^'='^y^ :7 y^

/
-'^-^o- y^

/)

/
/ ^ / y^ /
•s / // /

/ * /
^^ /

1

1

/

Two blocks were cut into sections as shown in the above

figure, and each section numbered as shown. The central

core from two other blocks were taken also and numbered
13 and 14.

In the following table are given the porosity of the

several pieces so obtained

:
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This data demonstrates, 1st, that any portion of a soft

burned or porous brick will represent the average porosity

of the whole.

2nd, that in case of the harder burned brick, however,

care must be used in the selection of the trial piece, for

invariably the outside portions are less porous than the

core of the brick.

Keeping these facts in mind, however, one can use

small pieces of bricks in the porosity and specific gravity

determination, and thus be enabled to use either the Seger

volumeter or chemical balance.

In conclusion I want to add a word as to the import-

ance of porosity and specific gravity tests. I can see the

value of these tests in a systematic research, as for example
the pyro-chemical behavior of clays, where a great many
pieces representing different heat treatments are being con-

sidered, but I fail to see the value of these tests on isolated

samples made from different clays.

Two percent porosity in one brand of brick and ten

percent in another does not, so far as I can learn, signify

anything in regard to their relative abrasive, crushing,

transverse or freezing strength. The relative strengths of

bricks are not functions of porosity.

Further, the percentage absorption, although not ex-

actly comparable from sample to sample, gives the same
information and is equally as non-correlative with the

other properties of commercial wares as the percentage

porosity. And further, the absorption test as usually exe-

cuted by engineers, i. e., forty-eight hours immersion, gives

just as reliable data as the percentage absorption obtained

with the aid of a vacuum pump. The rate of absorption is

of more importance than the percentage of absorption or

percentage of porosity.



THE RELATION BETWEEN THE COMPOSITION OF
A FUEL AND ITS VALUE IN CERAMIC FIRINGS

A. J. AUBUKY, S(. Louis, Mo.

Tlie object of the experiments, the data of which is

herewith presented, was to find out which of the Illinois

coals available for our uses by reason of tlieir proximity

to St. Louis, would be the most economical for burning

fire brick. In the middle of the summer, anticipating the

closing of our coal contracts in August, we decided to carry

on some crude coal tests. The coal we were then using

was from the Belleville district, and is correlated with

Seam No. 6 in the Illinois classification. Although Ave

were getting mine-run coal, it weathered so badly both on

cars and in the yard, that it usually w^as no better than

slack when fired in the kilns. It seemed as if the ash pile

at times would rival the pyramids of Egypt, and it was
high time to be up and doing.

The questions that naturally arose were, whether a

lump coal would show better economy over the mine-run

of the same mine, or whether a higher grade coal, i. e.,

more expensive coal, would show economj^ over the lower

grade coal. The coals that were tested were the Staunton

lump, Collinsville lump, Duqoin mine-run. Oak Hill lump,

Williamson Co. mine-run.

The proximate analyses and B. T. U. for the Staun-

ton, Williamson county and New Baden coals, w^ere taken

from the reports of the fuel testing plant at St. Louis, and
the coals tested by us were from the same mines and the

same companies. Test No. Three w^as made on Collinsville

lump, and no proximate analysis or B. T. U. could be

obtained, except for a washed slack coal from the Collins-

ville district, so that the B. T. U. of this coal will have to

be overlooked in the comparisons.

713
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View of one of the kilns employed in making the

comparative burns. Laclede Fire Brick

(.'ompany, St. Louis.



COMPOSITION OK KUKl- AND ITS VALUR IN CKKAMIOS. 716

The tests were eoudiicted on two round down-draft

periodical kilns of identical construction. These kilns

were 31 feet 4 inches diameter inside of flash walls, 39 feet

9 inches outside diameter of kiln, 13 feet from floor tile

to apex of crown, and each kiln was equipped with ten fire

boxes having: horizontal grate bars, and fire doors. Each
grate was 24 inches by 36 inches, having 8G4 square inches

of grate surface. Both kilns lead to a square fire brick

stack 50 feet high, with a flue 401/2 inches x 401/2 inches

in dimension. The following picture shows the type of kiln

that was used.

The controlling apparatus consisted of Seger cones, a

water-smoking thermometer, a Le Chatelier pyrometer and

galvanometer for measuring temperatures, an inclined

tube draft gauge for measuring draft in m.m. w-ater pres-

sure, and an Orsats apparatus for analyzing the flue gases.

Each kiln was set with fire brick and tile, the fire

brick setting remaining the same, but the tile setting was
different for each kiln, on account of the many and various

shapes of tile which were necessarily getting out at the

time. Accordingly, it was practically impossible to get

exactly the same weights of material in each kiln. The
temperatures were taken in the top and bottom of the

kilns every few hours ; moisture determinations w^ere made
with an iron rod at frequent intervals; and the draft in

m.m. water pressure was recorded every two hours during

the water-smoking period.

At the end of four days and nights, the fires were

filled and the kiln went on its full-fire period. During this

period, draft, temperature, and gas analyses were taken

and recorded every hour. Clinkering, changes in the dam-

per, etc., w^ere also recorded throughout the burn. The
time of firing in vogue at the commencement of the experi-

ments was every hour. This was changed to every fifteen

minutes on alternate fire holes, finally adopting every half

hour on alternate fire holes, which is the method employed

at the present time. Another change was to remove the

ashes from the ash pit before clinkering, so that the green
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coal that fell between the bars during the clinkering could

be shoveled up and thrown back in the furnace. Hereto-

fore this had always been thrown out with the clinker.

The method of clinkering was to hold up the fires with

flat iron bars, shoved in above the grate bars before the

latter were removed, then to drop down the clinker and
replace grate bars, after which the staves were withdrawn
and the fires let down upon the grate bars again. Every

other hole was clinkered and fired and after the lapse of

an hour, the other five holes were clinkered and fired.

The gas samples were taken at that point in the flue

just preceding its entrance to the stack, and the draft was
recorded from the same point. It was impossible at times

to make the sum of the three gases COg, O2 and CO total

near to the theoretical 20.9^o. This is explained by the

fact that the coals contained hydrocarbons and sulphur,

which tend to decrease the total of the three gases, as the

H2O and IlgS formed by their combustion would not be

shown in the analysis. The oxydation of ferrous oxide or

ferrous carbonate to the peroxide of iron would also con-

sume oxygen, while some of the CO2 may have been ab-

sorbed by tlie water in tlie aspirator bottles, although this

was used over and over again, and could not have absorbed

any except on the first test. SO2 would be absorbed by the

water before reaching the caustic potash solution. The
combination of all these causes probably produce<l the

great variance in the totals of the three gases. The solu-

tions were tested time and again, and the trouble could not

be laid at their door.

The finish of tlie kilns was determined when Cone 9

was flat in top of kiln, and 10 had started, and when the

pyrometer which was placc^l in the bottom of the kilns on

a level with the bottom trial holes showed readings that

were approximately the same for each kiln. 2200°F. was

not exceeded in the bottom. The galvanometer readings

were not corrected for the difference in temperature be-

tween 0°, and the temperature at which the cold junction

remained throughout the experiment.
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TRANS.AM, CER SOC. VOL. IX AUBREY PLATE II

Cross Section of Fire Box on Laclede Kiln.

Complete records were kept of every burn, and the

data accurately plotted on large scale profile paper. This

data is too bulky to reproduce in full, but one curve sheet

in greatly summarized form is shown on page 718, to give

an idea of the method of recording the data and studying it.

The final results of the work are largely comprised in the

table on page 719.
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It is not maintained that the method of conducting

the tests was sufiQciently accurate to become the basis for

future tests, but the results, though crude, threw light on

some dark corners of the fuel question.

As stated before, it was practically' impossible to set

the same amount of material in each kiln on account of

the various special tile, and accordingly the weights when
figured out in their equivalent of 9" square brick showed
as much a variation as 20,000 brick between the kiln which
had the greatest amount of material and the kiln which
was set with the least amount of material.

Accordingly, when "the pounds of coal used per thous-

and brick'' were computed for each test, they were calcu-

lated on the basis of 80,000 brick set in each kiln, which

was the number of brick in the kiln showing the most favor-

able test. This was done because it was assumed that it

does not take any more fuel to burn a kiln when it contains

80,000 brick, than when it contains but 68,000 brick, which
was the amount of brick in the kiln set with the minimum
amount of material. Therefore, the kiln holding the great-

est amount of material would show an advantage over the

kiln holding the minimum amount of material, when the

pounds of coal used per thousand brick is figured on the

actual weight of material in the kiln.

You will observe that the writer does not say that it

takes as much fuel to burn 08,000 brick as it does for 80,000

brick, but the point is that when a kiln is not set to its

rapacity, the cost of burning is excessive. There is no

room for discussion on this point.

An examination of the table indicates that in test

Number Two on the Williamson county coal, it took 1578

pounds of fuel to burn a thousand fire brick, which was the

least amount of fuel required per thousand brick; while

the largest amount of fuel used was 1887 pounds of coal

per thousand bri(^k in test Number One on the Staunton

coal. On test Number Five, the same coal as test Number
One, it took 1857 pounds of fuel per thousand brick, or 30

l)Ounds less per thousand than required on the first test

on this coal.
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A fiirthor oxaiiiination of llie (able sliows us that the

cost of fuel for buriiin«; a thousand fire brick was |1.36

for the Williamson county coal, which coal cost |1.72i4

per ton; while it cost fl.39 for burning a thousand fire

brick on the Staunton coal at .|1.50 per ton.

The highest cost for burning a thousand brick was
fl.K) per thousand for the Perry county coal, at |1.65

per ton. This coal was tested in Kiln 34, which had a
much poorer draft than Kilns 35 and 36, on account of its

being connected to another stack. It was, however, the

same size and type of kiln as 35 and 36. The test should

be thrown out, however.

It will be noticed from the table that the coal showing
the highest number of heat units per pound, viz., the

Williamson county coal, also showed the most favorable

test; and (excepting Nos. 3 and 4, w^hich are not to be

compared for the reasons given above), that the coal show-

ing the next most favorable test was the New Baden coal,

which was next highest in B. T. U. ; while the coal showing
the greatest amount of fuel required to burn a thousand

brick, was the lowest in B. T. U., viz., the Staunton coal.

The tests, then, would tend to prove that for crude

furnaces a coal high in calorific value would show economy
over a coal low in heating powei*, up to a certain limit in

the price.

In regard to the burning we found

:

(a) That whenever a flame was emitted from the top

of the stack, our analyses showed considerable amounts of

carbon-monoxide to be present.

(b) That whenever the CO2 curve showed a consid-

erable drop during the period of high temperature, there

was a corresponding rise in the CO curve.

(c) We also noted that when the kiln was fired every

hour, there was considerable fluctuation in the O and CO2
curves, and that the fluctuation disappeared during the

15-minute and half-hour firing.

From the draft curves, we noted that with a hot stack

we had a high draft during the water-smoking period ; also
A. O. S -47.
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that wheii the damper was lowered considerably, as in

Test No. Two, the fires were smothered and CO appeared.

We concluded from the appearance of the several curves,

that a draft of about 1) m.m. was nearly the correct draft

for our type of kiln.

The draft curve corresponded to the temperature

curve somewhat, and we found it impossible to raise the

temperature with a low draft. Opening air holes in sides

of kiln also showed a lowering of the draft.

The temperature curves were all fairly uniform in

their rise. Each kiln was held at the maximum tempera-

ture for about 30 hours. WTien the damper was closed

entirely, and the gauge showed no draft through stack, the

temperature dropped 20 degrees per hour, which must
have been nearly all loss by radiation.

During the water-smoking periods, the temperature

rises much faster in the top of the kiln than in the bottom,

which does not reach 212 degrees Fahr. until from 42 to

63 hours, while the top reaches 212 degrees in about 10

hours. This large variation is due no doubt to the fact

that the top holes in the crown are left open about 48 hours

during the water-smoking period.

The moisture did not disappear in the bottom until

after the lapse of about 72 hours, and in some cases longer.

SUMMARY.

From these tests we have come to the following con-

clusions :

1. That the higher grade coals are more economical

for burning brick in crude furnaces, up to a certain limit

of price, showing a less amount of fuel recpiired to burn a

thousand brick, also showing a saving in time.

2. That to obtain high temperatures a fairly strong

draft at the end of the burn must be available, as the rate

of combustion dei)ends on the draft.

These are considered to be the two most important

deductions to be made from data.
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DISCUSSION.

Mr. Of/den: I will ask Mr. Aubrey whetlier he made
any tests on Mie refuse to see how completely the coal was

burned?

Mr. Auhrcij: No, I did not; but I think it would run

fairly constant on all the coals. T tlumght it better to

take the Government Fuel Testing Plant's records of

analyses rather than make them, for I wanted to get the

figures on all the coals in the district. I selected the

Williamson county coal as the test, because I knew it had

shown up best in the Government Testing Station. We
thought the price of lump coal too high, so we got mine-run

coal. You will notice that this coal from Seam No. 7

(Illinois) runs low in sulphur and it does not clinker.

The Staunton coal is also free-burning; it burns fast. I

think it would be good for burning sewer pipe.

Mr. Richardson : Was that test of No. 2 kiln with a

small number of brick?

Mr. Aubrey: No; there were eighty thousand brick

in that kiln, and all the other kilns were figured on the

same basis. I think you will grant that if you set a kiln

half full, it will take approximately the same amount of

fuel to burn it, because the amount required to burn the

other brick is lost. Of course, that is open to discussion
;

but in figurinj^ it out, T considered it fair to figure each

kiln on the basis of equal contents. In round, down-draft

kilns with high crowns, it is impossible to set the kiln clear

full. Such tests as these should be made in a kiln where

you could avoid all these difficulties. The Williamson

County coal which showed the best results also showed

considerable carbon monoxide to its disadvantage. I do

not think these tests were accurate enough to base any
important decisions on, but they threw much light on the

subject as far as we were concerned. I did not have time

to test the coal we were using, but I know from our books

that we are saving fuel since the change.

The ash wheeler knows the ash pile is decreasing, and
I think that a favorable sign.
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{Sith)ni1ied snhscquetii lo meeting.)

Mr. Orton : A more careful review of the evidence

submitted bj Mr. Aubrey than was possible at the meeting
discloses several points to which it may be well to call

attention.

First. The data in his table does not include a state-

ment of the rehitive weights of clay burnt and coal required

to burn it. This seems to be the best form in which to

accumulate data of this sort, for it is only in this form that

clay wares of different sorts can be compared at all, in

relation to burning. On the basis of a fire brick weighing

7 pounds after firing (about 8 lbs. as it goes into the kiln)

these figures are as follows

:

Test No. 1

Staunton
Coal

Tfst No. 2

Williamson
Co. Coal

Test No. 3

Collinsville

Coal

Test No. 4
Perry Co.

Coal

Test No. 5

Staunton
Coal

Test No. 6
New Baden

Coal

Tons of clay-

ware, burnt
weight per
kUn 261.4 280.1 268.9 246.3 319.4 238.6

Tons coal per
ton clay^vare
burnt weight 0.2888 0.2242 0.2652 0.2887 2001 0.2966

Second. The assumption that no more fuel per kiln

will be required when the kiln is full than when set only

partially full is a doubtful one. No one will deny that the

more ware a kiln contains, the 1oa\ er the fuel cost per piece

of ware will run (of course not considering questions of

quality of product), but it is by no means certain that the

reduction is so great per ton of ware fired, that we can

assume that no more fuel will be used to fire 280 tons than

would be used by 238, and tliat while 74.8 tons were ac-

tually used to fire 88,41 1 bricks, it wouhl liave taken just

as much to fire only 80,000. Mr. Aubrey has carefully

guarded himself in this matter by stating that he is not

sure of his assumption, but he acts on it as if he did believe

it, and bases all of his conclusions on it. It does not seem
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to me that we are far e]U)uj];li along in questions of fuel

consumption to justify tlicsc assumptions, and that the

bettor way for us at present is to contine ourselves to com-

parisons of actual performance.

The same data used by Mr. Aubrey, calculated without

making these assumptions of equality of charge in the

kilns, figure as follows

:

Test No. 1

Staunton
Coal

Test No 2

Williamson
Co. Coal

Test No. 8

Collinsvllle

Coal

Test No. 4

Perry Co.
Coal

Test No. 6
Staunton
Coal

Test No. «
New Baden

Coal

Pounds of coal

per M bricks 2021. 1678. 1850. 2016. 1680. 2077

.

Fuel cost per
ton clayburnt $042 $0.39 $0.45 $0.47 $0.36 $0.46

Fuel cost perM
bricks ..... $1.51 $1.36 $1.67 $1.66 $1.26 $1.61

These figures give a decidedly different complexion to

the situation, for they show the Staunton coal giving both
the next to the highest, and the next to the lowest fuel con-

sumption per thousand, and owing to its cheap price, show-
ing in the favorable burn, a cost of burning well below
the figure obtained from the best coal used.

In four out of five cases, Mr. Aubrey's contentions still

hold, i. e., that the coal of high calorific power is cheaper
at a high price than the poorer grade coals at a low price,

because so much less is used, but in the fifth case, there

were evidently other factors entering in, for a less quantity
of coal burnt a fifth more brick than had been done on the

first burn with the same coal.

Mr. Aubrey's figures have in my estimation a great
value to the Society, for they are almost the first attempt
to analyze the economy of this part of ceramic engineering
in our transactions, and while as the author recognizes,

they are not free from criticism, they are at least a start

in the right direction—a direction in which American
clayworking is more in need of system and supervision
than in any other respect.



SURFACE PIMPLING ON SALT GLAZED
SEWER PIPE

BY

A. J. Aubrey, St. Louis, Mo.

The surface pimpling that has always been found
more or less on our salt glazed sewer pipe, is undoubtedly

related to two things, namely, homogeneity of body and the

heat treatment received in the burning of the ware. It is

particularly the latter phase of the question that we shall

be interested in in this paper, although the question of

body is of such importance that it cannot be separated

from the other phase of the problem.

The sewer pipe body under consideration is composed
of three clays—a drift clay, a shale and a coal-measure fire

clay—in proportions of about tAvo parts fire clay, to one

each of the other clays. The drift clay is loose and friable,

the fire clay is medium soft in character, while the shale

is quite hard, and no doubt is the hardest to grind of these

three materials. The shale requires long oxidation in

burning and has a very short vitrification range. The fire

clay contains concretions which analyze closer to titanite

—a lime titanium silicate—than to any other mineral, and
are not pyrites as generally supposed. These concretions

do not fuse until about Seger cone 5 or 6, which is a higher

temperature than that reached in the sewer pipe kilns.

A mechanical analysis of the sewer pipe clay from the

bin shows that:

All passes tlirough an 8-me8li screen

28.0% remains on l<5-mesh screen

6.5% remains on 2()-meBli screen

32 . fi% remains on 40-me8h screen

16.5% remains on eO-mesh screen

21 6% is finer than 60-mesli screen

726
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A large proportion of the 23.0% reiuaining on a 16-

mesh screen consists of i)articles of sliale. The powder, as

represented hy the mechanical analysis ahove, comes from

a piano wire screen, which delivers a slightly coarser pro-

duct than the inclined i>late screens perforated with Vs''

holes.

As can be seen, the sewer pipe body under considera-

tion is not homogeneous, like a body made from a stoneware

clay for example, but is a refractory body containing

coarse particles of the less refractory ingredients, which
are prone to act in small particles similar to their action

when made into ware.

Samples of shale and drift clay placed in the sewer

pipe kilns show fusion, but the shale is particularly over-

burnt, blistered and reduced. The larger the particles, in

other words the coarser the grinding, the larger the

pimples appear on the pipe. The real importance of fine

grinding was realized when a pair of rolls were set up to

grind the tailings from the screens. Instead of screening

the product from the rolls, it was passed directly to the

bins, with the result that within a few weeks, the number
and size of the pimples had increased to such an extent

that several cars were refused by our customers. A little

investigation on the writer's part showed where the trouble

lay, and after the product from the rolls was screened, the

pipe came from the kilns much improved and of about the

same character as those turned out prior to the installment

of the rolls.

The relation of pimpling to fineness of grinding and
homogeneity of body was shown by samples marked 8, 16,

and 20, indicating the size of screens through wliich the

clay was passed. For the preparation of these samples,

one kilogram portion of the clay, as it comes from the dry
pans before screening, was taken and ground sufficiently

to entirely pass through 8, 16 and 20 mesh screens. An
observation of these test pieces shows that the 8-mesh
sample is much rougher than the others; also that the

20-mesh sample does not show much improvement over the
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16-mesh sample. This would indicate that the limit of

economv would be reached when all the material is ground
to pass a 16-mesh screen.

This investigation was brought about because it was
observed that at times the pipe would come out of the

kilns much smoother than at others. Further observation

showed that the pipe came from certain kilns with less

pimpling on them than from certain other kilns, and that

these smooth-burning kilns were the slow-burning kilns

with low draft, while the kilns with high draft, which were
on full fire for much shorter periods of time, delivered the

roughest and worst-pimpled pipe.

Accordingly it was decided to make a comparative

test on a kiln of each type, noting the temperature, draft

and kiln conditions, and analyzing the kiln gases during

the full fire period. This was done and the data was re-

corded as follows. . Curves of the temperature and draft

changes are also shown here:
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Record of Kiln No. 28.

January 18th, 1907. Contents: 18 in Pipe.

Hours Draft in
\T AM

Temperature
"Fahr

Composit'n of waste gases

Remarkson
Fire Water Top Bottom CO, CO

18 130 90 '
Fired 1/18 6 p. m.

24 140 100 >

27 'S 150 130
33 "2 170 155
36 8 205 176 Temperature taken with
39 2 245 160 > water smoking ther-

42 ^ 310 170 mometer. Readings
46 o

a 375 212 made before firing.

48 460 365
61 510 330 ,

54 ^Too high for thermo-
67 .... * meter.
60 ^

63
""

soo Electric Pyrometer, lead-

66 815 ings in °F
69 830
72 860

75 g 875
78 £ 920

81 4A 950
84

o
a 975

87 1000
90 1015

93 4.5 1026 Draft gauge connected
96 5.8 1036
99 6.7 1040
102 7.0 1060
105 7.5 1055 Draft gauge leaking
108 7.5 1076 Full fire 1/2H. 6 a.m.
111 6.0 1260 Draft gauge corrected
114 5.6 1400 i4!6 J^4 .'.'.'.'.. Two more k. on same stack
117 5.5 1450 6.0 UJ.O

120 4.75 1500 5.8 1:i.O Draft gauge corrected
123 4.75 1550 7.2 11 .2

126 6.6 1570 16.0 5J.O 0.5
129 5.75 1680 9.0 1().0 Gas sample after firing

132 7.0 1725 10.5 fJO Gas sample after firing

136 4.6 1725 13.2 I5.6 0.2 Gas sample after clink'ri'g
138 4.6 1750 17.2 C).2 0.4 Gas sample after clink'r'ig

141 4.5 17H0 17.2 ().0 2.4 G's s'mple before clink'ri'g
144 6.0 1750 14.8 :i.O 2.2
147 4.5 1760 9 {) 5 ... . Draft gauge corrected
160 6 2 1836 10 fJ5 [ before firing

153 6.1 1910 9.5 ii 6 ... . Before firing

166 6.1 1950 13.5 -i1.5 .. After clinkering
169 6.5 1950 15.0 5JO 1.2
162 6.5 1980 18.0 {)2
182% 6.5 2000 18.2 <).2 Ist round salt

163H 6 5 2000 17.0 ().0 0.6 2nd round salt

163 ?i 6.5 2000 16.6 ().2 3 2 8rd round salt

m}i 6.5 20100 17.2 1 ().0 2.4 4th round salt
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Finished kiln 8:45 p. lu.

Work carried on by Aubrey, Hine and Taylor.

At the finish, Cone 01 flat, Cone 1 started.

Record of Kiln No. 31

January 22nd, 1907. Contents, 18 in. Pipe.

Hours Draft in

.\I. M.
Water

Temp.
oFahr

Composit'n ofwatte gases

Fire CO, o CO

14

28
26
29

116
146
180
225
275
320
325
375
460
480
660

82
35
38

....

41
44
47
60
53
71

92
96

8.

9.6
10.76

io!6
11.0
11.6
12.2
12.5
12 6
12.3
12.6
12 6
12.0
12.76
13.0
13.0
13.0

1060
1076
1100
115(»

1250
1360
1600
1675
1800
1925
1910
1960
2000
2010
2025
2030
2"40
2050
2060
2000

98
101

104
107
110
113
116
119
120
121

122
1221
123^^

1235
124^
1241

125i

56
13

17

16.4

\6A
13.6
8 2

9^4
13.2

13.6
4.6
0.2
0.4

*6!4

2.4
9.2

'6*6

0.9

0.0
0-8
1.8
2

"2!o'
2.0
0.6

4.2
4.1

126 ...

Remarks

Kiln fired 1/22, 4 p. m.

1/28

Temperature taken with water
smoking thermometer

1/24

1/26
1/26

Snowing

1/27 full fire

Before firing

After firing

After firing

After firing

Fires made ready for salting

After Ist round of salt

After 2nd round of salt

Clinkering
After 3rd round of salt

After 4th round of salt

Clinkering
Firing stopped

Cone 02 down at 7 p m., 123rd hour.
Cone 01 started 7 p. m.
Cone 1 down at 8:15, 124J hours.
Cone 2 started 5:45, 124f hours.
Fires pushed in 9 :30 p. m.
Holes open on top and fires drawn 10:15 p. m.
Flues dampered at 1 :00 a. m., 1/28, and kilns given back draft.
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Comparing the records and curves of the two burns,

inspection of the gas analyses show that we obtained re-

ducing conditions at times during the full fire period, and
especially so during the salting period, as had been sup-

posed.

The curve shows that the draft was much lower

throughout on kiln 26, and was especially low during the

full fire period, averaging about 514 m.m. ; while the draft

on Kiln 31 was as high as 13 m.m. water pressure. The
draft curve on Kiln 26 shows a fall at the end of 110 hours,

because two other kilns were connected on the same stack

at that time. The draft curve on Kiln 31 is similar to the

temperature curve.

The temperature curve shows that the rise was very

gradual for Kiln 26, both during the water-smoking and
full-fire periods, while the rise in temperature on Kiln 31

was very rapid and the curve is almost vertical after the

start on full fire. The particular point to note here is that

the fires were made ready for salting on both kilns at the

same temperature of 2000 degrees, but that on Kiln 31 the

temperature rose during the salting to 2060 degrees F.,

while it remained the same throughout the salting on Kiln

26, never getting above 2000 degrees.

It is the rise in temperature on the one kiln that pro-

duces the pimples, because the trials show that at the

beginning of the salting, no pimples had appeared on the

ware in either kiln. Both kilns were treated exactly alike,

both were given four rounds of salt at the same intervals

of time, and the only difference was in the rise of tem-

perature. There was no attempt to control this, as it was
exactly the point that we wished to investigate.

Both kilns were water-smoked for the same length of

time. Kiln 26 was on full fire 58 hours, and Kiln 31 was
on full fire 16 hours. The ratio of grate area to kiln area

on Kiln 26 is 1 : 8.3, while the ratio of grate area to kiln

area on Kiln 31 was 1 : 4.9. It is this difference in the

grate area which causes the rapid rise of temperature in

one kiln and the slow rise of temperature in the other

kiln.
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Short lengths of three-iuch pipe were scattered around

in the top of both kilns, and one can observe from these

trials how the pimples appear on the pipe. The smooth

trials came from Kiln LM), the kiln in which the ratio of floor

area to grate area is high (viz., 1:8.3;) while the badly

pimpled trials came from Kiln 31, whose ratio of floor

area to grate area is low, (viz., 1 : 4.9). This would tend

to indicate that kilns with low ratio of kiln floor area to

grate area produce rough pipe. Accordingly the writer

took measurements of grate areas and kiln areas on all the

kilns used for sewer pipe in the plant, and noted the kind

of pipe that was generally produced from each of these

'kilns, and has assembled the data in a table, which is

shown herewith

:
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This table also shows the number of hours ou fire for

each kiln, avornp,(Hl from the records for one year. It

proves conclusively that where the ratio of floor area to

grate area is high (i. e., where the kiln has few or small

fire boxes) we obtain smooth pipe, and vice versa. It also

shows that the kilns having the high ratio of floor area

to grates are the kilns that are on full fire for the longest

period of time; while the kilns with the low ratio of floor

area to grate area are the fast burning kilns.

The effect of raising a kiln of shale brick to a tem-

perature of 2000 degrees or over in the short time of 16

hours, would be to badl}^ black-core and swell it, besides

over-fusing it, and it is reasonable to suppose that a sudden
rise of temperature, as shown by Kiln 31, would have the

same effect on granular particles of shale of such size as

were found in the mechanical analysis.

CONCLUSIONS.

From these experiments we feel safe at arriving at the

following conclusions

:

a. That the pimples which occur on the pipe are

caused by the incipient fusion, bubbling and swelling of

small particles of shale, Ijing close to the surface of the

pipe, which particles it can be assumed would act similarly

to large particles of shale burnt under similar conditions.

b. That the size and frequency of the pimples depend
upon the fineness of grinding, and consequently homo-
geneity is the real solution of the problem.

c. That these pimples appear between 2000 and 2060
degrees Fahr.

d. That these pimples appear in greatest size and
extent on the pipe in fast-burning kilns, where it has been
shown that the temperature rises considerably after the

start of the salting.

e. That a high ratio of grate area to kiln area is

responsible for the short duration of the full fire period
on the fast burning kilns, and is consequently an indica-

tion of the kind of pipe that will come from the kilns.
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The writer wishes to give credit to Mr. Homer Hine,

who has very kindly contributed his aid throughout the

course of these experiments.

DISCUSSION.

/ [Note by the Editor—The following data on a closely related

topic has been submitted to me for presentation to the Society by Mr.
A. F. Greaves-Walker, of the Utah Fire-Clay Company, Salt Lake City.

Mr Greaves-Walker did not present this data as a note or a paper, but

merely as opening up the field for discussion, at a time when he was una-

ware that Mr. Aubrey's paper was to be presented. ]

DATA FROM A. F. GREAVES-WALKER.

On the relation of the ratio of grate area to the kiln

floor area in its influence on salt glazing, the following

data have been obtained from our practice here:

Kiln No. 3. 18 ft. diameter inside ; kiln area 254.5 sq.

ft. ; 6 fire boxes; grate area 31.8 sq. ft. (total). Proportion

between kiln and grate areas 8 :,1. Average weight of ware
burned==36,000 lbs. Salt used each time 300 lbs. Average
size of salt grain about 6 mesh.

Kiln No. 5. 28 ft. diameter. Kiln area 615.7 sq. ft.

9 fire boxes. Grate area (total) =47.7 sq. ft. Proportion

between kiln and grate areas 12.9:1. Average weight of

ware burned each time=91,700 lbs. Salt used each time

900 lbs.

Kiln No. 6. 30 ft. diameter. Kiln area 707 sq. ft.

9 fire boxes. Grate area (total) 47.7 sq. ft. Proportion

between kiln and grate areas=16.9 : 1. Average weight of

ware burned 110,850 lbs. Salt used each time 1050 lbs.

The same methods of dampering, salting and firing

are used in each case. The damper is always nearly closed

during salting, causing reducing conditions. The salt is

wetted with crude oil, to darken the glaze. We start salt-

ing at cone 5 and make the salt last till cone 7 is down.
This takes about three hours.

Kiln No. 3 gives us a splendid glaze each time. We
have no fear of anything else.
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Kiln No. 5 «:;ivos ns a poorer ^lazo Mian No. 3; gencr-

jilly pretlv fair, but wc can never be (luite sure of our

results, lucreased iidditions of salt is of little if any avail.

Kiln No. () "ives us the poorest results of all. The
glaze is generally fair, but sometimes very poor. It is sel-

dom bright; in fact, it cannot compare with the glaze ob-

tained from No. 3, though there is less difference between

it and that of No. 5. However, the difference between

No. 5 and No. 6 as always noticeable.

The amounts of salt used may seem excessive, but they

are absolutely necsesary for results with our clay. We
have experimented a good deal on this line and find the

amounts used are the best.

DATA FROM WM. H. GORSLINE. ROCHESTER. N. Y.

[Note by the Editor—The following note was handed in subse-

quent to the meeting as an extension of the discussion of this topic.
]

Regarding the finishing and salting of salt glazed

ware, in the discussion, as well as in the note by Mr. Bar-

ringer on "Vapor Glazing," in Volume V, the statement

was made that oxidizing conditions were necessary for

successful salt glazing. My experience has been to the

contrary. Tt is not only possible but sometimes necessary

to salt glaze ware under reducing conditions. There are

many fire clays that are too light in color when burned in

clear oxidizing atmosphere, and that do not easily take a
heavy salt glaze. The problem is to darken this ware.

This can be controlled by means of the kiln atmosphere.

With a low damper, and frequent heavy firing, the result-

ant carbonaceous atmosphere Avill darken the glaze. By
practicing this method, the appearance of such ware can
be greatly improved. This is a not uncommon method.

The following data were taken from a kiln which
was fired under such conditions:

Time Temperature °F

7:45 2066
8:00 2075
8:30 2066
8:45 2084
9:00 2^)98

A.O. S.—48.
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This shows a control of heat diiriug the salting period,

Avith a tendency toward increase of temperature. This

represents reducing conditions; such a temperature line

can not be made under oxidizing conditions. To me it

represents good salt glazing practice. In such a kiln, the

light colored ware referred to would, with proper damper
regulation, come out properly glazed. If you begin salt

glazing at the right temperature for the clay, treatment

represented by the above produces the glossy shiny frac-

ture that is accepted as indication of proper vitrification.

This is probably due to the so-called "soaking" effect.

The following data was taken from another kiln

:

Time Temperature »F.

8:30 2111

8:45 2039

9:00 2086

9:16 2076

9:30 2030

9:45 2066

10:00 2039

11:00 2030

The heat was going back and oxidizing conditions

were possible. The following represents a middle course

:

Time Temperature "F.

8:30 2068

9:30 2084

10:00 2084

10:15 2066

10:45 2084

11:00 2013

12:00 2047

If it were not for the introduction of the salt it would,

of course, be possible to produce any one of the charts and
have an oxidizing atmosphere in the kiln. These three sets

of data ri^present actual temperatures as taken from three

kilns burned under ordinary commercial conditions.

ORAL DISCUSSIONS.

Mr. (lorsliiic: Tlie clay we use is somewhat different

from Mr. Aubrey's. We have found we can generally avoid
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piiiiplinji with our clay by thoi-ougli oxidation of the iron

diiriiii; the oxidiziufi period, lint even tlien, we will have

pinii)liiig during the salt .i;lazinj» period, if excessive re-

duction prevails.

Jn rej;ard to the size of «>rate area in proportion to

kiln area, we have found a great variation in our kilns.

They vary from 1 : 10 up to 1 : 20, and there is no appre-

ciable ditiereuce in the success of salt glazing from these

different grate areas.

Mr. Richardson : Do you use horizontal grate bars?

.17 r. (lorslhic : AVe use no grate bars at all. We use

the dead bottom fire box.

Mr. Richardson : How do you calculate the grate

area of such a fire box? AVhat section do you take?

Mr. GorsJinc : We take the area of the bottom of the

fire box, or its ground plan,

Mr. Post: In our new plant at Texarkana, we have

been having a great deal of pimpliug. We find sometimes

that the iron is glazed over, and sometimes it is not, while

the pipe itself has a good glaze. It shows that the iron

comes out both before glazing, and after glazing. In our

firing operations, at the start, we brought the fire up pretty

fast after getting a cherry red heat, but now the latter part

of the burn is much slower, and the atmosphere of the

kiln is kept in an oxidizing condition, and we have been

getting very good results, Avith practically no pimpliug at

all on the pipe. We have not gone into the matter of figur-

ing the area of the kilns and fire boxes, but we have raised

the bags of the kilns about two feet. Formerly they were

four and a half feet high, and now^ they are six and a half.

We have found that a great improvement. The outside

tiers of pipe has the same color as in the center of the kiln,

which formerly was not the case. Our greatest trouble

was found in the center of the kiln, but at present, if the

iron comes out at all, it comes out all over the kiln, from
top to bottom. We are making some experiments now with

the addition of various materials to the pipe, such as grog,

building sand, and white sand, and hope to be able to

report something on these next year.
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Mr. Auhreif : Tn regard to the ratio of grate area to

kiln area, our kilns which have the largest amount of fire

box area in proportion to the kiln floor come ofiP in the

shortest time. With our clay, this has been shown to be a

detriment to tlie ware, but it might be a great advantage

with some kinds of clays which do not show pimpling, as

it would be a saving of both time and fuel.

Mr. Ball : With reference to roughness and smooth-

ness in the glazing of sewer pipe, my experience is that

when I have my kiln ready to salt, if I salt on a perfectly

clear fire, when the flame is all burnt off from the coal, I

have no roughness. But if I put salt on with the soal, and
cause the kiln to flash, I have roughness.

Mr. Gorsline : That has been our experience—let the

fires get clear before salting. As to fire box area, it seems

to me that if we have sufficient area to make and maintain

the heat, that is about all that is necessary.

Mr. Aubrey : I think that the kind of mineral causing

the pimpling should be carefully considered. Some of us

have been referring to concretions of iron, while others

have been referring to over-burned clay or shale. Besides

the common concretions in fire clays called pyrites, there

are also silicates of lime and titanium, which are commonly
confused with pyrite. Pimples caused by this mineral,

(''tanite, will stick out on the surface about cone 6, but by

running a little higher, they Avill fuse down, and become
smooth again, so tliey pi*actically do not hurt the glaze at

all if the final temperature is right. Tn making salt glazed

brick, we have trouble from titanite, but in the sewer pipe

we are making, I think the over-burnt coarsely ground
shale has been the cause of the trouble, and not reduction

or oxydation at all.

Mr. A. W. Gatr.^: We are bothered very little with

roughness on our pii)e, but the cause of what we do have

is quick firing; we find it in the kilns that have a strong

draft. All our new kilns liave a grate area to kiln area of

about one to eight.



REPORT OF THE COMMITTEE ON CO-OPERATION
WITH FEDERAL AND STATE GEOLOGICAL

SURVEYS

Statement hy the Secretary.

At the Philadelphia meetiug, in 1906, Mr. R. R. Hice

read a paper on "What should be embraced in a Geological

Study and Report on Clays," in which, after discussing

the various degrees of satisfaction and dissatisfaction

which geological reports on clays had so far elicited, he

suggested that the American Ceramic Society owed it to

itself and to the public to advise with the state organiza-

tions, and especially with the United States Geological

Survey, and endeavor to secure their aid and co-operation

in making such work more valuable to the public.

This paper awakened great interest, and resulted in a

resolution being passed, providing for the appointment of

a committee of five to further consider the subject, and to

take such steps as they considered feasible for the promo-
tion of the co-operation scheme outlined in Mr. Hice's

paper. Owing to a misunderstanding as to the appointing

power, this committee was not named until about January
15th, 1907, at which date the following gentlemen were
notified of their appointment and asked to proceed

:

Mr. R. R. Hice, Member of the Pennsylvania State

Geologic Commission, Chairman.
Professor Heinrich Ries, with experience on Geologi-

cal Surveys in many states.

Professor Albert V. Bleininger, Special Assistant in

the Geological Survey of Ohio.

Professor H. A. Wheeler, formerly of the Geological

Survey of Missouri.

Professor R. C. Purdy, Ceramist on the Geological

Survey of Illinois.

This committee, it was thought, was specially quali-

fied (a) by knowledge and practical experience of the

741
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ceramic industries; (b) by experience with geological sur-

veys and their method of work ; and, ( c ) , by geographical

representation from five states which collectively manufac-

ture over half of the total clay products of the United

States, to give this most important movement the support

and prestige which it deserved.

This committee corresponded vigorously before the

St. Louis meeting in February, 1907, but were not able in

so short a time to arrange a report or hold an actual

meeting, nor could the majority of the committee reach

St. Louis.

At St. Louis, the matter was given an evening session

for general discussion, and addresses from several visitors

were requested and received. The following is a condensed

report of the discussion of the evening

:

DISCUSSION ON THE FUNCTION OF THE STATE GEOLOGICAL
SURVEYS WITH REFERENCE TO THE CLAY INDUSTRIES

Vice-President PiiffJi/: It is with a great deal of

pleasure that I preside this evening, in view of the fact

that we have with us the Director of the State Geological

Surve}' of Illinois. Dr. Bain is much interested in the test-

ing of clays, particularly in connection with State Survey

work. In fact, he was so much interested that he has come
here from Champaign, especially to meet our committee on

co-operation. He has consented to speak to the Society

this evening, and I am sure you will all be delighted to

hear what he has to say.

Dr. H. Fofitrr Hmn : I understand that there has

been some question in the minds of the members as to what
ought to appear in geological survey reports in regard to

clays. I assure you that it is no more a question in your

minds than in (mrs. The geologist has d(me what he could,

and wc have had many clay reports issued by geological

surveys. \Ve have liad reports which you might term good,

bad, and inditt'erent. From our point of view they have

been, like Kentucky whiskies, all good, but some better
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than others. We would like <(» iiuikc thein all good from
your standpoint as wt'll, but wc cannot do this unless we
know what .vou want. It might clear the way if I were to

tell you what the geologist wants to know about clays, as

well as other materials he reports on.

In a broad way, the geologist tries to find out those

things regarding the resources of the state which will help

in their development. We think the important things to

be found out are, first, distribution, both geographic and
geologic. It does not do any good to know that a material

is in the state unless we know what part of the state it is

in, and it does no good to know what part it is in unless

we know what part of the formation to find it in. Second,

we want to know the mode of occurrence. Take coal for

instance; it is as important to know the mode of occur-

rence, the character of the roof and floor, as it is the loca-

tion of coal itself. Third, we must know- about the quality

of the material, and fourth, something of the commercial
situation bearing on its development. The latter, I think,

can best be neglected, if anything must be, as the commer-
cial situation changes from time to time.

Now regarding quality and uses. There are certain

materials Avhich we have no difficulty in recognizing, and
in determining the uses for which they are adapted. Port-

land cement material has been studied over so thoroughly
that we know now^ whether we have or have not Portland
cement material. The tests for that are comparatively

simple. In the case of other materials they are not always
so simple. In regard to clays, we are decidedly in doubt as

to how tests should be made. Wc do not feel in a position

to make a test, until you get together and agree upon what
tests are proper. Until you decide what tests should be

applied, we cannot apply them. If you have a committee
which will take up this matter, and formulate standard
tests, I feel sure I can speak for my associates among the

Geological Surveys, in saying that we will be glad to follow

your suggestions. Some time ago a committee was formed
by the National Brick Manufacturers' Association for
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formulating tests of paving bricks, and since that com-

mittee agreed upon a test, every state survey has used this

official test. I am sure they would all be glad to adopt

others.

In Illinois, when we took up the study of clays, parti-

cularly in regard to paving brick, a lot of questions arose.

We find that people send in clays for analysis and say:

"Please make analysis of this and state by return mail

what it is good for.'' I have turned all these letters over

to Mr. Purdy, but he absolutely refuses to send anything

by return mail, very much to my disappointment, at first,

for it would greatly have simplified matters if he had. So
far, in Illinois, we have been making a series of tests to

learn icJiat tests should he applied in the case of paving

brick clays. If you can persuade by brethren in other

states to also take up some other phases of this clay-testing

question, they may be in a position to accomplish some-

thing. You also have ceramic schools with which you all

are familiar. They must, I think, take the lead in the

development of the technology of clays. Our work lies

principally in the field, and the technical work should be

done l)y the schools.

Aside from that, the Carnegie Institution in Washing-
ton, incidentally and without any intention of doing any-

thing practical, lias really done some practical work in

this line. It was felt that there was enough practical work
already being done in this country, and when the Institu-

tion took up the study of feldspathic rock, it was purely

for scientific investigation ; but unlooked for results have

been evolved. There has come to be a feeling that this

Institution might be made of more practical benefit to the

(lay workers, and if it wants to study silicates, it might as

well test some of practical use. Your committee might
make that suggestion, in conference with representatives

of this department, if opportunity offers.

As you know, tlie U. S. (Jeological Survey now sup-

ports a Materials Testing Laboiatory. Probably its Direc-

tor, Professor J. A. Holmes, can take up some part of the
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needed iuvestigations. Perhaps, also, in the field work
of the U. S. Geological Survey, more practical work might

be done.

The Chair: I believe it is only due to Mr. Bain to

sjiy (hat it was mainly by his efforts that co-operation of

the geological surveys of several states has recently been

secured, through an organization of the heads of these

departments, and this organization is creating a hearty

fellowship between them which will no doubt be most help-

ful. This organization will also make it easier for the

Society to present its views on the subject of co-operation,

and they will be more likely to bear fruit, if discussed in

meetings publicly, than if considered by one man at a time

privately.

Dr. Buckley is one of those in that body and we have

him with us this evening—Dr. Buckley, State Geologist of

Missouri.

Dr. E. R. Buckley : I am very much interested in this

particular subject and very glad to have the opportunity

to say a word regarding it.

I think the geological surveys have in the past stimu-

lated the investigation of the clays in this country. There
is no one in this society but recognizes the work which has

been done in Ohio, and in Missouri and New Jersey by
their respective geological surveys, in stimulating the in-

vestigation of the clay resources of the United States. A
considerable part of the fine work which is being done in

the State of Illinois, and has been presented at this meet-

ing, is really being carried on under the auspices of the

Illinois Geological Survey.

I say, I think that in the past the geological surveys

have very greatly stimulated this line of investigation, and
I also think that in the years to come the state geological

surveys can still be used to stimulate these investigations

in which you are interested. I think there is not a single

state geologist in the United States today who would not
willingly and gladly turn over the technical investigation
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of the clay resources of his state to a departmeut specially

organized to take care of investigations of that character.

I believe with Dr. Bain, gentlemen, that the working

ont of the tests which are to be applied to the clays should

be left entirely in your hands, and that the state geologists

of the United States will gladly accept any suggestions

you may issue regarding the testing and examination of

the clays with which they must necessarily continue to

deal.

Mr. H. A. Wheeler: We are all indebted to Dr. Bain
for his happy talk this evening, and I think he puts before

this society a responsibility it can hardly sliirk. The grand

piece of pioneer work that emanated from the old Geolog-

ical Survey of New Jersey was the first American report

on clays, and it has been invaluable. While today it may
not be regarded as up-to-date, yet we all have to refer to it

occasionally. Its weakest spot was that it was written by

a geologist who only looked at the geological side and ig-

nored the technical side. Future geological reports will

be rendered much more valuable, especially to the clay

constituency, if the technology is also considered. While
the occurrence and quantity of a clay is of primary im-

portance, its value to the owner and to the community
rests on what use the clayworker can make of it, and this

requires a technical investigation.

There is an unfortunate want of uniformity in our

methods of testing clays and clay products that is very

confusing. If we can work out and develop standard rules

for testing clays, it will be very opportune and valuable to

the entire clay industry. W^hether this should be under-

taken by a general committee, or wliether it is better to

divide the work among sub-committees to take up the dif-

ferent classes of clays, is a timely matter to discuss in

following up Dr. Bain's suggestion. Tlie Doctor is very

fortunate in having such close relations with the efficient

ceramic school of the state of Illinois, where they can work
out some of the local problems, many of which involve

considerable work and expense. The aid and influence of
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our lai'jic iiuMulu'i'ship should accelerate the adoption of a

standni'd inctluxl of testinp,- clays, if the conmiittee can ar-

rive at satisfactory si)ecitications.

Professor Ortoii : The impression may have perhaps

become current from remarks niade here this evenin«» that

this committe<^ which has been mentioned several times

has been appointed for perfectin«2: or standardizing clay

tests. The older mend)ers of the society will recollec-t that

we did have such a committee st^indin<»- for some years, and

as it was without issue at all so far as producing results

was concerned, it was finally discharged.

I think the reasons for the failure of that committee

to produce results are beginning to be apparent now. The
magnitude of the problem was wholly unappreciated by

the members of the society when that committee was first

appointed. When we see two or three investigations cost-

ing many hundreds of dollars, as those made by the Illinois

Ceramic have done, and after all only attacking some one

or other small part of the many lines of work which are

waiting to be standardized, I think we will admit that it

was a presumptuous and rash thing for this society to

attempt by any committee it could have named to formu-

late a proper series of standard tests, as was originally

contemplated.

The i>resent committee, according to the minutes of

the society, was not appointed for the purpose of devising

standard tests. It was appointed to take up particularly

a suggestion to the effect that the United States Geological

Survey, through its testing department, seemed more likely

and willing to go into this question now than hitherto, and
it behooved us to co-operate with them, to learn what tests

they had in mind, and to use our influence in suggesting

to them the things which we think ought to be done first.

To bring about such co-operation was the real purpose of

the appointment of this committee. Of course it is in the

power of the society to broaden its scope at any time it

sees fit and to give it the work of suggesting standard tests

for clays, but it has not yet done so.
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This matter of getting the United States Geological

Survev to undertake such work in the field of clay-testing

as we think most needed is still before us. We have been

unfortunate in not being able to have a meeting of the

committee up to this time, but it seems that what we are

saying and doing tonight is educational to ourselves and
perhaps will help to clarify in our minds the exact things

which this society may properly ask of the United States

Geological Survey.

There has been also a new factor introduced, not

contemplated in the beginning, but which Dr. Bain so

happily brought before us, viz., the possibility of securing

co-operation with the Association of the State Geologists

of the Mississippi Valley. It seems to be that it might be

well to authorize this committee to expend some money in

holding a meeting at some central point to decide on a
course of action, and to begin to co-operate with a Com-
mittee from the Association of State Geologists, which

body also meets this spring. It might also be possible to

arrange to meet with Dr. Holmes of the United States

Geological Survey at the same time. With co-operation

between ourselves, the state geologists, and the United

States Geological Survey, the prospect of systematic, or-

ganized and rapid progress on the testing of clays and clay

products would seem well nigh sure.

Vice-President Purdy : One of the most embarrassing

experiences in my life was to confess to Dr. Bain that I

could not tell the value of a clay without testing it in a

kiln. When he asks me today what a clay is good for, I

tell him to wait a month. He does not have to wait a
month, but I give myself three weeks leeway. The prac-

tical or burning test seems to be the only safe test by which
the value of a clay can be determined. It rests principally

with us to solve this problem of clay testing. Our co-

operation with any committee, or any survey, should be

hearty, and I feel that we should show more enthusiasm

in these discussions. Some few years ago we had a com-

mittee appointed to consider the standardization of tests,
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and that committee did its best; but tlie trouble was it did

not liavo mncli basis on which to pass jndfrnient concerning

tlie several tests. We have not much more light today than

we had five years ago, and for this reason I feel that we
must, with a great deal of entliusiasm, co-operate with the

state geological surveys. If they are willing to come half

way, we ought to be willing to go all the way—not to dic-

tate, for that is not our meaning; but to formulate tests

which tliey can use. They want to know how to study

clays, and it is our business to furnish them with the

proper methods of doing so, I believe that this is the spirit

of the suggestions made by Dr. Bain and Dr. Buckley.

Mr. W. D. Richardson: I had something to say in

my address yesterday upon this matter, and have also pre-

viously expressed my views. The ceramic engineer, being

constantly called to different parts of the country to inves-

tigate clayworking propositions, is perhaps more inter-

ested in, and appreciates more fully than anyone the work
which has been done and is being done by the state geologi-

cal surveys and the United States Government Survey. He
also realies often that a great deal of other information

could have beeji secured and published at the same labor

and expense, which would have been more valuable to him
and to all clayworkers. That is to say, the investigations

and reports upon clays and clay industries of the states

liave not always been done by men who understood Avhat

kind of knowledge the clay worker needs.

That, as I understand it, is one of the objects of this

committee,—to outline to the state geologist the kind and
character of the investigation which we would like to see

made. Each state geologist is supposed to have a very

wide knowledge of all the geological formation of his state

and of their general utilization, but he could not possibly

be expected to understand the complexities of clays and
their properties, on which their value for clay working
purposes depends. Then the question comes up, if he is

not able to do this himself, and he must employ some one
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for that purpose, shall he not employ some one who has a

practical knowledge of clays and the clay industries?

I fully appreciate everything that has been done; all

of it is valuable, and I realize that the men who did the

work, did their best. But I also realize that they did not

know, when they started out, the magnitude of the task,

nor did the^- understand the peculiar needs of the clay in-

dustries. The people who consult these volumes of reports

are very largely clay workers, or those who are becoming
interested in clayworking in some manner; and the clay

workers especially want information which they do not

already possess. In some respects the work that has been

done has been much like that of the newspaper reporter

—

he makes a picture of the plant and goes to the superin-

tendent and gets notes as to what they are doing, and since

he has no special knowledge of the clay industry, he is

very apt to secure information which the clay worker does

not want, and to overlook special features that are un-

known or unusual. That is the trouble I have found with

these reports—the information which I wanted and which
other clay workers wanted is not there.

I appreciate the fact that men who are competent to

look on both sides of this work are rare—men who have

the knowledge and experience and the point of view to suit

the clay^vorkers, and yet have the geologcal knowledge,

the Iterary ability and the scientific training to suit the

State Geologists, but it is to secure such men that we must
look forward—for from such men only can the volumes of

state reports ever reach their highest value.

l^^otc by the Secretary:

As a result of this discussion, which has been very

much cut down in volume, the Society passed a motion
asking the Board of Trustees to provide tlie means by
whicli this ((niiiiiittcc could hold one or more metHlngs for

the purpose of making a statement of their mission, and
presenting tlie statement to the representatives of the

United States Oeologiial Survey and to the Association of

State Geologists.
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Tlio coininitU'e met at Columbus, Ohio, May 1st, ]1)()7,

and after a (wo days' session prepared the f()lh)win<» docu-

ments, whieh in due time they hiid before the orj^aui nations

to whieh they are addressed.

REPORT OF THE COMMITTEE ON FEDERAL AND STATE
CO-OPERATION IN CERAMIC RESEARCH.

I. RECOMMENDATION TO THE UNITED STATES
GEOLOGICAL SURVEY

To J. A. HOLMES;,

Director, Technologic Branch, United States Geological

Survey, Washington, D. C.

Dear Sir:—
The American Ceramic Society at its various meetings

since its organiation in 1898, has considered the subject

of the testing of clays and clay products. Each year some
phase of this subject has been discussed by one or more
individuals, and these discussions have been of great value

and interest. But, on the subject of the testing of clays

and clay products as a whole, the conditions are still quite

unsatisfactory. The contributions of the members of this

society, all of whom are busy men, and who are generally

forced to pursue researches of this character as an addi-

tion to their otherwise heavy daily duties, are necessarily

fragmentary and inadequate, and they cannot be expected

to lead to even a reasonably satisfactory conclusion. The
need of accurate and efficient methods of testing new forms
of clay products is growing faster than pre-existing needs

of this sort are being met, and the situation as a whole is

growing worse rather than better.

The Society in its annual meetings in 1906 and 1907
gave special attention to this subject, and appointed a

committee which was instructed to bring this highly im-

portant and almost untouched field to the attention of those

in authority, and to endeavor to have some regular work
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undertaken which would systematize and unify the present

highly inadequate work being done by private individuals

and corporations, technical chemists, geological survey or-

ganizations, and the like.

This committee, composed of the undersigned mem-
bers, has canvassed the field, and desires to present to your
consideration the following opinion and recommendations.
Attention, however, should here be called to the fact that

these recommendations and suggestions relate only to

burned clay goods and clays for use in making such pro-

ducts. The value of clays for use in other special lines is

not overlooked, but these being of a local, rather than gen-

eral character, are of relatively small value, and if other

tests than here proposed are needed, they should, probably,

be made in connection with the study of the special subject.

I.

It is believed that this great task—for it is one of

great magnitude, and one which will inevitably consume
much time and money if it is worked out on a scale com-

parable with that done by the Government in other

branches of the mineral industry notably in fuels and
cements,—can only be done properly under the auspices

of the P^'ederal Government. No single state can be ex-

pected to do work which is not in any sense special for

the needs of the state, but which is fundamental to a proper

knowledge of clays, wherever they may be. Where states

have, under the stress of necessity undertaken to do such

work in the past, it has been generally less complete and
conclusive than would be desirable to secure results safe

for final and universal adoption. It appears to this com-

mittee particularly the scope and province of the Govern-

ment to do that work which is so urgently needed, and
which no otlier organization can be expected to accomplish

within this generation.

Many of the states have made studies of their clays

and clay products and published these results through
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their respective geological surveys, but this data, while

couslitutiii^ the most valuable information yet available,

has been obtained without close practical touch with the

industries, and jicnerally by ditTerent methods of research.

Their work has not, therefore, iu all cases been practical,

nor theii- results comparable one with the other; nor has it

•iiven the public which uses clay products, or the manufac-

turer using clays and (lay products, the assistance needed

to meet industrial problems.

It is the belief of this committee that the function of

the different state surveys is to study the resources of their

respective areas, and that if the methods are put into their

hands by which the value of a clay or the quality of a clay

product can be confidently judged, they will be glad to

avail themselves of them.

The first recommendation, therefore, is that the United

States (Geological Survey, through its appropriate depart-

ment, be invited and urged to proceed at once to the crea-

tion of a laboratorj'^ for research in the testing of clays

and clay products.

II.

Inasmuch as the Government is already, through the

Department of Agriculture, doing a considerable amount
of testing of clays, soils, etc., at the instance of the owners
of the land on which the samples are taken, and is making
reports to these owners which are not iu the uature of

reports of public concern but which are of private value,

and inasmuch as some other work of this same sort and
quality is being or has been done by the State Geological

Bureaus in various parts of the countr^^, the committee
deems it proper to state that it does not favor this sort of

work in the present case.

It is believed that the new work should be both scien-

tific and technical, and of the highest grade ; that the prob-

lems which are to be studied, at least for the first few years

of its existence, should be general ones; that its samples
should be selected by its own representatives from places
A- O. 8—49.
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which will best serve to illustrate the points under consid-

eration, and that the laboratory should not be made use

of under any circumstances for obtaining tests of clays for

private purposes. Work of the latter kind can be well done
by ceramic engineers and chemists all over the country as

soon as methods for doing such work and securing reliable

conclusions are known. The proposed laboratory should

be distinctly an organization for the development of a sys-

tem of work, leaving to those interested the application of

the system to commercial and industrial uses.

III.

The most important thing in connection with this pro-

posed laboratory is the question of personnel. The right

man can, with even a meagre equipment, do much to bring

order out of the present chaos. The man without a broad

outlook on the scientific, technical and industrial condi-

tions, cannot possibly do much good, however complete an
equipment may be given him to work with. This com-

mittee recommends most earnestly that no man be placet!

in charge of this projected movement who does rfot now
enjoy a high reputation among the most ii'telligent ceramic

engineers, ceramic chemists, and manufacturers of the

country, and who has not shown by his contributions to

ceramic literature, a broad knowledge of the practical as

well as the geological, chemical and physical phases of the

subject. The man for this position should not be selecte<l

for his reputation as a scientist alone, though it goes with-

out saying, that unless one is thoroughly trained in the

sciences underlying the profession he cannot possibly suc-

ceed in this difficult capacity, no matter how well informed

he may be on industrial conditions.

IV.

As a hasty ami iiiconiplete outline of some of the

specific problems upon which geologists nnd ceramic engi-

neers are needing light, and which such a hiboratory ought

to solve, the following is presented:



RKPORT OF COMMITTKR ON OO-OPERATION. 766

Samples.

It is obvious tlml researches on clays, condueted aloug

seienlifie lines, would be void of practical results if an

aftein]>t were made to cover all types of clays at the same
time. This committee, therefore, suggests that for the first

.year or more the entire attention of the proposed labora-

tory be confined to one tyi)e of clay, as for instance, the fire

clays. In this way the data obtained would not only be

comparable, allowing standard methods of analysis and
testing to be formulated, but ex<('edingly valuable informa-

tion would thus be obtained of this i)articular type of clay.

In the samples collected, the various grades and kinds

of the type of clay under study should be represented. Thus
in the case of fire clays, the samples should include clays

from the various geological formations, they should also

Include clays from the very plastic to the non-plastic and
the flint clays, and clays of the same general characteris-

tics, but found under ditfereut conditions, and due to

different methods of deposition or formation, and also

those ''fire clays" used not only for the lower grades of

refractories, but for such products as stoneware, terra

cotta, building brick, paving brick, sewer pipe, etc.

The committee further recommends that these samples

be collected from well known plants now in operation in

the several sections of the country, and not be confined to

any one locality or section of the country, or from any one

formation, and that no attempt be made to exploit new
deposits. The committee has in mind, in this connection,

the testing of manufactured products made from these

same clays, as will be shown later on in this report.

The testing of cla\s and clay products naturally falls

under six headings

:

A.—Testing of physical properties of raw clays,

B.—Testing of chemical properties of raw clays,

r.—Stud.y of the pyro-chemical behavior of clays,

D.—Testing of burned clay,

E.—Industrial tests on clays,

F.—Testing of manufactured products.
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A—Testing of Physical Properties of Clays.

Notwithstanding the fact that the physical character-

istics of raw clay in all cases affect methods of manufac-
ture, and in many cases render the clay valueless for

manufacturing purposes, but little is known concerning

the methods of testing, and the resultant effect of the

several physical properties of raw clays. Correlation and
interpretation of the results of the several tests as made
toda.v is unsatisfactory and often impossible. The com-

mittee recommends, therefore, that the following tests be

made on clay, not because we think the tests may always
lead to valuable results, but because their importance,

when considered singly or collectively, is unknown.

(1) Mechanical analysis or quantitative subdivision

into grains of different sizes. In the manner of conduct-

ing the mechanical analysis, ceramists have followed the

soil physicist. Sufficient systematic work has been done
on the mechanical analysis to warrant the belief that, if

the method be so altered as to effect extreme differentia-

tion between the particles comprising the mineral mass we
call clay, prhaps the data so obtained would be of value.

Because clay is supposed by some ceramic students to be

composed largely of bundles or clots of small grains ce-

mented by salts that have differnt solubilities, which in

commercial working are not completely broken down or

disintegrated, but act in part as units in affecting the

working properties of clays, the mechanical analysis as

now executed may give misleading data. The committee

recommends that methods of mechanical analysis be em-

ployed with the idea of securing more extreme differentia-

tion between the grains comprising the several clays, as

well as of obtaining data for correlation with those ob-

tained in the other tests.

(2) Bondinii poircr. The researches which have

been made on the bonding power of clays have not yielded

results that can be con-elated. The committee therefore

recommends that this (|uality in clays receive careful con-



REPORT OK OOMMITTKE ON OO-OPEKATION. 767

sideration. Its importance in industries that use grog,

siind, potter's flint, and other non-plastics is sufficient to

warrant tlie investigation.

(3) Plasticity. This being the characteristic and

one of the most important properties of clays, it is deemed

essential that some means he devised to adequately mea-

sure and express in numerical not^ition the relative degree

to which the property is developed in the several clays.

In connection with the study of plasticity it is recom-

mended that the sub-topics absorption, dellocculation,

change in volume of individual particles, and viscosity of

tiie plastic mass, with and without treatment with varying

reagents, as well as the viscosity during and after drying,

should be investigated.

(4) The amount of water required to develop plas-

ticity as also that needed to permit of "dry-pressing"

should be determined. The amount of water that remains

in the pores after the plastic mass has attained its maxi-

mum shrinkage is also considered as being of possible value

in drying problems.

(5) The hygroscopic water, or the moisture that raw
clay will re-absorb by standing in the open atmosphere, is

considered to be of importance. Its consideration may at

least throw light on other data, even if not of practical

importance in itself. In this, standard conditions such as

the method of preparing the test pieces and atmospheric

conditions should be adopted.

(6) The porosity of the green test pieces should be

ascertained in order to obtain a basis for calculation of

the change of porosity noted later under pyro-chemical

changes. In this connection also we advise the study of

the percentage of pore space in green bricklets in connec-

tion with the strength, plasticity and drying studies.

(7) Specific gravity. The specific gravity of the test

bricklets, i. e., of the clay material comprising the bricklet,

is of importance, at least as a basis on which to calculate

the increase and decrease in specific gravity of that portion

of a saturated burned bricklet not occupied by the saturat-
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ing- fluid. It has been found that wheu accurately exe-

cuted, the specific gravity of the powdered clay in a pycno-

meter and that obtained on a bricklet, check one another,

so that either method will suffice, the latter being the

easier.

(8) Relative speed of drying. A study of the drying

behavior of claj's under standard conditions, in conjunction

with the other tests here suggested, is of considerable prac-

tical concern. In this connection a study of the capillarity

of green bricklets is considered by this committee as being

a possible means of obtaining information on the drying

phenomena of clays.

(9) Tensile, transverse, crushing and impact tests.

The strength of an unburned bricklet is due to the com-

bined influences of the several properties possessed by the

integral parts of the mass. In one sense, the strength can

be considered as effect, and such physical properties as

bonding power, plasticity, etc., the causes.

The several strength tests should be made on pieces

manufactured in the laboratory from a portion of the same
samples used in the other tests.

(10) Slaking. We are today without adequate or

standard method of testing this physical property of clays,

although its importance has been recognized for years.

(11) Heat conductivity. There are many phenom-

ena occurring in drying and in the early stages of burning

that are at present unexplainable. The committee suggests

the determination of the heat condictivity of raw clays

with hopes that the data obtained with throw some light

on the cau.se of these phenomena.

(12) Color, texture, hardness, etc. It is urged that

the several characteristic features of the raw clays in na-

tural lump form be observed and recorded, together with

all possible data on their areal and stratigraphic distri-

bution.
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B. Testing of Chemical Properties of Raw Clays.

(13) Ultimate analyfiis. The determinatioii of such

oxides as are common to all clays has been the principal

test upon which many have relied in attempting to exploit

the commercial possibilities of clays. Very little success,

if any, has been attained in this for several reasons, of

which the three principal ones are:

(a) Inability in all cases to interpret the data and
correlate them with the physical properties.

(b) Incompleteness of the analysis.

(c) Inability to ascertain the mineralogical combina-

tion present in the clay.

The committee recommends, therefore, that more de-

tailed analyses be made on the clays in conjunction with

the several other tests here recommended.

(14) Mineralogical analysis. Our so-called rational

analysis is very unsatisfactory in determining the minera-

logical composition of cla3"S. It is recommended that this

also be given careful attention with the idea of establishing

better analytical methods. The committee believes a criti-

cal study of the technics of clay analysis, both ultimate

and rational, will result in new and improved methods, the

determination of the true chemical and mineralogical char-

acter of the clay substance and of the impurities (which

are not the simple oxides given in analyses as made and
reported at present), and thus afford an explanation of

the present contradictory behavior of clays having practi-

cally the same ultimate chemical composition.

C. Study of the Pyro-chemical Behavior of Clays.

The physical properties of raw clays affect the be-

havior of the clay:

a. In working it, either by hand or in machinery.

h. In drying.

c. In the preliminary part of the burning or what
is termed the "water smoking period."
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The physical-chemical properties of the clays during

heat treatment affect only the behavior of the clay in the

actual burning processes. These properties are the effects,

having as antecedent causes the physical and chemical pro-

perties of the raw material. Having known this relation

for years, it is to be regretted that we are still unable to

trace, within reasonable error, the relation between these

causes and effects. It is on the burning properties of the

clay that the industrial uses must be determined. The
several considerations that the committee wishes to pre-

sent in this connection are as follows

:

(15) The study of the rate and temperature of ex-

pulsion of volatile matter from minerals, mineral mixtures

and clays, and the physical and chemical effect of this ex-

pulsion on the non-volatile material.

(16) Comparative rate at ichich the several clays

nan he hurned.

(IT) Heat conductivity of clays at the several stages

or burning.

(18) Rate of porosity and specific gravity changes,

measuring the same from the hydration period to period of

failure.

(19) Volume changes both apparent and true, i. e.,

in the mass as a whole, and in the constituent parts of the

mass.

(20) Rate and period of vitrification under oxidiz-

ing, and under reducing conditions.

(21) Ultimate fusion period under oxidizing condi-

tions and reducing conditions.

(22) Rate and period of viscosity or deformation

under oxi<lizing and reducing conditions.

(23) Amount and character of vesicular structure.

(24) Microscopic study of thin sections of clays

burned under different treatments.

(25) Thermal reactions, i. e., study of endo-thermic

and exo-thermic heat clianges during the process of burn-

ins.
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(26) Specific heat of the clays when burned at the

several temperatures.

(27) Development of color under various heat treat-

ments.

(28) Effect of speed of cooling as determined by

direct test of the ware burned in a test kiln, and also by
microscopic examination.

Study of Properties of Clay Ware Burned at Different

Heats and under Various Heat Treatments.

These studies are suggested as being of importance in

conjunction with the foregoing studies made on the same
pieces, or at least pieces made from a portion of the same
sample of clay.

(29) Coefficient of expansion and contraction. This

property in burned clay wares is of especial importance in

the case of paving brick and refractory materials. This

study should be made in the case of the refractory clays

at high as well as low temperatures.

(30) Abrasion test. Suitable test pieces should be

prepared, burned under different heat treatments and
tested for their abrasion strength. By this, not only the

ultimate abrasion strength would be obtained, but also the

heat range through which this maximum strength will be
maintained. This, the committee deems a very important
determination in conjunction with several other tests here

recommended. In this connection also the use of other

abrasion methods, together with that of the rattler test,

is urged.

(31) Transverse test. The committee recommends
that this test be executed on bars burned at different tem-
peratures, and under both hot and cold conditions.

(32) Distortion and rupture under load at high tem-
peratures. This, in case of refractory products, is of vital

importance.

(33) Frost resistance. This study is recommended
for all clays and on trials burned at different temperatures,
not wholly because in use they may be subjected to frost,

but as a means of testing their coherent strength.
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(34) Resistance to the disintegrating effect of fluxes,

including vapors. For clays, the products of which are

used in metallurgical processes, this test is of value. It is

a matter of chagrin that we do not know what properties

a clay must possess to withstand the disintegrating effect

of vapors, for instance in a zinc retort.

(35) Hardness. Because the hardness does not al-

ways parallel the other physical properties of burned clay

wares, the committee recommends this test for considera-

tion. There is at present no adequate method employed
in the United States for testing hardness, and, therefore,

the committee considers that it should be within the pro-

vince of this proposed laboratory to devise and standardize

such a test or to adopt or modify the hardness test used at

the German Government Testing Station at Charlotten-

burg.

(36) Heat conductivity. Of this property very little

is known, but its importance is realized.

(37) Exponent of radiation. This is one of the fac-

tors that affect the distribution of heat in kilns throughout

the ware, and in metallurgical furnaces. Its value in con-

nection with the problems of pyrometry is obvious.

(38) Porosity and specific gravity. These determi-

nations should be made where practicable on all test

pieces either before or after subjection to the other tests

here listed.

(39) Rate of absorption. This is considered by many
ceramists and engineers as being of more importance than

total percentage of absorption or porosity.

(40) Induced porosity. As affected by the introduc-

tion, in the raw state, of carbonaceous matter having var-

ious sizes of grains.

(41) Effect of carbonaceous matter added to the raw
clay on the various physical properties of burned clay.

(42) Effect of dilutions by grog of the various kinds

and sizes of grains on the several physical properties of

burned clay.
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Industrial Tests ou ('lays.

Under this heading tlie committee recommends such

tests as it deems would exploit the commercial phases of

clays, or which would be of direct benefit to the manufac-
turer.

(43) Flow of clays in dies. This is a very important
proposition to every manufacturer who uses what is known
as the "stuff mud process." The proceedings of the

National Brick Manufacturers Association are replete with
discussions on this subject; our trade journals have pub-
lished series of articles on some of its phases, and yet there

is but little concrete data on the subject, the published
literature being mere compilations of opinions ofpractical

men.

A few of the more important phases of this subject are

here listed

:

a. Power expended in forcing the clay through a die.

b. Differential flow or lamination of the clay in the

die.

c. Relative merits of the various lubricants. .

d. Effect of cores bridged by various methods.

(44) Extent of consolidation hy pressure.

This test contemplates the study of the changes in

density of wares formed.

a. In dry press molds,

b. In stiff mud dies,

c. In re-press dies.

For the execution of the above and similar industrial

tests on clays, the committee recommends the installation

of full size machines, presses, etc.

Industrial Tests on Clay Products.

After carefully considering this phase of ceramic test-

ing, the committee makes the following recommendations

:

(a) That all tests on commercial products be made
on wares manufactured at plants and by firms who are
regularly manufacturing the same.
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(b) That the ware be secured at the same time and
from the same plant at which the clay samples are taken

for the foregoing scientific and industrial tests.

(c) That the efforts or funds of this proposed labor-

atory should under no circumstances be expended in the

manufacture of wares on a commercial scale for use in

these industrial tests.

The above recommendations are made because, first, it

is believed that the object of the installation of this labora-

tory would be defeated if the burden of making wares for

testing be laid upon it. Second, that it would be impos-

sible for any one laboratory to manufacture the several

kinds of clay wares on a basis that would be economical of

time or money, or comparable to similar wares on the mar-

ket. In short, that it would be futile to establish an indus-

trial plant with the object of manufacturing clay wares
for purposes of formulating tests on the various clay pro-

ducts.

The only recognized standard method of testing clay

products is, the rattler test for paving bricks is brought

forward by the National Brick Manufacturers' Associa-

tion. Even in this, there still remains much work that

must be done, before it can be brought to a satisfactory

degree of efficiency. Many unsolved problems in this con-

nection suggest themselves to the committee, but this is

not considered the place for their determination.

The following are some of the more important tests

that the laboratory should standardize and make on the

several clay products. It is obvious that all the tests here

mentioned are not suitable for all clay products, but it

would be futile at this time to go into details as to the tests

that should be made on each and every kind of clay

product.

( 54 ) a Strength,

1. Abrasion,

2. Crushing,

3. Transverse,

4. Frost resistance.
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b Refractoriness^

V Porosity,

(1 Permeability,

e Expansion and contraction.

For a few of tlie clay products, notably fire proofing,

sewer pipe, drain tile, roofing tile, there are no adequate

methods of testing. The committee recommends to this

laboratory the formulation of tests suitable for each of the

several types of clay products.

CONCLUSION.

In all the foregoing recommendations, we have kept in

mind the two fundamental ideas stated in the introductory

paragraph.

1st. That this laboratory should be general in its

scope ; scientific, rather than industrial.

2ud. That the study of the occurrence of clays, or of

clay deposits as such, should be left entirely with the other

Federal and State organizations, and not be taken up in

this connection.

Respectfully submitted in the name of the American
Ceramic Society,

Richard R. Eice, Chairman,
Ross C Purdy, Secretary,

n. A. Wheeler,

Heinrich Ries,

A. V. Bleiningcr,

Columbus, Ohio, May 1st, 1907. Committee.
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II. RECOMMENDATIONS TO THE STATE GEOLOGICAL
SURVEYS

To the Directors of the Geological Surveys of the several

States

:

The undersigned committee of the American Ceramic
Society in session at Columbus, Ohio, March 22-23, 1907,

formulated a series of recommendations to the United

States Geological Survey and to Geological Survey Organi-

zations in the several States. The recommendations to

the United States Geological Survey were to the effect that

it should confine its attention to purely scientific and
technical studies on clays in general, without attempting

to study the occurrence or distribution of clay deposits.

To the State Surveys it desires to suggest that their

labors in the field of the economic geology of the clays

should for the present be confined to the study of the

stratigraphical and areal occurrence, and the present and
prospective commercial value of the clays within their re-

spective areas.

The present and prospective commercial value of clays

can only be reached by the application to them of certain

tests. These tests are at present very variously applied

—

sometimes thoroughly, but generally with but little system

or skill, and the tests made are very unevenly distributed

so that much fundamental information is not obtained, and
much information of little or doubtful value is furnished.

The committee desires to recommend the use of the follow-

ing scheme of testing, as furnishing at this time the infor-

mation most directly useful to the ceramic engineer or

practical clayworker, when attempting to take advantage

of the geological report of the clays of any area. Without
doubt such a scheme will be found too limited at some
future date, but for the present it is believed by the com-

mittee to bo as full as the states can properly attempt.

The principal uses of clays being for the manufacture

of burned clay goods, the tests here recommended are such

as determine the availability of clays for such products,
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autl the special uses of clays for other purposes are not

cousitlcrcd. The exaiuiiiatiou of clays for such uses as

conicnt niaiiufacture, paper making, etc., is of a more local

value, and should, at least in most cases, be made in con-

nection with the study of such special subjects.

The following are the recommendations in detail

:

Areal and Stratigraphic Work.

This should be thorough. The committee realizes

that in this, the several surveys have been as diligent as

circumstances permitted.

Sampling.

In the proper collection of samples, the collectors

have often been unsuccessful because they have failed to

appreciate the practical importance of not obtaining nus-

leading specimens, weathered outcrops, or particular por-

tions of an unhomogeneous formation. To do this work
well, the collector ought to have some knowledge of indus-

trial requirements, before attempting to select samples on

which to base conclusions as to the commercial possibilities

of the several formations and deposits.

AVhere a large vertical face is exposed, a composite

sample from the several parts of the fact should be made.
Tu this, the over-burden or stripping should not be in-

cluded, unless it is thought to have value as a separate bed.

If there are striking differences in the several strata

or portions of a deposit, samples illustrative of each should

be taken. The over-burden, if any, should be sampled sep-

arately, and its character carefully noted.

Developed vers^(s undeveloped deposits. A larger

portion of the State Survey work should be spent on unex-

ploited deposits, and less on developed deposits than has
heretofore been the practice.

Amount of samples. For practical purposes, at least

50 to 100 pounds of the composite sample should be taken.

Testing of the samples. In recommending the follow-
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iiig tests on clays, the committee has kept in mind the prac-

tical value, in light of our present knowledge, of the several

tests.

Properties of Raw Clay.

(1) Plasticity. The most practical and successful

method so far devised for determining the relative plas-

ticity of clays is to test the clays by feel. Reference mix-

tures should in all cases be made up of well known clays

and non-plastic material, the proportions being noted and
the amount of water, (including the contained water) re-

quired to develop maximum plasticity reported.

(2) Water of Plasticity. The amount of water re-

quired to develop plasticity should be determined in all

cases.

(3) Drying and burning shrinkage. For practical

purposes linear shrinkage is the more serviceable, but ow-

ing to the large possibility of error attending its finding,

the committee advises the determination of the cubical

shrinkage and calculation of the linear from the cubical.

Practical tests have shown that by this means far more
accurate linear shrinkage data can be secured than by

direct measurements, unless test pieces at least ten or

twelve inches in length be employed.

(4) Mechanical analysis. Because of inability to

interpret the detailed mechanical analysis as now made by
the centrifuge and other methods, the committee suggests

that for all practical purposes a quantitative determina-

tion of the percentage amount of detritus left on the 40,

100 and 200 mesh screen is sufficient. For this analysis,

the clay should be thoroughly slaked before placing on the

screens.

(5) Other tests. Aside from the tests described

above, the following observations should be carefully noted

and recorded

:

b. General characteristics as to hardness, uniformity

of texture, etc.
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V. Rate and extent of slakinji in the powdered form

as used in the mechanical analysis.

Drying Properties.

(6) Sizi- of hrivkettcfi. To test the drying properties

we recommend that several hricklets of the following sizes

be made up, by the plastic process, and dried at various

rates

:

25x 25x100 mm.
50x 50x200 mm.
100x100x300 mm.

Although this is a very important determination, it

has in the past seldom been given much consideration. We
believe that if properly executed it will prove to be of

considerable value to the clay workers.

(7) Rate of oxidation. Clays differ in the rate at

which their contained carbon and sulphides oxidize in the

kiln. In some cases the burning of the carbon is attended

with serious danger because of the development of exces-

sive heat and, when not oxidized before the vitrification

period has been reached, distortion of the ware.

(8) Vifrification rate. In a few of the late State

Geological Survey reports, notably that of Iowa by Beyer

and William.s, and of Wisconsou by Ries, attention has

been given to this most important consideration. The
committee recommends, however, tliat this test be carried

out in greater detail than has been the practice in the

past. By burning three sample bricklets of each clay,

25x25x100 mm. in size, at each of the cones 010, 08, 06, 04,

02, 1, 3, 5, 7, 9, 11, then plotting the average percentage

porosity of the three bricklets as ordinates, and tempera-

ture as abscissa, there will be obtained for each clay a

graphic representation of the changes in degree of vitrifica-

tion that will tell much concerning its commercial possi-

bility for many kinds of wares. The State Geological

Survey of Illinois developed this test in this detail, and
has found it exceedingly advantageous.

A. C S—

W
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(9) Specific gracity. A study of the rate of decrease

in specific gravitj with increased heat treatment reveals

the extent to which yesicular structure is developed in the

clav, as well as the extent of vitrification or partial fusion,

and thus, indirectly the probable strength of the burned
ware.

(10) Hardness. The committee recommends that

the hardness of the bricklets burned at the different cones

be tested by a knife blade and reported on Moh's scale.

(11) Burning. The committee advises strictly

against the use of small laboratory kilns. A firing chamber
smaller than 4 cubic feet should not be used.

Kilns, easy of manipulation and of low cost ($175.00)

are now manufactured, which, while not perfect, have been

found very satisfactory for such tests as are here recom-

mended. In this recommendation the committee does not

mean to discredit the work done in the past with strictly

"laboratory" kilns, but the advantages of a properly con-

structed larger kiln, especially where a number of clays

are under study, as is the case in a State survey, are so

great that the best should be used.

Chemical Analysis.

The tests given above are those which show the value

of a clay for practical uses. Chemical analysis of clays is

not recommended therefore, except in those cases where
some peculiar phenomena have been noted, indicating some
unusual composition or impurities. In such cases, a chem-

ical analysis may be of value, as also in the manufacture
of special kinds of goods.

(12) Judging hy analyses. The committee wishes

to discredit any supposed ability to judge the commercial
possibility of clays by eye inspection of raw samples.

(13) Other tests. In the above list are included only

those tests which have a value commensurate with the

labor and time involved in their execution. There are

other tests, notably the tensile strength and bonding power
t>ests, which give results that reveal important properties.
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Owiiigj, however, to tlie fact that the uuinerical data ob-

tained by these tests as now made do not describe more

accurately or definitely the very properties which they are

designed to show than would a personal opinion of the

operator, the coniniittee does not recommend them to the

State Geological Surveys.

WHAT SHOULD A STATE SURVEY REPORT ON CLAYS CONTAIN?

The committee recommends that the text of a report

on clays should contain

:

1st. Exposition of the general, theoretical and tech-

nical phases of the subject of clays.

2nd. General description of the various methods of

manufacture, and machinery used in each.

3rd. No detailed! description of operating plants.

4th. Detailed description of methods of testing em-

ployed in obtaining the data given in the report.

5th. Thorough description of the areal and strati-

graphic distribution of the clays, and to some extent that

of fuels of the state.

6th. Discussion of the merits of the clay products

manufactured within the state boundaries, together with

tests of same.

For the information of the State Surveys, the recom-

mendations of the Committee to the United States Geolog-

ical Survey as to the part which it thinks that organization

should play in the development of this subject, are ap-

pended. Those recommendations place upon the Federal

organization the task of making standard methods of test-

ing and making the extensive researches incident thereto,

but do not call upon it to attack the problems of a strati-

graphic, areal, local economic or industrial nature.

Respectfully submitted in the name of the American
Ceramic Society,

Richard R. Hice, Chairman,
Ross C. Purdy, Secretary,

H, A. Wheeler,

Heinrich Ries,

A. F. Bleininger.



NOTES ON THE RATIONAL COMPOSITION
OF CLAYS

BY

Heinrich Kies^ Ithaca, N. Y.

I have read Prof. Binn's paper with much interest,

and agree with many of the facts which he sets forth.

There are, however, one or two points to which it may be

of interest to draw attention.

Some years ago, Jackson and Rich,* in a paper on the

Proximate Analysis of Clays, found that the feldspar was
slightly decomposed by the acid treatment, and curiously

enough to the same extent, as noted by Seger, viz., 2.24^.

f

They pointed out that no mention was made by Seger,

Bochmann or Langenbeck, of the strength of the alkali to

be employed in the proximate analysis, nor the length of

time the action is to proceed. Thus they found that in

"warming" for one hour with 5% caustic soda, 2.4 percent

of silica and 1 percent of alumina were extracted fr<mi the

feldspar, and on a second treatment 1.4 percent and 0.4

percent respectively. It therefore appears that 5 percent

caustic soda not only dissolves the silica separated by the

sulphuric acid, but even attacks the feldspar. This, they

think, may account for the high results of Langenbeck.

Further, they believe that the difference in results

obtained in different clays may be due to the different

degree of fineness of the feldspar. To test this point, they

took the very finest portion of an elutriated feldspar, and
mixed it with a plastic clay, (which on rational analysis

had shown no feldspar contents), in the proportion of 0.5

grams clay, and 0..5 grnms feldspar. This mixture was
rationallv analvzed, tlie alknli solution containins: one

»Jour. Soc. Ghem. Indus. Dec. 31, IIXR). p. 1087.

tSeger, Ges. Schr. I, p. 4'i

772



KATIONAL COMPOSITION OF CI-AYS. 773

percent of caustic soda, and boiling being carried on for

some minutes. The feldspar which passed into solution

after three treatments with acid and alkali was 21 percent,

and no end point was reached. Other experiments, using

variable proportions of clay and feldspar, gave 30% and
35.66 percent soluble feldspar respectively.

It is certainly true that we get rather wide spread

discrepancies between the composition as indicated by the

rational analysis, even in the case of high grade clays,

which are supposed to consist mainly of kaolinite (or some
related hydrous aluminum silicate), feldspar and quartz.

If only these three were present, and the commonly ac-

cepted method of rational analysis w^ere correct, the com-

position as determined by it and that calculated from the

ultimate analysis should agree. As Prof. Binns has shown,

and as many others have no doubt noticed, they do not.

]\Ioreover, the calculated results sometimes seem to be the

more reasonable.

Right here, however, w^e must consider another thing.

Is it safe to assume that all the potash belongs to feldspar?

It does not seem to me that it is. Many kaolins (and by
this term I refer to w^hite-burning residual clays), and
some white-burning sedimentary clays show an appre-

ciable quantity of mica, and the question arises whether
this should not be recognized individually, just as much
as the feldspar.

If the clay contains the muscovite or potash mica,

some of the potash must belong to this. I do not believe

now, that this mica should be lumped in with the kaolinite

substance, for it differs from it in plasticity, and refractor-

iness (the more so, the finer it is) . Clays containing much
of this very finely divided mica, are lean, and have a pecu-

liarly soapy feel.

In the rational analysis, it is doubtful just how much
mica is attacked by the acid treatment, and moreover the

different species of mica are not all equally affected. Mus-
covite is said to be but slightly decomposed, but for that

matter, the same has been said of feldspar. So whether it
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is decomposed or not, it is incorrect to place it with either

clay substance or sand. But there are other micas, which
might be present, such as Lepidolite, Biotite, Phlogopite,

or even Paragonite. The first of these is not completely

decomposed, and the second and third are.* The effect of

acid on the fourth is not given by Dana.

So right here we have several minerals which are

affected to at least some extent, and which should not be

put in with the kaolinite.

It is of course difficult always to tell on inspection how
much mica a kaolin contains. The tiny scales easily catch

the eye, and it is apparent in some cases that much may be

present. As to the possibility of distinguishing mica from
kaolinite under the microscope, we find it an exceedingly

difficult proposition. Such an eminent authority as Kosen-

buschf states that the optical behavior of kaolinite is very

similar to that of muscovite, and it can only be distin-

guished with certainty from colorless mica by chemical

reaction to prove the absence of alkali ; its specific gravity

cannot be used to advantage because of the micaceous form
of both minerals.

In this connection the following analysis of a washed
Virginia kaolin, which shows considerable finely divided

mica, is not without interest

:

SiOj 46.38

AI2O3 39.96

Fe202 0.79

CaO 0.44

MgO ... 0.05

K2O 1.80

Na-iO 0.20

TiOx 0.28

H2O .... 10.26

99.98

Dana, Sys. of Min.

t Physio graphy of the rock making materials. Iddings txanslation,

i8«9, p. 820.
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We see here that while the percentages of silica and

alumina are somewhat close to tlioso required for kaolinite,

the percentage of chemically combined water is too low. It

is easily conceivable that with some muscovite and perhaps

a little quartz present, that we might get a composition

similar to that given before.

Another point which we must not overlook is the feld-

spar species present. It is not safe to assume that all the

feldspars present are orthoclase, for all kaolins are not de-

rived from orthoclase granites, or pegmatites (quartz and

orthoclase feldspar). The kaolin of Rone, Denmark, is

formed by the decay of an igneous rock containing both

orthoclase and plagioclase feldspar, and Vogt* has de-

scribed a Norwegian kaolin which has originated by the

weathering of labradorite. The analysis of the fresh rock

I, partly weathered material II, and kaolin III are given

below

:

I II ni

Si02 54.5 60.03 47 72

AI2O3 ....27.0 28.60 87.40

FeaOs 2.6 1.62 1.69

GaO 9.0 4.21 0.23

MgO 1.0 2.95 0.11

K2O 1.0> |0.44
NazO 5.0/ ^ ^"

I 0.76

HjO 11.90 11.66

The labradorite being a lime-soda feldspar, it is not

surprising to find more soda than potash present, but in

the decomposition, most of the lime appears to have been

removed in solution.

Now according to Dana, the plagioclase feldspars, are

many of them, slightly attacked by acids. How much so,

he does not state, but perhaps even more so than orthoclase.

A third point to be cleared up is the degree of solubil-

ity of the several hydrous aluminum silicates, such as kao-

linite, pholerite, halloysite, etc., which may be present in

clay.

Amer. Inst. Min. Enge. Trans XXXI, p. 161, 1902.
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In conclusion, 1 think it is safe to say, that with so

much uncertainty as evidently exists regarding the solu-

bility in acids of the minerals which may be present in high

grade clays alone, we cannot attempt to work out a satis-

factory method of rational analysis, until these prelimi-

nary matters are settled. The writer has some experiments

under way, which he hopes to have ready for presentation

to the society before long.



DISCUSSION ON URANIUM OXIDE

BY

L. H. MiNTON^ Perth Amboy, N. J.

Mr. Riddle, in his article on uranium oxide* gives us

some interesting experiments on its coloring power. In

my use of uranium oxide, no attempt has been made to

determine the chemical composition of the substance. The

ordinary commercial oxides were used and the formula

U3O4 with a combining weight of 524 was assumed.

The glazes given below are types selected from work

undertaken at different times and in different connections,

to match some color which happened to be needed.

The different glaze composition, together with notes

and results, appear in the table on pages 778-779.

All of these glazes were made up in full batch weights

in grams, and ground in pebble mills. Several of them

were made up at different times in several gallon lots and

used for stock colors.

For the fritted glazes mentioned, the fritt was made
up in several pound batches, and fritted in regular fritt

kilns.

j
All glazes for which natural gas was the fuel were

bilrned in saggers in a regular down draft wall-tile kiln, on

porous white biscuit tile body. Those glazes for which coal

was used, were burned in terra cotta muflBle kilns, samples

being made on tiles and on terra cotta body over an engobe.

Very little, if any, difference was noted in the color pro-

duced on the two bodies.

*Tran8. A. C. S. Vol. VIH, p. 210.

777
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The following deductions may be drawn, some of

which are in accordance with Mr. Kiddie's results

:

1st. The orange color is produced by the presence

of lead, and the depth of color is in proportion to the

amount of lead. This effect of lead on uranium oxide is

not strange, however, for this same effect on other coloring

oxides has often been noticed, especially in the use of cop-

per. Copper in a glaze free from lead gives a turquoise

blue or turquose green, and it is not possible to get the

same rich green without lead as with it. I have noticed

this particularly in matt glazes free from lead, and in

fritted glazes in which BaO is substituted for PbO—the

copper always having a blue shade.

From these trials it is evident that yellow uranium
oxide is preferable to the orange or black. Yellow oxide

gives the clearest color, is slightly cheaper than the or-

ange, and less than half the cost of the black oxide.

2nd. It seems that the lemon yellow is not produced

by either boric acid or the alkalies. It is first conditioned

upon the absence of lead. That a stronger lemon color is

produced by higher equivalents of boric acid is simply due

to the greater capacity to take the color into solution, and
the natural tendency of uranium oxide is to produce lemon

or greenish yellow, depending upon the amount of oxida-

tion or reduction.

Notice that No. 4, a fritted glaze, requires 25% U3O4
before it shows strong signs of segregation, while No. 9,

a raw glaze high in lead, requires only about 10% for the

same degree of saturation.

Nos. 13 and No. 14 containing no lead and no boric

acid, will not take into solution as much uranium oxide

as a raw lead glaze, and a true matt glaze, containing no

lead, takes still less.

My experience with a large number of matt glazes

containing no lead shows that they require only about

75% of the amount of any color that a lead glaze requires

to produce the same depth of color.
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3r(l. No. 13 demonstrates that B2O3 is not necessary

to produce lemon yellows.

No. 14, of which large amounts have been used, proves

that U3O4 is available for colors at high temperatures, but

it is very tricky.

4th. Mr. Riddle states that, because he found .006 eq.

UgOg to give a strong color, he considers erroneous the

statement by Cunynghame, that uranium has a feeble color-

ing power. This is misleading. When looking at that

O.OOC ecjuivalents, we must not lose sight of the high mole-

cular weight used—848. 0.006 eq. U.^Og at 848 molecular

weight is equal to 0.0644 CuO at 79 molecular weight, or

to 0.0677 NiO at 75, and the depth of color of 0.006 V^Os
is not nearly equal to 0.064 CuO or 0.067 NiO. In glaze

No. 4, 10% or 12% TJ3O4 is necessary to produce a deep

lemon yellow, equal in depth of tone to a green produced

by 3% CuO, and as, commercially, uranium is purchased

at a rate per pound, and not per equivalent, it necessarily

must be considered as a weak coloring oxide.

5th. The most noticeable feature about these glazes

is the results from No. 11 and No. 12 when burned under
different conditions. No. 11 burned in saggers, with gas,

always came out yellow, and with all my experiments

using gas, no signs of the color turning greenish have ever

occurred. No. 12, burned in a muffle kiln with coal, has

invariably come out a deep olive green, with only a faint

yellow tinge to it. It seems certain that this color is pro-

duced entirely by strong reduction. All my experiments

tend to convince me that U3O4 is a very uncertain and
tricky oxide to use where burning with soft coal. There
is always a tendency to turn green. However, we have
been successfully producing a fine yellow matt at cone 7,

which is neither lemon nor orange, but I have found it

necessary to use another coloring agent to hold the TJ3O4

uniform.



DISCUSSION ON THE SO-CALLED ZINC CRYSTALS

BY

L. H. MiN'roN^ Perth Amboy, N. J.

The article by Mr. Riddle* on zinc as a crystallizing

agent is chiefly interesting from the fact that it illustrates

what can be done at lower temperatures than are usual in

producing crystal glazes.

About two years ago, in the course of a large amount
of experimenting with a view to securing a fritted matt
glaze, the writer succeeded in making some very fine crys-

talline glazes by using ZnO alone.

The base glaze used in these experiments was entirely

different from any used by Mr. Riddle, and disproves his

statement that "it is essential that a fritt should be used

free from alumina." The glaze used was a fritted boric

acid glaze, having .18 AlgO., and about .45 PbO, made in

the usual manner >Wth spar, clay, etc., and maturing at

cone 02.

In the different series made up, there were produced

glazes ranging from those having a faint border of needle

crystals to a dense, heavy, matted surface of the bar-shaped

crystals. The best results were secured from a colorless

glaze, supersaturated with raw ZnO, burned rapidly to

cone 02 in a muffle gas test kiln, and then cooled very

slowly under oxidizing conditions.

Circular, fan-shaped, or frost-like crystals were

formed over the entire surface, about I/2" to %" in diame-

ter. An attempt was made to make the same glazes by

fritting the ZnO in with the regular glaze fritt, but we
were never able to produce the same large crystals obtained

from the raw ZnO. The best results from fritted ZnO

•Trans. Amer. Oer. Soc, Vol. VIII, p. 386.

789
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were tTyst«ils about %" to 3-lC in diameter, but they were
all round and perfect, resembling; snow crystals, making
a very pretty matt effect.

Experiments with different colors indicate that the

best method is not to add the coloring oxide to the glaze;

itself, but to add it to a similar glaze without the ZnO,
using this as a ground coating and then covering it with

the colorless crystal glaze. The crystals seem to cause the

color to segregate somewhat in them, forming a beautiful

contrast with the background.
It does not seem that crystal forming glazes are con-

fined to any one special type. The glaze should be capable

of holding in solution large amounts of ZnO, and then

with the proper degree of saturation attained, the glaze

should be cooled as slowly as possible in oxidizing gases,

and crystallization will ensue.



NOTE ON THE METHOD OF PLACING
SEGER CONES

BT

L. H. MiNTON, Perth Amboy, N. J.

Regarding the method of setting up cones for kilns,

mentioned by Mr. Ogden,* it may be of interest to some to

know just what is used for that purpose.

For a long time, it has been my custom to stick the

cones on top of a dried piece of claytile, instead of into

wet clay. For low cones, Albany slip alone is used, for

high cones, from 5 or 6 and up, a mixture of % China clay

and % Albany slip. This method gives much more satis-

factory results, as the base of the cone is held firm instead

of becoming loose through shrinkage of the clay used to

support it in the common practice.

In reference to the boiling of cones at the base, I do

not think the wet clay has anything to do with it.

For several months, off and on, during which I care-

fully noted the falling of cones .06 up to cone t, all of

which were set on dry tiles with Albany slip, I do not

remember of one instance in which the cones did not puff

out at the base before the tip started to curl, and we always

took this puffing out as an indication that the tip would
soon start. The puffing always took place on the broad

side just where the cone is stamped.

•Trans Amer. Cer Soc, Vol. VIII, p. 166.
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A SIMPLIFIED METHOD OF GETTING THE
COST OF WHITE WARE

BY

Thomas GRxVY, East Boston, Mass.

My simplification principally consists first, in includ-

ing cost of mould making, and sagger making and stock,

in the dead or general expense; second, taking the cost of

firing saggers per hniifj, with number of saggers to a bung,

and estimating the actual contents of each sagger, rather

than by figuring its cubic contents and calculating the cost

per sagger, according to the number in each bung.

This process of ascertaining ''pottery cost" is a slow,

tedious and "poking" investigation, but the investigator

will often learn about some things he ought to know.
After making up my figures for biscuit and gloss kiln,

and "dead" or general expense, I compared them with those

of Mr. Mayer in Vol. 2, page 160, and those of my late part-

ner, L. W. Clark, who died ten years ago, and found they
were all practically the same. Mr. Clark based his figures

on cubic inches, the same as Mr. Mayer, while I am content

to use square inches, and estimating the actual contents of

each sagger. For instance, if a sagger contains 4 scallops,

1) in., 4 Nappies 8 in., 2 Scallops 6 in., and 2 Cups, and costs

as a whole 12c, the cost proportioned to each must be, 9 in.

Scallop, 5I/2C ; 8 in. Nappies 4i^c ; 6 in. Scallop ll^c ; Cups
IV2C, or, 9 in. Scallops I6I/2C per dozen; 8 in. Nappies
13i^c per dozen ; 6 in. Scallops 9c per dozen ; Cups 9c per
dozen. A sagger with two chambers 9 inch; two each of

24's, 30's, and 36's bowls and cups, can be proportioned off

the same way.

I classify my expense items as follows

:

785 •

A.r. S.-51.
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Biscuit Kiln Expense

Setting Kiln

Wad Clay and
Attendance

Preparing, Firing and
Cleaning

Fuel and Sand

Drawing

Loss on Saggers

Loss on Clay Ware
and Biscuit

Total $160.00

88 Bungs, Common
Oval Saggers
makes per
Bung 1.81

20 Saggers per Bung,
makes per Sag'r0.09

Gloss Kiln Expense

Setting Kiln

Wad Clay and Labor,
Sagger Clay

Preparing, Firing
and (.'leaning

Coal and Wood, Glaze

Bitstone, Stilts, Pins

Dressing,Packing, etc

Dipping and Labor
Drawing Kiln

Loss on Gloss Ware
and Saggers

Teaming

General Expense

Total .$-:60.00

83 Bungs, Common
Oval Saggers
makes per
Bung 3.00

20 Saggers per
Bung, makes
per Sagger . O.IB

Salaries, Interest

Taxes, Water and
Insurance

Engineer, Watch-
man, Mouldmaker

Plaster, Teaming
and Straw

Bents and General
Expense

Sundry Expenses

Fuel for Boiler and
Stoves

Total.... $1600.00

75 Gloss Kilns per
Annum, makes
per Kiln. .$200.00

The above figures are g^ven to make my idea as clear

as possible, and not as representing our actual costs. Find-

ing the square contents of a bung, it is easy to get the cost

per square inch, by wliicli the other sizes can be reckoned.

The cost per sagger will, of course, vary according to the

number of saggers per bung.

I found by actually placing in a kiln 1 could get 83

bungs of common oval saggers, and getting the square

contents of a bung and cost, you can easily figure the other

sizes on that basis.

I have made copious rates of the contents of different

saggers so as to know the actual pieces contained in them,

and from these a list giving making price, pounds of clay

to a dozen pieces, cost of clay, cost of firing biscuit sagger,
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cost fii'iuj< jjioss sagger, and cost dead expense per dozen,

was tabulated as per example:

—

Nappies, 6 in.

Nappies, 6 in.

Nappies, 7 in.

j_

V t) DC tl-OAm ac 0.H

bs
l« u w V c

WU3 SqsU o O

oJS

g c „

K O O o
H tfjflk

The dead expense per kiln will of course vary accord-

ing to the number of kilns that are drawn, but in an estab-

lished business they can be anticipated very closely, so that

the calculations do not err greatly on this item.

Another list was also made, which I found very con-

venient for price per bung, and per sagger.

Cost op Biscuit Saggers.

SiZK IN Inches

Number to

Bung
Cost per
Bung

Cost per
Sagger

Style Sagger
Cross
Section

Height

Capacity

Coffin

Coffin New..

20^ X 11

21 X12 9

6i

12|

7

7i

24J

20

39

27

18

24^

24i

Cup

Bed Pan . ... .

•

Cuspador .

.

Nappie, 11 in.

Plate, 7's

12^ diam

14^ diam

131^ diam

A similar table was made for gloss saggers, but this is

much more intricate, on account of the greater number of

A list of the number of saggers in thestyles of saggers,
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bags, first ring, second and third ring and center, with the

number of feet high in the kiln for each ring was also made.

In fact, when one gets into an investigation of this kind,

there is no limit to tables and guides that can be con-

structed.

One very important feature for a reduction of cost is

to carefully observe in both biscuit and glost setting, how
much is placed in each sagger, to see how near it can be

brought to II.OO for each sagger full, reckoned at 50%
discount. You will often find that with some judicious

supervision, the output can be considerably improved.

The loss of saggers can be easily taken by counting

the breakage while drawing, and also breakage of the next

kiln while being "set in," and the purchase price will easily

determine the expense.

For mould making I take the cost of plaster purchased

during the year, and the amount paid the mould maker,

making due allowance for any extra work he may do.

To prove the figures, take the full amount of your
expenses, and purchases of stock, and see if the sum total

equals to totals of

Number of Biscuit Kilns at your estimated expense.

Number of Gloss Kilns at your estimated expeni^e.

Number of Gloss Kilns at your dead expense.

I hope I have made myself clear in these statements.

The most of the figures are given by way of illustration, not

as actual figures.



NOTE OR DISCUSSION ON RELATIVE COST OF
FIRING BISCUIT AND GLOST KILNS

BY

Thomas Gray, East Boston, Mass.

The following figures were originally compiled more to

introduce this topic for discussion than to be submitted

as the basis of a paper.

Six years ago, a well known kiln builder of Trenton

informed me that he had patented a kiln which could be

fired with about seven tons of coal, and that his special

features could be applied to any regular kiln. I have not

secured his attachment yet, but have fired my regular up-

draft kilns with results which compare favorably with the

results he claimed. Last year (1906) we fired a 17l^ foot

biscuit kiln with 11 fire boxes, and a I6I/2 foot glost kiln

with 10 fire boxes, using 20 tons of coal altogether, or about

12 tons for one and 8 tons for the other. The exact distri-

bution between the two is not known. The coal was brought

to the place by the coal dealer in wagons, so there is no

likelihood that the amount used exceeded his wagon
weights—20 tons. We use bituminous coal, and fire to cone

8, for biscuit ; and cone 7 for glost.

Two weeks ago I fired a kiln with very different re-

sults. It had been standing idle two months and the

weather was very cold—near zero—and the ware was not

as dry as we could wish. We used 17i/^ tons coal. In 1904,

when we were firing often and the kilns were kept warm,
we used as per table below

:
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DISCUSSION.

Mr. Goodwin'. The data upon which I have been

working was recently lost by fire. I have not had oppor-

tunity since to make any further figures. I have here

merely the measurements of one biscuit and one glost kiln,

and the amount of gas it took, cost of placing, etc., and 1

will give those figures. The ware was semi-porcelain.

Data on No. I Biscuit Kiln, Columbus Pottery Company.

Average diameter 16 feet, &% inches

Average height at spring of the arch 14 feet, 6^^ inches

Height, crown to well hole 17 feet, 0\l inches

Total contents in cubic feet ^^383

Time allowed for placing (212 cubic feet being
reckoned as a day's work ) 18 days' work

Contents. Average dozens of ware (from five consecutive
loadings) 3314

Average loss in dozens (from five consecutive loadings)
after brushing 80

Gross valuation of average contents (same five loadings) $3790.07

Gross amount loss from breakage (same five loadings) 183

Saggers thrown out in drawing 11

Costs. Placing.

Bench boss b\ days at $2.60 $13.76

Journeyman kiln hand, 6 days at $2.00 10.00

Apprentice kiln hand, 5i days at $1.35 7.43

$31.18

Firing, labor 4.50

Odd work 4.50

Drawing. Eight men 14.26

Emptying in ware-room from kiln 4.00

Smoking kiln 2.00

Wads for placing saggers 3.50

Gas for firing 37.50
70.26

Temperature in firing, cone seven.

Data on No. 6 Glost Kiln, Columbus Pottery Company.

Average diameter. 16 feet 0,*^ inches

Average heighth to spring of arch 14 feet 9i% inches

Height from crown to well hole 17 feet 2% inches

Total contents in cubic feet 3224

Time allowed for placing (162 cubic feet being reck-
as one day's work, by agreement with the
National Brotherhood of Operative Potters) 20 days' work
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Contents. Dozens of ware (average of two loadings) 1916.00

Average value from gross list price $2506.06

Average value of thirds and lump (data destroyed in fire)

Average saggers broken and thrown out in emptying kiln 11

Costs. Placing, as above, allowing 2>^ days extra for pin ware bungs,

placed in first ring of kiln.

Bench boss, i}4 days at 12.50 $11.26

Three journeymen, 13>^ days at $2.00 27.00

Apprentice, 4>^ days 6.08

$44.33

Firing labor, night 2.00

day 4.00

Drawing, eight men 14.26

Brushing ware before dipping, sponging and
taking off for dipper 18.24

Dipping 14.68

Wads for placing saggers 5.00

Odd Work 2.50

Gas for firing 27.50

Emptying ware from kiln into glost ware-room,
dressing and setting away 14.68

102.86

Temperature reached in firing, cone four.

I should like to ask Mr. Gray how he accounts for the

wide variations in the amount of coal used in his various

firings. Was the coal hard, or the soft long-flame bitumi-

nous coal?

Mr. Oray: We use the New River bituminous coal

when we can get it, but we don't always succeed in ob-

taining it. Doubtless a wet kiln will make a difference in

the amount of fuel used.

The Chair-. I agree with Mr. Gray that a wet kiln

would make a distinct difference in the consumption of

coal.

Mr. Grail : The direction of the wind and condition

of the atmosphere also affect it. We welcome a clear bright

day and a western breeze.

The Chair: It has been my experience that it really

does not make any difference whether you are burning a

kiln in winter, or in summer.
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Mr. Oray: It makes a difference as to whether the

atmosphere is clear or heavy, if the kiln has been standing

idle some time; it took seventeen and a half tons on one

occasion, where I thought it would take only twelve.

Mr. Hottingcr: I don't think it makes much differ-

ence as to the outside temperature, providing the founda-

tion of the kiln is dry. The influence of a wet foundation

was brought out by Langenbeck in our first volume.



ABSTRACTS OF CURRENT CERAMIC
LITERATURE.

By C. W. Parmelee.

February 1, 1906. Improvement in the Manufacture

of Portland Cement. [Moniteur de la Ceramique et la

Verrerle.] By Messrs. Hurry and Seaman. 5000 words.

It is claimed for this process that previous grind-

ing for the intimate mixing of raw materials is unneces-

sary. The apparatus described is a shaft furnace, fed at

the top with fuel and raw materials. Combustion is aided

by the use of an air blast and the molten product is drawn
off at the bottom. The melt may be cooled by a jet of water.

Improvement in the Manufacture of Slag Cement.

[Moniteur de la Ceramique et la Verrerie.] By M. le Chev-

alier Cecil de Schwarz. 800 words. A discussion of ita

properties.

March 1, 1906. Chemical Analysis of Limes and Ce-

ments. [Moniteur de la Ceramique et la Verrerie.] By
J. Malette. 1000 words. A discussion of a modification

of Vicat's hydraulic index.

The Production of Metallic Lusters. Comptes Rendus,

1905, 2nd Semester, pages 1020 and 1237. By M. L.

Franchet.

The practice originated with the Arabians. In 1831,

Laurent analyzed some ancient pieces of ware so decorated,

and demonstrated that the glaze did not contain gold. In

1844, Brogniart obtained interesting but incomplete re-

sults. The author undertook, in 1896, the study of the

problem. Instead of introducing oxide of copper in the

muffle, as Brogniart did, or applying the oxide on a piece

of ware already enamelled and fired, the author mixed the

salts of silver, copper or bismuth in the glaze, which ma-
tured at Seger cone 09.

The glaze A was composed as follows

:

794
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parts

Quartz 12.0

Pegmatite 10.6

Kaoliu from Eyzies 2.0

Sand from Decize 20 .

Red Lead 30.0

Borax 19.2

Boraclc Add 2.0

Potassium Carbonate 2.0

Chloride of Sodium 1.8

The above is fritted.

These glazes are applied in the usual manner, but gum
tragacanth is added in order to promote adhesion.

If the glazes are found too fusible, the amount of

kaolin may be increased. Similar glazes may be made for

stoneware or porcelain.

The burning is in a muffle, which is provided with a

tight fitting damper. Mr. Franchet has used the following

methods of reduction:

1. The production of an intense smoke in the muffle

by the use of some kind of a combustible. Identical results

were obtained with the use of wood, oil, resin, coal or tar.

The reduction is complete in an hour. Long continued re-

duction gives a dull product.

2. The introduction into the muffle of a current of

illuminating gas. The period of reduction should not

exceed thirty minutes. The color tone with silver may
assume any one of five modifications, namely, 1, brassy;

2, like metallic gold; 3, brownish yellow; 4, brown black,

with very little metallic luster ; 5, black, not metallic. In

No. 2, the tone is especially remarkable, although the salts

of silver used contained neither gold nor copper. In Nos.

3, 4, 5, the metallic luster is nil, but one may restore it by
refiring with reduction.

3. The introduction of sugars and glucoses into the

muffle for the purpose of producing reducing gases. The
reduction is irregular. A matt glaze gives a much more
intense play of colors than a bright glaze.
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The Arabs did not incorporate metallic salts in their

enamels, but applied a special mixture to the surface of

their glazed pieces. The following are receipts used in

ancient times

:

Arabian Formula Italian Formula

Sulphide of Copper

Sulphide of Silver

Red Ochre

Sulphide of Mercury

26.87

1 15

71.98

24.74

1.03

49 49

24.74

Glaze No. 1 Glaze No. 2 Glaze No. 3

Frit A 100

10

2

100.0

10.0

0.5

3.0

1.0

1.0

100

Kaolin 10

Carbonate of Silver 2

Oxide of Copper

Carbonate of Copper 1

Subnitrate of Rismuth . 4

Zinc Oxide

Stannous Oxide

June 15. Bricks made from blown glass. Moniteur

de la Ceramique, et la Verrerie. By M. A. Morel. 750

words. The bricks are made by blowing molten glass in

molds. The following advantages are claimed for them:

they are nonconductors of heat and cold, of dampness, of

noise, of electricity. They may be used in the construction

of wall, partitions, arches, roofing, flagging, etc. Joints

are made with Portland cement. This ware is particularly
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serviceable for conservatories. The loss of heat in such a

building; has been found upon trial to be considerably less

than with the ordinary type.

November 1. The soft Italian faience. Paper pre-

sented l»y F. (^ariiii jit tlie Coujircss of Applied Chemistry,

.Mnv, nm. r.,v M. a. Uichai-d. The soft faience (faience

teudre) is a ware intermediate between majolica and fine

faience. It was first produced about the middle of the

18th century, as a result of au attempt to replace the

stanniferous enamels by a white |i!;laze a])plied upon the

green ware.

The typical composition of the body is

:

Clay 35 to 45%
Dolomite 35 to 459b

Sand 10 to 15%

An analysis of the ware gives the following formula

:

0.14to0.34CaOCaO
I

MgO j

0.27 AlzOs and Fe20;;, 1.3 SiOz
0.86 to 0.66

-- - •

Giobertite may be substituted for the dolomite, using

two parts of limestone and three parts of giobertite.

The body shrinks 2 to 3% at temperatures of 1000 to

1200 r. The glaze corresponds to a bisilicate of lead, if

one disregards the small amounts of soda and potash. It

is glazed at cones 010 and 05, and does not craze.

The most sensitive colors may be used with excellent

results. This is notably true of shades, since the glaze does
not exercise a solvent action upon the coloring oxides. If

the same colors be fired under the same glaze upon a sili-

ceous body, and upon a calcareous body, at the same tem-

perature, the pink will disappear almost entirely on the

siliceous body, and the blue does not develop properly. On
the calcareous body, the pink and blue acquire a brilliancy

which is unusual to find on fine faience. The body has the

peculiarity that wiien the firing is done slowly, and the
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kiln atmosphere is not too strongly oxidizing, the biscuit is

white, even though notable amounts of iron may be present.

The article gives analyses of the raw materials used.

October 1, 15, l^ov. 1. The method of manufacture of

armored glass. By J. R. Speer and J. R. Taylor. 3500

words.



FURTHER DISCUSSION ON THE FISKE BRICK-
MAKING SYSTEM

BY

J. Pakkek B. Fiske, New York.

As numerous requests have been made by the members

from time to time for further information regarding the

development and operation of the Fiske Brick Making Sys-

tem at Dover Point, New Hampshire, which plant was

described at some length at the 1903 meeting in Boston,

Mass.,* the following discussion is offered

:

GENERAL COMMENTS.

The initial section of the Dover Point plant, which

was described in the above mentioned paper, and w^hich was
visited by the members of the Association during the Bos-

ton meeting, was erected as the nucleus of a large plant,

with the idea of demonstrating thereon the workability of

the Fiske system of handling brick in large masses by an
overhead traveling crane, and for obtaining the necessary

data and experience for the perfecting of this system for

commercial use.

It was not expected that this plant would prove itself

perfect in all details, but it was expected that the success

of the main features of the system would be thoroughly

established.

This proved to be the case, for while many details of

the brick making machinery, the dryer and the kiln, re-

quired modification, and while some minor improvements
were devised and made on the brick lift, still the principle

of the unit stack, created at the off bearing belt upon the

setting up stand, and the handling of the same to steel

*Tran6. Am. Cer. Soc, Vol. V.

799
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racks in the dryer and thence to the kiln, and the piling

of one stack on the other, for purposes of burning, proved

eminently successful from the day on which the plant was
first started, and no serious difficulty of any kind has been

encountered in accomplishing these results.

HANDLING SOFT BRICK TO THE DRYER.

The original plant contemplated a unit stack set with

five headers over two stretchers, and built six courses high.

It was soon found in actual operation that an additional

course could be satisfactorily handled, and the stack was
therefore increased to seven brick in height. Had sufficient

height been provided in making the brick lift, the dryer and
the kiln, eight or nine courses could be handled with equal

satisfaction. No troublesome marking of the lower course

of the brick by the brick lifting fingers has been encoun-

tered at any time, and no difficulty experienced in the drop-

ping of the soft brick from the unit stack.

The unit stack handled during the year 1906, just

closed, was made fifty-three (53) brick long, five (5) brick

wide, and seven (7) brick high, containing a total of

eighteen hundred and fifty-five (1855) bricks.

THE DRYER.

The principle of stacking the brick at the brick ma-

chine in suitable formation for subsequent burning without

re-arrangement, and drying the stack while in this forma-

tion, has proven very satisfactory, although on account of

the somewhat close stacking of the brick, it is probable that

a slightly greater length in time, and possibly a little more

fuel is required, than with the much more open stacking,

which is usually employed in ordinary tunnel dryers. Still

the brick are dried in about 36 hours, and about seven

pounds of water is evaporated from the bricks with one

pound of coal burned in the Crown heat generator, which

is equivalent to about 150 pounds of coal per 1,000 brick
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dried. Coiiipnrcd willi (lie ordinary slcnin di'.vcr this is a

very favorable showiiiii, and invis'^li'iatioii into (he cost of

di-yini»- brieks in oi-dinary steam tnnnel dryers in adjacent

phmts dis( losed the faet that our cost is about one-half of

the usual method. That is, with coal at $4.00 per net ton,

the fuel cost was about 30c per 1,000 brick, each brick

losinji about one pound during the process of drying.

Considerable moditication has been made in the system of

circulating the air through the drying chambers. Reference

to Plate No. 8 in the original paper on this subject,* and to

the reading matter accompanying it, will recall the fact

that at first we employed ^'haffie curtainfi" hanging in front

of the lower stacks of brick in the dryer, the purpose of

these battles being to force the air to the to]) of the dryer,

whence it passed downward through the tiers of brick, and
thence by means of wickets into the next chamber, and so

on. Difficulty was experienced witli tliis system in drying

the stack of brick on the lower rack adjacent to the curtain,

and the stack of brick on the upper rack farthest removed
from the inlet point. This difficulty was overcome by

raising the covers about one foot and introducing dampers
and changing the circulating system, all as shown in the

accompanying sketch. This change greatly facilitated the

drying operation.

An addition of two extra chambers was built during

the summer of 1903, making the total number six, and in

these chambers somewhat over 12,000,000 brick were dried

in the eight working months of the year 1906, just closed,

with very satisfactory results.

THE KILN.

The original kiln consisted of 13 chambers, arranged

for continuous or semi-continuous operation, and equipped
with a portable draft apparatus driven by an electric

motor.

•Trans. Am. Cer. Soc, Vol. V, p. 36.

A. C. S.—52.
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Tho oi-i^iiial i)laii was to connect the last chamber
with the first by means of a side flue, and to carry the waste

gases from chamber No. 13 to chamber No. 1, and thereby

to secure continuous operation of the entire kiln. This

plan provcHi to be entirely unsatisfactory, as sufficient heat

could not be obtained from the last chamber to ignite either

wood or coal in chamb(?r No. 1, and the side flue was there-

fore abandoned and furnaces were built in front of cham-
ber No. 1, and the kiln was thereafter operated on the

semi-continuous plan, new fires being started each time in

chamber No. 1 and only 12 chambers used for burning
brick, the brick remaining permanently in the 13th cham-
ber, and the heat from chamber No. 12 passing through
them, and thence to the draft apparatus.

Several serious difficulties w^ere encountered in the

operation of the portable draft apparatus w^hich (as de-

scribed in the original paper on this subject) consisted of

an iron cover, carrying an electric motor and fan, the fan

being connected by draft pipes to four points in the draft

cover, spaced at equally distant points. The difficulty with
tliis arrangement was that the center of the kiln received

much greater draft than the sides, which were naturally

cooler than the center, and along which there seemed to be

more friction than through the center, the result being that

the sides of the kiln were underburned. This difficulty

could not apparently be overcome with the draft cover,

which was therefore abandoned, as described below\

In the summer of 1903, 17 new kiln chambers were
added to the kiln, and the system of draft was materially

altered. The draft cover was abandoned, and flues were
constructed in the sides of the kiln connecting with the

burning chambers by means of openings controlled by bell

dampers ; the flue leading to a stationery draft fan operated
by an electric motor. This arrangement of draft entirely

overcame the difficulties encountered with the draft cover

above mentioned
;
gave a fairly uniform draft in all parts

of the kiln, and gave us hard brick out at the edge of the

kiln.

It was at first intended to burn the kiln by firing
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through two rows of feed holes, one in front and one behind

th stack of brick, as fully described in the original paper,

but it was soon found that an intermediate row of holes

must be used across the middle of the kiln, as the distance

between the other two rows was too great for uniform

results. This required considerable modification in setting

of the brick, as chimneys for feeding the coal had to be

arranged down through the green brick, and cross flues

had to be arranged across the bottom of the kiln and among
the brick to take care of the accumulation of ashes which
came from the center row of fires, but a fairly satisfactory

arrangement was devised which provided for the three

rows of fire holes and enabled the crane to do nearly all of

the setting of the brick in the kiln.

The portable kiln covers gave surprisingly satisfactory

results. Many clay workers who saw the plans for this

kiln before it was built, thought that the portable covers

would be a failure, and indeed it did seem a good deal of a

proposition to build a portable cover weighing fifteen tons

which would satisfactorily seal the top of the burning

cliambers, and we were consequently very agreeably sur-

prised at the small amount of trouble which these covers

gave us. They were handled on to the kiln and off again

by the traveling crane with practically no trouble at all, it

being necessary to have only one man at each end of the

cover at the moment tliat it was being deposited, to assist

in placing it square with the kiln walls. The amount of

repairs necessary on these covers was small and did not

exceed over $100.00 a year.

We encountered a good deal of difficulty in burning

the top of the kiln satisfactorily, and were never able to

fully account for the results we obtained. The fire had a

tendency to draw directly through the kiln horizontally,

and not to pass over the top as usual in this type of con-

tinuous kiln. Tliis was undoubtedly accounted for to a

largci extent by the flat shape of the cover, and partly by

the finger spaces between the brick constituting the top

row of eacl» unit stack. Various plans were devised to
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overcome the latter trouble, siieli as building stacks of dif-

ferent heights, so that the tinger spac<'s which formed small

tines would be blocked oft", and this ])Ian was ultimately

iidopUMl as the most satist"a<t()rv.

The kiln, as a whole, gave us very much more trouble

than any other part of the plant, and for obvious reasons

could not be very materially changed. The adoption of the

chamber type of kiln was undoubtedly a mistake, as an
open tunnel or "Hoffman" type would have answered our

purpose very much more satisfactorily, besides producing

a very much greater output, and more recent plants in

which the Fisk(» system has been introduce<l have used this

latter type of kiln.

Another diflftculty which we unfortunately encountered

was the poor color of the brick obtained from the continu-

ous kiln, the bricks showing a slight admixture of orange

to the desired re<l so that the bricks had a slightly yellowish

cast, instead of a clear cherry red as required by our mar-

ket. This objection we were never able to overcome, as it

seems to be inherent in the use of coal in closd kilns with

our New England clay. The difficulty in color w^as in no way
due to the brick being underburned ; the hardest product

was nearly vitrified but still showed the lack of the clear

cherry red color.

The results as to coal consumption in the continuous

kiln were very satisfactory; total amount of coal required

to burn 1,000 brick, including the coal for starting the

furnaces each time the kiln was re-flred was 440 pounds,

this amount being determined from as accurate daily re-

ports as could be kept. On a basis of $4.00 per net ton,

which w^as about the average cost of coal, the cost of burn-

ing 1,000 brick was 88c. Comparison between this and the

tigures given below for burning with wood will show the

very great economy of the continuous kiln.

After operating the continuous kiln for two season,

we decided to tear down the same and replace it by the old-

fashioned up draft wood-burning kiln. This was done in

the early part of 1906, with the result that while our brick
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are no harder or more satisfactory mechanically, they are

of a distinctly better color, and we are able to obtain a

considerably greater market price for them.

In preparing a kiln for burning, the benches are set

by hand, as it is not possible to arrange this form of setting

for use with the brick lift, but all brick on top of the

benches are set in unit stack form, directly from the dryer,

by means of the overhead traveling crane and the brick lift.

A kiln of 25 arches contains a total of 458,000 brick,

and was set 54 wide, 35 courses high, and 102 courses long.

Had sufficient head room been allowed in the original

construction of the building for the use of the old fashioned

up draft kiln, the height of the setting might easily be

increased from 35 courses to 40 or 42, with a corresponding

saving in space and fuel.

The consumption of fuel for the up draft is very high

as compared with the consumption in many other parts of

the country, but is about normal for the northern New
England clays. Thus, we find that about % of a cord of

wood is required to burn each thousand brick in the kiln,

part of this being hard wood, and part soft wood, and the

average price of the two being about |4.00 per cord, or |1.50

per M for fuel for burning. This is very much higher than

the cost of burning by coal in the continuous kiln, but the

results fully justified it.

Considerable discussion arose at the Boston meeting

over the possibility of removing the burned brick from the

continuous kiln, by means of the brick lift.

The results obtained in this respect were very variable.

At times we were able to take out the contents of an entire

kiln chamber with practically no difficulty, while the brick

in other chambers were so dis-arranged by the burning that

only one-half or one-third of them could be taken out in

this manner. ITnder conditions of this kind the brick lift

was lowered into the kiln chamber and the displaced brick

were stacked upon it by hand, the brick lift was then

raised and the brick were deposited at the north end of the

building as originally contemplated. This difficulty was
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the rosult of having the fingers rigidly attached to the

girdor of the brick lift. Late last fall experiments were

made with a new form of brick lift having a certain amount
of flexibility in (lie fingers, whereby they could easily ad-

just themselves to the variation in the finger spaces of the

brick caused by the uneven settling of the kiln during the

burning operation. This device proved very satisfactory,

and enabled us to take out loads of brick in stacks even

when they were very badly dis-arranged by burning.

SAVING IN LABOR.

A very great saving in the labor of handling brick has

been demonstrated by this system. One crane with one

crane operator can easily handle from 80,000 to 100,000

brick a day, from the setting up stands to the dryer, and

from the dryer to the kilns, where with the additional labor

of one or two men they can be set directly for burning. No
such record has even been accomplished or even attempted

by any other system, so far as I know\

RECENT IMPROVEMENTS.

A new plan of drying has recently been been devised

and operated experimentally on the Dover plant, whereby

a series of steel racks are arranged so that they can be

lifted by the traveling crane and placed directly on top of

a cooling kiln. The brick are then taken directly from the

setting up stand in unit stacks, as already described, and
deposited one after the other on the racks just mentioned,

the drying of the brick being then accomplished by the

natural up draft of the heated air from the cooling kilns.

When the brick are properly dried, the several stacks are

then taken from the steel rack to an empty kiln and set in

position for burning.

This plan of operation eliminates entirely the cost

of the dryer structure, all fuel and labor to operate the

same, all transfer cars, tracks, trucks, wheel-barrows, and
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other pariipliernalia used in the ordinary methods of dry-

ing, and reduces the whole plant to essentially a brick

machine, a traveling crane and kiln. It is difficult to con-

ceive of any simpler method of constructing or operating

a brick plant, and it is expected that these new arrange-

ments will greatly augment the value of the older devices.
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