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PREFACE.

THE following pages contain the papers and discussions of the

First Annual Meeting of the Society, held in Columbus in'

February, 1899. It is hoped that the discussions will be found

to be a true and accurate transcript of what was said on the floor

during the stated sessions of the Society. It will be noted tbat the

present publication contains no reference to the business affairs of

the Society. It was ordered by vote of the Society, at the simmer

ing, that the minutes should for the present be entered only in

the records of the Society, and that they should be published sepa-

rately from the scientific and literary portion of the programme,

if at all.

The summer meeting of the Society, held in Cleveland July 4 to

8, added nothing to this document in the way of material for publi-

cation. The sessions were devoted to committee work and informal

discussions of topics suggesting themselves in this connection. But

the bulk of the time was devoted to the trips and visits to clay-

working establishments, which were carried out according to the

published plans, to the apparently mutual pleasure of all concerned.

It was ordered also at the summer meeting, that the Secretary

should be authorized to sell copies of the transactions to persons not

members of the Society, at the same amount charged as dues for

associate membership, or S-1.00 per annum. Anyone desiring copies

of this pamphlet can procure the same from the Secretary at that

price.
EDWARD ORTON, Jr., Secretary.

Columbus, O., Jan. 10, 1900.



THE USE OF EQUIVALENT WEIGHTS IN CERAMIC
COMPOSITION

BY

CHARLES F. BINNS, Trenton, New Jersey.

The science of ceramics has grown up gradually and by

slow degrees. In fact, the question may well be asked

whether it has reached more than the stage of callow youth,

notwithstanding the hoary antiquity of the art.

The early potter had no thought of science. One who
talked to him of rational analysis would have been deemed
as irrational a being as it was possible to find, and, probably,

the idea that clay was a complex substance would have been

rejected as an absurdity. The primitive clay-worker did good

work. Some of his work lives to-day and defies all attempts

at reproduction, but in these better days we are nothing if

not scientific; and slow though potters be, we must perforce

march with the times.

Simeon Shaw, that curious combination of the scientist

and the empiric, made the first attempt, so far as I am aware,

at least in the English language, to weld science on to

pottery, but no great impression upon the industry seemed

to be produced. The attempt was an honest one, however,

and showed that the science of chemistry was no longer the

monopoly of the physician and the druggist. Shaw made no

endeavor to combine his materials according to modern
equivalent proportions, though he dilated at length upon the

science of mixing, and ran wild over a theory of combination

which was all his own. Salvetat, whose "Lecons de

cer(unique" was published in 1857, goes to some trouble in

explaining the equivalent weights of his materials and many
of his suggestions are evidently based upon the principle of

their use, but he does not appear to have laid down any gen-
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eral rule for the employment of these weights nor to indicate

that they were used in the general work at Sevres.

It was reserved for Seger and his associates to bring the

principle of equivalence into prominence as applied to cera-

mic research and practice, but to many of the practical men
of this country his book is sealed by the language.

We hailed with pleasure the work of our friend, Langen-

beck, which was the first attempt in the English language,

since the days of Shaw, to expound the working of the laws

which connected chemistry and pottery. But Langenbeck

wrote avowedly for chemists, and, naturally, having in view

those who were familiar with stochiometrics, he made no

attempt to explain the methods used. As a consequence his

admirable book is as caviare to the multitude.

My own humble contribution to the literature of the

scientific potter, aimed at supplying this deficiency and its

infantile explanations have doubtless raised many a smile,

and there the matter stands.

It is not well in my opinion that we should rest thus, for

reason that the intelligent use of equivalent weights offers

the best and perhaps the only path to a right understanding

of the problems of pottery.

What then do we need ? We require first a satisfactory

table of weights. The statement of this need may surprise

some, but it is a fact that some are using the molecular

weight of their compounds or some are using half these

weights. It does not, of course, matter which you use, but

I would make a strong plea for uniformity. Then, as regards

complex substances, opinions differ, and as the chemical

weights are constantly in a shifting condition, it would be

well for us to establish something like a solid basis. I would
advocate the general use of the half weights which have been
already worked upon by Langenbeck and largely by Seger
and I would do so for the reason that by using these we fall

into line with a number of the existing chemical equivalents

and we also, to a great extent, simplify our work.

Perhaps I may be accused of flogging a dead horse in

advocating the systematic use of equivalents in such a meet-

ing as this, but it is to be hoped that the work which we
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inaugurate here will merit wider attention than it can

receive within these walls, and it may therefore not be out of

place to urge upon the clay-workers of the United States the

importance of this means of securing a scientific foundation

for ceramic research.

The fact that the majority of our potters are working
with formulae which have grown up gradually and without

conscious guidance and that these formulae have been proved

more or less satisfactory by the test of time is usually found

to operate against any scientific development; but when the

practical man finds himself in a difficulty, either on account

of some change in his materials, or because of a demand for

a new combination, he will be the better equipped if he can

lean upon a foundation of science. Only the intelligent use

of equivalent weights will enable the potter to substitute one

material for another, without any alteration in his actual

composition.

As regards the preparation of bodies, the use of equiva-

lent weights does not seem to be of the greatest importance

by reason of the fact that few pottery bodies are chemical

combinations at all. Scarcely any material used in a body

undergoes a chemical change in the fire and therefore the

completed substance is not a new combination. True, in

some few body mixtures a fritt is used, and here a know-
ledge of equivalent weights would prove of value ; but these

cases are few and are becoming fewer.

When, however, glazes are dealt with, it is impossible

not to see the vast advantages which are upon the side of

the scientific operator. To begin with, a glaze is a chemical

combination and all such combinations must, to be satisfac-

tory, be arranged upon definite lines. A glance at a popular

and wide spread error may not be out of place here. I

allude to the general method of fritting boracic acid and flint

together. It is a most difficult matter to combine these two
materials, inasmuch as they are both acid in reaction, and I

believe it is possible to dissolve a large proportion of the

boracic acid out of such a fritt. Now as the sole object of

the fritting is to render the acid insoluble ; it is evident that

such possibility speaks of failure. This is by the way, and
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only to illustrate the general ignorance of the laws of com-

bination.

A glaze being a combination is subject to these laws,

and such are based entirely upon equivalent weights. A
knowledge of these weights, for instance, teaches that 111

parts of litharge will do the same amount of chemical work

as 129 parts of white lead. Also as regards the combination

with silica, 50 parts of Paris white are as effective as 69 parts

of pearl ash or 114 parts of red lead. Illustrations might

be multiplied, but it is not necessary.

Then as to the practical is'sue. It has been demonstrated

that there is a definite relation between the bases and the

acids in a glaze, and that satisfactory combinations cannot

be effected but upon certain lines. That the existing glazes

are based upon empirical work is nothing to the point, for if

any one of them be dissected to the bare bones of its chemi-

cal formula, it will be found that the law has been obeyed,

however unconsciously, and this demonstrates the fact that

if the constructor of such a glaze had only been familiar with

the use of equivalent weights, he would have been able to

compose on paper, and with a few moments work, what
probably cost him months of tedious experiment.

By this I do not mean to deny the experiments or to

state that they are unnecessary. No practical man even

desires to dispense with trials, for our trials are our greatest

pleasures ; but to make trials empirically and in the dark is

a very different thing from making them in the light of

scientific knowledge.

The fact that renders the use of equivalent weights of

such importance, is that upon such use depends the under-

standing and value of the chemical formula.

I am aware that in pressing for the general adoption

and understanding of chemical symbols and formulae, we
shall excite the prejudice and invite the opposition of many
valuable men, but I do not see how this is to be helped. In

the first place, no scientific papers can be made without

accuracy and this can only be obtained by the use of the

symbol. And, secondly, not only accuracy but simplicity

demands the general adoption of both symbol and formula.
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In the course of my work, I have frequently been asked

whether it be necessary for practical potters to learn that

which is to them as so much Greek, and I have constantly

endeavored to show what are the solid advantages to be

gained by the small amount of study involved.

It is not required that every practical man be a chemist

in order that he may comprehend the value of the formula,

but it is indispensible that he learn the symbols of the more

frequently recurring substances and their respective equiva-

lent weights. For example, we wish not only to impress

the fact that Si0 2 represents silica but also that it means a

definite quantity of silica when used in a formula.

In the matter of glazes, especially, a right understand-

ing of what I may call the Seger balance of power, is indis-

pensible to progress and this remains sealed to one who
refuses to open his eyes to the value of formulae.

I am fully aware that to the vast number of workers,

the possession of a special recipe is considered of more value

than the comprehension of symbol and formula, but I com-

prehend that we are in a measure working for futurity.

The empiric and the man of mere method are bound to

pass away and in their stead there will arise the creator of

new combinations, the active, progressive, brainy man who,

while not disdaining the experience of the past, will never-

theless be prepared to branch out in new directions when-

ever the occasion demands.

I enter then a plea for every manufacturer to familiarize

himself with the use of chemical formulae and equivalent

weights in his compositions; and I urge further that this

Society arrange and publish a list of the substances gen-

erally in use, so that when we discuss matters together or

publish any results of our independent work, we may, each

to other, be readily understood.

DISCUSSION.

Stanley G. Burt: It strikes me first, Mr. President, that

we ought to get from Mr. Binns a little idea of what he is

trying to get at in forming this list, how comprehensive it

should be, and as fully as possible get a good idea of it. I
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think it is a wonderful suggestion. The careful working out

of analysis often shows experiment unnecessary. It is laid

down all through Prof. Seger's works that there are very

decided limits, showing that beyond certain percentage you

cannot increase acids or bases ; and in order to make those

of any value to the ordinary mortal, there must be something

like this tabulated list of equivalent weights. As I under-

stand it, we have not anything on that line, barring Prof.

Langenbeck, that I know of. It will be a matter of consid-

erable magnitude to get together these simple weights in

forms, that an ordinary man can understand and not be

blinded by a mass of details. I am heartily in support of

that idea and ask the Society to support it, and I would

second his motion in that respect.

President Wheeler : Would you suggest that this mat-

ter is worthy to be taken up by a special committee?

Mr. Burt: Yes sir.

Mr. Binns : My idea is this, exactly what I said, that

the Society prepare and publish a list of approved weights.

For the information of my class in Trenton last winter, I

prepared a list of equivalent weights of substances usually

used in pottery ; but it got into the hands of some cold

scientific men and they critized it. But they were working

on molecular weights, while I adopted the system of Lang-

enbeck, half molecular. The only true way to obtain these

is by formula. That means a definite thing. It would not

form a single side of foolscap. Then we would know where

we are working. When a formula is talked of before us,

everyone will know what it means.

President Wheeler : When you say one-half weight, do

you mean calling oxygen 8, instead of 16?

Mr. Binns : That is the basis, but not strictly the prin-

ciple. You add together the molecular weights and divide

by two. Lead becomes 104 instead of 208. It amounts to

the same thing as calling oxygen 8.

Samuel Geysbeek : I hope it will be published in per-

manent form and those equivalent weights be adopted by
members in their future work. I have quite frequent trouble

on account of half weights and whole weights. Seger pub-
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lishes on some pages whole weights and on some pages

half weights. Half weights is the old foreign method of fig-

uring chemistry. They figure oxygen by 8, while in the

new method oxygen is 16. Seger in some places figures

oxygen as 8, and some 16. Langenbeck adopts half weights

all through and we studied Langenbeck more than Seger, and

I am more adapted to half weights. Settle the question

once, then there will be no remarks in future.

President Wheeler : Gentlemen, this is an important

matter. Half weights are what the old books are written by

and are retained by some new writers. The latest books are

written on whole weights. I think it is a thing we ought to

go into very carefully. Shall we retain the old weights be-

cause they are more convenient, or adapt ourselves to the

new or whole weights ?

Professor Edward Orton, Jr. : I am sorry that I missed

the first portion of this discussion and hence cannot talk to

the point. I have had to teach this point to several crops of

pupils. In using Dr. Laiigenbeck's book, I have always

used his weights or one-half of the weight of the molecule.

I have had more or less difficulty in making it perfectly

clear to my students why such a procedure was necessary. I

think all who have had anything to do with teaching will

admit that the simpler matters are made, and the fewer pro-

visos are put in, the more readily the pupils will assimilate

the central facts you want them to learn.

In this matter, I think it is much better for the Society

to settle on something definitely. I see no special reason

for dividing the atomic weights by two. It is not easier to

figure that way than the other, and I do not think the prac-

tice of using half weights has grown strong enough in this

country as yet, to make any special difficulty in establishing

which ever of the two methods we endorse. I think on a

vote, I would probably vote for the use of full atomic weights,

based on oxygen as 16.

Mr. Geysbeek : I move we adopt the standard of figur-

ing oxygen 16, and that we communicate a resolution to

foreign countries, asking that they take similar action and

get the whole thing on a uniform basis.
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President Wheeler : I think that is a start in the right

direction. Any further discussion?

Mr. Binns : I entered a plea for half weights, and I

did so not for the reason that it has always been used, but I

have found definite terms in chemistry the best. It is no

doubt familiar to all, that the equivalent of any substance is

considered to be the amount of that substance required to

replace hydrogen. Of course you understand that it takes

8 parts of oxygen to replace one of hydrogen ;
104 of lead to

replace one of hydrogen. I am not going back to old lines,

or treating the matter in antiquated fashion, but simply find-

ing out what I call equivalent lines. Another point, I want

to simplify arithmetic to some extent. Cornwall stone is 599

or somewhere about that; bring it to the double number

and it brings a large mass of figuring to do. We have not

all been to school lately, and there are some perhaps who
find considerable difficulty in dealing with decimals. I may
say that I do not want to be understood as catering to the

man who cannot deal with decimals. If the Society decides

to take full weights, I will fall into line ; but I will have to

learn over, as I have the others at my finger's ends.

President Wheeler : We want to try to bridge over the

gap, that sharp line between the pure scientist on the one

side and the practitioner on the other. So it is highly

appropriate for a committee to be formed and if there is

reason for retaining the old system, to do this; and if we
want to adopt the new and bring the people up to that, we
can also do that. If a committee is appointed, we can look into

it with more care than we can at present.

Dr. William H. Zimmer : I would like to make a

motion to have this referred to a committee of three.

Mr. Burt: I move to further amend the motion by

authorizing that the committee of three be empowered,

having determined upon the most desirable system, to pub-

lish the same in simple form.

The motion as amended was seconded, and on being put

to vote was carried. The president appointed to serve on

this committee, Mr. Binns, Dr. Zimrner and Professor Orton.



THE INDEPENDENCE OF BURNED CLAY AS A
DECORATIVE BUILDING MATERIAL

BY

HERMAN C. MUELLER, Zanesville, Ohio.

Gentlemen—When I received the invitation of our

Professor Orton to prepare a paper for the meeting and fill

out a blank, I did a very foolish thing. I filled out the

blank without giving the subject more than careless consid-

eration, thinking that it would surely be possible to write

something interesting under such a promising heading. At

the same time, I had a short time before argued to some

extent with an architect about the proper treatment of clay

as a decorative medium and I thought in my youthful

impulsiveness that I had a "snap." Well—I didn't. 1

found that the subject is a deep one and that I could not

give it the necessary time and consideration. My effort will

therefore not be very profound, and I hope you will forgive

me for it.

The burned clay as a building material plays a very

conspicuous part at present. More so than twenty-five years

ago. The reason for it is to be found in our modern con-

struction of buildings. The iron and steel construction

made a covering of these materials necessary, and the great

buildings ofthe modern cities with their numerous population

demanded fire-proof building material. In these two points

lies a great deal of the progress of our modern clay work.

The clay has become, as a covering of steel structure, an

assistant of another material, helping it technically and

artistically.

The French architects of the Paris Exposition, 1889,

tried their best to emancipate the iron and steel in a decora-

tive sense, by building the rotunda, machinery hall, and

side pavillions of the Exposition Buildings out of cast and

15
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rolled iron and steel, using no coverings and trying to make
the buildings architecturally interesting and decorative by

using the lines of structure and the different mediums, such

as bolts and braces, not only in a structural but also in a deco-

rative sense. The attempt was at that time considered suc-

cessful, but the world has since then passed judgment on

the effort and has condemned it, because the example was

not followed. Instead of using the lines and modulations

of the iron and steel structure, as they appear after the mod-

ern house is bolted and screwed together, the outside and

inside is now covered with the noble building material,

burned clay, and the chances are that the method will be fol-

lowed for a long time, as the technical and artistic excellence

of this combination is an assured fact.

The decorative treatment of the terra cotta this em-

ployed and applied was at first somewhat uncertain and the

and the opinions vary today as much as ever. Some archi-

tects preferred to make the terra cotta appear as an imitation

of stone, some simply continued in the old manner of treat-

ing terra cotta, when it really took the place of stone and

some took their own road, trying to get out of this material

all there was in in it. Let us take the first proposition, to

treat the terra cotta as an imitation of stone. I will ask the

question—Why should not the burned clay be independent

as a decorative medium? Why should it look like some-

thing else?

In a small house, where the terracotta sills, lintels,caps,

friezes^etc. , could just as well consist of stone, where the

terra cotta easily assumed place and shape of stone, such an

attempt may be excusable—which however I no not hold

as correct—but in a modern skyscraper, constructed of steel,

it would be perfectly ridiculous and childish to try to create

the impression that the building was made of stone, as this

would be a technical impossibility.

Now if it cannot be stone, if it must be what it is—that

is, terra cotta—why should it not have its own good looks ?

Why should it be degraded to assume the dress and style of

another material ? Yet such is the case and many archi-

tects and—I am sorry to say—many terra cotta makers con-
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gratulated themselves when they managed to put up a house

of burned clay which looked just like stone Every material

has its advantages and disadvantages. Let us be honest

to ourselves. The advantage of the stone over the terra

cotta in an artistic sense—there are no advantages in a

technical sense—consists of the possibility of executing a

perfectly straight line. A piece of terra cotta may be treated

exactly like hewn stone; it may show all the chisel marks,

but it will never show the straight line of the hewn stone.

If, therefore, a piece of terra cotta is treated in imitation of

stone, falling short in this one particular point, it will only

look like a very poor piece of stone work, and love's labor is

lost ! Let us take the Italian Rennaissance for example.

The greatest potter that has ever lived—Delia Robbia—has

never tried to conceal the fact that his work was made of

clay and his work is still considered the most artistic clay

work of the world.

On the other hand, is our noble material so poor that it

should follow the form and conception belonging to other

materials? Has it not possibilities in itself? Does it not con-

tain the seed of undeveloped decorative mediums ? Most
assuredly clay has the great range of color, which may be
used to its utmost advantage. In clay lies the foundation,

the basis of polychrome architecture, so long sought after!

Clay may be glazed and enameled ! Why should it follow

the stone in its decorative treatment, when it has so many
important advantages ? Why should the terra cotta maker
pick out the hardest condition, when he can lead by giving

his material a free road by loosening the bridle?

There is another advantage of the clay, even if applied

in a plastic sense, following the treatment of the stone. We
often notice that modeled ornamentations are treated with a

notched modeling tool, so that the work resembles the cut-

ting of the toothchisel. What is the object ? As long as it

is done to strengthen the ornament, it is admissable ; but
when it is done to make it look like stone, it is wrong ! The
plastic clay affords a much better chance to create delicate

and elaborate ornamentations and plastic decorations than
the stone, and if this chance is not embraced and the most
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made of it, the clay maker is simply throwing the chance

away.

Some architects have taken advantage of this fact.

Louis H. Sullivan has shown that a most delicate ornament

may be applied with a highly artistic result in the highest

and most massive buildings. His ornaments are of as fine

a texture and treatment as if they were chased in silver. By

cultivating the terra cotta in this manner, it will also strike

an independent road which can never be followed by any

other material.

We may, therefore, say that clay offers its colors to the

painter, and its plastic conditions to the sculptor to make

the most of it ; that the unlimited range of color, and the

pliable condition of the plastic material, affords the highest

artistic conception and execution of the work and therefore

places the clay in the front rank of an independent decora-

tive material.

DISCUSSION.

William D. Gates: There is not much left to say for

anyone who follows Mr. Mueller. He has brought the

question before you and I am glad he has brought it up.

There have been new conditions arising in the building

business possibly faster than in any other branch of the clay-

workers' art. I have been surprised myself. In regard to

the pottery business, it is almost impossible to invent a new
shape. You may try to invent a new combination of those

flowing lines, but show it to an old potter and he will say

—

"Oh, yes, that is Assyrian" or "Roman"—and it is not any

use to say anything.

But in building materials there have been radical

changes. In the modern building the frame is of steel to

take the strain, the lower floor of the "sky scraper" being in

most instances a "show case." This gives the peculiar

appearance of a "top heavy'' building, and has resulted in

the placing of steel columns where they must be protected,

and they have almost universally gone to burnt clay for the

purpose. Stone is used in some cases in the lower stories

;

but while it can be shaped on the outside for artistic purposes,

it is impossible to shape it on the inside to protect the iron.
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it is gouged and hacked to hide the iron, but will not pro-

tect it.

Clay lends itself to this purpose, when properly applied,

and renders the column secure. That is a point the manu-
facturers watch closely. People are inclined to think this

material fireproof, no matter if it is as thin as tissue paper;

and to reduce cost the tendency is dangerously toward put-

ting in too little of the material to protect. No matter how
fireproof a material is, if it is not used with reason, satisfac-

tory results cannot be expected. I have seen cases where
things were done which hurt the people who furnished the

material. It ought not to be done, but they are helpless.

I was glad to hear what Mr. Mueller said about Sullivan

—a man who went into the field taking a new material

which required new conditions and leading from the lines of

former architectural effects and goiag into new ideas. He
suffered the jeers of the people for his courage, and I am
glad he is getting the place he deserves in public estimation

for the new use he has made of clay for building purposes.

The anniversary of the Brick Manufacturers' Associa-

tion calls to mind the earlier conditions of affairs, when
every individual in the business seemed isolated and removed,

each guarding his own formulae and jealous of his own
secrets. A man even feigned idiocy and allowed himself to be

kicked around, trying to steal the recipes of another. But
now, when we see a man make ware of the quality of ' 'Rook-

wood," we glory in the fact that we have a ware which will

go all over the world, and do not try to drag it down.

President Wheeler : Mr. Mueller has certainly hit a

happy keynote, that is, that we do best to separate clay from

stone. It has a grand field of its own. It has advantages

that stone never has had or will have. It should be handled

and treated by itself, and as clay men, we should advise and
influence architects to this end. It will redound to their

interest to thoroughly appreciate this.

Mr. Gates : That is a danger we incur. We are con-

stantly urged to go on in the work of imitating stone. I do

not like to do it. But most people do not believe as we do

in regard to our ware. When we are led into this, people



20 INDEPENDENCE OF BURNED CL.AY

believe that we are imitating stone. In the case of my own
home, I tried a new idea. I used square blocks, but I did

not try to imitate the color of any stone. I took a mottled,

speckled effect that I admired, that did not look like any

particular stone—a little like rose granite, but not like it. I

have been accused of imitating stone in that instance, but

on looking carefully, a person would acknowledge that it was

not an imitation of stone. It shows some colors that I

wanted, which you can not get in any stone.

Mr. Willard D. Richardson: I will only say this, that of

those of us engaged in the making of building material out

clay for the facing of buildings, but few know how much we
are indebted to Mr. Mueller and the Mosaic Tile Company of

Zanesville, for helping us in educating the architects and

builders to the idea brought forth to-night of making build-

ings of clay look like clay, and not like some other material

such as stone, and also in educating people in the use of

colors in architecture. Of course we can all remember when
this development in the facing of buildings started. Only a

few years ago our buildings were all of one color. If the

clay was red, it was all red; if of stone, as in the eastern

cities where brown stone was used extensively, or in the

western cities where limestone or other colored stones were

used, it was all of the one material. Starting with the

lighter shades of buff, there is now no end of colors in facing

brick. We who are manufacturing face brick in a variety

of colors, have found a difficulty in getting the architects to

use the colors. They are afraid to use colors and afraid to

use more than one color, because they have not studied color

in architecture and they hesitate to use colors for fear they

may not use them right. Some of us have only an indefinite

idea of how colors should be used in architecture, and depend

on Mr. Mueller and others like him who are artists to edu-

cate these architects, and in that way they are doing a fine

work for themselves and us.

Mr. Edward B. Fox : I would like to call your atten-

tion to the fact that it has been but a few years since men
could receive education as architects in the United States

;

hence, the trouble. It is the aim of all good designing to
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treat each material according to its substance. In good

architecture and designing, each material should be treated

according to its own requirements. Stone should be treated

as stone, brick as brick, and terra cotta as terra cotta. Edu-
cation in architecture in America is a new thing. Our
young men have not had the chance; have lacked opportu-

nity to secure education in that line, as compared with Euro-

pean architects. That is my idea.

Mr. Mueller: I would like to say a few words in

answer to Mr. Fox. I think it should be the desire of our

Society to do some missionary work in this direction. We
look at it as clayworkers and it should be our endeavor to

make the architects look at it through our spectacles. I do

not think the American architect needs to make any apol-

ogy, because the American architect of today stands very

high among the architects of the world. The Chicago Expo-
sition has shown conclusively that the architects of the

United States are equal to any architects of the world. Poly-

chrome architecture is quite a new thing and the American
architect has had to deal with so many new things—steel

structure especially,which has come up during the last ten or

fifteen years, that the American architect has had his hands

full to keep up with the times by learning the new things in

construction and has had little time, especially for poly-

chrome treatment. He had to be satisfied with his efforts in

a plastic sense, in form. It is certainly in the interest of the

claymaker to induce the architect to become familiar with

polychrome architecture because this is the field where
nobody can follow us and it is the object of my little paper

to call attention to this fact.



PRACTICAL EXPERIENCE WITH PYROMETERS

BY

DR. WILLIAM H. ZIMMER, Wheeling, W. Va.

For all ceramics the most important part of the opera-

tion, the factor upon which the success of the whole depends

and whose neglect causes endless losses, is the kiln. But of

this very essential item in manufacturing we have the least

control and compared with other departments our knowledge

of it is very minute. With our temperatures, the common
thermometer is of no value ; at the same time either too

much or too little heat will be detrimental to the success.

As long as ceramics exist it has been the object to invent a

pyrometer on which one could perfectly depend, but to the

present day the old way of drawing trials is still the most

general. Many attempts to introduce pyrometers based on

the different shrinkage of various clays at different degrees

of heat were made, but all were found to be so deficient that

they actually offered no advantage over the old method of

firing trials dipped in glaze for the glost, in feldspar and
Albany dip for the biscuit fire.

These trials give the kiln-burner a wide range of discre-

tion and in the poorly lighted kiln-shed, especially by night,

the skill of a practically trained eye is very necessary to note

the proceeding fusion, the shading and coloring, which is

very important especially, when better and finer grades of

ware are fired. The manager of a factory himself does not

always possess such an experienced eye. Besides, we must
take in consideration the fact that it is a very difficult

matter to control, since in case of neglect other trials cannot

easily be substituted. That the manager can be at the kiln

day and night is oat of question. The hardest to judge

accurately is the trial of the biscuit, to which have been
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added as helpmates feldspar and Albany dip. But with these

two materials it is only possible to control a range of about

100° Fahrenheit and the result is that all American factories

who employ this method fire their biscuit ware at about an

even temperature in spite of manufacturers who insist the

contrary. Where the ware which has been fired alike has a

difference in porosity, it depends altogether upon the compo-

sition of the body, upon the amount of ball clay, of feldspar

and flint.

Under the existing conditions, it may be of some
interest to those present to learn my experience with Seger

cones and the Le-Chatelier pyrometer.

The Seger cones conform to the needs of our industry

better than any other pyrometer, as they are not absolutely

measurers of temperature in the strongest sense of the word,

but simply means of controlling a kiln. They consist of a

mixture of the same materials of which our body and glaze

consists, and will in consequence be subject in the fire to the

same chemical and physical changes as our pottery ware.

That is, in other words, if a certain class of ware has received

what fire it requires, at a certain cone number, then it will

always be finished at the same number ; whereas it has

been demonstrated, that under different conditions the same
ware might be finished at a different temperature meas-

ured by strictly scientific instruments.

The length of the duration of firing has the greatest

influence. My own experience has taught me that by the

slow firing of a large biscuit kiln, the cones (Nos. 1-9)

reached a melting point of 25°-30°C. lower than those

placed in the smaller trial kiln whose temperature increased

faster. The temperature scale produced by the Seger cones,

which was lately revised at the laboratory of the Thon Indus-

trie Zeitung, should be corrected accordingly for our large

and slowly fired biscuit kilns.

For a practical result, this is of no further importance,

as we simply want to know the heat necessary to fire the

ware and not an absolute temperature. The Seger cone

gives us all this information, for, if under certain conditions

it begins to melt at a lower temperature, the ware, which is
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composed of the same material, will also begin to become
compact at that lower temperature. I will state here, that I

made those controlling experiments with the Le-Chatelier

pyrometer to which I will refer again later on. Those

observations of the firing ol our 16 foot biscuit kiln demon-

strated the following interesting fact. At a 44 hours firing

we had reached the highest absolute temperature with cone

No. 7. An additional 4 hours firing showed no increase of

temperature indicated by the Le-Chatelier pyrometer, but

caused No. 8 to turn over. So with the ware. After 44

hours firing, at the time No. 7 turned over, the ware started

to become dense. When No. 8 went down the ware was

finished.

Of this process, of the further actions of these silicates, by

which name I will designate both Seger cone and ware, no
scientific instrument to measure temperatures would have

given an account, and therein lies the value of the Seger

cones, not taking into consideration the cheapness, the easy

handling and control. They are, without doubt, of more
value and better visible in the heat of the kiln than any of

the various copies, which are trying to bring the same prin-

ciples in another form.

But in spite of these advantages, it has occurred, es-

pecially in the case of those who are compelled to make their

own cones, that people have become disheartened and cast

them aside, as it happened that cones that should have
tested the greater heat, went down before the lower numbers.

If this irregularity would only denote the chemical impurity

of the materials used, it should cause no surprise to one who
lays claim to be called a chemist. We all know that the

carbonate of lime is not always pure, that clay is very seldom

the pure silicate of alumina, that feldspar varies in its com-
position and that flint is not always pure silica.

But even after all materials had been analyzed and

found chemically pure, the foregoing results were occasion-

ally obtained. As I could not doubt the exactness of the

original work of Seger, the mistake was only looked for in

the mechanical work of mixing. I found the clew for these

irregularities in preparing a large quantity of cones 2 and 3.
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The materials were pure, and after having them properly

mixed on a small mill, I put the mixture in plaster paris

moulds to extract the surplus of water. I had used rather

too much water in mixing, and noticed that the different

components separated again and the whole was by no means
homogenous. With white cones this process cannot be

followed so closely, and while I will not state that all mis-

takes are due to this, many an ill-success can be thus

explained. For my own use, I have found it more satisfac-

tory to use smaller quantities, which could then be mixed
thoroughly together in a partially damp state.

If I am not mistaken, Mr. Ernst Mayer, of Beaver Falls,

had some similar experience. One cone, No. 4, does not

give satisfaction to me in slow fire. It appears to act more
irregular in slow firing than any other number and I think

Prof. Orton will endorse this statement for me.

For the general practice it will be always the best to

procure the Seger cones from some reliable source ; they seem
to be had at a little cost from the Ceramic Department of

the University of the State of Ohio.

But the manufacturer cannot be certain of success even

with good, reliable cones, for it is always to be remembered
that almost every kiln burner is the enemy of any improve-

ment. His wages, his good living depends more or less on
the manufacturer's ignorance of his art. The drawing
of trials depended entirely upon the successful judgment and
decision of the fireman. By the use of Seger cones this is

altered. One not accustomed to firing can observe by
the melting of the different cones how the kiln has been
fired; whether enough, too much or too little. And if the

manufacturer knows that his ware is to be fired to a certain

cone in a certain time period, he can without danger or pre-

vious experiments employ a new man. This does not mean
that any labor-hand can be sent to fire a kiln with cones, for

to regulate a kiln, experience and deftness will always be

necessary, but by the use of cones the kiln burner can be

easier replaced, and this makes him their enemy.
Now the success of the Seger cones, as well as of any

other trial, depends upon their being placed in the proper
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way, and this the kiln burner can, if not prevented, at least

neglect and therefore needs the closest watching at the be-

ginning of the Seger tests. The kiln itself has to be kept in

good repair, and the trials must always occupy the same po-

sitions in the kiln. We have 11 sets of cones, 4 to each

set, that are marked with numbers lor position as well as

number of kiln and date of firing. It occurred in the be-

ginning quite frequently, that all cones from certain trial-

holes that should have been melted, remained upright and

notwithstanding the general result of the kiln was fairly

good, while in other cases, the cones showed up all right and

yet the result was not satisfactory. All these irregularities

I could trace back either to bad placing or to neglected re-

pairs of the kiln. Very often I found a crack between the

bricks and the iron frame of the trial-holes which caused a

direct draught of cold air to penetrate to the trial-cones.

For such events any other trial placed alongside the Seger

cones could not give satisfaction either. Wherever the

cones had a fair chance, they proved to be more sensative

than any other trial, and if such a control is at first not wel-

come to the fireman, he will after he is accustomed to it not

want to give it up.

It might be said that on the same principle every manu-
facturer could make a scale of his own by fluxing his body,

but I would like to call attention to the fact, that unless we
have a uniform standard for controlling our kilns, for which
purpose our Seger cones are at the present time the most
convenient instrument, it will be imposssble to exchange

experiences which will be of value in firing.

But while the cones give evidence if the fireman has

reached the proper heat, they give no account of how this

temperature was obtained. You are all aware that even with

the Seger cones, the manufacturer is still more or less

dependent upon the fireman. To neglect adding fuel or

taking a sleep by night, or any other carelessness, means not

only a loss of fuel and time, which can easily be reckoned

in dollars and cents, but may cause a questionable quality

of the whole ware, especially where the fireman is aware of

his negligence and tries to remedy it by brisker firing to
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regain his lost time. For such cases the kiln is finally fired

in the customary number of hours and ultimately the Seger
cones even might appear correct, but the result will be a

poor burn, caused by the irregular firing.

Even by using natural gas as fuel, where the conditions

are certainly more favorable, there is still the danger of a

sudden change of pressure and here too the inattentiveness

of the fireman causes poor results. To remedy this incon-

venience, a very handy instrument has been given us lately

in the Le-Chatelier pyrometer. I will not give a closer

discription of it, as Prof. Orton, who is likewise the lucky

possessor of the instrument, will at all events be pleased to

demonstrate it. The instrument, which I have at my dispo-

sal, has the one fault of not being self-registering. This defi-

ciency has been partly remedied by the use of flash-light

photography, but certainly the apparatus becomes more
complicated and less qualified for the trade. But without

this desirable expedient I have by regular observation

constructed firing curves, which brought many interesting

disclosures, besides controlling the Seger cones as previously

mentioned.

Above all things do these observations, this for the first

time here graphically represented course of firing, give

explanation of a period, of which before now no fireman or

anyone else had any positive knowledge; the period from

lighting the kiln to the dark red glow. The inside of the

kiln is during this period absolutely dark, whilst later the

color of the glow already gives a slight judgment of the pro-

cess of firing. The curves here showed—I refer mainly to

the biscuit kiln curve—that, especially by using gas, the

temperature increased to 200° C. too rapidly in the first hours

of the firing. Much breakage can be traced to this cause,

especially where the green ware was not absolutely air-dry.

By changing the firing curve during this period, I succeeded

in reducing the breakage in the same kiln to one-half. The
later rapid increase of temperature causes less damage, and

is in fact directly necessary in firing a glost kiln. Where
natural gas was used to fire the kiln, the curve kept quite

regular, but when coal was used the curve very plainly
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showed the irregular proceeding of the fireman's work. The
one zigzag line denoted that about midnight the fireman

grew tired and indulged in a little sleep, and the other, that

it was breakfast time which caused the kiln to be neglected.

But always at the instant the ware had reached the stage,

where it begins to become compact, there was a slight visi-

ble decrease in the absolute temperature without any altera-

tion occurring in firing, either by using coal or gas as fuel.

I wish to call particular attention to this scientifically inter-

esting observation, as I believe, that at the instant the ware

begins to become compact, or what is called in German,

("sm tern") it unites and absorbs a definite quantity of heat,

a certain amount of calories, and thereby gives a good ex-

planation of this otherwise incomprehensible decrease of

temperature. Very interesting are the regular curves of the

cooling process. Here again there should be a decided

deviation between biscuit and glost. Glost kilns which are

fired brisker, should cool off quicker, and this the curve

strikingly illustrates.

To conclude my remarks, I wish to state that I have but

few of these charts with me, but I have a good many more
at Wheeling, and my intentions are, with the kind assistance

of my associates, to continue the work. It must be possible

to state a most profitable curve for each of the various

classes of ware and systems of the kiln. The manufacturer

would then only need to give his kiln burner orders to fire

up to a certain Seger cone, and follow this or that curve.

This would be an attainable ideal, that would reduce the

risk of firing—without regard to accidents—to a minimum.

DISCUSSION.

Mr. Ernest Mayer : I have used Seger cones for along
time and never used the Chatelier pyrometer. I believe it

is the most satisfactory way of firing clays. There is one
point upon which everybody will agree—that we must have
had some difficulty wherever we had a bad kiln of ware.

You ask the fireman for his trials, and he may show you a

nice lot of trials— no one knows how long he has had them.

With the Seger cones he cannot do this. The only trick I
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have known to be worked with these, is that if they did not

come down quick enough, he would take a rod and shove

them over. But that is a ridiculous trick, for they must

come over gradually.

When we first made cones, I found some of the high

cones come down before the lower numbers. We have obvi-

ated that entirely by using the same system of making the

cones. After it is all mixed, made up, take and moisten

that liquid again— moisten the mixtures and dry them out

and use them from that, the probability is those cones will

not amount to anything. If you take the mixture and dry it

perfectly and put it in a ball mill, you will have a mixture

then on which you can rely every time. Since I have done

this, I have never had any trouble and got perfectly uniform

results.

There is a little point there which I did not venture to

bring up in the discussion of equivalent weights, where we
are going to run up against a difficulty. The question was
mentioned of feldspar— if you are going to take that from the

theoretical composition, and not from the analysis, I think

that will cause some difficulty to the gentlemen who make
the tables. When we come to clay and feldspar there will

be very great variations and I think you will find when those

tables are given out, while a man can use them if he wants

to, he had better be guided by the analysis of the materials

he uses.

I recommend everybody who wants to do successful

firing to give Seger cones a trial. A man said to me in

Liverpool that the only man there who used cones made
crazed ware. That is perfectly absurd. Many people have

tried to use cones that do not know how, and never followed

the directions, but where they have followed the directions

closely and used them properly, success has followed.

Mr. Stanley G. Burt : I have had fully four years trial

of Seger cones, and can endorse everything said in their

favor. I think before the time of Seger cones the idea

of the potter and brick-maker as to what heat he had in

his kiln was the vaguest thing we can conceive of. You ask

one man what heat he has in his kiln, and he will say maybe
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a thousand degrees ; ask another man and he will say

perhaps five hundred.

There is another point Dr. Zimmer did not bring out in

his paper. You should not allow what the Germans call

stflunk, or little thin tongues of flame, to play on or around

the cone, or it will go over way ahead of its time. It must
be kept away from sudden draughts of cold air and from

direct flame if you expect to get nice results.

The Le-Chatelier pyrometer we put in a year ago last

September. This instrument can be used in all sorts of

industries. You can drop the thermo-couple into a liquid and
it will give you the heat ; in a bakery it can be put in the

oven to find its heat; in the tool-works, in the tempering of

the tools it is necessary to hold accurately a certain heat;

they now put in the Chatelier pyrometer and if the heat

varies one degree up or down it is shown instantly. The
agents recently sent around a circular, in which they said

they did not ask us to return a whole lot of praise about the

pyrometer, but wanted users of the instrument to say what
they could against it. They said, " Tell us what is the

matter with it. We are here to perfect it.
"

The machine is all right. The only trouble is that

the porcelain tube breaks It is necessary to protect the

platinum wire from direct contact with the fuel gases, and
our company got the Royal Berlin Porcelain Company to

make the porcelain tubes fifty-four inches long, which pre-

vents the kiln gases from getting to your platinum inside.

That porcelain tube has bothered them a great deal. The
least little draught hitting the tube when it is hot will crack

it. But the defect is being overcome in a good many ways.
If not using too high a heat you can enclose it in an iron

tube. One man makes a grog-clay tube which a sudden
change will not hurt. One firm wrote they were enclosing
in a tube of asbestos. My idea of asbestos is that it is an
insulating material, and that would insulate it and keep the

thermo-couple away from the heat which you are trying to

measure. In making a grog-tube you do not insulate it.

The thermo-couple is composed of two pieces of metal
of different composition fused together at their point of con-
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tact. This point of contact when heated generates an elec-

tric current which exerts a magnetic influence which deflects

the needle of a galvanometer out of its original position.

The angle of deflection of this needle depends upon the

strength of the current, and the strength of the current

depends on the amount of heat to which the thermo-couple

is exposed. If you have a certain angle of deflection, you
have a certain amount of heat in the kiln.

As far as the galvanometer goes there are only two
troubles. The first trouble is the galvanometer must be

absolutely level. If it is the least out of level, the machine

will not work. That in itself involves that the instrument

must be built very solidly. It will not do to put it on a par-

tition— a wagon going along will shake the needle and

destroy its adjustment. You must have a solid foundation

and have it absolutely level. The principal defect is this

—

and I will ask Dr. Zimmer for an explanation. If you are

reading a kiln, and you set the machine and connect the

current, it may run for hours and all of a sudden the machine

seems to get out of order, the needle goes down and up.

This does not occur often, and is easily remedied by just

throwing the machine out and letting it rest a few minutes,

when it will work as well as ever. I imagine there is some
magnetic influence there. Beyond that it is very simple.

One other advantage of the Chatelier pyrometer is that

it can be used in any number of kilns. Your galvanometer

is one machine, your thermo-couples or elements another.

All you have to do, however many kilns you are firing at

once, is to put the elements in each, and connect each to the

switchboard above the galvanometer and throw the switch

to read kiln A, and to read kiln B throw the switch again.

It takes 19 seconds to read one kiln and then pass to another.

As Dr. Zimmer says, the pyrometer gives absolute tempera-

ture, and that is not what we potters need. What we need,

the Seger cones give us. We do not fire a kiln to a certain

temperature and say it is done. We want to accomplish

what the Seger cones can help us to accomplish. Your
pyrometer does not show what is taking place in the kilns;

it shows that you have a certain degree of heat. The Seger
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cone shows that the heat has been acting a certain time, and

bringing about this fusion in your body, and in that respect

it is not to be superceded by the pyrometer. I am glad to

give any information desired that I am able.

Professor Edward Or/on, Jr. : I feel a little bit handi-

capped in this discussion from the fact that possibly some
may think that I am talking " shop," inasmuch as I am
making and selling Seger cones. But I hope and believe

that none of you will go away with a feeling of that sort,

after you have heard what I have to say. It has been the

source of peculiar pleasure to me to hear Dr. Zimmer's paper,

and also the remarks of the speakers who have followed.

There has been no point made so far with which I do not

concur, and no trouble mentioned, which I have not exper-

ienced. There are spots on the sun. There are faults in

Seger's cones ; likewise with the pyrometer. Both of these

methods are immensely valuable to the clayworker who
wishes to perfect himself in his business. From my point

of view, we need all the information on the condition of the

kiln, and the rate at which our wares are being affected that

we can get, and any method which will contribute to this

knowledge is worthy of attention and study. Neither should

we tie to any one method, where it is commercially within

our reach to have the benefit of two.

I began my pyrometric experience, outside of what I

got in the brick yard, with the optical pyrometer of Measure
and Nouel, and announced my dissatisfaction with it after a

three months' trial. I said what I had to say in Vol. VII of

the Geological Survey of Ohio, in 1893. It was shown to be

too delicate for common use in what work I did with it, and
apt to be misleading even when used by the same operator.

Outside conditions were alone sufficient to cause grave

irregularities.

The second method of measurement which I had an

opportunity to study was the Seger cone, and I became
enthusiastic with that and still retain my enthusiasm. It

has been justly characterized as the greatest boon to the

potter which has yet appeared in the pyrometric field.

There are faults in this method of measurements as any one
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will find out who attempts to manufacture or use them in

his business. I think one of the faults is in the formula of

certain of the cone mixtures as laid down by Seger. That
may sound heretical, but I think before another meeting I

will have data to prove that.

At any rate I have found in the product of the German
cone factory, which is made with the characteristic care and
fidelity which marks everything made in that country, that

sometimes their numbers do not melt in order. For instance,

cones No. 4 and 5—(Dr. Zimmer is nodding his head I see)

—

have often given trouble. I had a little correspondence with

Dr. Zimmer on that subject. As to whether the fault lies

with cone four or with cone five, I am not yet ready to state.

I know the German five sometimes goes down before the

German four, when within two inches apart, protected by a

muffle, inside of a muffle, so that little pointed flames, drafts,

or such things which cause irregularities do not have an
opportunity to act.

I have found in making my cones according to these

formulae that having made them from analyzed materials

with check weights at every possible point where they can

be introduced, that the pyrometric grade of the materials

does not correspond of necessity to what is intended, and I

have given up the attempt to make a cone right by the mere
mixture of proper ingredients. I do not call a batch of cone

stock finished until it has been thoroughly tested, and in

almost every case it requires to be corrected, sometimes
several times, after having started with the right composi-

tion according to the formula. Even if you analyze all the

ingredients and compound them so as to produce accurately

the mixture as laid down by Seger, it will not necessa-

rily fuse at the time you expect. Further, if you ana-

lyze different batches of materials, and compound different

mixtures which have the same formula, they will not

necessarily melt at the same point. Difference of crys-

talization, size of grain, plasticity, and other factors which
we do not know about and cannot measure, will leave their

mark on the melting point of all ceramic materials. And
from the mere fact that you start at the right formula, it
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does not follow that you will end up at the right place.

You have got to have some means of standardizing them

other than the chemist's balance.

I have referred to possible faults in the series of form-

ulae designed by Seger. I think that faults are already found

and proved in that series, and that we have to alter it a

little here and there if we want to keep the cone numbers

20 degrees Centigrade apart. And second, faults arise due

to physical differences in the materials from which the cones

are compounded. As Dr. Zimmer brought out, difficulty

arises from the separation or segregation of the different

elements. That can be overcome, as suggested by Mr.

Mayer, by using the filter press instead of plaster, to get rid

of the water, and then after drying the ingredients thor-

oughly, grinding again in a dry condition until the powder
will pass through a fine sieve. In this way I think we Can

obviate the greatest irregularities due to that segregation.

There are still other faults of structure which are impor-

tant. I have not investigated all of these as I want to. I

have such an investigation on the docket as the first thing

which I want to work out for my own personal satisfaction,

and will publish it when I get it. There are many other

questions which might be enumerated, such as the variation

of weight of the cone, of the taper, how much weight to put

at the top, and how much at the bottom, the effect of slight

bending of the cone in the drying, the effect of longitudinal

and transverse cracks in drying, the effect of different bind-

ing materials and many more. There is a wide range of

investigation necessary before we can expect to make them
perfect. Perfection has not been readied either abroad or

here But the intrinsic value of Seger cones to the ceramic

industries is beyond all question or dispute.

As to the Le Chatelier pyrometer, I have had the instru-

ment for less time than either of the gentlemen who men-
tioned its use. I have only had the instrument in working
order since October. I have used it vigorously for three or

four months, firing three or four times a week. I have been

conducting the scholarship firings since Christmas, two or

three weeks, with the pyrometer and find it an immense
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help in such ways as Dr. Zirnmer has mentioned. It enables

us to keep track of where are before we get to the critical

point. We would get the same range if we used enough

cones, but to use such a quantity of cones would be cumber-

some. We only want to use one, two or three to get the

most convenient and best results. In the scholarship firing,

we have the problem of burning small brickettes, or whole

bricks cut into four pieces, firing them to three different

grades—the best physical structure, a little below the best,

and a little above the best. To do that accurately, and to

cover the amount of work planned for this year, requires that

the firing be done rapidly. We fire brick in twenty-four

hours, and certainly get a fine firing and as strong, solid

product as anyone can get in longer firing. We could not

if it were not for the pyrometer.

We divide up the burning into three parts. We call the

lower stage the heating-up stage, the middle period we call

the dehydration stage, and the third we call the vitrification

stage. During the lower stage we progress at a rapid rate
;

probably about sixty degrees an hour, though I do not remem-

ber just the figures. After having expelled the free water

from the brick, we go pretty fast until we reach the point

where the combined water and gases commence to leave the

clay. Then there is an abrupt change in the rate of increase

in temperature, and we spend as much time in gaining the

next 250 degrees as we have in getting the first 550 degrees.

We spend eight hours to get from 550° C to 800° C. Of

course, none of this would be possible without the use of the

Chatelier pyrometer or its equivalent. At 800° C the clay

has practically ceased to lose weight. The water, carbonic

acid, and sulphur have been almost entirely expelled at that

time. From 800 to the finishing point we generally give

eight hours more. We have also tried the effect of soaking

or maintaining a practically constant temperature at the

conclusion of the burn. We find it better to finish the burn

with a little longer exposure and a lower temperature rather

than to go to as high a heat as we could with the clay.

I can bear good testimony for the value of the Chatelier

pyrometer for scientific research or investigation ; but practi-
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cal use is another matter. The expense is one item. It

costs $175 or $200. Further, you will want the temperature

from all the kilns and must provide for reading it at a

number of points. The pyrometer gives the actual temper-

ature atone point ; it does not give the effect of the temper-

ature. The cone gives the effect. The results of the pyrom-

eter have to be considered very carefully. But to apply the

pyrometer to kiln firing in general, at a large plant seems to

me to involve a large expense. To use it in a thorough way,

in several kilns at once, involves a number of couples each

costing $60.00, and quite a system of wiring. That is the

objection to it. In a large plant, the use of one or two

couples, to enable the kiln-burner to keep track of the general

rise and fall of the heat is well worth while, but cones should

be used to determine the fluctuations or variations in temper-

ature existing in different portions of the same kiln. You
cannot afford to use $10.00 porcelain tubes and $60.00 thermo-

couples in all the different portions of the kilns where you

want to know the temperature. Cones cost only a cent a

piece. It is cheap enough to use them for such a purpose,

where you cannot use the pyrometer.

As to the faults of the pyrometer I have little to contrib-

ute. Mr. Burt has made the statement that the instrument

gets tired after working a certain time and had to be allowed

to rest. I have found with my instrument that matters

take a little different form, and I think I have found out what

causes this irregularity. The galvanometer is made by a

German house and, as I said before, with the characteristic

fidelity of the German worker. It is beautifully propor-

tioned for the work it has to do ; its design is scientifically

correct, but it is not what would be called a good job of

instrument building in America. It is a clumsy instrument,

even if the proportions are well designed. In my instru-

ment, the electrical connections in the interior portion of

the machine were made by wood screws. The place where

I kept the pyrometer was warm and very dry. The wood

dried out until the screws were no longer tight ; they became

so loose that the electric circuits were not perfect, and I had

trouble until I found what was wrong. I was obliged to
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get into the inside of galvanometer and to solder every elec-

tric contact in it before I could get consistent readings.

Before I did that, the needle would sometimes bob up and

down over a range of 500 degrees without apparent cause. I

think Mr. Burt is probably suffering from the same trouble,

—at least the symptoms seem to be alike.

Another point: the instrument is sensitive to currents

of electricity around it. I found when rubbing off some dust

from the galvanometer case one day, that I generated enough
electricity to deviate the reading by 100 degrees. By rub-

bing on one side it would deviate it one way, and on the

other, the other way. These are little faults by which the

unwary might be trapped. I am free to admit that if I had
not had the electrical department of the University behind

me I would not have located these difficulties in the interior

so promptly. So I say the Chatelier pyrometer and Seger

cones work beautifully together, but if you cannot have both,

my advice is to stick to the cones.

Mr. Herman C. Mueller : I simply want to state that

the Mosaic Tile Company uses Seger cones, which we man-
ufacture ourselves. We have never used any other means
of trying to find the temperature of our kilns, and the Seger

cones have been entirely satisfactory.

I am also acquainted with another fact. When the

Seger cones were introduced in our factory, we fired in

the regular manner with shrinkage trials, and after the

Seger cones were introduced it was impossible to get the

fireman to discontinue the use of shrinkage trials. He
would fire with both, and if one did not come right it was
the fault of the other, and, vice versa. And I would say that

if any gentleman present would like to introduce the system

of Seger cones—and I strongly advocate it—he should intro-

duce it at once without making any compromise, using the

Seger cones without any other medium, unless perhaps the

Chatelier pyrometer. I do not know anything about that

instrument. But to carry both Seger cones and shriukage

trials will mix matters up. While there is some responsi-

bility connected with it, I would go it one way or the other
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without compromise. Our experience with cones has been

pleasant, entirely satisfactory.

Another thing I want to say. I agree with Mr. Mayer

as to the mixing of the materials. I believe a great deal of

trouble is caused from that. Taking the burning of mater-

ial which has been prepared as plastic material, and material

which we know as dust-pressed, there is a great difference

in the burning of them. We also mix the material thor-

oughly dry, then mix up sufficient to make the cones. No
doubt Prof. Orton knows more about the making of cones

than we do.

Mr. Samuel Geysbeek : I will call attention to some-

thing which happened to me recently. We are using cones

together. We burn cones 6, 7 and 8, Seger series, and for

my own investigation I mixed up nines. I had the box

containing them close to the 7 and 8 and 6's. The fireman

who gets the cones out for the firing did not pay proper

attention, and took a 6 for a 9. And after firing had been

going on for some time, he says :
" You made a mistake in

those cones." I said " no sir ;" he said " yes sir
;
you mixed

up the wrong cones ; the blame thing won't come down."

We had three kilns set that way in one week. The man
comes up to me and says " see that 6?', The 7 is down and

the 6 won't come down. I said "that is a 9." The man
could not see the difference between a 6 upside down and

a 9.

Mr. J. Parker Fisk : We have heard from the pottery

and tile side of the house, but not from the brickmaker. I

have heard brickmakers say, " These pottery fellows can

use the cones, but they are of no use for us brickmakers. As
a brickmaker, I can testify that I have used Professor Orton's

cones for some months, and while we had some trouble, it

was not due to the cones. We have derived much benefit

from their use. We are getting better burns, and think it

is due to the cones. One trouble which we have, is due to

the use of a Newcastle kiln, which is practically a horizontal

draught kiln. The flues are made by the goods themselves,

and the only place there is to put the cones is in those flues,

and consequently the flame plays on the cones themselves,
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and probably there is a little cold air in with the flame,

which makes the cone not absolutely reliable in those old-

fashioned kilns. We have other modern, down-draft kilns,

where we get a more uniform downward flow of heat, and
we put cones in those kilns and fiud them helpful.

We have not used the LeChatelier pyrometer ourselves,

but have a neighbor who has used it extensively and thinks

it highly useful. He uses one element only, and puts it in

several places in his kiln.

A Member : The same element ?

Mr. Fisk : Yes, the same element ; he puts it in differ-

ent places and at different heights in the kiln,—half way up,

on the bottom, at the top, and he finds it of great value. He
spoke of overcoming the trouble from breaking of porcelain

tubes by wrapping with asbestos, taking care not to wrap
the tip. As long as he does not insulate the tip, it does no
harm to wrap the rest of it, if you choose.

President Wheeler : Mr. Fisk has brought out one point

in relation to the LeChatelier pyrometer. One couple, I

think, is quite sufficient to carry on the work of one estab-

lishment of several kilns. The reading is practically instan-

taneous and can be taken and the bayonet withdrawn,

changing from one point to another, in the upper and lower

horizons of the same kiln. It has an immense advantage.

I think the first cost is small, indeed, compared to the ser-

vice it renders. Such an instrument, judiciously used, would
make a difference in the coal. It is the only instrument

which we have today, by which you really do know what

you are doing. It has an enormous advantage over cones.

With cones, when done, you are helpless. If you want to

heat- soak, you are helpless. If you depend on the cone,

you are liable to have trouble with over-burned kilns. With
the pyrometer, you make readings as often as you wish.

The great difficulty in our kilns is to get uniform burns. I

do not think the difficulty is so great where we are working

uniformly on the same material, and I think where you are

burning on the same material the method of trials is incom-

parably above any cone used. I am aware that some of my
scientific friends will not agree with me, but the man who
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knows what his ware looks like when properly burned will

have greater success than if he depends upon cones. If a

pyrometer is not available, Seger cones are the next best

thing. The defects in cones are very numerous. I think

you cannot be cautious enough in remembering that Seger

cones are tricky to a certain extent. The formula itself is

irrational. In the second place, being made of natural

material, which is never pure, and always variable, there-

fore no two batches are ever made which are precisely the

same. I am surprised that Seger ever used raw material.

Thirdly, and a factor we cannot eliminate, no two clays ever

have the same physical properties, and the physical proper-

ties are as important as the chemical. You may keep it

within one percent, but even if less than one percent, it

becomes an error of importance.

Then there is the important thing of mixing the mater-

ials to get them homogeneous—you hope to and try to and

guess when you think it is properly mixed, but you never

know until you try it. These errors never can be eliminated.

Their use is valuable as a transitory method ; but I hope for

the substitution of metallic alloys, which can be made to an

extreme degree of reliability, which will eliminate the

danger of uncertainty.

I think this Society should do its best to introduce the

latest devised form of LeChatelier pyrometer. It is an

immense improvement over the earlier one that we had to

standardize for ourselves. Now it is already standardized,

and if it costs two hundred dollars, it is a very small factor

if it enables you to know what you are doing.

Mr. Fisk: I will say, in regard to the galvanometer

used with this pyrometer, that as Professor Orton said, it is

not perfect, like all measuring instruments used years ago in

France and Germany. We used those in this country up to

ten years ago for measuring electrical currents. At that time

the Weston Electrical Instrument Company of New Jersey,

brought out an instrument so much superior to those of the

Germans and French that they have been discarded. The
instrument they manufacture is a small affair, three inches

thick, and you do not have to get it level or point it north
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and south. I am not sure what current is generated by this

element. The Weston Company has no instrument it could

offer out of stock for use with the LeChatelier element, but I

think if the demand is made upon them for one to use with

this uncertain German instrument, they would take it up.

President Wheeler : If there was a demand of fifty or

seventy a year of those, couldn't the price be brought down?
Mr. Fisk: Yes, sir; brought down to seventy-five

dollars, I think.

A Member: Wouldn't a milli-voltmeter work?
Mr. Fisk: I am not sure but what it would. We wrote

them asking about an instrument to work with this, and

they referred us to the German Company.
Dr. William H. Zimmer : The use of alloy of gold and

platinum is all right for lower degrees, about 200 degrees

above the melting point of gold.

President Wheeler : About 2400 degrees

!

Dr. Zimmer : Yes, twenty-five hundred. It would not

be possible to use it for all kinds of clay, not for porcelain

nor to test the clay to see if it is fire clay. But for the lower

temperatures it is possible to use it, and it has been done.

President Wheeler : Wouldn't that apply to 90 per cent

of the actual work of ceramic workers in this country ?

Dr. Zimmer : More than that.

President Wheeler : I am aware that at high temperatures

gold liquates out and leaves the platinum. So while there

are a few exceptions, the very great advantage of eliminating

the errors of the Seger cones in this country is something

this society ought to take up.

Professor Orton : I would like to ask Professor

Wheeler whether he has himself experimented with the use

of Seger cones ?

President Wheeler: No ; I never had enough confidence

in them to try them.

Mr. Charles F. Binns: I wish to add my testimony to

that of Professor Orton in favor of the Seger cone. We have

been using his cones and find them advantageous. Have
used them with perfect satisfaction in every respect and they

have the enormous advantage in that they remove the esti-
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mate of time from a question of opinion to that of fact. You
gave us rather a knock-down blow in the laudification of the

old method of trials—it is just a matter of opinion whether
trials are satisfactory or not; but with the cones, it is simply

a question whether the cone is down or not. We are getting

cones of Professor Orton, and I will say that the cones are

as reliable as anything human can be. I throw my testi-

mony absolutely in favor of cones.



WITH CRUDE OIL FUEL, CAN THE EXCESSIVE HEAT
IN THE KILN-MOUTH BE ECONOMICALLY

TRANSFERRED TO THE KILN PRO-
PER, BY THE USE OF STEAM.

BY
STANLEY G. BURT, Cincinnati, Ohio.

When Prof. Ortoti spoke to me about reading a paper, I

told him I hoped to be able to give some facts of interest on

this subject, but was much afraid I would not have the time

to experiment as I desired. My fears have proved well

founded, so that instead of giving you results I can only try

to give you the idea I had in mind.

I see my subject reads "With Crude Oil Fuel." It is

probably needless for me to explain to you that there is to

the best of my knowledge, very little, if any "Crude Oil

Fuel " on the market; what is sold is " Reduced Oil." That

is, all products such as benzine, naptha and lamp-oil are

first taken from the crude oil, and then probably a certain

percentage of the higher-distilling, heavier oils for lubricat-

ing purposes, before the remainder is finally sold as reduced

oil for fuel. To the average man, "reduced" oil means

nothing, but if you tell him you are burning crude petroleum,

he immediately understands all about it and bothers you no

more. So I've gotten into the bad habit of saying crude oil

on all occasions.

I say " with fuel oil," not that what is said on this

subject would not in the main be true for other fuel but

because, excepting possibly gas, other fuel would not create

this "excessive heat'' in the mouth, as I am about to

explain. Then again, I only expected to experiment with

oil and hoped to have a sufficient supply of facts so as to

dwell as little as possible on theory. Facts in this pottery

business have a most maddening way of being just the

43
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opposite of what you've theorized they ought to be. To
those of you who have never used oil, it will be sufficient

explanation of what I mean by " excessive heat '' to tell you

that in getting cone 5 down in the kiln, you get cone 25 down

in the mouth. This I call an " excessive heat " in the

mouth. You can readily imagine the result on fire bricks
;

the so-called first-class fire brick soon forms an interesting

study in glazes. In fact the economy of fuel was not the

point which first drew my attention to this subject, it was

economy in fire brick. Let me try to explain the cause of

this heat by comparing the combustion of oil with that of

coal.

Combustion is a chemical union which occurs in a gas-

eous medium and is accompanied by the evolution of light.

This chemical union is only a final step in a clearly defined

series. We start with our fuel, say oil, and apply heat to it.

This heat which the fuel absorbs becomes latent. Now
when it has absorbed a certain amount of heat it undergoes

a physical change and goes from its liquid state to a vapor.

We continue to supply heat and vapor in turn absorbs it until

finally this vapor undergoes a change and becomes gas.

Now all that remains necessary to have combustion, when you

have reached this stage, is a sufficient supply of oxygen
mixed with the gas you have formed and the more complete

the mixture of fuel gases with oxygen the more perfect will

be the combustion.

It is plain how easily these steps are carried out in oil

burning. You first give your oil a preliminary heating

before it reaches the kiln mouth. Some even vaporize it

(and by the way, generally call this gasifying it) then by
spraying it you can vaporize it instantly if you have not

done so already. It is a simple matter now to heat this

vapor up very rapidly until it becomes gas. There only

remains the mixing with oxygen. If you are spraying with

air, you have really been mixing almost from the first and
even with steam if you only supply sufficient air with this

finely divided fuel, you are almost bound to get a rather per-

fect mix. Here are all the conditions fulfilled, and the result

is a complete combustion almost instantly, all done right in
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the kiln mouth. While to have combustion, an absorption

of so much heat is necessary, the final chemical union liber-

ates this heat. With the oil, this heat is taken from the

mouth but the whole process is so rapid it is actually given

with a constant increase. The kiln proper is really fired

with the sensible heat of the waste gases. One more point

in the use of oil, the mouths are sealed and only just the

the right amount of air is allowed to enter— not too much,

not too little — either of which would cause a loss of heat.

Now if we turn to coal we find the physical and chemi-

cal changes much the same but they cannot be brought

about with anything like the same ease and rapidity. It is

supplied to the kiln cold, there is the difficulty and time

necessary to heat this solid mass, the impossibility of evenly

producing the gas and then of perfectly mixing it with

oxygen. I will not go into a discussion on combustion of

coal, I merely want to bring out a few points; first, the

mouth is cooled by an irregular supply of air and by the

heat absorbed by the coal in gasifying ; second, whereas,

with oil your combustion is complete and heat returned in

the mouth before the gases have reached the kiln proper,

with coal the mixing is so much less complete that the

oxygen does not reach most of the gas until far in the kiln,

or it fails to reach it in time at all and the unconsumed

gases reach the air. That is, very little heat is returned to

the mouth.

I have gone to some length in speaking of this excessive

heat in the mouth irom oil burning, for if that is understood

it will be easy to realize how peculiarly adapted it is for try-

ing the theory I am about to explain. So, granted this

excessive heat, the question is how can it be economically

transferred to the kiln proper ? The dissociation of water

vapor, that is steam, was suggested to me as a possible solu-

tion and I determined to experiment with it. Let me
explain to those not familiar with the idea, the theory

involved. All chemical compounds undergo above a certain

temperature and pressure, a decomposition into their

elements or component parts. With water this decomposi-

tion or dissociation as it is called, does not take place
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suddenly, but gradually ; it advances regularly with increas-

ing temperature until such a high temperature is reached

that the compound is entirely broken up ; there is, however,

a constant opposing combination tendency on the part of the

components. This dissociation is accompanied by an

absorption of heat exactly equivalent to the amount which

was given out in the formation of the compound. That is,

each molecule in its separation takes up as latent heat the

same number of calories as was given off when it combined.

The dissociation of water begins at about 1000° C and con-

tinues to temperatures above measurement. No matter

what the amount of material taken, a certain percentage will

always dissociate at a certain temperature, that temperature

necessary to dissociate fifty per cent, is known as the disso-

ciation temperature. In the case of water this is 2500° C.

This dissociated H. and O. does not lose the power to again

unite and again set free its latent heat but does so as soon as

the temperature is decreased. As for example, if the tem-

perature was 2500° C and fifty per cent, had been dissociated,

each decrease from that temperature would carry with it a

corresponding reunion of the hydrogen and oxygen. Thus
it is plain that this offers an excellent means of storing heat

in a place where there is an excess and transferring it by
means of these dissociated atoms to a place where the heat

is less intense. The only necessity being that the tempera-

ture in the first place must be sufficiently high to produce
dissociation.

This is the theory. In trying it you start burning just

as usual ; when the mouth has reached 1,000 degrees, turn

on a small spray of steam ; dissociation and with it corres-

ponding absorption of heat immediately takes place. You
are taking some of your excessive heat from the mouth and
carrying it on toward the kiln proper. The greater this heat

the more it is transferred, maintaining a uniform heat.

The principle involved is by no means new, on the con-

trary, it is in pretty general use. In fact a patent was
granted, if I am not mistaken, on a pottery kiln with water

pans on both sides of the mouth. Many wonderful things

were claimed for this kiln, such as freeing the glaze from
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craze, but no mention was made, I think, of the dissociation

principle. The common method is to let the hot ashes fall into

the water, the resultant water vapor passing up through the

grate bars. In both of these cases, however, it is well to

remember that all water vapor is not steam. Water vapor

exists at many degrees below zero, but we would hardly call

it steam in that case. Steam, strictly speaking, is the water

vapor given off from boiling water and containing many
units of latent heat. What we generally call steam is really

only condensed water vapor. So that water vapor would have

but a small percent heated sufficiently to dissociate before

it had passed out of the kiln.

To thoroughly test the whole theory a good deal of very

careful work would be necessary, gas analyses should be

made, temperatures of mouth and kiln proper with and

without the steam should be taken, quantity of steam and

fuel used, together with many other points, would all have

to be carefully noted. I cannot say that I expected to accom-

plish any such thorough examination, but did intend to have

at least a few practical results. For this purpose I have a

very convenient little kiln which has a capacity of about one

cubic yard, can be used as up or down draught and can easily

reach 1200 degrees C. or over, in ten hours. I have ad-

vanced as much as 240 degrees an hour with it—that too

with a constantly oxydizing careful fire. It is fitted with

the Le-Chatelier pyrometer, and for a practical test it only

remained to conduct the steam to it. My first experiment

proved conclusively that if you start steam through about

sixty feet of x/2 inch pipe, thermometer being about zero, you

will have nice warm water at the other end. The result of

this warm water entering the kiln was a cloud of steam from

the stack. There was heat enough, but not time enough, to

accomplish dissociation. To, in a measure, temporarily

overcome this I put a coil in the mouth. There was no

trouble in reducing the heat in the mouth, the trouble at

first was, not to reduce it too much. Very little steam is

necessary. When there is too much, the mouth is soon too

cool, there is no longer perfect combustion and the uncon-

sumed gas flames up into the kiln. With the kiln making
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a steady advance of 45 degrees every fifteen minutes I ap-

plied the steam. That heat was transferred to the mouth,

and an immediate advance of 50 degrees instead of 45 degrees

showed. This continued until the mouth was cooled too

much, when the advance was checked to 30 degrees. The
coil in the mouth is by no means an ideal arrangement. It

demands just that much more of your fuel, brings in a new
factor and is not satisfactory in many respects. However, I

find that even with this I can maintain just as rapid an ad-

vance as I had without the steam, and now have the mouth
much cooler. So that I am protecting the fire brick and

not losing fuel, the first point is gained.

If I am depending on the sensible heat of waste gases

alone for firing the kiln, there would necessarily be a loss of

heat, because the mouth now being cooler, the gases leaving

it must be cooler ; but on the contrary we maintain in the

kiln proper the same rapid advance, therefore the disso-

ciation must be supplying the difference. As soon as I can
arrange to supply steam direct, much more will be disso-

ciated and economy in fuel will result, I feel sure. It was
highly probable that the nascent hydrogen and oxygen from
the dissociation would recombine with each other without
difficulty, but it seemed possible that as hydrogen diffuses

four times as fast as oxygen, some of it might get away and
seek its oxygen from other sources. The question of a re-

ducing or oxidizing gas is one of great importance to us at

times, so we could hardly afford to have any great quantity

of free hydrogen in the kiln. The color of the trials, ware,

or even saggers, will generally tell whether a reducing gas

has been present. I found no sign of it ; both biscuit and
glost ware were very fine. So little steam is used there

would probably be no danger.

I regret that I cannot give you more complete results,

but at this time all I can say is that so far as I can now see,

the theory is going to work out all right.

DISCUSSION.

Professor Edward Orton, Jr. : Mr. Burt has presented

the case in an admirable manner and I am not prepared

exactly to controvert him nor to agree with him. I want
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more light, more time to study that production of his. It

seems to me that the only weak spot in it, if there is one,

would be in the proportionately increased power of this

mixture of gases to remove heat units from the kiln. Water
vapor has a high specific heat. You cannot have combustion

taking place without water vapor being foimed, true, but the

more water there is present, the greater the unavoidable loss

of heat, conducted away in the waste gases ; and it seems to

me that that point would have to be taken into careful con-

sideration. I do not state, however, that the loss from that

source is going to outweigh the benefits which Mr. Burt

claims.

I realize the difficulties under which Mr. Burt has labored,

perfectly, because during one year of my experience I was
burning crude oil fuel constantly. We used 380 tank cars

one year and used compressed air as a spraying agent on the

kilns and steam on the boilers, and we suffered, as most do

who burn oil, from the enormous overheating in front of the

zone of combustion ; but I am free to confess that I origin-

ated or practiced no rational means of curing this. When
one fire box got too hot we cooled it off. Also, from disso-

ciation of the oil, we frequently would have coking of the

carbon, which forms hard accumulations in the neck of the

furnace. For obvious reasons it was necessary to cut down the

oil supply and let in extra air and allow the carbon to burn it-

self out. We were equipped with a large number of burners

and they did not happen to all be acting this way together

;

so, while we succeeded in burning brick nicely and satisfac-

torily that way, it was a long ways from theoretical econ-

omy.
I was much interested in the paper read and want to

study it before I form an opinion.

Mr. Burt: The point is well taken by Professor Orton.

As I stated, I got to 2500° C. before I dissociated fifty per-

cent, passing the other fifty percent through to carry offthose

gases. It would be necessary to experiment to determine

just what the gain or loss is. But I balanced this off with

the tales which travel around about the wonderful effects

obtained when there is steam in the kiln. Dr. Christopher
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experimented quite elaborately with steam in the kiln—we
don't know what he was driving at to this day—but tradi-

tion still tells of the beautiful effects he got. More than that

there is to be said with regard to the dissociation, you are

almost sure to get to any little cold corner if you have one

and help it along.

I feel decidedly amateurish on the subject. It is a thing

of more personal interest, more limited interest and will not

appeal to as many of the members at I wish it might. If

anybody can give more light on the subject, I would be glad

to hear from them.

Mr. EarlM. Ogle : I cannot give you anything in a tech-

nical sense, but it has proved a saving of fuel in our factory

on muffle kilns. We used it for eight or ten months, spray-

ing steam in a hollow pipe leading into the mouth together

with a jet of natural gas. We found we got a very clear,

white heat and our kiln lasted two or three months longer

than it had before or since. But of course we discontinued

the use because the fuel cost about the same and it was
cheaper to use gas than to furnish steam. It was only an

experiment and we used it only eight or nine months. It

made a saving of fire brick, very little wear and tear on them.

It aids very materially in that respect.

President Herbert A. Wheeler : What success would you
meet with in the passing of air to conduct away the surplus

heat from the kiln mouth?
Mr. Burt: I don't see what would be gained : it would

be simply taking the air and heating it up to pass through

the kiln. Somebody says, leave the mouth open and it will

keep it cool. What is the use? You have to heat the addi-

tional air and pass it through the kiln and you get no gain.

President Wheeler : If you start the air at cone 25?

Mr. Burt: If you put a rush of air in at cone 25 at the

mouth it would carry some of the heat up into the kiln.

Mr. William D. Gates : I am getting braver : I never

supposed I would dare to dispute anything Mr. Burt would
say, and I do it with trembling now. I hardly dispute it,

but it seems to me possible to carry the heat by air back in

the kiln. Frequently, where the box is too hot it becomes
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necessary to put more air in. I have used oil a good many
years. The first experiments I began to make with it were

before we could get it in tank cars. We got a job lot of oil

in old barrels, fitted up a little burner in a little kiln, and the

general usefulness of the results was somewhat marred by
the fact that the old barrels were filled up with articles of

past usefulness which got down to the burner and stopped

proceedings ; but the coal strike made it necessary to do

something and we equipped with steam and oil and for many
years used it. We only discontinued its use from the fact

that the boilers were so far from the kiln, making it

necessary to conduct the steam so far, that two years ago we
equipped with air on account of the condensation of the

steam. We found that if we would start the steam at the

boiler at perhaps 80, we had warm water at the other end of

the pipe. The only method we have when the fire box gets

too much heat is by carrying that heat into the kiln by intro-

ducing more air. I was never able to tell just what results we
got from the steam when we used it, and it has always been

an attractive and embarrassing question to me. While I can-

not offer anything tangible on this line, I was very much
impressed with the paper and I am not satisfied with simply

hearing it. I would like time to study it.

Mr. W. A. Eztdaly, of Cincinnati, asked the privilege of

the floor, and on motion of Prof. Orton the same was granted

him.

Mr. Endaly : I was so interested in this paper and in

fact all this discussion that I could not refrain from asking

the privilege of speaking on the subject. I think the paper

is in the right direction. There are a great many things in

the right direction which never get there—not to discredit

the paper. This is a subject that will be investigated after

I am laid away, undoubtedly. There are some elements in

discussing this question of combustion of fuels and transmit-

ting of heat we ought always to keep in mind that I have

not heard suggested. One is distance, another is direction,

another velocity. These three have a great deal to do with

the hot fire boxes in the mouths of your furnaces in the burn-
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ing of any kind of fuel. You may have your chemistry all

right, you can state what the combinations are for perfect

combustion without difficulty—it all reads well ; but unless

you take these other elements into account you will not

arrive at the result you hope to reach, viz : putting the heat

into the kiln where you want it with the least possible

amount of expense. I have had a great deal of experience

with oil and air and with oil and steam—have devoted a good

part of my life to that thing, and I think there is a great deal

to learn about it. I have come to one conclusion (I may
differ from some of these gentlemen who look at questions

from a highly scientific standpoint)— I have come to the con-

clusion, if you want heat in the kiln, you must have that

heat in the fire box. That is just a plain, common, every-

day way of looking at it. You cannot expect high heats in

the kiln unless you have high heat in your fire box. You
cannot expect to have a higher heat in the kiln than you

have in these fire boxes, on the theory that water will not

rise higher than its source. That is the great trouble. The
greatest trouble is you are trying to do the work in too small

a space : the throats of the furnaces should be larger. By
using more space you will not have this trouble indicated by

the discussion this morning. You want more space.

The question was referred to of opening the doors and

letting air into the furnaces. I am not able to discuss the

chemical results and all that, but I can say for a fact that it is

a good thing and results demonstrate it beyond a question.

I have watched it by the hour and I know it is not detri-

mental if done at the right time and in the right way.

I simply rose to call attention to the fact that you must
take into'account the time, distance and direction. There
are a lot of other things aside from chemistry to be consid-

ered when'you put heat into a kiln of burning ware.

Mr. Carl Geissen : Mr. Eudaly made the remark that

the throats of the kilns ought to be larger. In the direction

of this heat question, it is said when you have too much
heat in the furnace, open the door and let the excessive heat

pass into the kiln and go down further into the kiln. If you

have two furnaces instead of one and keep the door of the
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furnace shut you will get the same result. I find that by
narrowing the throats and using air supply from the outside

we get better results. Also, if you have two furnaces instead

of one, you don't have to throw the door open.

Mr. Burt: I do not see, and I would like to have it

explained, why, if I am aiming to get a certain heat

in the kiln, if I have my cone 25 in the mouth in order to

get cone 5 in the kiln proper—how am I going to practice

any economy by letting a rush of cold air in there ? What
can it do? It might possibly carry with it a rush of hot air,

and it might transfer the heat from the top to the bottom

—

old method—but provided the little rush of air did not carry

your heat where you wanted to reach, what will it do? It

has cooled your mouth way down and you have got to heat

the mouth up again. I eannot see how the letting of cold

air in there is going to be a saving of fuel.

Mr. Giessen : The idea is, of course, to keep the kiln

going in a hot condition all the time, and if you have a small

throat or mouth you have a steady heat in the furnace and

keep feeding it. I never had any experience with oil, but I

will say that I found by putting small throat in large furnaces,

and keeping the supply of air going in there, you will reduce

the fuel bill and get better results on top. You do not take

the chance of over-burning the top to burn the bottom.

Dr. William H. Zimmer : Mr. President, I would like

to make a few remarks. It may be cold air will bring the

center of combustion to the inside of the kiln, but at the same
time you never can expect to regain any latent heat from the

air. The air will not dissociate and go back into a chemical

combination simply because it is not a combination in a

chemical sense. Our air is a mixture that can vary, there-

fore the most economical at any temperature would be steam,

according to my idea. I have been an interested listener,

but have had no experience.

Mr. Albert V. Bleininger : I would like to agree with

Dr. Zimmer on this point, and would like to cite a case where

the use of steam is a great improvement. This is in the

case of gas generators. Gas generators have a tendency to

raise the heat too high.
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By introducing steam, which in passing through the

mouth of the kiln decomposed into oxygen and hydrogen, a

source of heat is always available—you have reduced the

heat of the generator and lost no heat. It seems the use of

steam in this connection is most reasonable and correct.

Professor Orion: I quite agree with the position of Mr.

Bleininger and Mr. Burt. Good is likely to come from the

use of steam in this connection ; but I do not agree with

Mr. Burt's view of the functions of the air in the transmission

of heat to the ware. The generation of heat is a chemical

problem ; the transmission of heat to the ware in the kiln is

a physical problem purely, and there are several agents

which can be made to act in this manner of convecting the

heat from the fire box to the ware. Steam is a novel one

which we are just learning how to handle. Air is the old tool

we all know. Understand me, I am not claiming it as an

economical method to open the fire door. Considering it as

a matter of physics, it is anything but economical ; but tak-

ing the practical side of the question, as a means of getting

the heat there, it can be done by the convection of air and

has been done that way. The probability is that the air

passing through the hot zone to the cooler one takes up so

much heat, has weight and mass, goes into the kiln and

bathes the surface of the ware there and if the ware is cooler

than the air, it becomes heated. If the top courses of the

kiln become overheated and the mouths of the kiln are

opened, a stream of air goes through which transfers the heat

from the top to below. The air is simply a convecting agent.

I repeat that I think a great deal is going to come from the

use of steam as a convecting agent, but we must not yet cut

loose from the value of the use of air.

Mr. J. Parker Fisk: There is one point, that of admit-

ting air other than through the fire box. It is possible, and
practicable and I think beneficial to take in a certain

amount of air to combine with the gases over the fire further

into the kiln than the fire box. We have a small duct, six

inches square, over the arch where we take in air from the

outside over the arch. It passes the air into the kiln two or

three feet beyond the fire box and there combines with the
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tmcombined carbon. That augments the heat without

damaging the arch.

Mr. Burt: I agree fully with all Professor Orton says.

The whole point of my paper is, "Can it be done economi-

cally ? " I claim it is not economical to blow air into the

kiln.

Mr. Eudaly: Adding the air beyond the fire box, as

suggested by Mr. Fisk, not only adds the air but aids the

combustion.



NOTES ON THE PRODUCTION OF UNDERGLAZE
COLORS

BY

ERNEST MAYER, Beaver Falls, Pa.

It is somewhat remarkable that greater progress has not

been made by the manufacturers of earthenware in the

United States in the production of underglaze printed ware,

when the fact is taken into consideration that very rapid

strides have been made in both plain white ware and also in

enameled decorated ware, and a careful study of the reason

of this may be of interest.

We in this country have taken English underglaze

printed ware as our standard, and have adopted their

methods of manufacture and in many cases have used their

colors, but with a result totally different, and in many cases

after careful trial underglaze printing has been abandoned.

One of the great factors that has a very marked influence

on the successful manufacture of this class of ware, seems to

have been entirely overlooked by the average American

manufacturer, viz : the temperature at which English and

American glost and biscuit kilns are respectively fired.

After a most careful inquiry, I find that the average

English glost kiln is fired from 998° to 1036° centigrade

which is equivalent to Seger .08 to .06, but mention must
here be made that a prominent English manufacturer, who
sends the best underglazed printed ware that is imported

into this country, assured me that a careful test made in a

thoroughly scientific manner showed a heat of only 960° cen-

tigrade, equivalent to only Seger .010 in his glost kilns.

From my own researches in temperatures in glost kilns

in the United States, I have found no one below the heat I

have adopted, viz : 1208° centigrade equivalent to cone 3 and

some run up as high as 1323° cone 7. Now in a very large
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measure this wide difference in temperatures in the two
countries—which is over 300° centigrade—accounts for a

very great deal of trouble, but there are also other factors

that have to be studied also.

From actual experience I have found no trouble in

successfully making various shades of brown, green, blue

and black, where a suitable glaze is used and the word
suitable is used advisedly, because the average glaze as used

by the American potter—at least as far as those to which I

have had access are concerned—are not suitable at all, for

reasons that will be given. A glaze that I have used suc-

cessfully for a long time has the following formula;

0.0640 K 2 * [ 2.8070 SiO,

0.1920 Na 2

0.4903 CaO
0.2534 PbO J I 0.3845 BoO,

0.2811 Al o 3

-J

The formula of the fritt used in the making of this

glaze is as follows

:

0.0311 K 2
~\ r 2.5471 Si0 2

0.2727 Na 2 [ 0.2713 Al 2O s ]
0.6962 CaO ) (.0.5459 B 2 3

Combining weight of fritt—138.90. Fritt used in glaze—.704 Eq.

It will be noticed here that there is a high percentage

of fritt in the glaze (about 60 percent) — from all my
experiments I am satisfied that a high percentage of fritt is

a sine-qua-non for any glaze that will successfully make
underglaze printed ware at the temperatures to which we go

in the United States, and it was for this reason that I said

that the average American glaze was not suitable, for as a

rule they do not contain more than 25 to 35 percent of fritt.

The reason of this is self evident—to make underglaze

printed ware successfully, the ware must be dipped very

light. Now if you dip underglaze colors in a practically raw

glaze, and if you use enough of it to cover the ware properly,

it will cause the color to flow, while in the case of the glaze

with the high percentage of fritt, on account of its condensed

or concentrated nature, a very light coat will cover the ware,

but will not cause the color to flow. This trouble of the
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colors spreading and flowing can be entirely obviated by-

using more fritt in the glaze.

Now as to the glaze itself, its composition outside of

temperature or fritt question has a very great influence on

the colors and it is hardly possible to make one glaze suit

all colors.

In the production of pink color, for instance, a high

percentage of lime is necessary for its development and

boracic acid in excess destroys it ; the same percentage of lime

that will develop pink, will modify if not destroy browns made
from iron. Boracic acid that will develop and make greens

more brilliant, will destroy pink (made of oxide of tin, lime,

and oxide of chrome) as stated before.

I have thought it best in this paper to take an actual

problem and show how it was worked out, because I consider

that when those color problems are worked out in a system-

atic method, a great many of the difficulties will disappear,

and while I shall only give the solution of one case, the

same method may be applied to all and thereby save an im-

measurable amount of time. The color taken willbeunder-

glaze pink— i. e. a tin-chrome pink— and while there may
be many shades of this color, its actual composition fluctu-

ates in extremely narrow limits.

In my earlier attempts to make this color, my persistent

endeavors were directed entirely to the color itself and its

preparation, trying to get the desired result by making a

color that would suit my glaze, and a great amount of very

valuable time was entirely lost in this direction.

After a fruitless search for a suitable color that would

fulfill the conditions, attention was next turned to the tem-

perature of the kilns, but here was presented a problem that

was of considerable magnitude, and that was, "will I risk

my whole production for this one color and bring everything

down to its level?" Taking all this in consideration I

naturally came to the conclusion that such a plan would not

be practical.

It is, I presume, unnecessary to state that the produc-

tion of this color is attended with no difficulties to the

English manufacturers, simply because as stated before
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their temperature rarely exceeds Seger 08 or 06 but the

same color at the temperature of our glost kilns, say Seger

3 or 4, under his glaze is simply ruined. That the tem-

perature of our glost kiln was not alone responsible for the

destruction of this pink color, I was fully convinced of,

because I had made a very beautiiul pink at Seger 9, biscuit

kiln heat, but that was with a glaze of the following com-

position :

25 So} »•« A1A
J3.90

Si0 3

A glaze of this formula, with 10 per cent, of underglaze

pink added, makes at Seger 9 a very beautiful pink glaze, or

pink printed ware covered by this glaze is very sharp and

clear.

This information, while a step in the direction I wanted

to go, gave me little help, because our glost kiln heat will

not fuse such a mixture. It will be noticed that the above

mixture contains neither lead or boracic acid. So the ques-

tion came to my mind in this form—my own glaze destroys

this color and above glaze makes it good under certain con-

ditions, and those conditions appeared to be that the tem-

perature must be sufficient to make a good glaze of it, which

our glost kilns would not do. The next question was—can

a mixture be made of my glaze and this new one that will

fulfill all the conditions, viz : to be a sharp, clear, well-defined

pink color under a clear, transparent and properly fused

glaze, at a temperature of say Seger 2 to 4, which are the

extreme limits of our first, third ring fire glost.

The formulae for the two glazes used in this experiment

are as under

:

Glaze A. 0.23 K,0
j Q<48 A1>()>

j
3>9Q M0>

Combining weight, 195.5

Glaze B. 0.0640 K'.O 1 f 9 80q7 Mi0
0.1920 Na,0 '

0.4903 CaO f
v-°iX -"-'a^s \

0.2534 PbO '

°-3845 B2°2"3

Combining weight, 178.69
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The following glaze mixtures were then made from the

two glazes, and were weighed in the dry state:

1. f.l Equivalent B 16.85

1.9 " A 175.95

2. ( -2 Equivalent B , 33.70

\ .8
" A 156.40

3. ( .3 Equivalent B 50.55
" A 135.85

4. f .4 Equivalent B 67.40
1.6 " A 116.30

5. I .5 Equivalent B 84.28
A 97.75

6. f .6 Equivalent B 101.10
\.4 " A 78.20

7. f .7 Equivalent B 117.95
1.3 " A 58.65

8. / .8 Equivalent B 134.80
1.2 " A 39.10

9. { .9 Equivalent B 151 .71

.1
" A 19.55

The formulae for these mixtures were as follows:

K 2 CaO Na 2 PbO A1 2 3 Si0 2 B 2 3

1 .2133 .7421 .0192 -0254 .460 3.7910 .0385
2 .1966 .7142 .0384 .0508 .440 3.6828 .0770
3 .1799 .6863 -0576 .0762 .420 3.5742 .1155
4 .1632 .6584 .0768 .1016 .400 3.4656 .1540
5 .1465 .6300 .0960 .1270 .380 3.3570 .1925
6 .1298 .6026 .1152 .1524 .360 3.2484 .2310
7 .1131 .5747 .1344 .1778 .340 3.1398 .2695
8 .0964 .5463 .1536 .2032 .320 3.0313 .3080
9 .0797 .5189 .1728 .2286 .300 2.9226 .3465

No. 3 in above list fulfilled all conditions.

Taking Seger cone 3 or 4 as an average heat for Ameri-

can glost kilns, the making of underglaze colors is attended

with no serious difficulties, if the precautions are taken as

already pointed out in the early part of this paper, but it
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must be here remarked that when underglaze colors are

referred to, only colors printed on the biscuit are meant.

This remark is called for by a practice of some manufactur-

ers printing biscuit colors on the glost, and again burning in

the glost kiln, a process entirely too expensive to give the

matter serious consideration.

The following colors I am successfully printing

:

Blue—various shades.

Browns—very dark to almost red.

Yellow and orange.

Greens—blue green, olive green and various shades.

Mulberry, Indian pearl (so called), dove.

Pink and purple.

As oxide of chrome plays such a very important part in

so many of these colors, I consider it of the highest impor-

tance that it should be made by one's self and not purchased.

The bi-chromate of potash and sulphur method is the most

economical and reliable, and particular mention should here

be made, that the oxide of chrome must be most carefully

washed as must all underglaze colors. If this simple fact is

never lost sight of, an immense amount of annoyance and

loss will be entirely obviated, and what is also of equal

importance is the thorough grinding of the colors and if you

make it a rule to never take a color off the pan till, after rub-

bing it on the roof of the mouth with your tongue till you

find no grit, you will never get very far wrong.

It is also necessary to mix all colors thoroughly before

firing—not merely grinding in a pestle and mortar, which for

large quantities is too laborious, but where they contain no

soluble matter to mix them wet in a pan for say four hours

or in a ball mill ; this process will amply repay for the time

expended, in the finished product.

Note by the Secretary—Discussion of the above paper was,

on motion, deferred until after the next paper had been read, as both

bear on the same subject to a considerable extent.



RED GLAZES AT HIGH TEMPERATURES.

BY

SAMUEL GEYSBEEK, Denver, Colorado.

We do not find many coloring compounds or metallic

oxides which we could use for the making of colored glazes

at high temperatures. Cobalt, chrome, and sometimes nickel

are the principal oxides used. At low temperatures, how-
ever, the color palette is very rich, and nearly every metallic

oxide known can be used for coloring purposes

I have made lately a complete study of the coloring

power of metallic oxides at high temperatures, and can state

that very satisfactory results can be obtained. Experiments,

however, have to be conducted in a strictly scientific way,

and defects and failures can safely be counted to the inability

of the experimenter. '

In taking up the subject of this paper, I have only

broadly outlined the systematic course of the experiments

made. I have limited myself to purely technical expres-

sions, knowing that these terms will be plainly understood

by the members of our Society.

In starting my research on this subject, I had the fol-

lowing two facts in mind: (1) With what coloring mate-

rial or metallic oxide could a red glaze be made ; and (2)

Under what conditions could the obtained color be retained

in glazes.

As to the first point, the only known combination which

will give us a reddish or rather pinkish color, is the com-

mon chrome-lime-tin combination. I have tried every oxide,

which could possibly be used to any advantage, in order to

obtain results, but without success.

As to the second point would say, that I had in my
possession a German bottle, which had a reddish brown
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glaze, and that that glaze stood a high temperature without

losing any of its color effect.

All experiments made, were burned at a Seger cone

No. 8.

The starting point of my experiments was the analysis

of this particular German glaze. Its formula, figured from

the analysis, is :

(1) 0.08 K 2 ) 0.75 A1 2 3 \ „ _ RiQ
0.92 Na 2 \ 0.12 Fe 2 , J

6Jb blU »

I then made the following two glazes

:

(2) S-SJvP}^ ^'n' 1 4*0 BIO,
0.70 CaO $0.1o*e 2O 3 )

2

and
(3) !!?H}S?» UlOSiO,

0.3o CaO J O.lo *e 2 (J 3 J
J

The first glaze shows a clear, yellow transparent glaze,

with no signs of red. The second glaze shows materially

changed conditions ; it is dark in color, opaque, and shows

that the iron contents of the glaze have produced some

effects.

In the first glaze I used the regular proportions ofpotash

and lime as RO bases ; in the second glaze, I carried the

potash contents as high as possible without changing the

silica content of the glaze. The experiments at once settle

the question that it would be impossible to obtain a red glaze

by using lime.

I tried zinc next ; better results were obtained, but the

glaze did not work very satisfactory. After some experi-

ments I abandoned the idea of using zinc.

As the original formula did not show any lime nor

zinc contents, I concluded that pure alkaline glazes would

be the only solution of the problem.

I was in the dark as to the proportion ofpotash and soda

to be used, except as to the original formulae ; I thought

best to employ some material high in potash or soda, which

needed no fritting.

I used feldspar and cryolite. I substituted the lime con-

tents in the standard glaze of the formula of cone No. 4, with
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soda derived from the cryolite. A red burning clay contain-

ing ten per cent oxide of iron, furnished the necessary con-

tents of iron for the glaze. As an increase of the alumina

contents was necessary before the glaze was in good working

order, its formula was somewhat changed.

(4) 0.30 K 2 "I 0.896 A1 2 3 l 4fi7 Si0
0.70 Na 2 f 0.052 Fe 2 3 I** '

ttlU2

The results convinced me that it was more feasible to

obtain an iron-red glaze for high temperatures in this way.

To satisfy myself on the action of lime on this glaze, I

substituted 0.20 equivalent of the soda for lime.

(5) 0.30 K 2 ) 896 A1 o )

0.50 Na,0 £"•££ £i 2X3 4.67 Si0 2

0.20 CaO S

°-052 Fe *°3 '

The red color becomes brown, fully showing the strengh

with which lime will act.

The peculiar defect on the surface of the glaze is due,

according to Scuhmacher, to the formation of insoluble sili-

cates of soda, which render the glaze less fusible. After frit-

ting the ingredients, and using the same formula without

lime, no better results were obtained.

However by decreasing the soda equivalents and increas-

ing the potash contents better results were made.

(6) 0.65 K 2 10.98 A1 2 3 \, 47 sm
0.35 Na 20/ 0.052 Fe 2O s /

5 '47 blUz

All these glazes could not be used in commercial work,

as they carry too much frit, some as high as 75 percent.

They settle too quick, and were very irregular in dipping.

The points brought out thus far, were put together, and
resulted in the following laws which will govern the com-
pounding of red iron glazes for high temperatures.

A—The glazes should be alkaline, the higher the potash

contents the better the color.

B—The lower the quantity of frit used, the better the

glaze will run, and the appearance will be improved.
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I constructed therefore a frit, high in soda, as to be able

to use very little of it in the glaze mixture.

(7)

0.80 Na,0
I

0,2° Al2 ° 3
'

2 -00 Si° 2

From several experiments made with this frit, the fol-

lowing two formulae were the most successful:

(8) 0.70 K 2 ) i 17 A1
0.20 Na 2C ( ia

'
Al z U:

0.10 PbO
and

W °$l£oI"™,, 6.36 810,

The last formulae was the better of the two, and was
used on several pieces of ware, the only defect was, it was a

little too hard for the cone eight fire. As it was determined
that the above ratio, thus established between the RO bases

the alumina contents and the acid, was the best for obtain-

ing results, I could only soften the glaze by the use of bor-

acic acid. Experiments made before constructing a frit

with boracic acid proved that this ingredient in the glaze did

not injure the red color and would brighten the glaze.

However, above 0.5 equivalent boracic acid could not

safely be used, and 0.4 equivalent was the best.

The final trial and the glaze which did work the best

for pottery purposes was compounded according to the fol-

lowing formula :

(10) 0.80 K 2 \ 1.18 A1 2 3 1 5.67 Si0 2

0.20 Na 2 J0.05 Fe 2 3 /0.40 B 2O s

Having obtained in this way very satisfactory results, I

am conducting other experiments, having in view other

colors for glazes of high temperatures, which till so far does

seem to belong to the impossibilities of our ceramic industry.

DISCUSSION.

Mr. Elmer E. Gorton: I have been much interested in

these papers, but I am somewhat handicapped in attempting

to discuss them, inasmuch as my experience has been at

lower temperatures. These men are dealing with glazes
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fusing at porcelain temperatures, while my glazes are con-

fined below Seger No. 1. In relation of soft burned biscuit

to range of color, I would like to ask Mr. Mayer whether

the color is influenced by soft-burned biscuit?

Mr. Mayer: Soft burned biscuit? I don't want any

of it in mine, it costs too much to monkey with.

Mr. Geysbeek: There are sometimes colors influenced

by soft burned biscuit, sometimes not. It depends on the

ware. If you make a ware at a low temperature, you can

produce any kind of effect of colors. We burn at high tem-

peratures. As far as I am concerned, I fully agree with Mr.

Mayer: I don't want anything to do with soft-burned biscuit.

Dr. W. H. Zimmer: The soft-burned biscuit is not

quite as bad as that, as beautiful china made by Dr. Seger

was made on soft biscuit and it is certainly beautiful in color.

Mr. Geysbeek: Not to say anything against our Pro-

fessor Seger, but porcelain is always made on soft biscuit,

and burned to high heat to perfection. The colors used on

porcelain, are put on soft biscuit and burned to a high heat

at which the glaze and the body practically coalesce. It is

hard to find the junction where the two layers of the body

and glaze come together.

Mr. Mayer : In the manufacture of some kinds of ware,

for instance the beautiful color "flowing blue," you cannot

produce on hard ware. Take hard ware and attempt to put

flowing blue on it and it will be ruined; it don't look like

anything, Take the same color, conditions the same, glaze

the same, same temperatures, and give it a soft burned bis-

cuit ware and you get a nice color. As far as the ware is

concerned, the softer the biscuit, the more beautiful the

ware, but it is probably not so valuable.

Mr. H. B. Skeel : I haven't any experience on the sub-

ject under discussion now. We generally burn our glazes at

one burning. Our work does not warrant any fine distinc-

tions as to hardness or softness. We get results acceptable

either way.

Mr. Frank IV. Walker : Our bodies are usually fired

at a very high heat in biscuit, but at a low heat in glost.

The object of having a very open body is for the purpose of
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carrying a very heavy layer of glaze. We find to get the

best effect and beautiful colors, we have got to have a body
of glaze which is quite thick to give the transparent effect.

It is impossible to put a heavy body of glaze on a close body,
consequently we have got to use a very open body. That
open body does not necessarily mean that it has been bis-

cuited at a low heat; our biscuit is burned at a high heat.

In the glost ware, we have been using the lower heats since

about 1890, and are able to produce a range of colors equal
to any decoration that may be required. In regard to the

effect of different glazes, or rather in producing color by
having special glazes, I cannot say that we have had any
experience in that line. We are about to start experiments
which I hope will be satisfactory.

But I would say that we never have been able to pro-

duce as nice iron reds with the clays we are using as I am
satisfied can be produced at our heat since I heard Mr. Geys-
beek's paper. We have always adopted the supposedly eco-

nomical principal of working from one glaze, as much as

anything to work with less room and to make it easier on
myself. But I am now satisfied that the economical princi-

ple is not to use one glaze for all colors, but to use a special

glaze for each color. The study that can be made in the

production of color glazes is so great that a man ought not

to have anything else to do from the beginning of one year

to the next but conduct the experiments.

Mr. Earl M. Ogle: A short time ago I was figuring up
the number of different shades we had on hand and I think

it was something like 112; then I figured on how many
experiments were made to try to produce different tones for

different people, and I think it was eight hundred. In

regard to soft bodies, we recently had a demand made on us

to produce a soft body in order that it would hold to the

wall. I don't know whether Mr. Walker has had this

demand to meet or not.

Mr. Charles F. Binns : I do not want Mr. Mayer's
valuable paper to get side-tracked. I am afraid we white-

ware men are in the minority, but I am delighted to have
these papers read, for we can get together even if we do not
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understand such technical work. My theory generally coin-

cides with Mr. Mayer's practice. There is hardly a glost

oven in the city of Trenton that could not pull down cone

No. 7, and certainly all cone No. 6.

I can readily understand at once the great difficulty in

producing a range of colors, especially in working on the old

white glaze which has been in use so long. There would
naturally be difficulty in getting these under-glaze colors. I

hope experimental work will receive an incentive from what
we have heard today and hope as we meet from time to time

we will be able to compare notes. I should not like the idea

to go out that the only porcelain is that made on soft burned

biscuit. It is true it is the only hard-burned porcelain, but

we cannot deny the English porcelain and Belleek a place.

Apart from that, there is no porcelain made in the United

States yet, but I hope it will not be long before it will be so.



COAL AND ITS COLORING POWER ON CLAYWARE

BY

CARL GIESSEN, Canton, Ohio.

Color as you all know, plays one of the most important

parts, in selling clay products. It is as much a matter of

importance, in paving brick, as it is in fine building brick,

in some of our cities. As a matter of fact, I sometimes feel,

that as long as bricks are straight, and of a nice uniform

color, the effect is so great upon the eye of the people, that

the manufacturer lets the quality pass by, but he will soon

find out that his sales are becoming smaller, because his ware

will not stand the wear and tear, and weather, as he has

paid too much attention to color, and keeping them from

kiln marking, by not burning them hard enough.

My observations and experiments on this subject have

been taken, and made from kilns holding 120,000 standard

size paving brick. During the coal miners' strike last year,

it fell upon the works with which I am connected, to use a

great many different kinds of coal, and I observed that every

kiln had a different color, which I could not comprehend,

because every kiln had the same temperature, which was
measured by Seger cones, and every kiln had the same set-

tle, and yet every kiln had a different color. After the strike

was over, and we began using coal lrom our old firm again,

I found that the color was the same in all the kilns ; from

what I had seen, I deduced the conclusion, that different

kinds of coal gave different color to the brick.

After noticing these effects, I burned a kiln, in which I

had the burner throw light fires, so that all the smoke possi-

ble could be consumed, and I burnt it off at the same tem-

perature and settle as the kilns before had been getting, and

I was not surprised upon opening the kiln to find that its
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color was a bright red, quite different from chocolate color of

kilns before.

This experiment showed that the chocolate color was

due to gases and smoke entering the kiln, and not in the clay

itself.

I next burnt kilns, with coking coal from West Virginia,

and let the smoke pass through the kiln, and found on open-

ing that the color was a very light chocolate. The analysis

of the West Virginia coal showed it to be high in fixed

carbon, and combustible matter, and low in sulphur and ash.

The results obtained show, that by using a coal of this chem-

ical composition, the gases which have the power to attack the

elements in the clay are greatly reduced, owing to the high

fixed carbon and combustible matter, which burns up more

completely and less smoke passes through the kiln. I also

noticed that the smoke was not as dense, as that obtained

by using Coshocton coal.

In conclusion I will say, that when using this kind of

coal you will have a light colored chocolate brick, which will

also give a beautiful glaze, if fires are thrown in quick suc-

cession; of course to have this glaze on building brick, you

would have to set them differently from paving brick.

Now, such a coal as the following with a lower fixed

carbon, 50 to 54, volatile matter 37 to 40, and higher in

sulphur 1 to 4, ash 4.50 to 7.50, water 1.3 to 2, will give out

a dense volume of smoke, if thrown in the fire box the ordi-

nary way. I find upon opening the kiln that the brick are

of a much darker color, so then the greater volume of smoke,

the darker the brick, and the less volume of smoke, the

lighter color are the brick.

As I see it, the question would here come up, why are

not the brick in the bottom of the kiln, the same color as

those on top ; as will be noticed in a great many factories,

four, five or six courses in the bottom of the kiln are light,

most of the time, if not always.

And yet all of the smoke that went in the kiln, and
circulated over the top brick, passed down through the kiln

and out of the chimneys, so we might say, that the brick in

the bottom of the kiln are as much enveloped in smoke as
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the top, and yet at times they do not have the same color

;

of course we always say that they are not burnt hard enough,

which is right, and yet in our own minds, we know that they

are hard enough, because it has been demonstrated, that it

is not always the dark colored brick that is the best. Of course

the light colored brick cannot be classed high quality, when
the majority of the bricks in the kiln are dark in color.

After recording the temperature of the bottom of the

kiln, and noting the different changes, I found that gases

and smoke did not affect the brick on the bottom, unless the

temperature is the same as that on top ; so that the clay

must first reach the point of fusion, before it is attacked by
the smoke which colors it dark ; in order to darken them at

a lower temperature than the point of fusion, some substance

or chemical must be thrown into the fire.

When we used to burn with oil, the color of the brick

was always red, and could only be made darker, in that case,

by letting some of the oil drip from the burner, which would

cause a smoke to arise and enter the kiln ; this would have

the effect of coloring the brick darker, but not as dark as

coal smoke.

There are a great many different ways by which the

result of coloring can be obtained ; the construction of the

kiln has a great deal to do with it, and, of course, the burner

plays a very important part in helping it along.

A kiln constructed with a great number of fire boxes on

each side is the best, because you need not be afraid of

scorching top brick. A burner should always see that the

bottom of his kiln has a good heat before he starts to settle

the kiln, that will then give the bottom brick the same
chance to color as those on top. The bricks should be set as

perfectly dry as possible, which will diminish the kiln-mark-

ing and also help to color them better.

While this is perfectly feasible, yet it is not the easiest

thing to do; because while you are trying to get the condition

in the bottom of the kiln, you must look out that you do not

over-burn the top.

The chocolate color is a very good sign by which to tell

the quality of the brick, but I do not think it always holds,

and sometimes its indications are false.
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DISCUSSION.

Mr. William D. Gates : I think there is a fruitful field

in the question of coloration of wares by fumes. I think

there is a fruitful field for experiment in the question " To
what extent can we introduce smoke at the closing of the

kiln?" I think a great deal can be accomplished at that

point by means of letting in oil smoke, possibly with steam.

But I know that a great deal can be accomplished by smok-

ing with oil at that time, although the experiments I tried

were with a highly vitreous brick. I wanted to see what I

could do with a vitreous brick, and I had a great deal of

confidence that by smoking in the last firing I would get a

black brick. To my astonishment it did not effect it but a

little, and I haven't had a chance since to follow it up to find

why I failed. In some experiments, the result of the car-

bonizing and reducing process with a red body were

unexpected. I have a sample in my desk now of a red body
in which the carbonizing element was introduced, and the

trial brought out was a steel gray.

President Herbert A. Wheeler : Some terra cotta men
can speak with a great deal of feeling on this subject ; if they

did not get black, they did get white.

Mr. Gates : I know if you get a leak in the muffle, with

oil as the fuel, and possibly a reducing flame reaches in there,

you will get a color you are not working for.

President Wheeler : Of the white type ?

Mr. Gates: A dark manganese speckled with white—

a

very disagreeable, unnatural effect.

Mr. Stanley G. Burt: Have you tried this carbonizing

test with coal and oil ?

Mr. Gates : I have not tried it. but I have a notion it

can be done with oil as well as coal. I remember some years

ago, I had a very competent and very skillful molder who
was bound he would not do the one thing he could do well.

He had an ambition to boss the burning, and me at the same
time. We had a kiln of ware, light colored (fortunately not

any patricular color) and were burning coal. In his scheme
of burning, he maintained a reducing flame at the last end
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and his trials turned black. He had a few spasms on the

quiet and then came to me and announced that he had made
a very great discovery.

Mr. Burt : Did you have the same effect with oil ?

Mr. Gates : Yes. The only effort I tried was on a brick

of Purington's, and I was going to work quietly and show
what I could do—and it was a clear case of " falling down.''

President Wheeler: You close down the kiln so as to

maintain the reducing action ?

Mr. Gates: Yes, by letting the oil drop and keep the

carbonizing envelope around it.

Mr. J. Parker Fisk: The subject of coloration of your
clay wares by coal or the fuel you use seems to me one of the

most important subjects which can come before us and one
of the most perplexing. I have been somewhat interested

in attending the earlier meetings of the society, to see how
easily the pottery and tile men were able to figure out by
chemical equivalents the exact combination of glazes and
wares, and be able to predict just what the effect would be.

Unfortunately terra cotta makers and brick makers have not

yet arrived at such stability as to predict just what results

will be. There are all sorts of unknown phenomena in the

process of burning, in color. We may make ware twice, of

the same material, put it in the kiln, burn it the same time,

set it in the kiln the same way as nearly as possible, and the

results will be quite different, light in one case and dark in

the other. We say, " Well, that kiln was a freak," and that

is about as near as many of us have been able to come to the

solution of these difficulties.

When I took up the study of clay manufacture in our

factory where we make fire-flashed goods, this was one of the

first difficulties which confronted me. After studying a

little while, I went to Professor Orton, as many others have
gone in their difficulties, and he set me on the right track

;

and I think it might well become the axiom of this Society,
11 When in doubt, go to Orton and he will straighten you
out." So the facts I give and the information I may impart

are based upon what I got from Professor Orton, who is a

friend to all in times of trouble.
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There are two distinct theories suggested with reference

to flashing. One is a residue or some deposit coming from

the coal ; the other is purely a question of the oxidation and

reduction of the ferric oxide contained in the clay. Brick

manufacturers are not able to go into the chemical analysis

of clays ; they don't know what is in them. They take the

clays from the bank and take what they get. I hope the

time will come when we can do as the potters do and ana-

lyze our clays, and know what results we will attain.

I I have brought a few results with me, and I found on

ooking over the exhibits in the hall there were some brick

I gave them a year ago. These are the three colors we are

manufacturing at the present time. This color (indicating)

is the natural color we get from the mixture of clays we use.

All are mixed clays ; in no case do we use a single clay.

They are all New Jersey clays, and I am not aware that any

New Jersey clays, at least not a great number, are used by

taking one clay alone. This (indicating) is a mixture of

three clays ; this (indicating another) is a mixture of two or

three and iron ; this (indicating a third) of two or three clays

and manganese ; this clay (indicating sample) is a red clay

before it is burned, and as it comes out of the kiln it repre-

sents a medium shade. In making fire flashed goods we get

a range of colors : this is medium (indicating) and this the

lightest shade we get from this mixture.

Now the explanation of oxidizing—this clay contains

ferric oxide. In firing the kiln, when the coal is first thrown

into a hot fire box, we evolve a lot of unconsumed gases

which are greedy for oxygen. Iron oxide can exist in two
stages, one with more oxygen than the other. The carbon

from these gases attacks the oxide, reducing it to ferrous oxide,

and itself forms C0 2 . As the fires die down the carbon is

more and more consumed in the fire until the stage in the

firing when practically all the carbon is consumed in the

furnace. Then, as we go a little further, before the next

batch of coal is put on, an excess of oxygen is thrown among
the wares, and again we have the unconsumed carbon greedy

for oxygen combining with the ferric oxide and making fer-

rous oxide again. So we have the various stages of oxida-
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tion in the brick from the time it is first put in the kiln on
until we put another batch on the furnace. It is to be
expected that in taking out trials, we should get a variety of

colors between two stages of firing ; and Mr. Bvatt and
myself experimented like this. We took out a sample imme-
diately after the coal was put on, one at fifteen, thirty and
forty-five minutes, and examined the samples taken out.

The samples taken out at forty-five minutes show some
difference in color, which we did not get from the samples

taken out immediately after the coal was put on. We were

somewhat surprised to find there was practically no differ-

ence. In the samples taken out forty-five minutes after the

coal was put on, after the free oxygen had a chance to enter

among the wares and oxidize the ferrous oxide, we found

about the same color as in that taken out fifteen minutes

after the coal was put on. We were both quite surprised at

that and carried our experiments somewhat further. The
later experiments consisted in taking out samples after the

last firing was done ; after the last lot of free carbon was
allowed to circulate among the ware and the final oxidizing

process began which gave us this color (indicating). We
were surprised to find that this color was obtained almost

entirely in the final oxidizing state, while the kiln was cool-

ing off after the firing was done, and I have some samples

here which show this.

In the first place, I will show this (exhibiting sample).

That is the final color which we take from the kiln when
cool. These other ones were taken during the process of

firing, the lower one thirteen hours before the last firing

;

the second from the bottom, 3| hours before the last fire

;

the second one and a half hours, and the last one was cooled

in the kiln. The final color was obtained during the cooling

of the kiln.

I have here a series of samples taken from the kiln after

the last firing was completed. This sample (indicating) was

taken out a half hour after ; these 4|, 8J and 10J hours, re-

spectively. You can see the gradual progression of the

flashing. That would not form a perfect curve if platted on

paper, but it seems the longer the sample was left in the
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kiln, the deeper it is in color. After it reached this stage

(indicating), it seemed to be about the same color. (No. 7.)

If we are correct in the supposition that the color is obtained

during the final cooling of the kiln, we have arrived, it

seems to me, at a proposition of immense importance to

those manufacturing fire-flashed goods. We must get the

ware to a certain heat before the ferrous oxide is greedy for

oxygen and ready to take it on. The first thing is to get the

kiln to the right temperature, and the second is to oxidize it

right to get the color you want.

In addition to these experiments which were made on

that mixture (which, by the way, is without the addition of

iron, a white brick), we made some experiments with this

old-gold mixture, which I have on the other side. You see

there is also a gradual increase in flashing from this pure

gray down to fairly an old-gold brick. That is not a perfect

series, but I cannot explain it. Number three seems to be a

little darker than number four, but we cannot explain it.

A Member: How are the kilns treated when you are

through? Are the fire-doors closed, and the air allowed to

pass through under the grates and the fire simply allowed to

die out ?

Mr. Gates : The air could not pass over the fire.

Mr. Fisk : We have in our kiln a supplementary air

supply which is closed off entirely. It is a new kiln and we
are trying a good many experiments on it. We have other

kilns in which we burn the same goods and get the same

effect.

A Member: Do you use grate bars ?

Mr. Fisk: Yes ; and gas coal which throws a long

flame into the kiln. During the process of burning we open

up this air hole—it is a down draft kiln with checkered bot-

tom, checkers all over the bottom, with ten or twelve fires.

A Member: The damper—isn't it changed after firing?

Mr. Ftsk: No, sir; just let it cool off naturally by letting

air through the fire grates.

A Member : Any difference in the manner of cooling?

Mr. Fisk: No, sir; except those taken out in the

earlier stages were cooled in the air.



COLORING OF CLAYWAEE BY COAL 77

A Member: Do you always get the lightest shade

from the part of the kiln which cools the quickest? If there

are certain parts of the kiln which cool first, should you have

a lighter shade ?

Mr. Fisk\ That would be the position around the far

edge.

Member-. The center of the mass of brick would be red

a long time after the outer edges were quite cool. It seems,

ifyour kiln is like ours, that the center of your kiln away

from the fires should invariably be darker than the outer

portion.

Mr. Fisk : That does not seem to be true with us.

Member : If not, there must be a period in the cooling

when there is no further change of shade.

Mr. Fisk: That is true ; there is no difference between

this (indicating) and those taken out following.

Member : Don't you think they got the color in burning ?

Mr. Fisk: I think not ; after the burning was finished,

the color would be fixed. These were burned at the same

point in the kiln and the same time, and if the color was

made in the burning they would be of the same shade.

That is purely a skin color.

Member : What percent of the brick in the kiln will be

that color ?

Mr. Fisk: That is about the average, some a little

lighter and some darker ; all the bricks are merchantable,

within three or four shades. (Showing broken brick.) That

on the inside is quite light.

Member : How many bricks does the kiln contain ?

Mr. Fisk: About 35,000.

Member : Have three shades in the whole kiln ?

Mr. Fisk: We do not set these in the whole kiln. We
set that (indicating) near the fire, and this (indicating) in the

medium heats, and that (indicating) in the bottom where

there is less heat.

Mr. Giessen : Did yon ever close up the kiln close ?

Mr. Fisk: We never shut the kiln off completely.

Mr. Giessen: Do you think they would be any darker?
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Mr. Frank G. Evatt: We have tried it and there is no

difference.

Mr. Giessen: Don't you think this is a carbonizing

effect ?

Mr. Fisk: Yes; but this is an oxidizing effect.

Member : I think that is the reason the kiln gets hotter

after it is closed up. Don't you think that the old-gold

color would be caused in this manner—the impurities in the

clay would be pyrites largely, and after through firing, the

admitting of free air causes the sulphur of the body to leave

the material and the impurities, consisting of iron, would
be oxidized, giving this reddish cast.

Mr. Fisk: Yes. This brick here (indicating) convinces

me more than anything else that it is a case of oxidizing,

because without the iron it is almost a white color, and we
put it in the iron oxide—not the pure oxide. Our burner

was very much surprised when he took out these bricks He
said they would all be the same color.

A Member : Don't you think it is produced by taking

out the bricks and subjecting them to the cold air? We find

we get different color effects after we take them from the

kiln to the cold air. We find we get different results of color

from some coals and different combination of coals. One
coal, the mouth of the flue is dampered more and it makes a

darker color on the same clay. Another coal has freer access

to the stack. Don't the color effects show the effect of the

cooling rather than the burning? The effect of taking the

clay out and exposing it to the cold air, chilling it, as it

were?

Mr. Fisk : I think there is no doubt that is true ; but
I think it works through a chemical process rather than by
a physical process.

Professor Edward Orton, Jr. : I am not in position to

throw much light on the question, because I never had an
opportunity to study a kiln where real flashing was being

done. All I know about it, is what I have picked up in such

factories as I have happened to be visiting in which the

flashing is purely a matter of accident. Of course, I have

seen lots of flashing in the different industries, but always
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where they are trying to avoid it. The stoneware people

have flashing on their wares, most of them, but it is a

nuisance to them and they take every precaution to avoid it;

and naturally I learned from the stoneware people, in a

statement of how they avoided it, something of the theory

which must prevail in proceeding to make it if you want it.

The people on the Ohio river work a fire-clay which matures

about cone 4 or 5. I have so often seen trial pieces come out

gray, and seen the ware come out brown, I could not help

but ponder on the difference.

I think Mr. Bleininger is able to give us information in

a more concise shape, because he knows more about the

subject than I do, and he has had opportunity to work on a

brick yard where they were doing flashing, and I would

sooner hear from him than to talk myself.

Mr. Albert V. Bleininger : The experiments which I

made last summer seem parallel to what Mr. Fisk has given

us. It has been a great pleasure to me to see his samples;

they are almost identical with mine. I took samples at the

finishing point of the kiln and every three hours after that

and obtained the same changes in color. About fifteen hours

after finishing, I obtained no further changes in color ; and

from that point in the samples where the same apparently,

whether drawn from the kiln, or exposed to the cooling in

the hot kiln. They showed no further change in color. It

seems that a certain time is required to carry on that oxidiz-

ing process, and it stops rather suddenly, too, it seems to me
at a certain temperature, no further signs of coloration being

observed. It seems to me, also, that the iron in the clay

must of necessity be to some extent metallic iron. The iron

in the clay I worked was in the form of iron sulphide. In

fact, I cannot add anything to what Mr. Fisk has said ; but

hope sometime, through Mr. Richardson's kindness, to be in

position to experiment on this line.

Professor Orton : One point. I have noticed that some

clays flash at what seems to me lower temperatures than

those which the majority of these people are using— I mean
Mr. Fisk and Mr. Bleininger. As an instance of high tem-

perature , I happened to make a visit once to the yard of
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Harbison & Walker, in Pittsburg. They showed me some

beautiful effects in old gold bricks. I think they burn that

kind of material at about cone seventeen, and sometimes

more than that. They do not make a secret of that, I think
;

they burn it in common with No. 1 fire brick. Nearly

everything they burn goes that hot and some hotter: they

use the highest temperatures that I know of in this country.

We got some of the prettiest flashing you ever saw on

samples Mr. Bleininger worked with last year in the course

of the N. B. M. A. scholarship work. We got the clay from

Nelsonville, which makes excellent paving brick (they use

quantities of them in this city and it is one of the best brick

we get). We fired it off at about cone five and developed

the most beautiful flash at that temperature, which is con-

siderably lower than you people use.

It is a combination of iron and fluxes that makes the

iron take on that color. It must be some combination in

which iron is present in a different form from the granular

varieties. There is any amount of clay in Ohio which will

flash beautifully at cones four and five.

A Member: Don't you think the kind of fuel has some-

thing to do with it, whether oil or coal ?

Mr. Gtessen : Do you not think that different fuels give

different flashes, coking coal and free-burning coal?

Prof. Orton : Only in so far as they will work differ-

ently on the grate bars, and in one case tend to give better

combustion than in another. A man who is used to working

free burning coal will get, on making a change, a different

result until he gets used to the difference.

Mr. J. G. Shea : I have had a little experience on

this line. I was burning common paving brick and it was
necessary it should be black. The red vitrified paving brick

were thrown out, so it was necessary they should be black.

It was during the coal strike, and it was very difficult to get

Illinois coal and we had to get coal from Missouri, from seven

or eight different mines. We found a great difference in the

colors of the brick from the different coals. They were

pretty near a bright red and the brick vitrified until they
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looked like sealing-wax, a bright red. When we got another

coal they got black again.

Mr. Gales: Does the black color go clear through the

brick ?

Mr. Shea : On the surface only.

Mr. Ellis Lovejoy : I would like to ask a question. I am
not familiar with flashing, but looking at it from the stand-

point that the color comes from the clay, there seems to be

two questions there. In the first place, this color is on the

surface ; in the majority of cases it is almost entirely on the

surface. Second, I know in burning brick where we do not

want to get the flashing, we protect the faces of the brick

from the flame, and we get a brick beautifully flashed on the

back, not apparently flashed on the front. There must be

some connection between the actual passage of the current of

air from the furnace which passes down over the faces of

these bricks and tends to bring out the color ; and the fact

that it is all on the surface points in that direction.

Professor Orton : Mr. President, I do not see that any
of these points contradict my statement. My proposition

was that the flashing is due to the chemical composition of

the kiln gases. By that I mean that the kiln gases will con-

tain more or less carbon in an unoxidized condition ; in the

gases, I include the flame. Flame is nothing but the visual

representation of unoxidized gas. Of course, we know that

where the flame comes against the ware, the ware is almost

certain to take a flash at that point, and my reply to Mr.

Giessen indicates what I had in mind.

With open burning coal, it is hard to get the flame to go

down through the kiln ; with a clinkering gassy coal, a long

flame which reaches the entire distance through the kiln is

easily obtained. I think the action of the flame against the

surface much the rapidest and best way to get a flash.

Undoubtedly you can produce a flame which will go through

the kiln with open burning coal, if you work with that in

view. In the case of my little kiln at the University, we
did not get any bright yellow flame down through it at the

time I made the flash described in relation to the Nelson,

ville clay. The blue flame of carbonic oxide does not flash
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as quickly and as well as the yellow flame produced by

carburetted hydrogen. I do not think the presence of a

flame in the kiln is in any way to be considered as different

from the presence of other gases.

Mr. Evatts : My experience with bricks is exactly as

Professor puts it. We compared notes previous to the meet-

ing, and my experience is just as he gives it. I tried burning

with a less carbonaceous flame, but found it necessary to

have a far-reaching flame clear through the kiln to the

bottom. We can burn with a coal containing less volatile,

but don't get a flame through the kiln and not as much color

as we wish. Our aim is to get this flash with a slow burning

fire, and we find it necessary to go to cones 9 and 11 in order

to get this flash. We might get the flash at a lower temper-

ature with other clays, but we are obliged to use the clays

we have.

Mr. Fisk : It seems to me the question of temperature

is very intimately connected with flashing. I tried to flash

at lower temperatures but could not. The temperature in

our case corresponds with cone 12. This is necessary to

produce that color. It seems to me that the chemical com-

position of the clay may have a great influence. At any rate

the question of temperature is very important and intimately

connected with flashing process. We never dream of getting

the proper flashing below cone 11.

Mr. Evatt: There is another question : that is setting.

We must set our brick in tiers. We have to set the flues so

there is direct access to the stack.

Mr. Samuel Geysbeek : I would like to ask the gentle-

men if they ever made a chemical analysis of the scum on the

top of the white brick. I think if they would make an ana-

lysis of that layer, they would get nearer the facts. I re-

member something in Seger's works about a clay contain-

ing lime, found in the northern part of Germany. When
the ware came out of the kiln it was red, the red more red

than this flashing, and in an analysis of the skum it was

found to consist of sulphate in connection with the lime.

The clay contained lime, the sulphur came from the coal.

After they were through with the experiment, it showed
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that the sulphur of the coal and the lime of the clay formed

a flash on the surface of the brick. And I think if an analy-

sis were made of the scum, you would get closer to the

facts.

Mr. Ftsk : We never made a test, but I think it is very

desirable. That is, where chemistry will appeal more and
more to brickmakers.

Mr. Gates. The line of samples there is particularly

interesting to me and plays havoc with some wild theories

of mine of the past. I went to school with a young fellow

who did not learn Latin grammar and then went on reading

Caesar. He used to study out loud, and when he got through

with his latin lesson, he had the house to himself. I worked
out my chemistry probably that way in the gymnasium with

the door locked, and now—I go ask Gorton.

Now, the tendency of the market now is for these fire-

flashed effects— and here is where my theories are upset.

In a kiln of fire-flashed brick, a very pretty effect may be

produced, and that is shown by the brick manufacturer, and
the agent of the company will see it, and very shortly

afterward an architect will see it, and in a short time after

that the terra cotta man will see it and he will see it a good
while. A good portion of my days have been spent in that

business, and since fire-flashing came up, a good many nights

have been spent in that way too.

I recall a sample instance where a very wonderful fire-

flashed effect was brought to me, and when I tried to match it,

I was more surprised than when the effect was first obtained,

and I had a few spasms at short intervals; and after the work
was out the architect was out looking at another job and I

didn't call his attention to this job, but led him out around the

pile. But he saw it and of course I tried to explain to him
that it looked differently then than what it would in the

building, when to my unutterable relief he said: "It looks a

darn sight closer to it than the brick on the job." That is

the strictly physical condition that I wanted to call atten-

tion to.



A NON-SHIVERING (?) BODY.

BY
ELMER E. GORTON, Teeba Cotta, Illinois.

I have made no attempt to prepare what might be termed

a paper for this, the first meeting of the American Ceramic

Society, and have simply jotted down a few points bearing

upon a topic which I wish to offer to the convention as a sub-

ject for general discussion. I have headed this so-called

paper with a question mark. Why is it not possible to cause

shivering to occur on a body on which crazing is readily pro-

duced ?

The well-founded axioms laid down by German scien-

tists relative to the defects of glazes are familiar to us all. It

may be briefly restated without going into detail that these

defects are due to a difference between the coefficient of

expansion of the body and glaze. If the glaze has a greater

coefficient of expansion than the body, crazing ensues ; ifthe

conditions are reversed, shivering. From the nature of the

case, if the composition of the body and glaze ingredients

vary greatly and it is possible to produce crazing, it would

seem that if the glaze composition was sufficiently altered

that shivering also could be produced on the same body

under the same conditions. But is this always the case?

This is the point I wish to raise.

The rules laid down to overcome crazing are first,

increase of silica contents and decrease of fluxes, not going

beyond a tri-silicate—beyond that, alumina must be added

in proper proportion ; second, increase of boric acid at the

expense of the silica, which will also lower the fusing point

of the mixture ; third, substitution of a flux having a low

atomic weight (as Ca or Na), for a high one (as Pb or Ba),

and the consequent increase in the percentage of silica.

Crazing is also more frequent on a short heat than as if the

84
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ware is soaked in heat, and also more frequent on soft burned

biscuit.

If we overcome crazing then by following the above

rules, we would naturally expect to produce shivering, if

carried far enough, and somewhere between the two extremes

there should be a glaze which would be free from either de-

fect. An instance has come under my observation where it

has been impossible by simply altering the glaze composition

to produce shivering, and it is this which suggests the topic

as one worthy of mention.

In the case of a porcelain body and glaze, where the in-

gredients in each are practically the same, and the composi-

tion of one varies not greatly from the other, and taking into

consideration that each matures at the same temperature, and

only an exceedingly high temperature, it therefore is more
readily understood why the liability ofshivering in such a case

would be greatly reduced ; but at temperatures below Seger

No. 1 these same conditions are not present. In this latter

case, we introduce PbO, B 2 3 , etc., into the glaze, while the

body is free from these ingredients.

I will cite a specific case. On the body used in these

experiments, by using a raw lead glaze and increasing the

silica contents sufficiently high, a point was reached where

the glaze simply failed to mature and presented an uneven

partially opaque appearance due to immaturity, but no ten-

dency toward shivering occurred. To carry the conditions

tending to produce shivering to the extreme, the following

series of boric acid glazes were then made up and thickly

applied, but the results as far as shivering was concerned

were the same as before.

(1) RO 0.3 A1 2 3 3.00 Si0 2 0.513 B 2

0.233 K NaO ^

(2) RO 0.3 A1 2 3 3.00 Si0 2 0.800 B 2

0.105 BaO (3) RO 0.3 Al 2O s 3.00 Si0 2 0.910 B 2

0.662 PbO '

(4) RO 0.3 Al 2O s 3.00 Si0 2 1.00 B 2

1.000 no (5) RO 0.3Al 2O 3 3.00 SiOa 1.14 B 2

(6) RO 0.3 A1 2 3 3.00 SiQ 2 1.32 B 2

Experiments have shown that the same glaze will craze

worse on a body high in clay substance and will also craze

worse on a body high in feldspar and will tend more toward
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shivering as the quartz contents of the body is increased.

The body here used runs high in clay substance, low in felds-

pathic matter, and medium to low in quartz. To permit of

comparison with pottery bodies and the like, the analysis

appears below :

ULTIMATE ANALYSIS.

Total Insol. in H 2S0 4

Si0 2
62.93 31.33

A1 2 3
24.73 .86

Fe s 3
1.22

CaO 1.20 .08

MgO 50 .10

K,0 2.05 .37

Na 2
1.22

H,0 7.01

100.86 32.74

RATIONAL ANALYSIS.

Clay 68.12

Quartz 28.32

Feldspathic minerals 4.42

100.86

The formula of the clay deduced from the gross analysis

is as follows

:

.28K 2

.26 Na aO

.28 CaO

.16 MgO J

Ratio of A1 2 3 to Si0 2=l : 4.1

.10 Fe 2 3

J

By comparison of the formula of this body with that of

the average yellow ware, stone ware and white ware bodies,

we find that in all the ratio of the alumina to the silica varies

not greatly, but that in the body used in these experiments

the ratio of the silica and alumina to the RO bases is greatly

reduced, and that the formula of this body more nearly

approaches that of the slip clays.
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Does a comparison of the formula of this clay with that

of the different types of bodies explain the why and where-

for ; and does the fact of its being a natural clay enter into

the explanation ? Does the high clay contents explain why
it is impossible to produce shivering ? If so, what are the

limits of the body composition at which it is possible to cause

shivering to occur ?

Without going farther into detail I wish simply to offer

the subject regarding the shivering of glazes to the conven-

tion for general discussion.

Note by the Secretary—Mr. Gorton's paper was very thor-

oughly discussed, but without any substantial agreement among
those taking part in the discussion, as to the cause of the phenom-
ena to which he called our attention. Unfortunately, the discussion

of this topic and several others were not obtained for publication, as

they occurred in an extra session of the Society hastily arranged
among the members and of which the stenographer was not notified.



Discussion on the Subject of Draft-Meters,

President Wheeler : I have been requested, by one of

the members, to bring the subject of draft-meters or draft-

guages up for discussion. It is a subject of considerable

practical importance, and I think we can profitably use a

little time in that way. We will be glad to hear from you,

Mr. Mueller, to start the discussion.

Mr. Herman C. Mueller: I want to state that Mr.

Langenbeck and myself purchased, at the Chicago Exposi-

tion, from the exhibit from The Thon Industrie Zeitung, of

Berlin, Germany, the apparatus for testing clays, and among
other things we found a draft-meter. We have, ourselves,

since made a half dozen of these instruments and have

applied them to every kiln, one at the bottom of the stack

and another at the top of the stack. The meter on the bot-

tom is merely applied by inserting an iron pipe into the

bottom of the stack. As it never gets hot below, there is no

danger of burning up ; and at the top of the crown of the

kiln we connected the draft-meter with a hard porcelain

tube.

This meter consists of a box which is hermetically

sealed, and connected on top with the pipe by a rubber tube.

This box has on its side a hollow tube of glass and a gradu-

ated scale tacked on it. The meter—the box, rather, is then

filled with a liquid. We find that any kind of oil is suffi-

cient. When the draft is applied, the suction of the draft

will raise the liquid in the box and the liquid contained in

the tube, which is slanting, is pulled down and marks the

draft of the kiln. The meter is, in fact, a very fine instru-

ment as it shows the least variation in the draft.

Now some people have claimed that it is merely a kind

of ornamental thing to have around the kiln and snicker
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about it, but this is all nonsense. I know that the old expe-

rienced, wise kiln men will now and then go outside, take a

peep at the sky and speculate on the formation of the clouds,

and by looking wise— some of those fellows are good actors

— by looking wise enough, impress people with their knowl-

edge and make quite a hit.

Now, this is done away with
;
you may run out and look

at the clouds when people are looking on, but when you

want to satisfy yourself as to the condition of the atmosphere

and draught, you consult the meter and open or shut your

doors, or lower the damper, or open the damper, as you see

fit, in order to have the right kind of a draft in the kiln.

And for that reason I claim the draft meter is a great

help not only to the burner, but to the manager of a

factory, as he can always satisfy himself as to the evenness of

the fire or progress of the burning by taking a peep at the

Seger cones, and he can satisfy himself as to the draft in the

kiln, by casting a look at the draft meter.

I would like to know whether any other gentlemen have

had experience with draft meters. I believe it would be a

considerable improvement if wherever the session meets a

blackboard would be provided for demonstration.

Mr. Samuel Geysbeek: As to the blackboard, we have

made inquiries and I think in a little while we will have one

here. As to the draft meter, I will only add to what Mr.

Mueller has said, that it is a very good thing. I have used

the draft meter which Mr. Mueller speaks of, and have just

lately furnished several parties with such draft meters. It

absolutely controls the kiln when using a damper. Outside

conditions of the atmosphere are all done away with, and we
have perfect control over the conditions caused by rains,

storms, or dry or damp atmosphere. The smoke falls down
when it is damp, and when it is dry it goes up in the air and

we control it with the damper. The graduated scale shows

exactly every time when you burn the kiln whether you obtain

the same conditions or not. I hope all members present will

put in meters in their kilns. It is an inexpensive instru-

ment and pays in one day for the price.
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President Wheeler : What is the cost of a good meter.

Mr. Geysbeek: I constructed them at a cost of a dollar

and a quarter per piece. It was a square tin box about that

size (indicating) and broad (indicating), hermetically sealed.

On top is screwed a piece of copper tubing, to be connected

with rubber tubing with which it is connected with the kiln

;

and the only expense is the copper tube and the box. The
man said he could make them out of tin and make them for

a quarter. The copper is worth more than the work. That

is what it costs— it is inexpensive. I like copper because it

does more service. If a dollar and a quarter is still too

much, I advise the members to make them of tin. I am
happy that Mr. Mueller brought the subject up.

Mr. Mueller: I believe that labor must be awful cheap

where my friend Geysbeek lives. I believe that a very nice

and substantial draft meter can be manufactured for say five

dollars. It is also necessary to have spirit levels on the

draft meter, because the position of the meter must be level.

The way our original meter was made was hanging on a

hook with a base to it and it was a very nicely made instru-

ment. But they may be made by making nice adjusting

screws, with nice levels to it and making the box respectable

— I dont know what kind of a a tin can he has got up there,

but I have no doubt it does the work— but I like to have

mine engraved and inlaid. I believe for five dollars you
could induce good mechanics to make a very respectable

instrument.

Mr. Charles F. Binns :
.
I would like to ask whether if

made of tin the oscillation of the sides will affect the move-

ment of the liquid.

Mr. Geysbeek : No ; I do not think it makes any dif-

ference at all. I think any kind of a box will do. That draft

meter don't read in many pounds and ounces, it only shows

the reading on this measure for today, and the next time you

will know the kiln is the same. If it is made of gold or sil-

ver or tin it makes no difference.

Mr. Mueller : One principle to have correct control is

to have a number, where there are a number of kilns, and

make the draft meter stationary at each kiln. If you want to
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burn under like conditions you must have each exactly the

same size and equal line of tube and graduated scale of

exactly the same angle and size, the hole in the measuring
tube of exactly the same size. That is the only thing that is

necessary to assure the same reading on every meter.

A Member : I think nine degrees is the angle at which
the tube sets.

Mr. Binns : I would like to inquire whether it is ne-

cessary to have more than one draft meter at one kiln, or

whether you find the draft measures the same at different

places on one kiln, or whether there is a difference at the

top and bottom.

Mr. Mueller : So far, I have only applied it to the stack,

and I will say that a draft meter applied to the top of the

kiln shows always a little more draft than a meter applied

to the base of the stack. Otherwise, I do not see how
you can control the drafts of the kiln in the different

parts of it except by pulling shrinkage trails or watching

Seger cones.

Mr. Binns: My point is this, rather. When a kiln

is gaining on one side, generally speaking, the mischief is

done. What I want to know is, before the kilns begins to

gain on one side, could the increase of draft be shown by

one of these meters, before the mischief was done ?

Mr. Mueller : This brings up a perplexing thing that

has bothered me. In my opinion, it is entirely a matter of

speculation, how to regulate a kiln if it gains on one side or

end. As a general thing, if it is noticed that a kiln gains on

one side, the fireman tries to remedy this by adopting some

measures on the very side it gains. Is this correct? The
supposition is (I am talking of down-draft kilns) that the

flame goes up, turns around, passes down through the ware

into the flues underneath and to the stack.

By very carefully watching a kiln, though, I have often

noticed that you can control a certain side of the kiln by try-

ing to remedy it from the opposite side, or some other side

;

and I came to the conclusion that the fuel—that the gases

that enter the kiln, or the heat, or the flames or whatever we
wish to call it—do not go up there and just pass down the
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place provided for them, but may go up aud the flame some-

times assume a rotary motion and the very draft which is to

go to a certain part of the kiln may be checked or increased

at any other part of the kiln. I do not know whether it is

possible to make, so to say, any kind of a rule for this or

adopt any kind of—I don't know how to express it—a theory

for it which is anything but speculative ; and I doubt whether

a theory that answers for one kiln may not be knocked in

the head on another kiln. This is one of the things which

we unfortunately have to contend with and we can only talk

and weep about it.

Mr. Binns : Mr. Mueller has got to learn that kilns are

like women. You have got to learn them one by one.

President Wheeler : Being a bachelor I am not an

authority on that last proposition ; but kilns are properly

looked upon as locomotives, which may all be turned out by

the same shop and the same men, and one be an utter fail-

ure and one a magnificent success ; but they claim it is

impossible to tell you why one is good and the other bad.

So with kilns : you build a dozen kilns on one yard from the

same plans and take care to see that every kiln is an exact

duplicate of the other, and even if you do get twelve kilns

about uniform, you are still liable to get twelve different

results, because the setters don't set two kilns alike.

And why are kilns not always alike, and perhaps like

women? Sometimes the man who fires, favors this fire and

not that ; and once in a while it is not the burner's fault in

one sense, the fuel may be at fault, and unless a man goes

at it with his eyes open, it is hard to account for the peculiar

results that seem to be "happy-go-lucky."

Respectiug one query of Mr. Binn's, will a draft

guage applied to different parts of the kiln check, if not pre-

vent, one side getting ahead of the other, I may say that

every draft varies in pressure, as the heat varies; we
must, therefore, never get the same draft in two parts of

the same kiln. Once in a while you get a pretty level

headed setter, then if the burner does his business properly,

you get good, satisfactory, uniform results. The very fact of

differences in heat shows differences in draft, and those

differences in draught are due to improper setting.
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The draft guage Mr. Mueller speaks of is a vast

improvement over the old U-shaped tube, an extremely

crude iustrument, almost dangerous from its crudeness, Mr.

Mueller adds that the draft guage is a very delicate

instrument and must be level ; therefore, you must have a

spirit level to level it by. By the inclined tube you get

readings by the hundredths of an inch. If it costs twenty-

five dollars, it is cheap. The L,e Chatelier instrument is

cheap, even if it costs two or three or five hundred dollars

—

it is nothing to what the losses caused by its absence are.

If it decreases the losses one per cent, it will pay for itself.

You may have to discharge an incompetent burner

because he cannot see if the needle is one point too hot.

The Le Chatelier is gotten up in such form that all you

need do is to tell a level headed workman of average intelli-

gence to break at this point at a certain hour, at another

point at another hour, and if you do not get good results it

is time to fire the man. If two hundred dollars seems too

high, take the loss one kiln and it will quickly show that it

will be profitable. Of course, the Seger cones are cheap. I

am sorry the impression has gone out that I have no use for

them. They are very valuable and away ahead of anything

we have been using, but this Association wants to stimulate

and urge the use of the very best devices, and the Le Chat-

elier instrument is by far the best yet in the market, and if

they are ordered by the dozen every year we can get them

down to a hundred dollars, and it is too good a thing to be

shelved and set aside because the cones are a cent apiece.

Mr. William D. Gales: I wasn't able to hear the first

part of this. A good many years ago I made a resolve,

which I immediately broke, as I have most resolves. We
have muffle kilns of a good size, and I announced that I

would try no more experiments ; and before we had gotten

that kiln built I branched oft on a theory which has

with us, strange enough, had fair results. That was to

divide not only the fire boxes but the chimneys as well,

giving one more means of regulating the draught. While I

think with Brother Mueller, that it is difficult to tell where

the heat is coming from, I find with that additional flue it

operates as well as the additional fire-box worked.
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Mr. Mueller: I have to go in a little while and you
will pardon me if I take more than my share of the time,

because I must say now all that I want to say.

The point our president made about the proper con-

struction of the kiln is, in my opinion, of greatest import-

ance. We all know that pains is taken in rifling a gun, and
we may say that the inside of our kiln is the gun we shoot

with, and whether we hit or miss is according to the careful

rifling of this gun. I would like to ask everyone present

who has had a kiln built, what kind of supervision he used

over the brick mason who built his kiln? I want to say

right here that I am guilty myself in this respect. We have
a system of flues and of holes in a down draft kiln cut in the

floor. These flues are measured when they are constructed

in a kind of off-hand way, and I am sure that not one of you
gentlemen present is sure that his flues are correctly cali-

bred, so to say. That is one point.

Another point is, in a round or square kiln, the exact

measurement of the kiln inside. How many of you gentlemen
are perfectly assured that the round kilns, if you use the

round kiln, are perfectly circular; that the stack in the

center is perfectly in the center ; or whether or not the

square kiln is exactly square and that all the flues are of the

same size, and all the holes connected with the flues are of

the same size, and all the openings going into the kiln from
the furnace are of the same size ; that the stack is of exact

proportions ?

I am sure that if I would put this question to everyone
separately, and have either a preacher there (if the man is a

religious man) and make him swear on the Bible, or have a

squire there and let him make oath of that sort, that there

are very few of you gentlemen could assure me that you
have taken care of these points ; and yet in my opinion these

are fundamental points of good burning. I believe that it is

quite impossible to burn a kiln satisfactorily if any of these

points has been treated slightly.

Gentlemen, I have to leave you now because I have an

important meeting today at home. I simply want to say

that I am very glad to notice the spirit of this Society
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and for my part I expect great things coming from it. We
will have to work together, and while we may antagonize

each other in competing with each other, here among
ourselves we should be frank and counsel each other in the

best possible manner.

President Wheeler: I think we will all endorse Mr.

Mueller's remarks : he has certainly hit the nail on the head.

If we start wrong we will always have trouble.



Discussion on the Publication of Seger's "Gesammelte Schriften."

President Wheeler: Gentlemen, there is on the pro-

gram for this meeting, a discussion on the position which
this Society should take relative to the publication in Eng-
lish of the classic works of Dr. Herman Seger. I under-

stand that some of the members have been agitating this

matter among themselves, prior to the formation of this

Society, and that they are in position to set the matter forth

to us in somewhat definite form. Mr. Stover is down on the

program as being the leader in this discussion, but he is not

here. Possibly some one is here to answer in his place.

Mr. Charles F. Binns : Mr. President, Mr. Stover

greatly regrets that he could not be here at this meeting,

but he entrusted me with these notes, which he had pre-

pared, and asked me to present them in his stead.

Gentlemen of the American Ceramic Society

:

—Owing to

business affairs, it will be impossible for me to be present at

the first meeting of the Society, but I beg to assure you that

my heart is with you in this work. As a member of the

Society, I will endeavor to do my share of the work neces-

sary to make it a success.

Having had some correspondence with Prof. Edward
Orton, Jr., E. M., relative to matters to be discussed at this

first meeting, I have promised to introduce the question of

having Dr. Herman Seger's most admirable work on cer-

amics published in the English language. I sincerely

believe this would be a most appropriate undertaking for the

Society, and one that should be not only beneficial to all the

members, but appreciated by those interested in the clay-

working industries throughout the United States.
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Prof. Orton has informed me that a number of proposed

charter members of the Society have already large portions

of the work translated, and that he felt confident that differ-

ent parts could be allotted, and the balance completed among
the members, and requested some definite information as to

the cost of having the work published.

The Chemical Publishing Co., of Easton, Pa., advise us

that it would probably make, in English, two volumes of 600

pages each, and if the manuscript can be furnished to them,

translated, and they can obtain permission from the German
publishers and the loan of their cuts free of expense, the cost

of a set of these books would be as follows: If 100 sets are

subscribed for the price would be $10.00 per set; if 67 sets,

$15.00 per set ; while if 50 sets only, $20.00 per set.

I have succeeded in booking subscriptions for fifteen

sets in Trenton, each subscriber agreeing to pay any of the

above prices that may be necessary to obtain this valuable

work, and I feel confident that I would have very little diffi-

culty in securing ten more subscribers in Trenton. If the

members present at this meeting will subscribe, or agree to

get subscribers for twenty-five sets, or more, I see no reason

why definite action should not be taken at this meeting. In

order to accomplish this work without delay, I would offer

as a resolution that a committee of two or three gentlemen
be appointed, with power to act, and be requested to offici-

ally enroll subscribers, allot the translation, and negotiate

with the publishers for the completion of the work. If it is

your pleasure, I would be pleased to become a member of

this committee, and lend every possible assistance towards

pushing the work to rapid completion.

Appreciating the importance of this new Society; and
feeling confident of its success, I sincerely hope to have the

honor to become a charter member, though it has been

impossible for me to attend in person.

With best wishes and congratulations,

Sincerely yours,

Edward C. Stover.

Mr. Binns {continuing): That, sir, is Mr. Stover's com-

munication. I want to say that you may probably have
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noticed that the trade journal called " Brick " has already

begun a translation into English of Dr. Seger's works, I

think the same works which appeared in the German papers,

but this would not interfere with this Society taking the

matter up. I confess that my education has been neglected,

and Seger has been a sealed book to me.

Professor Orton : Mr. President, and Gentlemen : The
translation of Seger seems to me to be the most immediately

pressing step to be taken for the benefit of the ceramic

industry in this country. All of us who have been enabled

to dip inside of the covers of that marvelous book, bear

willing testimony to the magnificent accumulation of material

which we find there. I suffer in common with Mr. Binns,

and I take it quite a number of others here, in being unable

to get the meat from that volume in as rapid and satisfactory

a way as I should like. I can manage to translate it, but it

is quite a slow matter, sentence by sentence and page by

page. I can think of no more fitting introduction to the

ceramic world for this society, than to appear as sponsors

for this work in English.

Seger replied to some friends who urged him to write a

book—" I haven't time ; I am too busy getting facts. '' After

his death, friends in Germany gathered together his writings,

and collected them into a book. It is not written with a

continuous chain of thought as a book, it is a collection of

writings, his contributions to the ceramic literature of the

world. While there is much repetition in it, and he often

felt the necessity of going back over old ground in introduc-

ing his subject in each new article, nevertheless I think we

can best serve his name and our uses if we preserve the book

inviolate, and present it to American readers just as we

find it.

In regard to the modus operandi, I may say that through

the kindness of Mr. D. V. Purington, several years ago a

sum of money was put in my hands for the benefit of stu-

dents in my department who had not the means to continue

through their course at school. Mr. Purington, in making

this donation, made the proviso that the expenditure of this

money should be made in such manner as to benefit the
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recipient in the highest way. I conceived the notion of so

arranging it, that the person receiving the money should

render value received : so I spent quite a portion of it in

securing translation of Seger's works by one of my students,

who is a lover of science, is a German, born and bred, and
can translate it as no American, born and bred, could, and I

thus have a valuable start already made in this work. I

have in manuscript translation of all the works in Seger per-

taining to the subject of glazing, from one end of the book
to the other. In addition I have quite a few articles on the

compounding of bodies.

I have myself translated probably sixty to seventy-five

pages on the subject of drying and water-smoking of con-

tinuous kilns. I think I have between a third and a half

of the work translated. There are a number here, Messrs.

Zimmer, Geysbeek, Bleininger, Mueller, Langenbeck and I

do not know how many others, who handle German with
perfect facility, as well or better than English, and I feel

confident that with such a number of translators on hand,

we can soon have the remaining portion of the work trans-

lated.

Let each person who accepts an allotment, translate and
turn over the manuscript to the secretary of the committee,

and in the translation of the volume as it appears before the

public, this Society shall receive the credit for the formal

presentation of the volume to the public and each article

shall be headed by the name of its translator ; so that each

man who labors shall receive credit, and the society shall

receive the gross credit. This would not entail a great

quantity of work on any one man and in six months the

volume would be out.

As to Brick publishing it, I would say that Mr. Ashby,
the associate editor, has been anxious to present this transla-

tion to the public for some time. A year ago he came to me
and wanted to present it, but I prevailed on him not to begin

it then. He has now begun it, but at the rate at which it is

likely to appear in Brick, it will be two years and more before

it can possibly be completed,—probably more. It seems to

me we can ill afford to wait so long, but should go ahead and
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get out the volume. The readers of this journal are possibly

not the ones who would purchase such an expensive book.

As to authority of the German publishers, I secured a

year and a half ago, when I contemplated making an edited

translation of the volume, authority to do so. They were

perfectly willing, only desiring that they should receive due

credit on the announcement page of the volume, as having

been the original compilers and presenters of the writings to

the world. They do not expect to control the publication

in this country. I think those are the main points I desire

to bring before you.

President Wheeler: The Cavendish Society of Europe

immortalized itself by translating the works of Wagner on

Chemical Geology. This work was monumental. The
Cavendish Society is not known alone by that, but that one

piece of work, contributed to chemical technology, rendered

the Society immortal. What means they adopted, or what

it cost, I do not know ; but they will always live in the minds

of geologists and chemists. We could do nothing better to

establish our position, to lead the advance, than to put this

valuable work in the hands of all English-speaking people.

I hope the matter will be presented in the form of a motion.

Dr. William H. Zimmer : I would like to take this

motion up, and I would say that the council this morning

appointed as a publishing committee, the president and sec-

retary, and I would like to see those gentlemen, in connection

with Mr. Stover, be a committee on the subject.

( A motion was then passed adopting the resolution

offered by Mr. Stover.)

Mr. Binns : Mr. Stover particularly asked me to re-

ceive subscriptions, in his place, for this work when
published, in case the subject was favorably acted upon and

the work undertaken by the society.



Discussion on Leadless Glazes.

President Wheeler: Gentlemen, among the topics which
have been proposed for discussion is the one Leadless Glazes.

I will ask Mr. Binns, who suggested the topic, to present the

subject to the Society for discussion in a few opening

remarks.

Mr. Charles F. Binns: I am positively ashamed to

take the floor so often. The President said something about

a paper on Leadless Glazes: I could well occupy the whole
evening in telling what I don't know of leadless glazes. You
are probably aware that it has become a burning question in

England ; the trade papers are crammed with it from cover

to cover. There are rules laid down for the guidance of

potters, and they are compelled to expend hundreds of pounds
for providing towels and nail brushes, together with over-

alls and caps which the girls wont wear. So the question

of lead glazes is a burning one. We are not likely to meet
the same problems in this country, as we are firing our glost

at higher temperatures.

The question possessing the English potters is this, how
to produce a leadless glaze at cone 02. This is a high tem-

perature for English glost. Some fire as low as 010 and 08.

A leadless glaze at that temperature is a very tight problem.

This led to an investigation in the direction of the use of

calcium and alkalies. Barium is ruled out because it is

poisonous, as is zinc. Strontium is barred because of its

scarcity. They are practically confined to the simple

alkalies. How far it is possible to combine those materials

so as to produce a readily fusible glaze, is the question.

They have constructed a transparent fritt, an almost colorless

fritt, which is insoluble in water, but readily soluble in

hydrochloric acid. Although we do not ordinarily digest our

plates in hydrochloric acid, still they are submitted to all

101
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kinds of influences in actual use. The effect of boric acid is

similar to that produced by silica.

I am not giving information, because I have nothing to

give. But I want the subject discussed, because the day is

not far distant until we will have to take it up in earnest, as

the question is in the acute stage in England now, and

American potters will soon be required to meet the question.

If it is sprung on us as a sudden demand, we will be in

trouble. But forewarned is forearmed, and when the time

comes, all we will have to do is to go to our mixing rooms

and prepare what we want. I must apologize for what

meagre information I have been able to give you.

Professor Orton : I confess I have reached this part of

our exercises with some trepidation, because in preparing

this little program, I proceeded to put people down for dis-

cussions on subjects on which they had merely asked for

information, with as much coolness as if they had said they

were ready to lecture on the subject. I have gotten off pretty

easy, on the whole.

Mr Binns : We are not through with you yet.

Professor Orton : Well, if you will come at me, one at

a time, I will try to take care of you. I know we are likely

to soon have a visitation of the leadless glaze question from

another quarter, for I have received a communication from

Carroll D. Wright, United States Commissioner of Labor

Statistics, asking what information was extant on this sub-

ject. He had heard of the danger of using lead, etc., and his

professional interest had been aroused to know if precautions

were being neglected, which could properly be exacted from

the potters by operation of law. On this account, I think it

is well for us to discuss this topic with some care, as what

we know may soon be called into requisition.

Mr. Samuel Geysbeek: The use of leadless glazes is a

good thing, and I advise everybody to use them. The idea

is not new. The Germans use leadless glazes every time it

is possible. The formulas to compound leadless glazes are

in the majority, and I could give them from now until

tomorrow morning, all workable, fine, good glazes, up to

standard. When the question comes to you, as brothers, I

hope you will not be so foolish as the English, but just



DISCUSSION ON LEADLESS GLAZES 103

adopt the glazes already on the market. Don't say anything
about it, but say we all use leadless glazes.

Mr. Binns : Do the Germans produce underglaze colors

with leadless glazes ?

Mr. Geysbeek : Certainly. Leadless glazes are pro-

duced from cone 010 to cone 26.

Mr. Burt: I think Mr. Geysbeek has in mind what the

Germans call barium glazes. They are leadless, but as Mr.

Binns was telling, in England barium glazes are barred.

Mr. Binns : Both barium and zinc are ruled out.

Professor Orion : Mr. Binns made the statement that

strontium is ruled out because you can't get it. I happen to

know where there is a deposit of thousands of tons of stron-

tium carbonate in northern Ohio which has not been ex-

ploited at all.

Mr. Binns : Can you give me samples of it ?

Professor Orion: I can refer you to a man who can

tell you all about it ; Mr. Frank Haas, Sharon Iron Co.,

Sharon, Pa. The deposit of strontium carbonate occurs on
Kelly's Island, Put-in-Bay Island and also the end of the

Peninsula.

Mr. Binns : I have experimented with strontium, but

have not found it a very clear glaze, gives a milky tint.

Strontium is distinctly opaque, or milky.

President Wheeler: I think it is only justice to Profes-

sor Orton's victims to make him tell us all about leadless

glazes.

Professor Orion : I really have nothing to say on that

topic. My experimenting in glazing has been very meager.

I have been learning from other people all along.

Mr. Binns: Before closing the discussion of leadless

glazes I wish to say that I did not mean to convey by my
remarks that I saw insuperable difficulties in the way of con-

structing these glazes, and if one only familiarizes himself

with Seger's balances of powers, he can make leadless

glazes. The trials in England have been made in the most

crude and empirical manner and there is no wonder they

have been in trouble at all. I quite agree with Mr. Geys-

beek.



Discussion on the Effect of "Whitewash on the Character of Pav-

ing Brick.

President Wheeler: This subject has been raised by-

Mr. Carl Geissen, and he doubtless has had some experience

with the subject which has suggested it to him as a topic

for discussion here. The Society would be glad to hear

from Mr. Giessen, what relation he thinks exists between

whitewash and paving brick ?

Mr. Carl Giessen : The effect of whitewash on the char-

acter of paving brick was practically explained this afternoon

by Mr. Binns, when he was discussing the subject of lime.

I claim that when a brick is whitewashed in the bottom of

the kiln, it vitrifies at a lower temperature than one set

right above it that is not whitewashed. The whitewashed

brick is therefore the better brick, because it has vitrified at

a lower temperature than the one that is not whitewashed
;

and I have noticed that the brick that have this scum, come

out always harder and better vitrified than brick right along-

side that haven't the scum. I have made experiments by

putting lime in the brick, and making the whitewash to

come out, and it vitrified at a lower temperature. So I have

found that the brick that are whitewashed, are better brick

than those not whitewashed, especially those taken from the

bottom of the kiln.

President Wheeler : We will be very glad to hear from

Mr. Gates on the subject.

Mr. William D. Gates: Mr. Giessen means, I suppose,

the thin scum of sulphate of lime, or whatever it is, that

appears on the brick after burning—we generally have a ses-

sion of that in the Bricktnakers' Convention, and we get all

mixed up between the efflorescence which comes out on the

brick after burning and the thin scum that is already on the

brick when it comes from the kiln. It seems to me, taking
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Mr. Binns' theory of the percentage of lime, that a scum on

the surface would indicate too much lime ; and it seems to

me if it had a fluxing effect, it would disappear in the

process as soon as it had exercised this fluxing effect.

Wouldn't it disappear on combining with the silicate of

aluminum ?

Mr. Giessen : I never saw efflorescence appear on pav-

ing brick after it finished ofF.

Mr. Gales: Where the ware is rapidly dried, it is

brought out on the surface and appears in a thin, hard surface

that cannot be removed.

Professor Edward Orion, Jr.: I would like to confirm

the essential fact which Mr. Giessen brought out. He hasn't

explained the fact, and I don't know that I can, but I will

say that when I was making paving brick, I found quite a

number of kilns that where we got a badly whitewashed

brick, or the lower portion of the setting were all white-

washed, we found on knocking the corners off a few brick

that they were very hard, beautifully vitrified and thoroughly

satisfactory material as far as actual wearing qualities were

concerned. I don't think there is anything unnatural about

that. I think the fact that there is an abundant scum or

efflorescence simply stands as evidence that there is a large

quantity of that kind of material in the clay. The efflores-

cence is merely the outward sign of the fluxing material in

the clay. I don't think the scum itself has anything to do

with the hardness of the brick. It merely tells us that there

are fluxes present in extra quantity, and these fluxes

naturally produce a greater degree of vitrification in the

brick.

Mr. Giessen: I have found brick alongside of those

covered with scum, that it didn't come out on.

Professor Orton: Probably it did not contain the scum-

producing material. I derived my experience with scum-

my clay from one that I got near Zanesville, a plastic fire

clay just below the outcrop of a coal vein, on a sloping hill-

side. This clay had a nice chance to weather, and, the sul-

phate of lime formed by weathering, lay in bands or pockets,

so that the character of the clay mined changed from day to
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day. I had to work what was shipped, as it arrived, seventy

miles from the mines. My experiences were various, as I

had no chance to control the clay shipments. I often went

down to the mines on Sundays, to give general directions

for the next week's run of clay, but had all sorts of difficulty

in spite of all my directions. I noticed the essential fact

which Mr. Giessen has brought out, viz: where you have a

kiln of paving brick pretty well scummed at the bottom of

the kiln, you are very apt to find that they are nicely vitri-

fied brick underneath their unprepossessing exterior.

Mr. J. G. Shea: I had a little experience in that

line. About fifteen or sixteen years ago, I sent to New York

for a machine which I saw advertised, for grinding pebbles.

The clay I was using was very tough and waxy and had a

good many pebbles in it. I conceived the idea of using that

clay, because it was stronger and better clay for making pav-

ing brick than the clay I had been using, and I thought that

I wouldn't have so many bats. I got a machine called the

Universal clay grinder. For that particular clay, it would

not work. I used it two weeks and made 250,000 brick.

They were very fine brick, and when I burned them they

were all covered with a white scum, but they were a very

good brick. There was quite a batch of brick spoiled, as I

thought. They let some contracts in the city and the con-

tractor found he could buy brick to use in the streets cheaper

than he could of me. He went to an old fashioned brick

yard and bought a great many bricks and put them in the

streets; and before long he came around and wanted to know
if he could buy that scummed batch of bricks at a bargain.

I had an idea that the brick would go to pieces in two years.

I sold the brick but I noticed where they were laid. Those

brick were laid in 1886, in our main street, and that particu-

lar block of paving is all right.

I made two years ago another experiment, manufacturing

brick from shale. Now, I had a shale over the coal, but was

using the shale from another vein under the coal, and I had

also some shale on top of the coal, a finer grained shale than

I was using regularly ; and I concluded to take that shale

and mix it with what we call a fire clay, about two and a
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half feet over the coal. But I don't think that was regular

fire clay, for there was a great deal of sulphur. I mixed one

third of that fire clay with the shale and made brick, burned

them, and they were about as good a brick as I ever saw,

but all covered with a white scum, a limey scum. The lower

clay, which we used thirteen or fourteen years ago, was

characterized by excessive lime, and the bricks, when vitri-

fied and burned hard, had a green scum. But in this shale

that I burned two years ago, the body was burned to a dark

purple inside, and it was a good body, really a vitrified

brick ; and I made up my mind, that it is largely from the

material that enters into the clay, the alkalies, etc., that

make the whitewash. In burning, we dry the brick thor-

oughly before it is put in the kiln, and then watersmoke and

generally get rid of this scum ; but all of our clays, or nearly

all, produce a white scum if rushed too much in the starting of

the burn. If they are put in too green, and rush the burning

during the watersmoking, we are sure to get the scum.

Mr. Charles W. Harris : Among all the trials and tribula-

tions which have come to me as a " mud mixer," I have not

had to contend with this one. I have been free from that,

but I think I have had everything else that I have heard

complained of here. At our works, they formerly used a

clay with which they had a great deal of trouble, not only

because of that, but other difficulties ; but lately we have

used a shale and have had no difficulties with whitening at

all. We have had nothing in the way of a scum to contend

with, since we have been using a blue shale that we get

about two thousand feet above sea level. It may be because

of the process gone through with before I went there, which

I have not had to meet with.



Discussion on the Frequently Unsuccessful Use of Continuous Kilns

in America, and their Generally Successful Use Abroad*

President Wheeler : The last topic on the program for

discussion is one on which I think Mr. Fisk can give us a

contribution, which will be not only interesting to the mem-
bers of the Ceramic society, but also to guests from the

Brickmakers' Associatton who may have favored us with their

presence. Will Mr. Fisk introduce the topic of Continuous

Kilns.

Mr.J. Parker Fisk: Professor Orton said he wondered

that he had gotten along so far in the proceedings without

being attacked, and I assure you that if I was not in a poor

physical condition today I would bring the matter to an

issue now. I think I understand now why Professor Orton

put me on for this topic. I remember last year having a

very pleasant dinner hour with the Professor and asking that

question, " Why continuous kilns had been successful abroad

and not here ? " and that is why he put me down for that

topic. I really cannot say anything on the topic because I

am not familiar with continuous kilns either abroad or at

home. There are gentlemen who have had experience with

continuous kilns at home, and from observation at least

know something about them abroad. I do feel that although

there have been a number of continuous kilns built in this

country which have been more or less successful, I think

they have not been as successful here as abroad ; and it is

one of the great problems before the ceramic industry, the

building of continuous kilns which shall be successful. I

think I am right in saying in a general way, that in a good

continuous kiln the ware should be burned at something like

half the expenditure for fuel that is necessary in the common
kiln. If that is the case, and taking into consideration the
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thousands of kilns over the country, and the immense quan-

tities of ware being burned in various parts of the country

where fuel is scarce, it seems to me that it a question worthy

of attention. I hope we may hear from Mr. Lovejoy; he has

a continuous kiln in operation.

Mr. Ellis Lovejoy : Mr. Chairman, I do not see how I

can say anything on the question because I know nothing

about continuous kilns abroad. It is true that I have had a

continuous kiln in operation for about fourteen years. It is

supposed to be successful, and in a measure it is. I have

confined it to certain sorts of wares ; I burn only the very

lightest colors in this kiln. I have experimented in darker

colors, but I never attempt to make dark colors in the con-

tinuous kiln, and I have never been able to understand how
the foreign manufacturers succeed in burning dark wares in

the continuous kiln. I think we should hear from someone

familiar with foreign kilns, and suggest that you call on Mr.

Bleininger.

President Wheeler: We would be glad to hear from

Mr. Lovejoy as to the fuel question, whether it is econ-

omical.

Mr. Lovejoy: There is no question as to the fuel

economy. Our records for over ten years, show we have

used less than one-third the quantity of fuel that is used in a

down draft kiln, and when it comes to the older styles of

kilns with open top, the percentage saved is considerably

more. We can do the same work, so far as temperature and

time is concerned with less than one-third the fuel in a con-

tinuous kiln that is used in a down draft kiln. I am not

familiar with results from the different types of continuous

kilns, but ours is an English pattern, the ,l Guthrie " kiln.

At one end of each chamber is a fire box and we never let

the fuel in any way come in contact with the ware we are

burning. If we did, we could still lower the percentage of

fuel used, and have a still larger saving, but it is out of the

question on the ware we are trying to burn. We have

trouble with our kiln in getting results of dark color. The
fire is all in one end of the chamber, and it is equivalent to

making an ordinary kiln 30 or 32 feet wide. The chambers



110 CONTINUOUS KILNS

are square and we get uniform burns at the center. There
are twelve chambers, each sixteen feet long, and in each, the

fire is all in one end.

President Wheeler : Does each chamber have its own
fire box ?

Mr. Lovejoy: Yes ; each chamber has its own fire box
;

we get perfect combustion, never get any smoke from the

top of the stack.

President Wheeler: Why not put two fires in each

chamber?
Mr. Lovejoy: That would complicate the matter ; have

to put in underground flues. There are practical difficulties

in the way of it, but it might be possible if we were con-

structing a new kiln.

A Member : In burning dark color, can't you get high

enough temperature?

Mr. Lovejoy: There is no question that we can get

heat enough to bring the brick to a solid clinker ; but the

trouble is to get the heat distributed in the chamber.

A Member : You get some dark ones ?

Mr. Lovejoy : Yes ; we get white ones nearer the fire,

and dark ones further away.

Mr. Albert V. Fleminger : I am afraid I cannot enter-

tain you on this subject, since I only had occasion to see a

few kilns abroad, and have not seen any in America. I

would like to say that the most successful continuous kilns

I have seen are the famous Mendheim in Germany. These

are gas fired kilns, which of course changes the whole thing,

because it is much easier to distribute the heat when firing

by gas, and the handling of the wares becomes much more

convenient, and cannot be compared with those of direct

coal fire.
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