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Intumescent Coatings as Fire Retardants 

The development of fire-retardant coatings to pro-
tect surfaces which may be exposed to fire or extreme 
heat is a subject of intense interest to many industries. 
A fire-retardant paint has been developed which rep-
resents a new chemical approach for preparing in-
tumescent coatings, and potentially, is very important 
to fire-prevention authorities. 

The requirements for a superior coating include 
ease of application, suitability to a wide variety of 
surfaces and finishes, and stability over an extended 
period of time within a broad range of ambient *em-
perature and humidity conditions. 

These innovative coatings, when activated by the 
heat of a fire, react to form a thick, low-density, poly-
meric coating or char layer. Water vapor and sulphur 
dioxide are released during the intumescent reaction. 
Two fire-protection mechanisms thus become avail-
able: (I) the char layer retards the flow of heat, due to 
the extremely low thermal conductivity; and (2) water 
vapor and sulfur dioxide are released, providing fire-
quenching properties. Still another mechanism func-
tions in cases where the char, by virtue of its high 

5, oxidation	 resistance and	 low thermal conductivity, 
reaches a sufficiently high temperature to re-radiate 
much of the incident heat load. 

•	 The coatings consist of dispersions of selective salts 
of a	 nitro-amino-arornatic compound. 	 Specifically, 
para-nitroaniline bisulfae and the ammonium salt of 
para-nitroaniline-ortho	 suphuric	 acid	 (2-amino-5-
nitrobenzenesulphuric	 acid)	 are	 used.	 Suitable	 ye-
hicks	 are	 cellulose	 nitrate	 of	 lacquer	 grade,	 a 
nitrite-phenolic modified rubber, or epoxy-polysulfide 
copolymer. Three separate formulations have been 
developed. A solvent is usually employed, such as 

•	 methylethyl ketone, butyl acetate, or toluene, which 
renders the coatings suitably thin and which evap-
orates after the coatings are applied. Generally, the

This document was prepared under thc sponsorship of the National 
Aeronautics and Space Administration. Neither the United States 

-	 .	 Government nor any person acting on behalf of the United States

intumescent material is treated as insoluble in the 
vehicle, and is ground and dispersed in the vehicle and 
solvent like an ordinary coating pigment. 

The char found on intumescence is better in terms 
of yield and physical properties than chars obtained 
from many previously known intumescent materials. 
Prior to intumescence, the coating has a density of 
85 pounds per cubic foot. After intumescence, the 
density is approximately 0.3 pound per cubic loot. 
The linear expansion of the coatings ranges from 70 to 
200 times the applied coating thickness. 
Notes: 
I. Despite the fact that the char yield has better 

physical properties than those of previously known 
intumescent materials, a problem of char retention 
in some environments still exists. High-velocity 
air flow and high acceleration can cause the very 
light char to fall off. One approach under studs 
to resolve the problem is to include fibrous ma-
terial in the coating mix. 

2. One of the intumescent coatings has been shown 
to retain both mechanical and thermal properties 
when exposed to a high humidity/temperature 
environment. In addition, the other coatings retain 
some utility at limited humidity/temperature rang-
es. 

3. A specific paint developed at Ames Research Center 
extended the time for the backface of a steel disk 
to reach a temperature of 400°F to more than 4 
minutes. An unprotected disk reached 400°F in 21 
seconds. 

4. An interesting application of one of the coatings 
is in small compartments, where, in the event of 
a fire, the coating swells, filling the compartment 
or void completely. Experiments have shown that 
this technique will extinguish the fire.

(co,I,nucd ,ncrkjl, 

Government assumes any liability resulting from the use of the 
information contained in this document, or warrants that such use 
will be free from privately owned rights. 
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FOREWORD 

This document contains specifications for making and applying three 
different intumescent coatings developed at Ames Research Center of NASA. 
The specifications for each coating are divided into two units - - material 
specifications and process and application specifications. These specifications 
are not necessarily final, and should be regarded as only preliminary. They 
have been issued in this form because widespread interest in the coatings 
demanded prompt dissemination of working documents. 

The three coating systems described are designated types 341, 410-IA, 
and 45B3. The first two types have an environmental limitation. After ex-
posure to high humidity at high temperature for extended periods, the intu-
me scent salt may break down, and the coatings may lose their ability to swell 
upon application of heat. For this reason, we do not recommend the use of 
these two coatings in environments where the relative humidity will exceed 60% 
at temperatures above 80 F. On the other hand, we know of no limitation to 
the use of coating type 45B3.

Chemical Research Projects Office 
Ames Research Center 
National Aeronautics and Space Administration 
Moffett Field, California 

May 1970
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INTUNESCENCE: AN IN SITU APPROACH 

TO THERMAL PROTECTION 

C. M. Fohien, J. A. Parker, S. R. Riccitiello, and P. 4. Sawko 
Ames Research Center, NASA 

Moffett Field, California 94035 

ABSTRACT 

The phenomenon of intumescence, the swelling of a substance on the 

application of heat, has been used for many years in the form of surface 

coatings as a means of protecting fire-sensitive building materials. From 

our experience in the areas of polymer chemistry and ablation technology 

for thermal protection, we have taken a new look at intutnescent systems 

that may serve to protect a variety of heat-sensitive components, such as 

fuels, explosives, structural materials, and even man. 

In this paper, the evolution of inturnescent coatings, from the older 

carbohydrate-phosphoric acid systems through the nitroaniline bisulfate 

salts originally used by NASA to the newer nitroaniline-sulfonic acids, 

quinonedioxime-acid mixtures, and nitroanilinosulfones, is described. In 

the nitroaniline derivatives, the intumescence is modeled as a thermal 

self-polymerization of the aromatic compounds passing through plastic 

states and being expanded by evolving gaseous products to form fine tex-

tured, low-density foams. These foams have low thermal conductivity, high 

emissivity, and good resistance to ignition. The gases evolved during the 

polymerization reaction and injection into the fire zone further serve as 

flame quenchers. The resulting polymeric foams are polyheterocyclic 

structures similar to polyquinoxalines or polyphenoxazines.



..ti	 -

- 1If 

The development of several useful coating éystems to effect fire 

protection in a variety of applications is discussed. Potential ap-

plications ranging from the prevention of weapons cook-off to the 

•	 improvement in the fire safety of building materials are illustrated 

in simulation tests. 

-



INTRODUCTION 

As a result of the disastrous fires aboard the Apollo spacecraft 

and on the aircraft carrier USS Forrestal in 1967, the attention 

of the Thermal Protection Group of NASA-Ames, whose previous tasks were 

the development of heat-shield materials and thermal-protection coatings 

for spacecraft, was directed to the study of protecting heat- and fire-

sensitive materials in general. 

One immediate goal was to develop a means of thermal protection for 

stored bombs to prevent detonation when bombs were subjected to heat of 

burning fuels. The bombs must be protected for a time sufficient to de-

ploy fire fighting equipment or to jettison them. To accomplish this 

short-time thermal protection, it was desired to coat the bombs with a 

material that would swell on heating to form a thermally resistant insu-

lating layer. This process or phenomenon of swelling with heat is 

termed intwnescence (ref.l). 

Many people are familiar with a form of intumescence in the novelty 

item known as Pharoah's Serpents. Another example of this phenomenon is 

the popular classroom demonstration used to introduce the subject of 

carbohydrate chemistry to college freshmen. Here the dehydrating action 

of concentrated sulfuric acid on sugar produces a voluminous amount of 

black, low-density, carbonaceous solid. 

The use of the thtutnescent process in the form of coatings to provide 

thermal protection for flammable substrates is not new. As an example, 

such coatings have been applied to cellulosic ceiling tiles for nearly 

20 years. Early versions of these coatings made use of a reaction similar 

to the sugar and acid mixture mentioned above, in that they consisted of
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a mixture of a carbohydrate such as starch as a char-forming material, 

and a dehydrating catalyst, such as ammonium bisulfate or ammonium 

phosphate, compounded with a binder. On heating, these materials released 

ammonia gas initially and the resulting sulfuric or phosphoric acid sub-

sequently ácted on the carbohydrate to yield the low-density, carbonaceous 

char, foamed by the action of the liberated ammonia and steam (ref. 2). 

Continuing efforts by chemical and coating manufacturers to improve the 

intumescent coatings, both in their performance as coatings and as thermal 

protectors, have led to the use of various other carbonific substances, 

drawn usually from the class of polyols such as pentaerythritol and 

dipentaerythritol. Other gas-producing materials and catalysts, such as 

ammonium polyphosphate, melamine phosphate, phosphoramide and dicyandiamide, 

have also been used in improved versions (refs. 1-3). The main drawback 

to the use of these previously developed coatings has been the lack of 

:	 long-time stability to outdoor weathering. This deficiency has limited 

the use of those materials to interior or protected environments. What 

has been needed is a coating that is able to withstand continuous outdoor 

exposure—conditions of high humidity, rain, wide fluctuation in ambient 

'temperature, and, for bomb application, exposure to salt spray. 

With the advent of new high-temperature and oxidation resistant 

polymers, such as polybenzlmidazoles, polythiazoles, polyphenoxazines, and 

polyquinoxalines (refs. 4-6), the possibility was suggested that new kinds 

of char-forming materials might be developed to secure improved intumescent 

coating systems with high-temperature resistance that would also be non-

burning, nonsmoking, and nontoxic, if a method could indeed be found by 

which these polymers could be made thermally and in place. A general and 

'	 •'	 ''': ''	 ::	 J	 '
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idealized sequence of reactions required to obtain stable heterocyclic 

polymers	 (in sufficiently	 low density to be useful) 	 formed by the process 

of intumescence is shown in figure 1. 	 The authors' approach has been to 

select monomers or prepolviners,	 stable to at least	 3000	 to 350°F,	 that 

thermally react at temperatures greater than 390°F to give the therma)iv 

and oxidativelv stable aromatic heterocvclic polymers.	 During the process, 

the evolution of some and partial retention of a fraction of the gases that 

:, are by-products of the conicisition polymerizatiou should form a low density 

foam in situ.	 As indicated iii figure 1,	 the polymerization reaction must 

• proceed	 through a molten	 .:se	 to secure	 the dt.sired degree of plasticity 

during the expansion.	 To obtain efficient thermal protection, 	 the polyrneri-

zation and expansion reaction should occur preferably in the direction of 

the applied heating.	 Another important requirement of this polymerization 

process is that a sufficiently high degree of polymerization be obtained by 

the time the expansion is completed to obtain a mechanically coherent foam 

structure that will not collapse. 

To secure a low thermal conductivity,	 the foam obtained by this process 

should be predominantly closed cell and of low density. 	 It should be pos-

•	 ' sible to select monomers or prepolymers that polymerize to give off gaseous 

by-products that,	 in addition to effecting the foaming of the polymer, can 

diffuse into the flame boundary to block convective, heat transfer (ref.	 1) 

and interact with and suppress free-radical chain carriers characteristic 

of the flame propagation process.

1.
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APPLICATION OF THE REACTIONS OF SUBSTITUTED 

NITRO-AROMATIC A.MINES AS INTIJMESCENT MATERIALS 

Earlier, Alyca (ref. 7) described the formation of voluminous, black, 

spongy foam from the action of heat on a mixture of sulfuric acid and 

p-nitroacetanilide. In our study, a number of variously substituted 

nitro-aromatic amines were examined for intumescent properties (fig. 2). 

It was found, as indicated in figure 2, that the expanded black 

polymer was formed from both ortho- and para-nitroanilines as well as 

their substituted derivatives. These materials gave excellent expansion 

of the order of 70 to 240 times their original volume. The process was 

found to occur over a temperature range of 390-500°F. Acetylation of the 

amino group did not seem to affect the intumescent process. It was ob-

served qualitatively that the resultant dark polymeric foam was very re-

sistive to the erosive action of an intense hydrocarbon gas flame. Origi-

nally, we believed that it was possible to cause this intumescent reaction 

of nitroanilines only with concentrated sulfuric acid, but we found subse-

quently that the use of concentrated phosphoric and polyphosphoric acids 

also promoted the reaction. 

The observation of the effect of heat and sulfuric acid on p-nitroaniline 

led quickly to the development of its bisulfate salt as a dry compound, 

useful as an intumescent agent. This compound was easily prepared from in-

expensive, readily available materials. The preparation and properties of 

this material are shown in figure 3 (ref. 8). On heating the p-nitroaniline 

bisulfate to above 430°F, a yield of black foam of about 50 to 54 percent 

by weight is obtained that is stable to temperatures above 1020°F.
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1.
To investigate in detail the reactions occurring during intumescence,-

three analytical techniques were employed. Thermogravimetric analysis 

of the weight loss of a sample of p-nitroaniline bisulfate was made, 

elemental analysis of the thermally reacted material obtained, and, in 

a separate experiment, the kinds of gases produced were determined by 

gas chomatography. 

An 8-mg sample of the p-nitroaniline bisulfate described above was 

heated in dried, deoxidized N 2 at a rate of 5.4°F per minute. The 

weight loss was determined by means of a Cahn recording electro-balance 

and plotted as a function of sample temperature. The results are given 

in figure 4. The empirical formula for the initial salt can be written 

as shown at the right of the figure. The theoretical weights correspond-

ing to the thermolytic process are also shown. Three distinct and sequen-

tial reactions can be seen to occur in going from room temperature to 

430°F, at which point a sudden intumescence is initiated. The weight loss -. 

associated with each of these three distinct processes is equivalent, on 

a mole basis, to the loss of one molecule of water. This produces a 

change in the composition of the residue material as indicated in the em-

pirical formulas at the right of the thermogram. The water produced during 

this induction phase, that is, before intumescence, does not contribute' to 

the foaming process but rather is injected directly into the adjacent gas 

boundary. As indicated in the thermogram, intumescence occurs above 

450°F with elimination of sulfur dioxide, and more water is eliminated at 

temperatures above 600°F. 

Chromatographic analysis of the gases eliminated during the intumescence 

confirmed that sulfur dioxide and water, both good flame quenchers, were
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produced. Elemental analysis obtained on the black intumesced foam 

	

.7	 formed at 480°F was obtained as shown in figure 5. The analysis mdi-

	

:.:	 cates that nearly all the sulfur is lost and all the nitrogen is retained. 

Coatings were prepared utilizing the p-nitroanillne bisulfate corn-

pound as the intumescing agent, and they performed quite well in the 

proper environment, as will be described subsequently. However, because 

of the nature of the material—a salt of a weak base and a strong acid—it 

was easily affected by the presence of moisture, giving a very acidic milieu 

that both affected the vehicle in which it was combined and corroded me-

tallic substrates on humid exposure. 

To circumvent these deficiencies, other intumescing agents were 

desired that were neither easily hydrolyzed nor acidic. 

One of the primary reactions between sulfuric acid and nitroaniline 

is sulfonation of the ring. By keeping mixtures of these ingredients at 

temperatures below that of intumescence, fair yields of p-nitroaniline-o-

sulfonic acid were prepared, isolated as an almost white powder. This 

•	 compound was found to intumesce quite easily at 450°F and to give a char 
A

yield of 50 percent. The product of intumescence resembles and is similar 

in analysis to the materials o.btained from p-nitroaniline bisulfate. The 

	

• •:	 ring sulfonation present in this second compound overcame the problem of 

hydrolytic stability encountered with p-nitroaniline bisulfate, but there 

still remained the problem of acidity. We found that the ammonium salt of 

this sulfonic acid would also intumesce but at a somewhat higher temperature, 

572°F. This material is easily prepared from the commercially available 

sodium salt by reaction with amxnonium chloride. The TGA of this material is 

shown in figure 6.
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A detailed explanation of the intumescent reaction of the 

p-nitroaniline-osulfonic acid, or its aminonium salt, will not be 

entered into at this time. However, the sulfonation of the aromatic 

ring is probably not a necessary step in the intumescent reaction, and 

the ring-substituted sulfonic acid actually acts as an in situ source of. 

sulfuric acid when this compound is heated; thus, the reaction is similar 

to that of p-nitroaniline and sulfuric acid. 

Continuing research into the reactions of nitrogenous aromatic com-

pounds has produced two other intumescent systems of interest. These are 

bis_(4-nitroafliliflO)-SUlfone that intuinesces when heated alone, and 

p-benzoquinone dioxine that intumesces when heated with concentrated sul-

furic or phosphoric acid (ref. 10). In all these types of intumescent 

reactions, it appears that the role of the acid is primarily that of 

dehydration. 

Although it has been speculated that the polymer formed during the 

intumescence of p-nitroaniline bisulfate may be a laddered polyquinoxaline
	 C 

or polyphenoxazine (ref. 9), no direct proof has yet been obtained for this. 

The materials obtained in the thermal reaction of all these classes of 

compounds are insoluble in all solvent8 tried, including concentrated sul-

furic acid. Spectroscopic examinations have been inconclusive, and . the 

scissioning reactions tried have thus far not yielded fragments that would 

aid in structure elucidation. The main investigative means used has been 

the elemental analysis of the black materials obtained, and has led to the 

speculation that structures of the products of the thermal reactions are 

combinations of recurring units shown in figure 7, all derivable from the 

starting materials by addition, dehydration, hydrolysis, rearrangement,
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and ring closure to varying degrees depending on the temperature to 

which the material is exposed. These structures are similar to those 

proposed by Szita and Marvel (ref. 11) and Stille and Freeburger (ref. 12) 

for polymers derived from more complex starting materials in nonintumescing 

systems.

COATINGS 

Two intumescing agents described in the previous section, p-nitroaniline 

bisulfate and the anunonium salt of p-nitroaniline-o-sulfonjc acid were 

formulated into practical, useful, coating systems. The key to the success-

ful formulation of these coatings has been the selection of a binder system 

that does not interfere with the intumescent process, which is compatible 

with the intumescing agent and which will not contribute significantly to 

the flammability of the system. The vehicle should be either thermoplastic 

or easily degraded thermally in the same temperature range inwhjch intumescence 

takes place. 

Use of the p-nitroaniline bisulfate salt also required that the vehicles 

selected as binder be relatively stable to strong acid. Water-based vehicles 

commonly used in paints were also eliminated from consideration with this 

material because of their hydrolytic instability. Two vehicles were selected 

for use with the p-nitroaniline bisulfate: nitrocellulose and a phenolic 

resin modified acrylonitrilebutadlene polymer. The formulatIons are given 

in figures 8-11. The one using the amxnonium salt of p-nitroaniline-o-sulfonic 

acid is shown as 1/45B3. This material did not have the rather strict limi-

tations of vehicle selection as with the first salt, since it is neither 

acidic nor hydrolytica]J.y unstable. These coatings were prepared by common



• I	 paint-making techniques and were suitable for conventional brush or 

spray applications. The air-dried coatings had good initial properties. 

TESTS AND POSSIBLE APPLICATIONS OF COATINGS 

Measurements in a typical JP-4 fuel fire with free convection showed 

tha t heating rates applied to surfaces immersed in such fires are about 

30,000 Btu/hr/ft 2 , about 90 percent in the form of radiation. This fact 

made it possible to run screening tests on candidate intumescent coatings 

in the beam of a solar simulator (fig. 11) capable of deliver y 30,000 

Btu/hr/ft 2 to a 2-in.-diameter specimen at a distance of about 4 in. from 

the focus. 

This arrangement was used to screen various thicknesses of the in-

tumescent coatings described above. The spectral distribution of the solar 

simulator beam, which has its peak in the visible portion of the spectrum, 

did not match that of the JP-4 fire, which peaks at about 2.5 microns; but 

the thermal protection process appears to be independent of this difference 

in spectral distribution. 

Intumescent coating formulati 

about 0.007 in. to about 0.065 in. 

strate. The test specimens were 1 

by thermal insulation to eliminate 

mounted on the backface to provide

n 341 was applied in thicknesses from 

on a cold-rolled, 0.060-in.- thick sub-

in. in diameter. They were surrounded 

edge effects, and a thermocouple was 

the time-temperature history. 

The test of an intumescent coating specimen in the solar simulator 

beam is more severe than a JP-4 fuel fire for two reasons. Although the 

average heating rate at the surface is 30,000 Btu/hr/ft 2 , the intumescence 

causes the surface to grow outward toward the focus where the heating rate 

•
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is higher. Furthermore, there is a radial energy gradient in the beam, 

and the irradiance is slightly higher on axis than the average value over 

the area of the test specimen. 

A history of the substrate backface temperature during the test in 

the solar simulator is shown in figure 12. The bare metal without the 

coating reached 400°F in about 20 sec. On a similar metal substrate with 

the intumescent coating, the intumescence began within about 10 sec and 

was nearly complete within 20 sec. 

The thermal insulation provided by the intumescence caused a much 

-	 slower temperature rise of the metal substrate. The increasing slope that 

occurred later shows the effect of the intumescence growing closer to the 

focus of the solar simulator where it experiences a much higher heating rate. 

The results of numerous tests in the solar simulator beam and in JP-4 

fuel fires are given in figure 13. These results show how the time required 

for the substrate to reach a given temperature varies with intumescent 

coating thickness. Temperatures of 300°F and 400°F were chosen as limits 

for presenting these data. The relationship is linear as might be predicted, 

since the thickness of the intumescence after heating is directly proportional 

to the thickness of the coating before heating. As can be seen in the 

figure, the times to reach 300°F and 400°F are shorter for the solar simu-

lator tests than for the fuel fires, demonstrating the greater severity of 

the solar simulator tests. 

I
The fact that the coating formulation //341, using nitrocellulose as 

the binder, intumesces to give a thick, stable, closed-cell polymer that is 

highly iesistant to heat leads immediately to the possibility of its appli-

cation in such places as an airplane where fuel lines or hydraulic lines
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exist in fairly restricted volumes. A fire in such a location would 

be extinguished if the intumescence filled the available volume. In 

order to test this, a simulated section of fuselage was built, and tw9 

2-in. -diameter tubes (simulating fuel lines) were installed through 

holes in the section. This test setup (fig. 14) was 12-in, wide and 5-1/2--in. 

deep. The ends and one side of this box were sprayed on the inside with the 

intumescent coating to a thickness of 0.040 in. A fuel pan containing 

200 cc of JP-4 aircraft fuel was placed under the box and the fuel was 

ignited. The fire caused the intumescent coating on the surface to fill 

the available volume, thus extingvishing the fire before 30 cc of the fuel 

had been consumed. 

Because of the nature of the p-nitroaniline bisulfate salt and its 

high loading in formulations 11341 and /1410-1A, these coatings did not re-

tam their good properties on long exposure to humid environments. The 

- acidity of this salt caused corrosion of metallic substrates and deteriora-

tion of the vehicles. However, in certain controlled or protected environ-

ments, or if suitably protected by a top coating, they have great utility 

as just described. 

The intumescent coating, formulation 45B3, Is composed of the ammonium 

salt of p-nitroaniline-o-sulfonic acid dispersed in a binder composed of 

equal parts of a polysulfide polymer and an epoxy resin. After application, 

the coating has a hard, glossy, abrasion-resistant surface. It has good 

adherence to the substrate. 

	

I
	 The coating has been tested for its effectiveness in protecting a 

structure from fire. Figure 15 shows the heating of a steel plate 

	

- --21	 1/16-in, thick with and without the protection of the coating. The tests
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were made in a specially constructed furnace that exposed the samples 

to a controlled fire of JP-4 fuel. With no protection, the temperature 

of the plate rose to 400°F in less than 1 mm. When the plate was pro-

tected with an 80-mu-thick coating, the heating of the plate to 400°F 

was delayed for 5 mm. 

The effect of a high-humidity, high-temperature environment on the 

thermal performance of the coating has been measured. The results of 

this test are also shown in figure 15. The temperature history of a 

coated steel plate that had been exposed for 30 days to high humidity 

(90 percent) at a temperature of 100°F is compared with the temperature 

history of the coated plate that had been conditioned in the laboratory 

atmosphere (50 percent humidity, 73°F). The comparison shows that ex-

posure to the humid environment had no significant influence on the 

•	 thermal protection afforded by the coating. The small difference be-

tween the curves is within the limits of experimental reproducibility for 

this test. 

Samples of the coating also have been exposed for a 90-day period to 

the natural weather conditions on the roof of the laboratory. Coating 

samples on 3 x 6-in, steel plates were placed at a 450 angle above 

the horizontal, facing south. During the period of exposure, approximately 

9.7 in. of rain fell. The coating was darkened by the exposure, but its 

intumescence was not affected. Figure 16 is a photograph comparing an 

exposed test sample with a control sample, both of which were heated in 

an oven to complete intumescence following the exposure. No important 

difference in the intumescent characteristics of the two samples is evident. 

The coating thus shows good stability under humid environments for at least 

a 90-day period. Two environmental tests are continuing. 

T-	 ....................	 • •.-."..-



A slightly modified version of the 4553 formulation was applied 

to a simulated bomb casing consisting of a section of 5-in, pipe with 

1/4-in, wall thickness. The time for the interior wall of the pipe 

to attain a temperature of 400°c, the critical temperature for the ex-

plosive charge, was about 8 mm. The time for an uncoated section of 

pipe to reach the same temperature was about 30 sec. The inturnesced 

coating appeared to have cceptab1e char -integrity, and -adhesion, better 

than other coatings tried. A full-scale test using 500-lb bombs is 

currently in progress. 

Many applications of inturnescent coatings are possible; for ex-

ample, on electric motor casings; in fuel and chemical plants and tank 

fas; and on engine canopys, ventilator grids, and building exteriors. 

At the present state of developiient, it is not recommended that these 

coatings be used in populated or unventilated areas because of the quanti-

ties of sulfur dioxide released. 

Preliminary specifications for the various coating systems have been 

established and are available from NASA headquarters. 

A research contract has been let to study further intumescent coating 

systems, especially the relationship of the properties of several classes 

of polymers as vehicles, in combination with certain selected NASA developed 

intumescing agents. The influence of polymer type, cross-link index, glass 

transition temperatures, and other properties on the intumescent process is 

expected to result from such a study. 

Other ongoing research within NASA will Study the chemistry of in-

tumescence and the synthesis of other intumescing agents, with the objectives



ii of developing materials more suitable for use in viable environments and 

developing a range of activation temperatures. Another possible result is 

the use of the intumescent materials as an inexpensive, refurbishable, heat 

shield material.
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FOREWORD 

This specification has been prepared for an intumescent 

coating system developed at Ames Research Center that appears 

to be useful in fire-protection applications. Because of the 

potential usefulness ofthe coat-ing--'system,• .we are releasing 

this specification for limited distribution, even though it 

is only a preliminary draft.

Chemical Research Projects Office 

Ames Research Center 

National Aeronautics and. Space Administration 

February 1970 
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PRELIMINARY MATERIAL SPECIFICATION 

for 

341 VOID FILLING THERNAL PROTECTION COATING 

1.0 SCOPE 

This specification covers the components for producing 341 Void 
Filling Thermal Protection Coating. 

2.0 FORMUlATION

Parts 

Components	 Weight	 Source 

2.1 Part A 

Nitrocellulose, ethanol wet	 8.01	 DuPont Company
e 

Methyl Ethyl Ketone	 28.63	 Mallinckrodt 

2.2 Part B 

Para-nitroaniline bisulfate	 43.67	 Burdick-Jackson 

Toluene	 19.69	 Nallinckrodt 

Butyl Acetate	 19.69	 Mallinckrodt 

3.0 INGREDIENTS 

3.1 Nitrocellulose, ethanol wet 

3.1.1 Scope 

-



•
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-	 3.1.1.1 Scqpe. This specification covers the minimum requirements for 

a nitrocellulose, ethanol wet intended for use as a constituent in 

-	 the formulation of a void filling thermal protection coating. 

•	 3.1.2 Applicable Documents 

3.1.2.1 The following documents form a part of this specification: 

American Society for Testing and Materials 

ASTM D 301	 Specification and Tests for Soluble Cellulose Nitrate 

ASTM D 1343	 Test for Viscosity of Cellulose Derivatives by 

Ball-Drop Method 

(Application for copies should be addressed to the American Society for 

Testing and Materials, 1916 Race Street, Philadelphia, Pennsylvania 19103.) 

3.1.3 Requirements 

3.1.3.1 ua1ification. The nitrocellulose, ethanol wet material furnished 

under this specification shall be a product which has been tested and 

passed the qualification tests specified herein. 

3.1.3.2 Material. The nitrocellulose, ethanol wet material furnished 

under this specification shall produce the Infrared (IR) Spectral 

configuration as indicated in Figure 1, when examined as specified. 

3.1.3.3 Properties 

3.1.3.3.1 Physical Properties 

3.1.3.3.1.1 Appearance. The appearance of the nitrocellulose shall be 

an off -white,finely cubed form wetted with ethanol and free from 
suspended foreign particles when examined as specified. 

3.1.3.3.1.2 Volatile Content. The volatile content of the nitrocellulose 
shall be 30 ± 2 percent when tested as specified. 

3.1.3.3.1.3 Viscosity. The viscosity of the nitrocellulose material 
shall be 30 - 40 seconds when tested as specified. 

3.1.3.3.2. Chemical Properties 

3.1.3.3.2.1 Nitrogen Content. The nitrogen content of the nitrocellulose 
shall be 11.8 - 12.2 percent when tested as specified. 

3.1.3.3.2.2 Heat Stability. The heat stability of the nitrocellulose 
shall be 30 minutes minimum when tested as specified. 

- 
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3.1.3.4 Shelf Life. After storage for two months from the date of manu-



facture under specified conditions, the nitrocellulose shall be 

capable of passing all the quality conformance tests specified. 

3.1.4 QUALITY ASSURANCE PROVISIONS 

3.1.4.1 Responsibility for Inspection. Unless otherwise specified in the 

contract, the supplier is responsible for the performance of all 

the inspection requirements as specified herein. The supplier may 
:'-	 utilize his own facility or any coiruiercial laboratory acceptable 

to ARC. The procuring activity or its designated representative, 

reserves the right to perform any or all of the inspections set 

forth in the specification where such inspections are deemed neces-

sary to ensure that supplies and services conform to prescribed 

requirements. 

3.1.4.2 Classification of Examinations and Tests. The examination and 

testing of the nitrocellulose shall be classified as follows: 

a. Qualification Tests. Qualification tests shall be performed 

on samples submitted for approval as qualified products. 

b. Quality Conformance Tests. Quality conformance tests shall be 

performed on individual lots of products submitted for acceptance. 

The qualification and quality conformance tests are listed in Table 2. 

3.1.4.3 Sampling 

3.1.4.3.1 Qualification Sample. The qualification sample shall consist 

of sufficient material to perform all of the qualification tests 

specified herein. A test report from the supplier shall accompany 

required samples of each product for which qualification is desired. 

The report shall show the product test results for all requirements 

of this specification and shall refer specifically to the applicable 

paragraphs in this specification. 

3.1.4.3.2 Quality Conformance Sample. The quality conformance sample 

shall be selected at random from each lot of material to be supplied 

to ARC and shall consist of sufficient material to perform the 

quality conformance tests required for acceptance. The sample shall 

be labeled completely with information identifying the purpose of the 

sample, name of product, specification number, date of sampling, 

and contract number. 

-
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3.1,4.3.2.1 Lot and Batch. All nitrocellulose manufactured as one batch 
shall be considered a lot and shall be numbered as such for purposes 
of inspection. 

3.1.4.3.3 Rejection and Retest. Failure of any lot to conform to all 
applicable requirements of this specification shall be cause for 
retest. Property or properties in question shall be retested on 
new specimens prepared from the same lot of nitrocellulose. If the 
results of test of the second sample fails to meet the specification 
requirements, the entire lot shall be rejected. 

3.1.4.4 Test Methods. Unless otherwise specified, all examinations and 
tests shall be performed at a temperature of 75 ± 5°F with a relative 
humidity not exceeding 60 percent. 

3.1.4.4.1 Visual Inspection. Visual inspection shall be performed to 
determine conformance with the appearance requirements of Paragraph 
3.2.3.3.1.1, the IR spectra requirements of Paragraph 3.2.3.2. 

Examination or Test 

Qualification Test 

Material 

Appearance

Volatile Content 

Viscosity 

Nitrogen Content 

Heat Stability

3.1.3.2 

3 .1.3.3.1.1 

3.1.3.3.1.2 

3.1.3.3.1.3 

3.1.3.3.2.1 

3.1.3.3.2.2

3.1.4.4.1 

3.1.4.4.1 

3. 1.4.4. 2 

3.1.4.4.3 

3.1.4.4.4 

3.1. 4.4. 5

Table 1

Examination and Tests 

	

Requirement
	

Test Method 

	

(Section 3.1.3)
	

(Section 3.1.4) 



Table 1 continued

Examination and Tests 

Requirement	 Test Method 

Exam.inatiofl or Test	 (Section 3.1.3)	 (Section 3.1.4) 

Quality Conformance Tests 

Material	 3.1.3.2	 3.1.4.4.1 

Volatile Content	 3.1.3.3.1.2	 3.1.4.4.2 

Viscosity	 3.1.3.3.1.3	 3.1.4.4.3 

Nitrogen Content	 3.1.3.3.2.1	 3.1.4.4.4 

Heat Stability	 3.1.3.3.2.2	 3.1.4.4.5 

3.1.4.4.2	 Volatile Content:	 The volatile content of the nitrocellulose 

•	 shall be determined as follows and conform to Paragraph 3.1.3.3.1.2: 

• Procedure:	 Place about 50 grams of a representative sample of nitro-

cellulose into a tared sample holder, cover with the top screen and 

immediately weigh to the nearest 0.1 gram.	 Since the nitrocellulose 

is ethanol-wet, pour about 100 ml of water on top of the sample and 

allow it to percolate through the sample. 	 Place the sample holder 

in the blower tube and pass warm air through it for at least 30 

minutes at 60 - 65°C.	 Weigh the holder and dry sample, determine 

the loss in weight on drying, and calculate the volatile content: 

I
0riinal sample weight - dry sample weig 	 x 100 = percent volatile content 

original sample weight 

1

3.1.4.4.3	 Viscosity.	 The viscosity of the nitrocellulose shall be 

determined in accordance to ASTM D 301 and ASTMD 1343 and the results 

shall conform to Paragraph 3.1.3.3.1.3. 

3.1.4.4.4	 Nitrogen Content.	 The nitrogen content of the nitrocellulose 

shall be determined in accordance with ASTM D 301 and the results 

•	 • shall conform to Paragraph 3.1.3.3.2.1.
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3.1.4.4.5 Heat Stability. The heat stability of the nitrocellulose shall 
be determined in accordance with ASTM D301 and the results shall 
conform to Paragraph 3.1.3.3.2.2. 

3.1.3.4 Shelf Life.	 The shelf life of the nitrocellulose shall be 
determined after storage for two months from date of manufacture, 
in original sealed containers, at a temperature of 65 ± 15°F. The 
stored material shall be tested in accordance with Paragraph 3.1.4.4.1 
and the results shall conform to 3.1.3.4. 

3.2 Para-nitroaniline bisulfate 

3.2.1 Scope 

3.2.1.1 Scope. This specification covers the minimum requirements for 
para-nitroaniline bisulfate intended for use as a constituent material 
in the formulation of a void filling thermal protection coating. 

3.2.2 Applicable Documents 

3.2.2.1 The following documents form a part of this specification: 

NONE 

3.2.3 Requirements 

3.2.3.1 qualification. The para-nitroaniline bisulfate furnished under 
this specification shall be a product which has been tested and has 
passed the qualification tests specified herein. 

3.2.3.2 Material. The para-nitroaniline bisulfate furnished under this 
specification shall produce the Infrared (IR) Spectral configuration 
as indicated in Figure 2, when examined as specified. 

3.2.3.3 Properties 

3.2.3.3.1 Physical Properties 

3.2.3.3.1.1 Appearance. The appearance of the para-nitroaniline bisulfate 

shall be a pale gray-yellow, free flowing granular solid when examined 
as specified. 

3.2.3.3.2 Chemical Properties 

-1

.....................................................................................-.
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•	 3.2.3.3.2.1 Equivalent Wej. The equivalent weight of the para-

nitroaniline bisulfate shall be 236 ± 5 when examined as specified. 

3.2.3.3.2.2 Decomposition Temperature. The decomposition temperature 

of the para-rtitroaniline bisulfate shall be 200 ± 10°C when examined 

as specified. 

3.2.3.3.2.3 Purity. The purity of the para-nitroaniline bisulfate shall 

be a minimum of 95 percent when testJ as specified. 

3.2.4 QUALITY ASSURANCE PROVISIONS 

3.2.4.1 Responsibility for Inspection. Unless otherwise specified in the 

contract, the supplier is responsible for the performance of all 

the inspection requirements as specified herein. The supplier may 

utilize his own facility or any conercial laboratory acceptable 

to ARC. The procuring activity or its designated representative, 

reserves the right to perform any or all of the inspections set 

:

	

	 forth in the specification where such inspections are deemed necessary 

to ensure that supplies and services conform to prescribed requirements. 

3.2.4.2 Classification of Examinations and Tests. The examination and 

testing of the para-nitroaniline bisulfate shall be classified as 

follows: 

a. Qualification Tests. Qualification tests shall be performed

on samples submitted for approval as qualified products. 

b Quality Conformance Tests. Quality conformance tests shall be 

performed on individual lots of products submitted for acceptance. 

The qualification and quality conformance tests are listed in Table 2. 

3.2.4.3 Sampling 

3.2.4.3.1 Qualification Sample. The qualification sample shall consist 

of sufficient material to perform all of the qualification tests 

specified herein. A test report from the supplier shall accompany 

required samples of each product for which qualification is desired. 
The report shall show the product test results for all requirements 

of this specification and shall refer specifically to the applicable 

paragraphs in this specification. 

$



3.2.4.3.2 Quality Conformance Sample. The quality conformance sample 

shall be selected at random from each lot of material to be supplied 

to ARC and shall consist of sufficient material to perform the 

quality conformance tests required for acceptance. The sample shall 

be labeled completely with information identifying the purpose of 

the sample, name of product, specification number, date of sampling, 

and contract number. 

3.2.4.3.2.1 Lot and Bath. All para-nitroaniline bisulfate manufactured 

as one batch shall be considered a lot and shall be numbered as such 

for purposes of inspection. 

3.2.4.3.3 Rejection and Retest. Failure of any lot to conform to all 

applicable requirements of this specification shall be cause for 

retest. Property or properties in question shall be retested on 

new specimens prepared from the same lot of para-nitroaniline 

bisulfate. If the results of test of the second sample fails to 

meet the specification requirements, the entire lot shall be re-

jected. 

3.2.4.4 Test Methods. Unless otherwise specified, all examinations and 

tests shall be performed at a temperature of 75 ± 5°F with a relative 

humidity not exceeding 60 percent. 

3.2.4.4.1 Visual Inspection. Visual inspection shall be performed to 

determine conformance with the appearance requirements of Paragraph 

3.2.3.3.1.1, the IR spectra requirements of Paragraph 3.2.3.2. 

3.2.4.4.2 Equivalent Weigj. The equivalent weight of the para-nitroaniline 

bisulfate shall be determined as follows and the results shall conform 

to Paragraph 3.2.3.3.2.1: 

Procedure: Weigh out 0.23 gm of para-nitroaniline bisulfate. Suspend 

or dissolve the material in 50 to 100 ml of aqueous 

methanol. Titrate with 0.lN NaOH using a recording 

electrometric titrator. From the volume of the titrant 

to reach end point, calculate the equivalent weight. 

3.2.4.4.3 Decomposition Temperature. The decomposition temperature of 
the para-nitroaniline bisulfate shall be determined as follows and 

the results shall conform to Paragraph 3.2.3.3.2.2:



Examination or Test 

Qualification Tests 

Material 

Appearance 

Equivalent Weight 

Decomposition Temperature 

Purity 

Quality Conformance Tests 

Material 

Appearance 

Equivalent Weight 

Decomposition Temperature 

Purity

Table 2

Examination and Tests 

	

Requirement
	

Test Method 

	

(Section 3.2.3)
	

(Section 3.2.4) 

3.2.3.2
	

3.2.4.4.1 

3.2.3.3.1.1
	

3. 2 .4.4. 1 

3.2.3.3.2.1
	

3. 2.4.4. 2 

3. 2. 3. 3. 2.2
	

3. 2 .4.4.3 

3.2.3.3.2.3
	

3.2.4.4.4 

3.2.3.2
	

3. 2 .4.4. 1 

3. 2.3. 3. 1. 1
	

3. 2 .4.4. 1 

3.2.3.3.2.1
	

3. 2 .4.4. 2 

3. 2.3. 3. 2.2
	

3. 2 .4.4. 3 

3.2.3.3.2.3
	

3.2.4.4.4



F
Procedure: The decomposition temperature is the temperature range 

observed during maximum weight loss. A thermogravimetric 

analysis apparatus recording weight loss versus temperature 

at a heating rate of 3°C/minute to 30)°C in nitrogen 

atmosphere will be required. 

3.2.4.4.4 Purity. The purity of the para-nitroaniline bisulfate shall be 

determined by elemental Carbon, Hydrogen, Nitrogen (CHN) Analysis 

and the results shall conform to Paragraph 3.2.3.3.2.3. 

3.3 Methyl Ethyl Ketone 

3.3.1 Scope 

3.3.1.1 Scope. This specification covers the minimum requirements for 

methyl ethyl ketone intended for use as a constituent material in 

the formulation of a void filling thermal protection coating. 

3.3.2 Applicable Documents 

3.3.2.1 The following document forms a part of this specification: 

Interim Federal Specification 

TT-M-00261c	 Methyl Ethyl Ketone 

(Application for copies should be addressed to the General Services 

Administration Regional Offices) 

3.3.3 Requirements 

3.3.3.1 Qualification. The methyl ethyl ketone furnished under this 

specification shall be a product which has been tested and has passed 

the qualification tests specified herein. 

3.3.3.2 Properties 

3.3.3.2.1 Physical Properties. The physical properties of the methyl 

ethyl ketone shall be as listed in Table 3. 

3.3.3.2.2 Chemical Properties. The chemical properties of the methyl 

ethyl ketone are that the compound shall have the chemical formula 

CH3COC2H 5 with a molecular weight of 72.10. 

--#4,:.
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Table 3 

Property 

Appearance 

Alcohol Content, 7 

Specific Gravity, 20°/20°C 

Nonvolatile matter from 

100 ml., gram 

Acidity, mg of KOH per 

gram of sample 

Distillation: 

Below 78.5 

Above 81°C 

Color, on the platinum 

cobolt scale 

Water, percent by weight

Requirement 

Clean and free from sediment and 

suspended matter 

0.7 max. as secondary butyl alcohol 

0.806 ± 0.001 

0.005 max. 

0.047 max. 

none 

none 

20 

0.3

C 

1 'I-.;-



I
33,4 QUALITY ASSURANCE PROVISIONS 

3.3.4.1 Responsibility for Inspection. Unless otherwise specified in the 

contract, the supplier is responsible for the performance of all 

the inspection requirements as specified herein. The supplier may 

utilize his own facility or any commercial laboratory acceptable to 

ARC. The procuring activity or its designated representative, 

reserves the right to perform any or all of the inspections set 

forth in the specification where such inspections are deemed necessary 

to ensure that supplies and services conform to prescribed requirements. 

3.3.4.2 Classification of Examinations and Tests. The examination and 

testing of the methyl ethyl ketone shall be classified as follows: 

a. Qualification Tests. Qualification tests shall be performed 

on samples submitted for approval as qualified products. 

Ib. Quality Conformance Tests. Quality conformance tests shall be 

I
performed on individual lots of products submitted for 

-	 acceptance. 

The qualification and quality conformance tests are listed in Table 4. 

33.4.3 Sampling 

3.3.4.3.1 Qualification Sample. The qualification sample shall consist 

of sufficient material to perform all of the qualification tests
	 F 

specified herein. A test report from the supplier shall accompany 

required samples of each product for which qualification is desired. 

The report shall show the product test results for all requirements 

of this specification and shall refer specifically to the applicable 

1	 paragraphs in this specification. 

3.3.4.3.2 Quality Conformance Sample. The quality conformance sample 

shall be selected at random from each lot of material to be supplied 

to ARC and shall consist of sufficient material to perform the 

quality conformance tests required for acceptance. The sample shall 

be labeled completely with information identifying the purpose of the 

sample, name of product, specification number, date of sampling, 

and contract number. 

3.3.4.3.2.1 Lot and Batch. All methyl ethyl ketone manufactured as one 

batch shall be considered a lot and shall be numbered as such for 

purposes of inspection.
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Table 4 

Examination or Test 

Appearance 

Alcohol Content 

Specific Gravity 

Nonvolatiles 

Acidity 

Distillation 

Color 

Water 

Chemical Formula 

Molecular Weight

Examination and Tests 

Requirement 

(Section 3.3.3) 

3.3.3.2.1 

3. 3.3. 2. 1 

3.3.3.2.1 

3.3.3.2.1 

3. 3. 3.2.1 

3.3.3.2.1 

3.3.3.2.1 

3.3. 3. 2.1 

3. 3. 3. 2.2 

3.3 .3. 2.2

Requirement 

(Section 3.3.4) 

3.3.4.4.1 

3. 3 .4 .4. 2 

3. 3. 4. 4. 2 

3. 3.4.4. 2 

3.3.4.4.2 

3.3.4.4.2 

3. 3.4.4. 2 

.3.3.4.4.2 

3. 3.4.4.2 

3.3.4.4.2



:4	 3.3.4.3.3 Rejection and Retest. Failure of any lot to conform to all 

applicable requirements of this specification shall be cause for 

retest. Property or properties in question shall be retested on 

new specimens prepared from the same lot of methyl ethyl ketone. 

If the results of test of the second sample fails to meet the 

specification requirements, the entire lot shall be rejected. 

3,3.4.4 Test Methods. Unless otherwise specified, all examinations and 

-•	 tests shall be performed at a temperature of 75 ± 5°F with a relative 

humidity not exceeding 60 percent. 

3.3.4.4.1 Visual Inspection. Visual inspection shall be performed to 

determine conformance with the appearance requirements of Paragraph 

3.3.3.2.1. 

3.3.4.4.2 Tests for Physical and Chemical Properties. All tests for 

physical and chemical properties shall be determined in accordance 

with Interim Federal Specification TT-M-00261c and the results shall 

conform to Paragraph 3.3.3.2.1 and Paragraph 3.3.3.2.2. 

3.4. Toluene 

3.4.1 Scope 

3.4.1.1 Scope. This specification covers the minimum requirements 

for toluene intended for use as a constituent material in the formu-

lation of a thermal protection coating. 

3.4.2 Applicable Documents 

3.4.2.1 The following document forms a part of this specification: 

•	 Federal Specification 

TT-T-548c	 Toluene, Technical 

(Application for copies should be addressed to the General Services 

•	 Administration Regional Offices) 

•	 3.4.3 Requirements 

3.4.3.1 Qualification. The toluene furnished under this specification 

shall be a product which has been tested and has passed the qualifi-

cation tests specified herein. 

3.4.3.2 Properties

-	 ••-
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3.4.3.2.1 Physical Properties. The physical properties of the toluene 

shall be as listed in Table 5. 

Table 5 

Property 

Appearance 

Acid it y 

Color 

Sulfur Compounds 

Specific Gravity, 20°/20°C 

Boiling Point at 760 nun, 

Dry Point at 760 nun, 

Total Distillate, 7, by volume 

Aromatic hydrocarbons, 7 by volume

Requirement 

Clear and free from sediment and 

suspended matter 

No free acid 

No darker than 0.003 gram of 

reagent grade potassium dichromate 

in 1 liter distilled water 

Free from hydrogen sulfide and 

sulfur dioxide 

0.865 ± 0.005 

109 mm. 

113 max. 

97 mm. 

96 mm. 

3.4.3.2.2 Chemical Properties. The chemical properties of the toluene 

are that the compound shall have the chemical formula C 6H5CH3 with 

a molecular weight of 92.13. 

3.4.4 QUALITY ASSURANCE PROVISIONS 

3.4.4.1 Responsibility for Inspection. Unless otherwise specified in the 

contract, the supplier is responsible for the performance of all 

the inspection requirements as specified herein. The supplier may 

utilize his own facility or any commercial laboratory acceptable 

to ARC. The procuring activity or its designated representative, 

- reserves the right to perform any or all of the inspections set 

forth in the specification where such inspections are deemed 

T:;f:r
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necessary to ensure that supplies and services conform to 
prescribed requirements. 

1	 3.4.4.2 Classification of Examinations and Tests. The examination and I	 testing of the toluene shall be classified as follows: 

a. Qualification Tests. Qualification tests shall be performed 

on samples submitted for approval as qualified products. 

b. Quality Conformance Tests. Quality conformance tests shall be 

performed on individual lots of products submitted for acceptance. 

The qualification and quality conformance tests are listed in Table 6. 

3.4.4.3 Sampling 

3.4.4.3.1 Qualification Sample. The . qualification sample shall consist 
of sufficient material to perform all of the qualification tests 

specified herein. A test report from the supplier shall accompany 

required samples of each product for which qualification is desired. 

The report shall show the product test results for all requirements 

of this specification and shall refer specifically to the applicable 
paragraphs in this specification. 

•	 3.4.4.3.2	 lity Conformance Sample. The quality conformance sample 

shall be selected at random from each lot of material to be supplied 
•	 to ARC and shall consist of sufficient material to perform the 

quality conformance tests required for acceptance. The sample shall 

be labeled completely with information identifying the purpose of the 

sample, name of product, specification number, date of sampling, 
and contract number. 

• •	 3.4.4.3.2.1 Lot and Batch. All toluene manufactured as one batch shall 

be considered a lot and shall be numbered as such for purposes of I	 inspection. 

3.4.4.3.3 Rejection and Retest. Failure of any lot to conform to all 

applicable requirements of this specification shall be cause for 

retest. Property or properties in question shall be retested on 

new specimens prepared from the same lot of toluene. If the results 

of test of the second sample fails to meet the specification require-
ments, the entire lot shall be rejected. 

3.4.4.4 Test Methods. Unless otherwise specified, all examinations and 

tests shall be performed at a temperature of 75 ± 5°F with a relative 

humidity not exceeding 60 percent.



3.4.4.4.1 Visual Inspection. Visual inspection shall be performed to 

determine conformance with the appearance requirements of Paragraph 

3.4.3.2.1.

Table 6 

Examination and Tests 

Requirement TestNethod 

Examination or Tests (Section 3.4.3) (Section 3.4.4) 

Qualification Tests 

Appearance - 3.4.3.2.1 3.4.4.4.1 

Acidity 3.4.3.2.1 3.4.4.4.2 

Color 3.4.3.2.1 3.4.4.4.2 

Sulfur Compounds 3.4.3.2.1 3.4.4.4.2 

Specific Gravity 3.4.3.2.1 3.4.4.4.2 

Boiling Point 3.4.3.2.1 3.4.4.4.2 

Dry Point 3.4.3.2.1 3.4.4.4.2 

Total Distillate 3.4.3.2.1 3.4.4.4.2 

Aromatic Hydrocarbons 3.4.3.2.1 3.4.4.4.2 

Chemical	 Formu].a 3.4.3.2.2 3.4.4.4.2 

Molecular Weight 3.4.3.2.2 3.4.4.4.2 

3.4.4.4.2	 Tests for Physical and Chemical Properties. All tests for 

physical and chemical properties shall be determined in accordance 

with Federal Specification TT-T-548c and the results shall conform 

to Paragraph 3.4.3.2.1 and Paragraph 3.4.3.2.2



3.5 Butyl Acetate 

3.5.1 Scope 

3.5.1.1 Scope. This specification covers the minimum requirements for 

butyl acetate intended for use as a constituent material in the 

formulation of a thermal protection coating. 

3.5.2 Applicable Documents 

3.5.2.1 The following document forms a part of this specification: 

Interim Federal Specification 

TT-B-8 3 8a
	 Butyl Acetate, Normal 

(Application for copies should be addressed to the General Services 

Administration Regional Offices) 

3.5.3 Requirements 

3.5.3.1 Qualification. The butyl acetate furnished under this specification 

shall be a product which has been tested and has passed the qualifi-

cation tests specified herein. 

3.5.3.2 Properties 

3.5.3.2.1 Physical Properties. The physical properties of the butyl acetate 

shall be as listed in Table 7. 

3.5.3.2.2 Chemical Properties. The chemical properties of the butyl 

acetate are that the compound shall have the chemical formula 

CH3CO2CH2CH2C2H5 , with a molecular weight of 116.16. 

3.5.4 QUALITY ASSURANCE PROVISIONS 

1	 3.5.4.1 Responsibility for Inspection. Unless otherwise specified in the 

contract, the supplier is responsible for the performance of all 

the inspection requirements as specified herein. The supplier may 

utilize his own facility or any commercial laboratory acceptable to 

ARC. The procuring activity or its designated representative, reserves 

• the right to perform any or all of the inspections set forth in the 

specification where such inspections are deemed necessary to ensure 

that supplies and services conform to prescribed requirements.

C



Table 7 

• :,	 Property 

Appearance 

Ester Content, % 

Specific Gravity, 20°/20°C 

Nonvolatile matter from 

100 ml., gram 

Acidity, percent as acetic acid 

Distillation Range 

c
0 -	 initial B.P., C 

Dry Point, °C 

Color, on the platinum cobolt scale

Reci uirement 

Clean and free from sediment 

and suspended matter 

90 mm. as butyl acetate 

.875 ± 0.001 

0.005 max. 

0.01 max. 

118 mm. 

-	 128 max. 

10
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3.5.4.2 Claasification of Examinations and Tests. The examination and

testing of the butyl acetate shall be classified as follows: 

a. Qualification Tests. Qualification tests shall be performed 

on samples submitted for approval as qualified products. 

b. Quality Conformance Tests. Quality conformance tests shall be 

performed on individual lots of products submitted for 

acceptance. 

The qualification and quality conformance tests are listed in Table 8. 

3.5.4.3 Sampling 

3.5.4.3.1 Qjialification Sample. The qualification sample shall consist 

of sufficient material to perform' all of the qualification tests 

specified herein. A test report from the supplier shall accompany 

required samples of each product for which qualification is desired. 

The report shall show the product test results for all requirements 

of this specification and shall refer specifically to the applicable 

paragraphs in this specification. 

3.5.4.3.2	 j.ity Conformance Sample. The quality conformance sample 

shall be selected at random from each lot of material to be supplied 

to ARC and shall consist of sufficient material to perform the 

• quality conformance tests required for acceptance. The sample 

shall be labeled completely with information identifying the purpose 
of the sample, name of product, specification number, date of sampling, 

and contract number. 

3.5.4.3.2.1 Lot and Batch. All butyl acetate manufactured as one batch 

shall be considered a lot and shall be numbered as such for purposes 

of inspection. 

3.5.4.3.3 Rejection and Retest. Failure of any lot to conform to all 

applicable requirements of this specification shall be cause for 

retest. Pzoperty or properties in question shall be retested on 

new specimens prepared from the same lot of butyl acetate. If the 

results of test of the second sample fails to meet the specification 

requirements, the entire lot shall be rejected.
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Table 8

Examination and Tests 

Examination or Test 

Appearance 

Alcohol Content 

Specific Gravity 

Nonvo 1 a tiles 

Acidity 

Distillation 

Color 

Water 

Chemical Formula 

Molecular Weight

Requirement Test Method 
(Section 3.3.3) (Seçtion 3.3.4) 

3.3.3.2.1 3.3.4.4.1 

3.3.3.2.1 3.3.4.4.2 

3.3.3.2.1 3.3.4.4.2 

3.3.3.2.1 3.3.4.4.2 

3.3.3.2.1 3.3.4.4.2 

3.3.3.2.1 3.3.4.4.2 

3.3.3.2.1 3.3.4.4.2 

3.3.3.2.1 3.3.4.4.2 

3.3.3.2.2 3.3.4.4.2 

3.3.3.2.2 3.3.4.4.2
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3.5.4.4 Test Methods. Unless otherwise specified, all examinations and 
•	

tests shall be performed at a temperature of 75 ± 5°F with a relative 

humidity not exceeding 60 percent. 

35.44.1 Visual Inspection. Visual inspection shall be performed to 

determine conformance with the appearance requirements of Paragraph 
3.5.3.2.1. 

3.5.4.4.2 Tests for Physical and Chemical Properties. All tests for 

physical and chemical properties shall be determined in accordance 

with Interim Federal Specification TT-B-838a and the results shall 

conform to Paragraph 3.5.3.2.1 and Paragraph 3.5.3.2.2. 

!
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Process and Application Specification 

for 341 Void-Filling 

Thermal Protection Coating 

1.0 Scope 

This specification covers the basic techniques of production and 

application as well as the minimum requirements for a voidfilling thermal 

protection coating. 

•	 2.0 Classification 

The void-filling thermal protection coating covered by this specifi-

cation shall be classified as follows: 

341 

•	
3.0 Applicable Documents 

The following documents form a part of the specification: 

Military 

MIL-T-5624 Turbine Fuel, Aviation, Grades JP4 and JP5 

MIL-A-8625 Anodic Coatings for Aluminum and Aluminum Alloys 

MIL-C-5541 Chemicals, Films and Chemical Film Materials for 

•	 Aluminum and Aluminum Alloys. 

Federal 

TT-P-666B	 Primer Coating, Zinc Yellow for Aluminum and Magnesium 

Surfaces 

TI-P-664b	 Primer Coating, Synthetic Rust-Inhibiting, Lacquer-

-. •	 Resisting. 

•	
TT-P-86e, Type 3 Paint, Red Lead Base, Ready Mixed 

TT-L-0058c, Type Lacquer, Spraying Clear 

•	 •	 -



Other

Preliminary Material Specification for 341 Void-Filling Thermal 

Protection Coating 

Taber Abraser Model 503 Instruction Manual 

American Society for Testing and Materials 

ASTM D 2370 Elongation and Tensile Strength of Free Films of Paint, 

Varnish, Lacquer, and Related Products, with a Tensile Testing 
Appara tus 

(Application for copies should be addressed to the American Society for 

Testing and Materials, 1916 Race Street, Philadelphia, Pennsylvania 19103) 

4.0 Requirements 

4.1 Qialification. The void-fillin thermal protection coating furnished 

under the specification shall be a product which has been tested 

and has passed the qualification tests specified herein. 

4.2 Material. The void-filling thermal protection coating furnished 

under this specification shall conform and shall be prepared using 

materials approved under Preliminary Material Specification for 341 

Void-Filling Thermal Protection Coating in accordance to the fol-
lowing formulation: 

Materials	 Parts by Dry Weight 

Part A 

Nitrocellulose, Ethanol wet	 8.01 

Methyl Ethyl Ketone	 28.63 

Part B 

Para-nitroaniline bisulfate 	 43.67 

Toluene	 19.69 

Butyl Acetate	 19.69
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4.3 Properties 

4.3.1 Physical Properties 

4.3.1.1 Appearance. The appearance of the void-filling thermal protection 

coating shall be a brownish yellow, hard, integral film when examined 

as specified. 

•	
4.3.1.2 Tensile Strength. The tensile strength of the void-filling 

1	 thermal protection coating shall be 850 ± 100 psi when tested as 

•1	 specified. 

4.3.1.3 Density. The density of the void-filling thermal protection 

coating shall be 1.71 ± 0.05 g/cc when tested as specified. 

1	 4.3.1.4 Temperature of Intumescence. The temperature of intumescence 

of the void-filling protection coating shall be 207 ± 10°C when 

1	 tested as specified. 

4.3.1.5 Char Yield. The char yield of the void-filling thermal protection 

coating at 600°C shall be 35 ± 2 percent when tested as specified. 

4.3.1.6 Abrasion Resistance. The abrasion resistance of the void-filling 

:1	 thermal protection coating shall be 74 ± 10 milligram weight loss/l000 I	 cycles on Taber Abraser when tested as specified. 

4.3.1.7 Flexibility. The flexibility of the void-filling thermal pro-

tection coating shall be 0.66 ± 0.1 foot-pounds when tested as 
specified. 

4.3.1.8 Linear Expansion (Intumescence). The linear expansion of the 
*	 void-filling thermal protection coating conditioned at 23 ± 2°C 

and 50 ± 570 R.H. shall be a minimum of 200 times the original 
•	 coating thickness when tested as specified. 

4.3.1.9 Thermal Efficienc y . The thermal efficiency of the void filling 

thermal protection coating shall be a minimum of 40 seconds at 

0.030 + 0.002 inches coating thickness to reach a backface tempera-

ture of 205°C (400°F) when tested as specified.

0
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5.0 Dispersion Equipment 

•	 Pebble Mill. A burundum fortified pebble mill, burundum cylinders as 

grinding media, and variable speed roll mill capable of dispensing 
• 1.	 the required batch sizes 

Machine Mixing. A Kady Mill or equivalent kinetic dispersion unit. 

6.0 Mixing Procedure 

Pebble Mill: The grinding media of burundum cylinders is to occupy 507. 

of total pebble mill volume. Add ingredients of Paragraph 4.2, 

sufficient to occupy 407. of total pebble mill volume. Next, the 

critical speed (Ne) in RPM is calculated from following relationship: 

	

N =	 76.6 c 

where Nc speed at which grinding media, unencumbered by any

charge within mill, begin to centrifuge 

I.D. = inside diameter of mill in feet 

The pebble mill is placed on the variable speed roll mill at a mixing 
speed of 707. of Critical Speed ( Nc) for proper action of grinding media. 
After mixing for 1/2 hour the pebble mill is re-opened and inspected for 

dry agglomerates. If none present, continue milling for20 hours total 

mixing time. Drain contents of pebble mill into appropriate container. 

Strain the coating through a cheese cloth filter to remove any extraneous 
matter prior to any application. 

Nachine 4ixing: Add ingredients of Paragraph 4.2 to the jacketed mixing 

vessel of the Kady Mill. Mix the components in a water cooled mixing 

vessel in the Kady Mill for 20 minutes. Drain the contents of the 

Kady Mill dispersion into an appropriate container. Strain the 

coating through a cheese cloth filter to remove any extraneous 
matter prior to any application.



7.0 Application Procedure 

Substrate Preparation 

Cold Rolled Steel: Follow standard good painting procedures. Be sure 

	

- H	 all surfaces are dry and clean. Remove loose dust, paint, grease, 

and oil residue from untreated surface. Surface may be sandblasted 

if desirable. Surface may be treated with corrosion resistant 

primer Zinc Chromate Primer meeting Federal Specification TT-P-664b 

or Red Lead Primer l3-R-51 from Mobil Chemical Company conforming 

	

-	 to Federal Specification TT-P-86e Type 3. 

Aluminum: Follow-standard goodainting procedures. -Treat surface of 

aluminum by scrubbing with scouring powder and water. Flush liberally 

with water and observe for water break-free surface. If surface is 

not water break-free, repeat scrubbing and flushing procedure. When 

water break-free surface is obtained, flush surface with trichioro-

ethylene and allow surface to air dry. Handle cleaned surface with 

care. Avoid contact with dust, oils, and greases. If corrosion 

resistance primer is desired, use Zinc Chromate Primer conforming 

to Federal Specification TT-P-666B. If anodizing of aluminum is 

required, the treatment shall conform to MIL-A-8625. For an alodine 

treated surface, the aluminum shall conform to MIL-C-5541. 

Spray Method: Spray apply the 341 prepared from Paragraph 6.0 with a 

Devilbiss JCA 502 or equivalent at ambient conditions to the dry 

film thickness desired. The coating shall air dry at ambient condi-

tions for 72 hours minimum. Spray apply two passes of a clear nitro-

cellulose lacquer conforming to Federal Specification TT-L-8058c, 

Type 1 as a topcoat. Allow to air dry for 24 hours minimum before 

proceeding with Quality Assurance Provisions. 

Brush Method: Substrate preparation shall conform to Paragraph 7.0. 

Brushing may be done with a good quality soft bristled brush. 

Apply a full level coat avoiding excessive brush-out. Two brush 

coats or more may be required to conform to required dry film thick-

ness. The coating shall airdry at ambient conditions for 72 hours 

minimum. Spray apply two passes of a clear nitrocellulose lacquer 

conforming to Federal Specification TT-L-0058c, Type 1 as a topcoat. 

Allow to air dry for 24 hours minimum before proceeding with Quality 

Assurance Provisions. 

:-'.-r'--'	 .._---
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8.0	 Quality Assurance Provisions 

8.1	 Responsibility for Inspection. 	 Unless otherwise specified in the 

contract or the purchase order, the supplier is responsible for 

the performance of all the inspection requirements as specified 
herein.	 The supplier may utilize his own facility or any commercial 
laboratory acceptable to ARC.	 The processing activity, or its 
designated representative, reserves the right to perform any or 

all of the inspections set forth in the specification where such 

inspections are deemed necessary to ensure that supplies and services 
conform to prescribed requirements. 

8.2	 Classification of Examinations and Tests.	 All of the examinations 
and testing of the void-filling thermal protection coating shall be 

classified as qualification tests. 	 Qualification tests shall be 
performed on samples submitted for approval as qualified products 

and shall be performed on indiv,icua1 lots of products submitted for 
acceptance.	 The qualification tests are listed in Table I.	 A 
certified test report from the supplier shall accompany each product 

submitted for approval and each lot of void-filling thermal protection 
•	 •' coating submitted for acceptance. 

8.3	 Sampling.	 The sample for product qualification or for qualified 
-	 lot acceptance shall be as specified in Paragraph 8.3.2.1 coctforming 

: to the requirements of Paragraph 4.2 herein. 	 A test report from the 
4 supplier shall accompany each sample to be tested, and shall show 

the composition number and the test results for all requirements 

of this specification and shall refer specifically to the applicable 
paragraphs herein.	 All the void-filling thermal protection coating 
manufactured and formulated as one batch shall be considered a lot 

and shall be numbered as such for purposes of inspection. 

8.3.1	 Resect ion and Retest.	 Failure of any lot to conform to all appli-

cable requirements of this specification shall be cause for retest. 
-	 -

Property or properties in question shall be retested on new speci-

mens prepared from the same lot of void-filling thermal protection 

coating.	 If the results of the second sample fails to meet the 
specification requirements, the entire lot shall be rejected.

- -ç 
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Table 1

Examination or Test Requirement 

Material 4.2 

Appearance 4.3.1.1 

Tensile Strength 4.3.1.2 

Density 4.3.1.3 

Temperature of Intumescence 	 4.3.1.4 

Char	 Yield 4.3.1.5 

Abrasion Resistance 4.3.1.6 

Flexibility 4.3.1.7 

Linear Expansion 4.3.1.8 

Thermal Efficiency 4.3.1.9

Test Method 

8.3.3.1 

8.3.3.1 

8.3.3.2 

8.3.3.3 

8.3.3.4 

8.3.3.5 

8.3.3.6 

8.3.3.7 

8.3.3.8 

8.3.3.9 



8.3.2 Specimen. All samples to be tested ' shall be coated with the void-
filling thermal protection coating at a minimum dry film thickness 

of 0.030 inches on cold rolfed steel panels or as free films. 

8.3.2.1 Size and Number of Specimens. The size and number of specimens 

for conformance to each requirement is indicated in Table 2. 

8.3.3 Test Methods. Unless otherwise specified, all examinations and 

tests shall be performed with a void filling thermal protection 

]	 coating aged for a minimum of 170 hours at a temperature of 23 ± 

1	 2°C and a relative humidity of 50 ± 5 percent. 

8.3.3.1 Visual Inspection. Visual inspection shall be performed to 

determine the appearance requirements of Paragraph 4.3.1.1 and 
Paragraph 4.2. 

8.3.3.2 Tensile Strength. The tensile strength of the void-filling 

thermal protection coating shall be determined in accordance with 

ASTM D 2370, except the coating will be sprayed on a suitable 

temporary substrate, and the results shall conform to Paragraph 
4.3.1.2. 

8.3.3.3 Density. The density of the void-filling thermal protection 

protection coating shall be determined according to the following 

procedure and the results shall conform to Paragraph 4.3.1.3: 

Procedure: Material remaining from Paragraph 8.3.3.2 shall be 

used to determine the coating density. The volume of coating 

is measured by air pycnometer and then the weight is determined 

from an analytical balance. The density of the coating in gm/cc 
is reported. 

8.3.3.4 Temperature of Intumescence. The temperature of intumescence 

of the void-filling thermal protection coating shall be determined 
according to the following procedure and the results shall conform 
to Paragraph 4.3.1.4: 

Procedure: The temperature of intumescence is determined by a 

melting point apparatus. Here glass capillary tubes containing small 

quantities of coating are raised in temperature until intumescence. 

After an initial rapid rate of temperature rise to determine approxi-

mate intumescing temperature, the determination is made in duplicate 

at no greater than 5°C/mm temperature rise thru the intumescing range.
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Table 2 

Test Specimens 

Substrate Size, Number of Test 

Test inches Specimens Requirement Method 

Appearance 3 x 3 x 1/16 1 4.3.1.1 8.3.3.1 

Tensile Strength 6 x 6 free films	 2 4.3.1.2 8.3.3.2 

Density . - 4.3.1.3 8.3.3.3 

Temperature of 

Intumescence use above -. 4.3.1.4 8.3.3.4 

Char Yield	 J - .	 4.3.1.5 8.3.3.5 

,,c,,n	 4 hR x	 1/16 disc	 6	 4.3.1.6	 8.3.3.6flLJJflSIS4	 -, - -- -. --	 - 

with 1/4 hole in 

center 

Flexibility	 use above	 - 

Linear Expansion	 3 x 3 x 1/16	 4 

Thermal Efficiency	 3 x 3 x 1/16	 4

	

4.3.1.7	 8.3.3.7 

	

4.3.1.8	 8.3.3.8 

	

4.3.1.9	 8.3.3.5 

•.........--. 

w. 



•	 Care should be exercised that the heat transfer to the thermometer on 
-	 the apparatus is at a maximum. This can be assured by maintaining 

an integral coating of 1-2 aqueous solution of collodial graphite 

(Aqua-DAG) on the thermometer bulb. 

8.3.3.5 Char Yield. The char yield of the void-filling thermal protection 

coating shall be determined according to the following procedure 

and the results shall conform to Paragraph 4.3.1.5: 

Procedure: Using a thermogravemetric analysis (TGA) apparatus, 

record the weight loss versus temperature for the coating at a 

heating rate of 3°C/minute in a nitrogen atmosphere to 650°C. 
Report the char yield 	 as the percent weight fraction remaining 
at 600°C. 

8.3.3.6 Abrasion Resistance. The abrasion resistance of the void-filling 

thermal protection coating shall be determined according to Taber 

Abraser Weight Loss Method and the results shall conform to Paragraph 
4.3.1.6. 

8.3.3.7 Flexibility. The flexibility of the void-filling thermal pro-

tection coating shall be determined according to the following 

procedure and the results shall conform to Paragraph 4.3.1.7: 

Procedure: Using a Gardner Impact Test, a round nosed, two pound 
impact rod is allowed to fall a calibrated distance (measured in 
feet) upon the coated side of the specimen panel.	 The foot-pounds 
of energy is increased until coating adhesion failure occurs. 

4. The greatest energy tolerable is reported in foot-pounds.

8.3.3.8 Linear Expansion (Intumescence). The linear expansion of the 

void-filling thermal protection coating shall be determined according 

to the following procedure and the results shall conform to Paragraph 
4.3.1.8: 

Procedure: The edges of the test specimens as well as a 1/8 inch 

perimeter overlap of the coating and the exposed cold rolled steel 

substrate shall be brushed with a red lead primer meeting Federal 

Specification TT-P-86e, Type 3 to minimize corrosion of uncoated 

edges. The coating specimens are placed coating side up in an oven 

preheated to 350°C and allowed to remain for 30 minutes. Gases 

should be vented from the oven. Remove after 30 minute period, 
allow to cool, then calculate the linear expansion: 

Linear Expansion = Tf - Ti 

Ti 

-,-;-	 ---•, -.-• 
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-	 where Tf	 Thickness of coating after inturnescence, 

inches 

Ti = initial coating thickness, inches. 

8.3.3.9 Thermal Efficiency. The thermal efficiency of the void-filling 

thermal protection coating shall be determined according to the fol-

lowing procedure and the results shall conform to Paragraph 4.3.1.9: 

Procedure:	 This test exposes the coating to a fire environment 

where a total flux of 10 BTU/Ft 2 -sec is 90 percent radiative in a 

slightly fuel rich condition. 	 Aviation fuel (JP-4) is used to fire 

the unit.	 The specimens are prepared on special 3" x 3" x 1/16" 

cold rolled steel substrates. 	 That is, a 1" diameter hole in the 

center of the panel has a 15/16" diameter 1/16" thick cold rolled 

steel disc cemented in place with epoxy novolac.	 This provides a 

higher thermal resistance to reduce thermal conductance effects 

from the edges of the specimen panel. 	 The coated panel thickness 

is measured and recorded and the panel preconditioned to paragraph 

8.3.3, or other special environments and when ready to test is in-

serted in a transite mask or holder which allows the panel to rest 

on about 1/16" to 1/8" inch of the edges of the coated surface. 

At time, t = 0, the masked panel is placed over the fire box and a 

thermocouple in contact with the back of the panel records the 

temperature rise of the center disc in the panel.	 The flux is uni-

form over the entire panel and the center disc is about 8 - 107. of 

the exposed area and is representative of a larger, semi-infinite 

panel.	 From the time-temperature history thus obtained, and the 

thickness in mils of coating tested, one reports the time in seconds 

to reach a given temperature and the mu 	 thickness coating.	 Since 

the flame environment is a more severe test of the coatings, the 

intumescent thickness is also reported after this test.

t 
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FOREWORD 

This specification has been prepared for an intumescent 

coating system developed at Ames Research Center that appears 

to be useful in fire-protection applications. Because of the 

potential usefulness of the coating system, we are releasing 

thisspecificationfor limited distribution, even though it 

is only a preliminary draft.

Chemical Research Projects Office 

Ames Research Center 
National Aeronautics and Space Administration 

February 1970
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PRELII'IINARY 

NATERIAL SPECIFICATION 

for 

410-lA TF]IERNAL PROTECTION COATING 

1.0 SCOPE - This specification covers the components for pro-
ducing 410-lA thermal protection coating. 

2.0 FORMUTATION 

Components	 Parts Weight	 Source 

Acrylonitrile-	 29.37	 B. F. Goodrich Company 
butadiene, 
phenolic modified 
compounded rubber 
solution 
(Plastilock 605-4) 

Para-nitroaniline	 44.04	 Burdick-Jackson Company 
bisulfate 

(Jyclohexanone	 14.44	 DuPont Corp. 

Nethyl Ethyl	 12.15	 Nallinckrod-t Chemical 
Ketone 

3.0 INGREDIENTS 

3.1 Acrylonitrile-butadiene, phenolic modified compounded 
rubber solution. 

3.1.1. Scope 

3.1.1.1 Scope. This specification covers the minimum 
requirements for an acrylonitrile-butadiene, phenol modified 
compounded rubber solution intended for use as a constituent 
material in the formulation of a thermal protection coating. 

3.1.2 Applicable Documents 

3.1.2.1 The following documents form a part of this 
specification: 

American Society for Testinand Naterials 
ASTN D 164'-' Tests for Nonvolatile Content of Varnishes 

-	 t.	 -



• (Application for copies should be addressed to the 
American Society for Testing and Materials, 1916 Race 
Street, Philadelphia, Pennsylvania 19103.) 

Federal Specifications 
•	 •	 Federal Standard 141, Method 4184.1. Weight Per Gallon 

•	 (Application for copies should be addressed to General 
Services Administration Regional Offices.) 

3.1.3 Requirements 

3.1.3 .1 Qualification. The acrylonitrile-butadiene, 
phenolic modified compounded rubber solution furnished under 
this specification shall be a product which has been tested and 
has passed the qualification tests specified herein. 

3.1.3. 2 Properties 

3.1.3.2.1 Physical Properties 

3.1.3 .2.1.1 Appearance. The appearance of the acrylonit-
rile butadiene, phenolic modified compounded rubber solution 
shall be a black, pourable, methyl ethyl ketone thinner base 
solution when examined as specified. 

3.1.3.2.1.2 Nonvolatiles. The nonvolatiles of the 
acrylonitrile-butadiene, phenolic modified compounded rubber 
solution shall be 33% minimum when tested as specified. 

3.1.3. 2.1. 3 Weight Per Gallon. The weight per gallon of 
the acrylonitrile-butadiene, phenolic modified compounded 
rubber solution shall be 8.3 -i- 0.2 when tested as specified. 

3. 1 .3 .2.l.k Viscosity. The viscosity of the acrylonitrile 
butadiene, phenolic modified compounded rubber solution shall 
be 7000 + 1000 centipoises when tested as specified. 

3.1.3.2.2 Chemical Properties 

3.1.3.2.2.1 Phenolic Resin Content. The phenolic resin 
content of the total dry solids of the acrylonitrile-butadiene, 
phenolic modified compounded rubber solution shall be 17. 5 -i-

1 percent when tested as specified. 

3.1.3. 2.2.2 Nitrile Rubber Content. The nitril rubber 
content of the total dry solids of the acrylonitrile- butadiene, 
phenolic modified compounded rubber solution shall be 54. 8 ^ 
1 percent when tested as specified. 

3.1.3 .2.2. 3 Filler Content. The filler content of the 
total dry solids of the acrylonitrile-butadiene, phenolic 
modified compounded rubber solution shall be 27.7 -- 1 percent 
when tested as specified.
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3.1.3.3 Shelf 
date of manufacture 
butadiene, phenolic 
be capable of passi 
specified. 

3.1.4 Quality

Life. After storage for two months from 
under specified conditions, the acrylonitile-
modified compounded rubber solution shall 
ig all the quality conformance tests 

Assurance Provisions 

3.1.4.1 Responsibility for Inspection. Unless otherwise 
specified in the contract, the supplier is responsible for the 
performance of all the inspection requirements as specified 
herein. The supplier may utilize his own facility or any com-
mercial laboratory acceptable to ARC. The procuring activity 
or its designated representative, reserves the right to perform 
any or all of the inspections set forth in the specification 
where such inspections are deemed necessary to ensurethat 
supplies and services conform to prescribed requiremçnts. 

3.1.4.2 Classification of Examinations and Tests. The 
examination and testing of the acrylonitrile-butadiene, 
phenolic modified compounded rubber solution shall be classi-
fied as follows: 

.a. Qualification Tests. Qualification tests shall be 
performed on samples submitted for approval as 
au1ified DroductS. 

b.	 Quality Conformance Tests. 	 Quality conformance tests 
shall be performed on individual lots of products 
submitted for acceptance. 

The qualification and quality conformance tests are listed in 
-	 Table 1. 

3.1.4.3	 Sampling 

3.l.4.3,i. Qualification Sample. 	 The qualification sample 
shall consist of sufficient material to perform all of the 
qualification tests specified herein.	 A test report from the 
supplier shall accompany required samples of each product for 
which qualification is desired.	 The report shall show the 
product test results for all requirements of' this specification 
and shall refer specifically to the applicable paragraphs in 

- this specification.

3.1.4.3.2 Quality Conformance Sample. The quality con-
formance sample shall be selected at random from each lot of' 
material to be supplied to ARC and shall consist of sufficient 
material to perform the quality conformance tests required for 
acceptance. The sample shall be labeled completely with in-
formation identifying the purpose of the sample, name of product, 
specification nunber, date of sampling, and contract number. 

-	
C,1 - 
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TABLE I 

EXANINATION AND TESTS 

Requirement Test Nethod 
Examination or Test (Section 3.1.3). (Section 3.1.4) 

Qualification Tests 

Appearance 3.1.3.2.1.1 3.1.4.4.1 

Nonvolatiles 3.1.3.2.1.2 3.1.4.4.2 

Weight Per Gallon 3.1.3.2.1.3 3.1.4.4.3 

Viscosity 3.1.3.2.1.4 3.1.4.4.4 

Phenolic Resin Content 3.1.3.2.2.1 3.1.4.4.5 

Nitrile Rubber Content 3.1.3.2.2.2 3.1.4.4.6 

FillerContent 3.1.3.2.2.3 3.1.4.4.7 

Quality Conformance Tests 

Appearance 3.1.3.2.1.1 3.1.4.4.1 

Viscosity 3.1.3.2.1.4 3.1.4.4.4 

Phenolic Resin Content 3.1.3.2.2.1 3.1.4.4.5 

Nitrile Rubber Content 3.1.3.2.2.2 3.1.4.4.6 

Filler Content 3.1.3.2.2.3 3.1.4.4.7
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3.1. 14.3.2.1 Lot and Batch. All acrylonitrile-butadiene, 
phenolic modified compounded rutber solution manufactured as one 

•	 batch shall be considered a lot and shall be numbered as such for 
purposes of inspection. 

3.1.4.3.3 Rejection and Retest. Failure of any lot to 
conform to all applicable requirements of this specification shall 
be cause for retest. Property or properties in question shall be 
retested on new specimens prepared from the same lot of acrylo-
nitrile-butadiene, phenolic modified compounded rubber solution. 
If the results of test of the second sample fails, to meet the 
specification requirements, the entire lot shall be rejected. 

3.1.4.4. Test Methods. Unless otherwise specified, all 
examinations and ésts ha11 'be performed at a 'tempersture 'of 
75 + 5°F with a relative humidity not exceeding 60 percent. 

3.1.4.4.1 Visual Inspection. Visual inspection shall be 
performed to determine conformance with the appearance require-
ments of Paragraph 3.1.3.2.1.1., 

3.1.4.4.2 Nonvolatiles. The nonvolatiles of the acrylo-
nitrile-'butadiene, phenolic modified compounded rubber solution 
shall be determined in accordance with ASTN D 1644 and the result 
shall conform to the requirements of Paragraph 3.1.3.2.1.2. 

3.1.4.4.3 Weight Per Gallon. The weight per gallon of 
the acrylonitrile-butadiene, phenolic modified compounded rubber 
solution shall be determined in accordance with Federal Standard 

:"	 141, Method 4184.1 and the result shall conform tothe requirement 
of Paragraph 3.1.3.2.1.3. 

-	 3.1.4.4.4 Viscosity. The viscosity of the acrylonitrile-
butadiene, phenolic modified compounded rubber solution shall be 
determined by a Brookfield Viscometer, Model RVTF or equivalent, 
using a number 3 spindle at a speed of 10 revolutions per minute. 
The result shall conform to the requirement of Paragraph 3.1.3.2.1.4. 

3.1.4.4.5 Phenolic Resin Content. The phenolic resin 
content of the total dry solids of the acrylonitrile-butadiefle, 
phenolic modified rubber solution shall 'be determined as follows 
and the results shall conform to Paragraph 3.1.3.2.2.1: 

Procedure: A two (2) to three (3) gram specimen of the 
rubber solution is weighed in a beaker on an analytical 
balance to the nearest 0.1 mg. and diluted to 150 cc total 
volume with methyl ethyl ketone. After stirring to a 
uniform consistency, the dispersion was transferred 
quantitatively to a 1000 ml separatory funnel and an equal 
volume of 10% NaOH (aq.) added. The mixture was thoroughly 
shaken for 5 minutes and allowed to stand to effect phase 
separation. The clear lower aqueous layer was drained into 
a 250 ml Erlen.meyer flask and acidified to a pH of about 
2 with concentrated HC1. A brownish emulsion immediately 
formed which finally broke after allowing it to stand for 

- 24 hours. The pheno'.ic resin, in the form of droplets on 

?,'	 -.	 •----..	 ..'. a
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the bottom of the flasks was recovered by decantation of 

I -	 the supernatant liquid. The phenolic resin was washed 

]	
with three () 100 ml aleuots of hot distilled water, and 

after final decantation, was dried in an oven at llO 0C for 

1	 15 minutes. The resin was then weighed on an analytical 
balance to the nearest 1 mg. 

Calculation: 

% Phenolic Resin (total basis)	 100 

% Phenolic Resin (dry solids basis) = w:P x 100 

% Phenolic Resin (resin basis) =WP 	 100 

where: 

WP weight of phenolic resin recovered by estractiOfl 

W = original weight of sample 

S = solids content fraction = % solids content 
100 

F = filler content fraction = % filler content 
100 

3.l..4.6 Nitrile Rubber Content. The nitrile rubber 
content of the total dry solids of the acrylonitrile_bUtadienle, 
phenolic modified rubber solution shall be determined as follows 
and the results shall conform to Paragraph 

Procedure: The nitrile rubber content in the rubber 
solution formulation is determined by difference. The 
assumption made is that the only other major constituents 
of the formulation are inorganic filler, methyl ethyl 
ketone and phenolic resin. 

Calculation: 

% Nitrile Resin (total basis) = (S-P-F)lOO 

% Nitrile Resin (dry solids basis) =
	 lOO 

% Nitrile Resin (resin 'oasis) = (1 - 	 )100 

where: 

S= solids content fraction 
P= phenolic resin content fraction (total basis) 

F= filler content fraction (total basis) 

w
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3.1.4.4.7 Filler Content. The filler content of the total 
dry solids of the acrylonitrile-butadiene, phenolic modified com-
pounded rubber solution shall be determined as follows and the 
results shall conform to Paragraph 3.1.3.2.2.3: 

Procedure: A two (2) to three (3) gram specimen of the 
formulation is weighed on an analytical balance to the 
nearest 0.1 mg and diluted to 100 cc total volume with 
methyl ethyl ketone. After stirring to a uniform consis-
tency, the dispersion was filtered under vacuum through 
a pre-weighed and dried fritted glass crucible containing 
about 3/8" thickness of packed "Celite" (medium fineness 
djatomaceous silica) filter aid. The insoluble residue 
was then washed with three (3) 25cc a1iqots of methyl 
ethyl ketone and dried in an oven at 110 C for 1 hour. 
The tared crucible, filter aid, and residue were then 
weighed on an analytical balance to the nearest 0./mg. 

Calculation: 

% Filler Content (insoluble) (total basis) 

WF = u.- 100 

Filler Content (dry solids basis) =	 x 100 

where: 

WF = weight of residue 

W	 original weight of sample 

S = solids content fraction = % solids content 
100 

3.1.4.5 Shelf Life: The shelf life of the acrylonitrile-
hutadiene, phenolic modified compounded rubber solution shall be 
determined after storage for two months from date of inanufcture, 
in original sealed containers, at a temperature of 65 + 15 F. An 
alternative method shall be to store the liquid unuer tTie 

same time and temperature conditions in an opened container with an 
inert atmosphere. The stored material shall be tested in accor-
dance with Paragraphs 3.1.4.4.1, 3.1.4.4.4, 3.1.4.4.5, 3.1.4.4.6 
and 3.1.4.4.7. The results shall conform to the requirements of 
Paragraph 3.1.3.3 herein. 

3.2 Para-nitroaniline bisulfate 

3.2.1 Scope 

3.1.1.1 Scope. This specification covers the minimum re-
quirements for para-nitroaniline bisulfate intended for use as a 
constituent material in the formulation of a thermal protection 
coating.

' Applicable Documents C-. .



3.2.2.1 The following documents form a part of this 
specification: 

None 

3.2.3 Requirements 

3.2.3. 1 Qalification. The para-nitroanilifle bisulfate 
furnished under this specification shall be a product which has 
been tested and has passed the qualification tests specified 
herein.

3.2.3. 2 Naterial. The para-nitroaniline bisulfate fur-
nished under this specification shall produce the Infrared (IR) 
Spectra configuration as indicated in Figure 1, when examined as 
specified. 

3.2.3.3 Properties 

3.2.3.3. 1 Physical Properties 

3.2.3.3. 1.1 Appearance. The appearance of the para-
nitro-ani1ine bisulfate shall be a pale gray-yellow, free flowing 
granular solid when examined as specified. 

3.2.3.3. 2 Chemical Properties 

3.2.3.3 .2.1 Equivalent Weight. The equivalent weight of 
the para-nitroaniline bisulfate shall be 236±5 when examined as 
specified. 

3.2.3.3 .2.2 Decomposition Temperature. The decOmposition 
temperature of the para-nitroaniline bisulfate shall be 200 ± 5 
when examined as specified. 

3.2.3.3. 2. 3 Purity. The purity of the para-nitroaniline 
bisulfate shall be a minimum of 95 percent when tested as specified. 

3.2.4 Quality Assurance Provisions 

3.2.4.1 Responsibility for Inspection. Unless otherwise 
specified in the contract, the supplier is responsible for the 
performance of all the inspection requirements as specified herein. 
The supplier may utilize his own facility or any coriunercial labora-
tory acceptable to ARC. The procuring activity or its designated 
representative, reserves the right to perform any or all of the 
inspections set forth in the specification where such inspections 
are deemed necessary to ensure that supplies and services conform 
to prescribed requirements. 

3.2.4.2 Classification of Examinations and Tests. The 
examination and testing of the para-nitroaniline bisulfate shall 
be classified as follows:
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a. Qualification Tests. Qualification tests shall 
be performed on samples submitted for approval as 
qualified products. 

b. Quality Conformance Tests. Quality conformance 
tests shall be performed on individual lots of 
products submitted for acceptance. 

The qualification and quality conformance tests are listed in 
Table 2.

3.2.4.3 Sampling 

3.2.4.3. 1 Qualification Sample. The qualification sample 
shall consist of sufficient material to perform all of the quali-
fication tests specified herein. A test report from the supplier 
shall accompany required samples of each product for which quali-
fication is desired. The report shall show the product test 
results for all requirements of this specification and shall refer 
specifically to the applicable paragraphs in this specification. 

3.2. 14.3.2 Quality Conformance Sample. The quality con-
formance sample shall be selected at random from each lot of 
material to be supplied to ARC and shall consist of sufficient 
material to perform the quality conformance tests required for 
acceptance. The sample shall be labeled completely with informa-
tion identifying the purpose of the sample, name of product, 
specification number, date of sampling, and contract number. 

3.2.4.3.2.1 Lt and Batch. All para-nitroaniline bi-
sulfate manufactured as one batch shall be considered a lot and 
shall be numbered as such for purposes of inspection. 

3.2.4.3.3 Re i ection and Retest. Failure of any lot to 
conform to all applicable requirements of this specification 
shall be cause for retest. Property or properties in question 
shall be retested on new specimens prepared from the same lot of. 
para-nitroanilifle bisulfate. If the results of test of the second 
sample fails to meet the specification requirements, the entire 
lot shall be rejected. 

3.2.4.4 Test Nethods. Unless otherwise specified, all 
exajnintions and tests shall be performed at a temperature of 
75 ± 5 F with a relative humidity not exceeding 60 percent. 

3.2.4.4.1 Visual Inspection. Visual inspection shall be 
performed to determine conformance with the appearanc e require-
ments of Paragraph 3.2.3.3 .1.1 , the IR spectra requirements of 
Paragraph 3.2.3.2. 

3.2.4.4.2 Equivalent Weight. The equivalent weight of 
the para-nitroaniline bisulfate shall be determined as follows and 
the results shall conform to Paragraph 3.2.3.3.2.1:
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TABLE II 

EXAMINATION AND TESTS 

Requirement	 Test Method 
(Section 3.2.3)	 (Section 3.2.4) 

Tests

3.2.3.2 

3.2.3.3.1.1 

ight	 3.2.3.3.2.1 

Temperature	 3.2.3.3.2.2 

3.2.3.3.2.3 

Examination or Test

3.2.4.4.1 

3.2.4.4.1 

3.2.4.4.2 

3.2.4.4.3 

3.2.4.4.4 

Quality Conformance Tests 

Material	 3.2.3.2	 3.2.4.4.1 

Appearance	 3.2.3.3.1.1	 3.2.4.4.1 

Equivalent Weight	 3.2.3.3.2.1	 3.2.4.4.2 

Decomposition Temperature	 3.2.3.3.2.2	 3.2.4.4.3 

Parity	 3.2.3.3.2.3	 3.2.4.4.4 

Qualification 

Material 

Appearance 

Equivalent We 

Decomposition 

Purity
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Procedure: Weigh out 0.23 gm of para-nitroaniline bisul-
fate. Suspend or dissolve the material in 50 to 100 ml of 
aqueous methanol. Titrate with O.1N NaOH using a recording 
electroinetric titrator. From the volume of the titrant to 
reach endpoint, calculate the endpoint. 

3.2.4.4.3 Decomposition Temperature. The decomposition 
temperature of the para-nitroaniline bisulfate shall be determined 
as follows and the results shall conform to Paragraph 3.2.3.3.2.2: 

Procedure: The decomposition temperature is the tempera-
ture range observed during maximum weight loss. A thermo-
gravimetric analysis apparatus rec8rding weight loss versus 
temperature at a heating rate of 3 C/minute to 300 C in 
nitrogen atmosphere will be required. 

3.2.4.4.4 Purity. The purity of the para-nitroaniline 
bisulfate shall be determined by elemental carbon, hydrogen, 
nitrogen (CHN). Analysis and the results shall conform to Para-
graph 3.2.3.3.2.3. 

3.3 Methyl Ethyl Ketone 

3.3. 1 Scope 

3.3.1.1	 This specification covers the minimum re-
quirements for methyl ethyl ketone intended for use as a consti-
tuent material in the formulation of a thermal protection coating. 

3.3.2 Applicable Documents 

-	 3.3.2.1 The following document forms a part of this speci-
fication:	 . 

Interim Federal Specification 

TT-N-00261c	 Methyl Ethyl Ketone 

(Application for copies should "be addressed to the 
General Services Administration Regional Offices.) 

3.3.3 Requirements 

3.3.3. 1 Qualification. The methyl ethyl ketone furnished 
under this specification shall be a product which has been tested 
and has passed the qualification tests specified herein. 

3.3.3.2 Properties. 

3.3.3.2.1 Physical Properties. The physical properties of 
the methyl ethyl ketone shall be as listed in Table 3.
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-	 TABLE III

Property 

Appearance 

Alcohol Content, % 

Specific Gravity, 200/200 

Nonvolatile matter 
from 100 ml., grain 

Acidity, mg of KOH per 
gram of sample 

Distillation: 
Below 78o5 
Above 81 C 

Color, on the platinum 
cobalt scale 

Water, percent by 
weight

Requirement 

Clean and free from 
sediment and suspended 
matter 

0. 7 max. as secondary 
butyl alcohol 

0.806 -4- 0.001 

0.0005 max. 

0.047 max. 

None 
None 

20 

0.3



3.3.4 Quality Assurance Provisions 

3.3.4.1 Responsibility for Inspection. Unless otherwise 
specified in the contract, the supplier is responsible for the 
performance of all -the inspection requirements as specified herein. 
The supplier may utilize his own facility or any commercial labora-
tory acceptable to ARC. The procuring activity or its designated 
representative, reserves the right to perform any or all of the 
inspections set forth in the specification where such inspections 
are deemed necessary to ensure that supplies and services conform 
to prescribed requirements.	 - 

3,3. 4.2 Classification of Examinations and Tests. The 
examination and testing of the methyl ethyl ketone shall be 
classified as follows: 

a. Qua:lification Tests. The qualification tests shall be 
performed on samples submitted for approval as quali-
fied products. 

b. Quality Conformance Tests. Quality conformance tests 
shall be performed on individual lots of products 
submitted for acceptance. 

The qualification and quality conformance tests are listed in 
Table 4. 

3.3.4.3 Sampling 

3.3. 4 .3. 1 Qualification Sample. The qualification sample 
shall consist of sufficient material to perform all of the quali-
fication tests specified herein. A test report from the supplier 
shall accompany required samples of each product for which quali-
fication is desired. The report shall show the product test 
results for all requirements of this specification and shall refer 
specifically to the applicable paragraphs in this specification. 

3.3.4.3. 2 Quality Conformance Sample. The quality con-
formance sample shall be selected at random from each lot of 
material to be supplied to ARC and shall consist of sufficient 
material to perform the quality conformance tests required for 
acceptance. The sample shall be labeled completely with inforina-
tion identifying the purpose of the sample, name of product, 
specification number, date of sampling, and contract number. 

3.3. 4 .3. 2.1 Lot and Batch. All methyl ethyl ketone manu-
factured as one batch shall be considered a lot and shall be 
numbered as such for purposes of inspection. 	 -	 - - 

3.3.4.3.3 Rejection and Retest. Failure of any lot to 
conform to all applicable requirements of this specification 
shall be cause for retest. Property or properties in question 
shall be retested on new specimens prepared from the same lot of 
methyl ethyl ketone. If the results of test of the second sample 
fails to meet the specification requirements, the entire lot



EXMIINATION AND TESTS 

Examination or Test 

Appearance 

Alcohol Content 

Specific. Gravity 

Nonvolatiles 

Acidity 

Distillation 

Color 

Water 

Chemical Formula 

Molecular Weight

Requirement Test Method 
(Section 3.3.3) (Section 3.3.1i) 

3.3.3.2.1 3.3.4.4.1 
3.3.3.2.1 3.3.4.4.2 

3.3.3.2.1 3.3.4.4.2 

3.3.3.2.1 3.3.4.4.2 
3.3.3.2.1 3.3.4.4.2 
3.3.3.2.1 3.3.4.4.2 

3.3.3.2.1 3.3.4.4.2 

3.3.3.2.1 3.3.4.4.2 

3.3.3.2.2 3.3.4.4.2 

3.3.3.2.2 .3.3.4.4.2

-n 



shall be rejected. 

3.3.4.4 Test Nethods. Unless otherwise specified, all 
examintioflS and tests shall be performed at a temperature of 
75 + 5 F with a relative humidity not exceeding 60 percent. 

3.3.4.4.1 Visual Inspection. Visual inspection shall be 
performed to determine conformance with the appearance require-
ments of Paragraph 3.3.3.2.1. 

3.3.4.k.2 Tests for Physical and Chemical Properties. 
All tests for physical and chemical properties shall be deter-
mined in accordance with Interim Federal Specification TT-N-
0026/c and the results shall conform to Paragraph 3.3.3.2.1 and 
Paragraph 3.3.3.2.2. 

3.4 Cyclohexanone 

3.4.1 Scope 

3.4.1.1 Scçp. This specification covers the minimum 
requirements for cyclohexanone intended for use as a constituent 
material in the formulation of a thermal protection coating. 

3.4.2 Applicable Documents 

3.4.2.1 The following documents form a part of this 
specification: 

American Society for Testing and Natexials 

ASTN D 1209 Test for Color of Clear Liquids 
ASTN D 1078 Test for Distillation Range of Volatile 

Organic Liquids 
ASTN D 1364 Test for Water in Lacquer Solvents and 

Dilumts 
ASTN D 89 1 Tests for Specific Gravity of Industrial 

Aromatic Hydrocarbons and Related Naterials 

(Application for copies should be addressed to the 
American Society for Testing and Naterials, 19 16 Race 
Street, Philadelphia, Pennsylvania 19103.) 

Federal Specifications 

Federal Standard 141, Nethod 4371. Refractive Index 

(Application for copies should be addressed toGenera1 
Services Administration Regional Offices.) 

3.4.3 Requirements 

3.4.3.1 Qualification. The cyclohexanone furnished under 
this specification shall be a product which has been tested and 
has passed the qualification tests specified herein.
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-	 3.4.3.2 Properties 

3.4.3.2.1 Physical Properties 

3.4.3.2.1.1	 ppearance. The appearance of the cyclohexanone shall 

be a clear, water white to slight yellow liquid when examined as specified. 

3.4.3.2.1.2 Color. The color of the cyclohexanone shall be A.P.H.A.3 

when tested as specified. 

3.4.3.2.1.3 DiStillation Range. The distillation range of the 

cyclohexanone shall be 0.7°C when tested as specified.. 

3.4.3.2.1.4 Water. The water content of the cyclohexanone shall be 

0.01°!. maximum when tested as specified. 

3.4.3.2.1.5 pcific Gravity. The specific gravity of the cyclo 

hexanone shall be 0.9448 ± 0.0001 when tested as specified. 

3.4.3.2.1.6 Refractive Index. The refractive index of the cyclo-

hexanone shall be 1.4476 ± 0.0004. when tested as specified. 

3.4.3.3 Shelf Life. After storage for two months from date of 

manufacture under specified conditions, the cyclohexanone shall be capable 

of passing all the quality conformance tests required. 

3.4.4 QUALITY ASSURANCE PROVISIONS 

3.4.4.1 Responsibility for Inspection. Unless otherwise specified 

in the contract, the supplier is responsible for the performance of all 

the inspection requirements as specified herein. The supplier may utilize 

his own facility or any commercial laboratory acceptable to ARC. The 

procuring activity or its designated representative, reserves the right 

to perform any or all of the inspections set forth in the specification 

where such inspections are deemed necessary to ensure that supplies and 

services conform to prescribed requirements. 

3.4.4.2 Classification of Examinations and Tests. The examination 

and testing of the cyclohexanone shall be classified as follows: 

a Qualification Tests. Qualification tests shall be performed on 

samples submitted for approval as qualified products. 

b Quality Conformance Tests. Quality conformance tests shall be 

performed on individual lots of products submitted for acceptance. 

The qualification and quality conformance tests are listed in Table 5.
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• TABLEV 

EXAMINATION AND TESTS 

• Requirement Test Method 
Examination or Test (Section 3.4.3) (Section 3.k.4.) 

Qualification Tests 

Appearance 3.4.3.2.1.1	 S 3.4.4.4.1 

Color 3.4.3.2.1.2 3.4.4.4.2 

Distillation Range 3.4.3.2.1.3 3.4.4./13 

Water 3.4.3.2.1.4 3.4.4.4.4 

•	 Specific Gravity 3.4.3.2.1.5 3.4.4.4.5 

Refractive Index 3.4.3.2.1.6 3.4.4.4.6 

Quality Conformance Tests 

Appearance	 5 3.4.3.2.1.1 •	 3.4.4.4.1 

Color 3.4.3.2.1.2	 5 3.4.4.4.2 

Distillation Range 3.4.3.2.1.3 3.4.4.4.3 • 

Water 3.4.3.2.1.4 3.4.4.4.4 

Specific Gravity 3.4.3.2.1.5 3.4.4.4.5 

• Refractive Index 3.4.3.2.1.6 3.4.4.4.6



3 .4.4.3 Samp1in 

3.4.4.3.1 Qualification Sample. The qualification sample shall consist 

of sufficient material to perform all of the qualification tests specified 

herein. A test report from the supplier shall accompany required samples 

of each product for which qualification is desired. The report shall 

show the product test results for all requirements of this specification 

and shall refer specifically to the applicable paragraphs in this specifi-
cation. 

3.4.4.3.2 Quality Conformance Sample. The quality conformance 

sample shall be selected at random from each lot of material to be supplied 

to ARC and shall consist of sufficient material to perform the quality 

conformance tests required for acceptance. The sample shall be labeled 

completely with information identifying the purpose of the sample, name 

of product, specification number, date of sampling, and contract number. 

3.4.4.3.2.1 Lot and Batch. All cyclohexanone manufactured as one 

batch shall be considered a lot and shall be numbered as such for purposes 
of inspection. 

3.4.4.3.3 Rejection and Retest. Failure of any lot to conform to 

all applicable requirements of this specification shall be cause for retest. 

Property or properties in question shall be retested on new specimens 

prepared from the same lot of cyclohexanone. If the results of test of 

the second sample fails to meet the specification requirements, the entire 
lot shall be rejected. 

3.4.4.4 Test Methods. Unless otherwise specified, all examinations 

and tests shall be performed at a temperature of 75 ± 5°F with a relative 
humidity not exceeding 60 percent. 

3.4.4.4.1 Visual Inspection. Visual inspection shall be performed 

to determine conformance with the appearance requirements of Paragraph 
3.4.3.2.1.1. 

3.4.4.4.2 Color. The color of the cyclohexanone shall be determined 

in accordance with ASTM D 1209 and the result shall conform to the require-
ments of Paragraph 3.4.3.2.1.2. 

•

	

	 3.4.4.4.3 Distillation Range. The distillation range of the cyclo-

• hexanone shall be determined in accordance with ASTM D 1078 and the results 

shall conform to the requirements of Paragraph 3.4.3.2.1.3.
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3.4.4.4.4 Water. The water content of the cyclohexanone shall be 

determined in accordance with ASTM D 1364 and the results shall conform 

to the requirements of Paragraph 3.4.3.2.1.4. 

3.4.4.4.5 Specific Gravity. The specific gravity of the cyclohexa-

none shall be determined in accordance with ASTM D 891 and the results shall 

conform to the requirements of Paragraph 3.4.3.2.1.5. 

.3.4.4.4.6 Refractive Index. The refractive index of the cyclohexanorie 

shall be determined in accordance with Federal Standard 141, Method 4371 

and the results shall conform to the requirements of Paragraph 3.4.3.2.1.6. 

3.4.4.5 Shelf Life. The shelf life of the cyclohexanone shall be 

determined after storage for two months from date of manufacture, in 

original sealed containers, at a temperature of 65 ± 15°F. The stored 

material shall be tested in accordance with Paragraphs 3.4.4.4.1, 3.4.4.4.2, 

3.4.4.4.4, 3.4.4.4.5, and 3.4.4.4.6. The results shall conform to the 
requirements of Paragraph 3.4.3.3 herein. 

.'
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PRELIMINARY 

PROCESS AND APPLICATION SPECIFICATION

for 

410-IA THERNAL PROTECTION COATING 

1.0 SCOPE - This specification covers the basic techniques of production 

and application as well as the minimum requirements for a thermal protection 

coating. 

2.0 CLASSIFICATION - The thermal protection coating covered by this 

specification shall be classified as follows: 

410-lA 

3.0 APPLICABLE DOCUNENTS - The following documents form a part of this 

specification: 

Militar1 

MIL-T-5624	 Turbine Fuel, Aviation, Grades JP4 and JP5 

MIL-A-8625	 Anodic Coatings for Aluminum and Aluminum Alloys 

MIL-C-5541	 Chemicals, Films, and Chemical Film Materials for 

Aluminum and Aluminum Alloys 

Federal 

TT-P-666B	 Primer Coating, Zinc Yellow for Aluminum and 

Magnesium Surfaces 

TT-P-664b	 Primer Coating, Synthetic, Rust-Inhibiting, Lacquer-

Resisting 

TT-P-86e, Type 3 Paint, Red Lead Base, Ready Mixed 

TT-L-0058e, Type 1 Lacquer, Spraying, Clear
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-	 Other 

Preliminary Material Specification for 410-IA Thermal Protection Coating 

Taber Abraser Model 503 Instruction Manual 

American Society for Testing and Materials 

ASTM D2370	 Elongation and Tensile Strength of Free Films of 

Paint, Varnish, Lacquer, and Related Products, with 

a Tensile Testing Apparatus 

(Application for copies should be addressed to the American Society 

for Testing and Materials, 1916 Race Street, Philadelphia, Pennsylvania, 

19103). 

4.0 REQUIREMENTS 

4.1 Qualification. The thermal protection coating furnished under 

this specification shall be a product which has been tested and has passed 

the qualification tests specified herein. 

4.2 Material. The thermal protection coating furnished under this 

specification shall conform and shall be prepared using materials approved 

under Preliminary Material Specification for 410-IA Thermal Protection 

Coating in accordance to the following formulation: 

Materials
	

Parts by Weg 

Acrylonitrile-butadiene, 
phenolic modified compounded	 29.37 

rubber solution 

Para-nitroaniline bisulfate	 44.07 

Cyclohexanone	 14.44 

Methyl Ethyl Ketone	 12.15 

4.3 Properties. 

4.3.1 Physical Properties. 

4.3.1.1 Appearance. The appearance of the thermal protection coating 

shall be. a black, integral film when examined as specified.. 

4.3.1.2 Tensile Strength. The tensile strength of the thermal protection 

coating shall be 300 ± 25 psiwhen tested as specified.	 .



I -	 4.3.1.3 Density. The density of the thermal protection coating 
shall be 1.34 ± 0.05 g/ce when tested as specified. 

4.3.1.4 Temperature of Intumescence. The temperature of intumescence 

of the thermal protection coating shall be 165± 10°C when tested as specified. 

4.3.1.5 Char Yield. The char yield of the thermal protection coating 

at 600°C shall be 50 ± 2 percent when tested as specified. 

4.3.1.6 Abrasion Resistance. The abrasion resistance of the thermal 

protection coating shall be 105 ± 10 milligram weight loss/l000 cycles 
on Taber Abraser when tested as specified. 

4.3.1.7 Flexibility. The flexibility of the thermal protection 

coating shall be 2.2 ± 0.1 foot-pounds when tested as specified. 

4.3.1.8 Linear Expansion (Intumescencej. The linear expansion of 

the thermal protection coating conditioned at 23 ± 2°C and 50 ± 57. R.H. 

shall be a minimum of 30 times the original coating thickness when tested 
as specified. 

4.3.1.9 Thermal Efficiency. The 'thermal efficiency of the thermal 

protection coating shall be a minimum of 90 seconds at 0.030 + 0.002 inches 

coating thickness to reach a backface temperature of 205°C (400°F) when 
tested as specified. 

5.0 DISPERSION EQUIPMENT 

Pebble Mill. A burundum fortified pebble mill, burundum cylinders 

as grinding media, and variable speed roll mill capable of dispersing 
the required batch sizes. 

Machine Mixing. A Kady Mill or equivalent kinetic dispersion unit. 

6.0 MIXING PROCEDURE 

Pebble Mill. The grinding media of burundum cylinders is to occupy 

507. of total pebble mill volume. Add ingredients of Paragraph 4.2, suf-
ficient to occupy 40% of total pebble mill volume. Next, the critical 

speed (Ne) in RPM is calculated from following relationship: 

- N =	 -76.6 - 

where N0	 speed at which grinding media, unencumbered by any 
change within mill, begin to centrifuge 

ID. ,	 inside diameter of mill in feet
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	 The pebble mill is placed on the variable speed roll mill at a 

mixing speed of 707. of Critical Speed (Ne) for proper action of grinding 

c media. After mixing for 1/2 hour the pebble mill is re-opened and inspected 

for dry agglomerates. If none present, continue milling for 20 hours total 

mixing time. Drain contents of pebble mill into appropriate container. 

IStrain the coating through a cheese cloth filter to remove any extraneous 

I
matter prior to any application. 

Machine Mixpg: Add ingredients of Paragraph 4.2 to the jacketed 

mixing vessel of the Kady Mill. Mix the components in a water cooled 

mixing vessel in the Kady Mill for 20 minutes. Drain the contents of 

the Kady Mill dispersion into an appropriate container. Strain the 

coating through a cheese cloth filter to remove any extraneous matter prior 

to any application. 

7.0 APPLICATION PROCEDUP.E 

Substrate Preparation 

Cold Rolled Steel: Follow standard good printing procedures. 

Be sure all surfaces are dry and. clean. Remove loose dust, paint, grease, 

and oil residue from untreated surface. Surface may be sandblasted if 

desirable. Surface may be treated with corrosion resistant primer Zinc 

Chromate Primer meeting Federal Specification TT-P-664b •or Red Lead 

Primer 13-R-5l from Mobil Chemical Company conforming to Federal Specifi-

cation TT-P-86e Type 3. 	 - 

Aluminum: Follow standard good painting procedures. Treat sur-

face of aluminum by scrubbing with scouring powder and water. Flush 

liberally with water and observe for water break-free surface. If surface 

is not water break-free, repeat scrubbing and flushing procedure. When 

water break-free surface is obtained, flush surface with trichloroethylene 

and allow surface to air dry. Handle cleaned surface with care. Avoid 

contact with dust, oils, and greases. If corrosion resistant primer 

is desired, use Zinc Chromate Primer conforming to Federal Specification 

TT-P-666B. If anodizing of aluminum is required, the treatment shall 

conform to MIL-A-8625. For an alodine treated surface, the aluminum 

shall conform to MIL-C-554l. 

Spray Method: Spray apply 410-IA prepared from Paragraph 6.0 with 

a Devilbiss JGA 502 or equivalent at ambient conditions to the dry film 

thickness desired. The coating shall air dry at ambient conditions for 

72 hours minimum. Spray apply two passes of a clear nitrocellulose lacquer 

conforming to Federal Specification TT-L-O058c, Type 1 as a topcoat. 

Allow to air dry for 24 hours minimum before proceeding with Quality 

Assurance Provisions.
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Brush Method: Substrate preparation shall conform to Paragraph 7.0. 

Brushing may be done with a good quality soft bristled brush. Apply a 

full level coat avoiding excessive brush-out. Two brush coats or more 

may be required to conform to required dry film thickness. The coating 

shall air dry at ambient conditions for 72 hours minimum. Spray or brush 

apply two passes of a clear nitrocellulose lacquer conforming to Federal 

Specification TT-L-0058c, Type 1 as a topcoat. Allow to air dry for 24 

hours minimum before proceeding with Quality Assurance Provisions. 

8.0 QUALITY ASSURANCE PROVISIONS 

8.1 Responsibility for Inspection . Unless otherwise specified in the 

contract or the purchase order, the supplier is responsible for the per-

formance of all the inspection requirements as specified herein. The 

supplier may utilize his own facility or any commercial laboratory accept-

able to ARC. The processing activity, or its designated representative, 

reserves the right to perform any or all of the inspections set forth 

in the specification where such inspections are deemed necessary to 

ensure that supplies and services conform to prescribed requirements. 

8.2 Classification of Examinations and Tests. All of the examinations 

and testing of the thermal protection coating shall be classified as 

qualification tests. Qualification tests shall be performed on samples 

submitted for approval as qualified products and shall be performed on 

individual lots of products submitted for acceptance. The qualification 

tests are listed in Table I. A certified test report from the supplier 

shall accompany each product submitted for approval and each lot of thermal 

protection coating submitted for acceptance. 

Table 1 

Examination or Test	 Requirement	 Test Method 

Material	 4.2	 8.3.3.1 

Appearance	 4.3.1.1	 8.3.3.1 

Tensile Strength	 4.3.1.2	 8.3.3.2 

Density	 4.3.1.3	 8.3.3.3 

Temperature of Intumescence	 4.3.1.4	 8.3.3.4 

Char Yield	 4.3.1.5	 8.3.3.5 

Abrasion Resistance	 4.3.1.6	 8.3.3.6



Table 1 Continued 

• Examination or Test 	 Requirement	 Test Method 

Flexibility	 4.3.1.7	 8.3.3.7 

Linear Expansion	 4.3.1.8	 8.3.3.8 

Thermal Efficiency	 4.3.1.9	 8.3.3.9 

8.3	 Sampljp.	 Samples for product qualification or for qualified lot 

acceptance shall be as specified in Paragraph 8.3.2. 	 The material pre-

paration shall conform to the requirements of Paragraph 4.2 herein. 	 A 

test report from the supplier shall accompany each sample to be tested, 

and shall show the Composition number and the test results for all re-

quirements of this specification and shall refer specifically to the 

applicable paragraphs herein. 	 All the thermal protection coating manu-

factured and formulated as one batch shall be considered a lot and shall 

be numbered as such for purposes of inspection.

8.3.1 Rejection and Retest. Failure of any lot to conform to all 

applicable requirements of this specification shall be cause for retest. 

Property or properties in question shall be retested on new specimens 

prepared from the same lot of thermal protection coating. If the results 

of the second sample fails to the specification requirements, the entire 

1	 lot shall be rejected. 

8.3.2 Specimen. All samples to be tested shall be coated with the 

thermal protection coating at a minimum dry film thickness of 0.030 inches 

on cold rolled steel panels or as free films. 

8.3.2.1 Size and Number of Specimens. The size and number of speci-

mens for conformance to each requirement is indicated in Table 2. 

-• • 8.3.3 Test Methods. Unless otherwise specified, all examinations 

and tests shall be performed with a thermal protection coating aged for 

minimum of 170 hours at a temperature of 23 ± 2°C and a relative humidity 

-	 •	 of 50 45ercent.	 - 

8.?.3.1	 Visual Inspection. Visual inspection shall be performed - 

to determine the appearance requirements of Paragraph 4.3.1 and Paragraph 4.2. 
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Table 2 

Test Specimens 

Substrate Size, Number of Test 
Test inches _pecimer1s Reguirient Method 

Appearance 3 x 3 x 1/16 1 4.3.1.1 8.3.3.1 

Tensile Strength 6 z 6 free films 2 4.3.1.2 8.3.3.2 

Density - 4.3.1.3 8.3.3.3 

Tempérture of 
Intumescence use above - 4.3.1.4 8.3.3.4 I 
Char Yield 4.3.1.5 8.3.3.5 

Abrasion Resistance 4 1/8 x 1/16 disc with	 6 4.3.1.6 8.3.3.6 
1/4 hole in center 

Flexibility use above - 4.3.1.7 8.3.3.7 

•	 1	 Linear Expansion 3 x 3 x 1/16 4 4.3.1.8 8.3.3.8 

Thermal Efficiency 3 x 3 x 1/16 4 4.3.1.9 8.3.3.9



8.3.3.2 Tensile Strength. The tensile strength of the thermal pro 

tection coating shall be determined in accordance with ASTM D 2370,except 

the coating will be sprayed on a suitable temporary substrate, and the 
results shall conform to Paragraph 4.3.1.2. 

8.3.3.3 Density. The density of the thermal protection protection 

coating shall be determined according to the following procedure and 

the results shall conform to Paragraph 4.3.1.3: 

Procedure: Material remaining from Paragraph 8.3.3.2 shall be used 

to determine the coating density. The volume of coating is measured by 

air pycnometer and then the weight is determined from an analytical balance. 

The density of the coating in gm/cc is reported. 

8.3.3.4	 perature of Intuinescence. The temperature of intumescence 

;	 of the thermal protection coating shall be determined according to the 

following procedure and the results shall conform to Paragraph 4.3.1.4: 

Procedure: The temperature of intumescence is determined by a 

melting point apparatus. Here glass capillary tubes containing small 

quantities of coaing are raised in temperature until intumescence. 

After an initial rapid rate of temperature rise to determine approximate 

intumescing temperature, the determination is made in duplicate at no 

greater than 5°C/mm temperature rise thru the intumescing range. 

Care should be exercised that the heat transfer to the. thermometer 

on the apparatus is at a maximum. This can be assured by maintaining an 

integral coating of 1-2 aqueous solution of collodial graphite (Aqua-DAG) 
on the thermometer bulb. 

8.3.3.5 Char Yield. The char yield of the thermal protection coating 

shall be determined according to the following procedure and the results 

shall conform to Paragraph 4.3.1.5: 

Procedure: Using a thermogravemetric analysis (TGA) apparatus, 

record the weight loss versus temperature for the coating at a heating 

rate of 3°C/minute in a nitrogen atmosphere to 650°C. Report the char 
yield (C as the percent weight fraction remaining at 600°C. 

I 8.3.3.6 Abrasion Resistà.ce. The abrasion resistance of the thermal 
protection coating shall be determined according to Taber Abraser Weight 

Loss Method and the results shall conform to Paragraph 4.3.1.6. 

8.3.3.7 Flexibility. The flexibility of the thermal protection coating 

shall be determined according to the following procedure and the results 

shall conform to Paragraph 4.3.1.7:

:
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Procedure: Using a Gardner Impact Test, a round nosed, two pound 

impact rod is allowed to fall a calibrated distance (measured in feet) 

upon the coated side of the specimen panel. The foot-pounds of energy 

is increased until coating adhesion failure occurs. The greatest energy 

tolerable is reported in footpounds. 

8.3.3.8 LLnear Exprs'ion (Intthnescende). The linear expansion of the 

thermal protection coating shall be determined according to the following 

procedure and the results shall conform to Paragraph 4.3.1.8: 

Procedure: The edges of the test specimens as well as a 1/8 inch 

perimeter overlap of the coating and the exposed cold rolled steel sub-

strate shall be brushed with a red lead primer meeting Federal Specification 

TT-P-86e, Type 3 to minimize corrosion of uncoated edges. The coating 

specimens are placed coating side up in an oven preheated to 35')°C and 

allowed to remain for 3') minutes. Gases should be vented from the oven. 

Remove after 30 minute period, allow to cool, then calculate the linear 

expansion:

Linear Expansion = T f - T 

T 

where	 Tf Thickness of coating after intumescence, inches 

IT.	 initial coating thickness, inches. 

1

	

	 8.3.3.9 Thermal Efficiency. The thermal efficiency of the thermal 

protection coating shall be determined according to the following procedure 

and the results shall conform to Paragraph 4.3.1.9: 

Procedure:	 This test exposes the coating to a fire environment where 

a total flux of 10 BTU/Ft 2-sec is 90 percent radiative in a slightly fuel 

rich condition.	 Aviation fuel (JP-4) 	 is used to fire the unit. 	 The speci-

mens are prepared on special 3" x 3" x 1/16" cold rolled steel substrates. 

That is, a 1" diameter hole in the center of the panel has a 15/16" diameter 

1/16" thick cold rolled steel disc cemented in place with epoxy novolac. 

This provides a higher thermal resistance to reduce thermal conductance 

effects from the edges of the specimen panel.	 The coated panel thickness 

is measured and recorded and the panel preconditioned to paragraph 8.3.3, 

or other special environments and when ready to test is-inserted in a tran-

site mask or holder which allows the panel to rest on about 1/16" to 1/8" 

inch of the edges of the coated surface.	 At time, t = 0, the masked panel 

is placed over the fire box and a thermocouple in contact with the back 

of the panel records the temperature rise of the center disc in the panel. 

The flux is uniform over the entire panel and the center disc is about 

8-10% of the exposed area and is representative of a larger, semi-infinite
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panel. From the time-temperature history thus obtained, the thickness 

in mils of coating tested, one reports the time in seconds to reach a 

given temperature and the mu thickness coating. Since the flame environ-

ment is a nre severe test of the coatings, the intumescent thickness is 

also reported after this test.
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FOREWORD 

This specification has been prepared for an intuinescent 

coating system developed at Ames Research Center that appears 

to be useful in fire-protection applications. Because of the 

potential usefulness of the coating system, we are releasing 

this specification for limited distribution, even though it 

is only a preliminary draft.

Chemical Research Projects Office 

Ames Research Center 
National Aeronautics and Space AdministratiorL 

February 1970
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3.6.1 Scope 

3.6.1.1 Scope
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PRELIMINARY MATERIAL SPEC IFICATION

for 

B3 Thermal Protection Coating 

1.0 SCOPE - This specification covers the components for 
producing k5B3 thermal protection coating. 

2.0	 FORMULATION 

Components	 Parts Weight Source 

2.1	 Part A 

Polysulfide Liquid 
Polymer, LP-3 lL.l Thiokol Chemical Corp. 

Ammonium Salt of 
LI._nitro aniline- 57.0 Dow Chemical Co. 
2-sulfonic acid 

Methyl Ethyl I<etone 28.9 Nallinckrodt Chemical 

2.2	 Part B 

Epoxy Resin, Liquid l'4.l Shell Chemical Co. 

Toluene LI.? Nallinckrodt 

2.3	 Part C 

Tri( dimethylamino 
methyl) phenol 2.8 Rohm and Haas Co. 

Toluene 2.8 Nallinckrodt Chemical

•	 3.0 INGREDIENTS 

3.1 Polysulfide Polymer, Liquid 

3.1.1 Scope 
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3.1.1.1 Scope. This specification covers the minimum 
requirements for a liquid polysulfide polymer intended for 
use as a constituent material in the formulation of a thermal 
protection coating. 

3.1.2 Applicable DocumentS 

3.1.2.1 The following document forms a part of this 

specification. 

Product Specification,	 Thiokol Chemical 

Code LF-241	 Corporation 

(Application for copies should be addressed to Thiokol 
Chemical Corporation, Chemical OperationS, 780 N. Clinton 
Avenue, Trenton, New jersey 08607). 

3.1.3 RequirementS 

3.1.3.1	
lifc4. The liquid polysulfide polymer 

furnished under this specification shall be a product which 
has been tested and has passed the qualification tests specified 

herein. 

3.1.3.2	 Naterial.	
The liquid polysulfide polymer fur-

produce the Infrared (IF) 
nished under this siificati0n shall 
Spectral configuration as indicated in Figure 1, when examined 

as specified. 

3.1.3.3	 PropertieS. 

3.1.3.3.1	 ysical Properties 

3.1.3.3.1.1	 ppearanc.	
The appearance of the liquid 

amber liquid, free of polysulfide polymer shall be a clear 
phase separation and suspended particles when examined as 
specified. 

• 3.1.3.3.1.2	 ecific Gravity.	
The specific gravity of 
be 1.260 to 1.283 when the liquid polysulfide polymer shall 

tested as specified. 

3.1.3.3.1.3	 Color.	
The color of the liquid polysulfide 

(Hellige Scale) when tested as polymer shall be l2maximum 
specified. 

3.l.3.3.l.k	 Viscosj;	
The viscosity of the liuid 

80°F	 be 950.±5O centipoiSes when polysulfide polynierat 	 shall 
specified. tested as 

3.1.3.3.2	 Chemical Properties.
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3.1.3.3.2.1 pH (water extract). The pH of the liquid 
polysulfide polymer shall be in th range of 6.0 to 8.0 when 
tested as specified. 

3.1.3.3. 2 .2 Noisture Content, %. The moisture content 
of the liquid polysulfide polymer shall be 0.1 maximum when 
tested as specified. 

3.1.3.3. 2 .3 Nercaptan, %. The percent mercaptan of the 
liquid polysulfide polymer shall be 5.9 to 7.7 when tested as 
specified. 

3.1.3. 4 Shelf Life. After stcrage for two months from 
date of manufacture undr specified conditions, the liquid 
polysulfide polymer shall be capable of passing all the quality 
tests specified. 

3.1.4 Quality Assurance Provisions. 
3.1.4.1 Responsibility for Inspection. Unless otherwise 

specified in the contract, the supplier is responsible for 
the performance of all the inspection requirements as specified 
herein. The supplier may utilize his own facility or any com-
mercial laboratory acceptable to ARC. The procuring activity, 

its designated representative, reserves the right to perform 
any or all of the inspections set forth in the specification 
where such inspections are deemed necessary to ensure that 
supplies and services conform to prescribed requirements. 

3.1.4.2 Classification of Examinations an Tests. The 
examination and testing of the liquid polysulfide polymer shall 
be classified as follows: 

a. Qualification Tests. Qualification tests shall be 
performed on samples submitted for approval as 
qualified products. 

b. Quality Conformance Tests. Quality conformance tests 
shall be performed on individual lots of products 
submitted for acceptance. 

The qualification and quality conformance tests are listed in 
Table I. 

3.1.4.3 Sanipling. 
3.1. 4 .3. 1 Qualification Sample. The , qualification sample 

shall consist of sufficient material to perform all of the 
qualification tests specified herein. A test report from the 
supplier shall accompany required samples of each product for 
which qualification is desired. The report shall show the 
product test results for all requirements of this specifica-
tion and shall refer specifically to the applicable paragraphs 
in this specification.



3.1.l-.3.2 ualitj Conformance Sample. The quality con-
formance sample sb-all be selected at random from each lot of 
material to be supplied to ARC and shall consist of sufficient 
material to perform the quality conformance tests required for 
acceptance. The sample shall be labeled completely with infor-
mation identifying the purpose of the sample, name of product, 
•specification number, lot number, date of sampling, and. con-
tract number. 

3.l.'4-.3.2.1 Lot and Batch. All liquid polysulfide 
polymer manufactured as one Thatch shall be considered a lot 
and shall be numbered as such for purposes of inspection. 

3.l. L .3.3 Rejection and Retest. Failure of any lot to 
conform to all applicable requirements of this specification 
shall be cause for retest. Property or properties in question 
shall be retested on new specimens prepared from the same lot 
of liquid polysulfide polymer. If the results of test of the 
second sample fails to meet the specification requirements, 
the entire lot shall be rejected. 

3.1. 14.4 Test Methods. Unless otherwise specified, all 
examinations aüd tests shall be performed at a temperature 
of '75 + 5°F. with a relative humidity not exceeding 60 percent. 

inspection shall 
the appearance 
the IR Spectra 
inspection for 
small, clean, dry 
nd holding against 

3.1.14. 14.1 Visual Inspection. Visual 
be performed to determine conformance with 
requirements of Paragraph 3.1.3.3.1.1, and 
requirements of Paragraph 3.1.3.2. Visual 
appearance shall be performed by filling a 
test tube with liquid polysulfide polymer 
a bright light. 

3.1.4.'1-.2 pecific Gravity. The specific gravity of the 
liquid polysulfide shall be determined in accordance with 
Thiokol Product Specification Code LF-2'#1 and the result shall 
conform to the requirement of Paragraph 3.1.3.3.12. 

3.1.14.4.3 Color. The color of the liquid polysulfide 
p1ymer shall be determined in accordance with Thiokol Product 
Specification Code LF-241 and the result shall conform to the 
requirement of Paragraph 3.1.3.3.1.3. 

3.1.4.14.4 Viscosity. The viscosity of the liquid poly-
sulfide polymer sTh.all be determined in accordance with Thiokol 
Product Specification Code LF-24l and the result shall conform 
to the requirement of paragraph 3.1.3.3.1.3. 

3.1.4.4.5. p11 (water extract). The pH of the liquid 
polysulfide polymer shall be determined in accordance with 
Thiokol Product Specification Code LF-241 and the result shall 
conform to the requirement of paragraph 3.1.3.3.2.1.
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TABLE I 

EXANINAT ION AND TESTS 

• Requirement Test Nethod 
Examination or Test (Section 3.1.3) (Section 3.1.4) 

Qualification Tests 

Naterial 3.1.3.2 3.1.4.4.1 
Appearance 3.1.3.3.1.1 3.1.4.4.1 
Specific Gravity 3.1.3.3.1.2 3.1.4.14.2 
Color	 • 3.1.3.3.1.3 3.1.14.4.3 

• Viscosity 3.1.3.3.1.4 3.1.4.4.14 
pH (water extract) 3.1.3.3.2.1 3.1.4.4.5 
Moisture Content 3.1.3.3.2.2 3.1.4.4.5 
Jlercaptan 3.1.3.3.2.3 3.1.4.4.y 

Qualitx Conformance Tests 

Material 3.1.3.2 3.1.4.4.1 
Appearance •	 3.1.3.3.1.1 3.1.4.4.1 
•Nercaptan 3.1.3.3.2.3	 • 3.1.14.4.7

ii 
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3.1.4.'#.6 Noisture Content. 	 The moisture content of 
the liquid polysulfide polymer shall be determined in accord-
ance with Thiokol Product Specification Code LF-241 and the 
result shall conform to the requirement of Paragraph 3.1.3.3.2.2. 

3.1.4.4.7 Nercaptan. The mercaptan percent of the liquid 
polysulfide polymer shall be determined in accordance with 
Thiokol Product Specification Code LF-241 and the results shall 
conform to the requirement of Paragraph 3.1.3.3.2.3. 

3.1.4.5 Shelf Life. The shelf life of the liquid poly-
sulfide po1ymei15iifl be determined after storage for two 
months from date of manufacture, in original sealed containers, 
at a temperature of 65 + 15°F.. An alternative method shall be 
to store the liquid, poTysulfide polymer, under the same time 
and temperature conditions in an opened container with an inert 
atxnosphers. The stored material shall be tested in accordance 
with Paragraphs 3.1.4.4.1 and 3.1.4.4.7. The results shall 
conform to the requirements of Paragraph 3.1.3.4. 

3.2 Ammonium salt of 4-nitroaniline-2-sulfonic acid 

3.2.1 Scope 

3.2.1.1 Scope. This specification covers the minimum 
requirements for an ammonium salt of 4-nitroaniline-2--sulfonic 
acid intended for use as a constituent material in the formu-
lation of a thermal protection coating. 

3.2.2 Applicable Documents 

3.2.2.1 The following documents form a part of this 
specification.

NO1E 

3.2.3 Requirements 

3.2.3.1 Qualification. The ammonium salt of 4-nitro-
aniline-2--sulfonic acid furnished under this specification 
shall be a product which has been tested and has passed the 
qualification tests specified herein. 

3.2.3.2 Naterial. The ammonium salt of 4-nitroaniline 
-2-sulfonic acid furnished under this specification shall 
produce the Infrared (IR) Spectral configuration as indicated 
in Figure 2, when examined as specified. 

3.2.3.3 Properties 

3.2.3.3.1 Physical Properties
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3.2,3.3.1.1 ppearance. The appearance of the ainmonium 
-	 salt of 4-nitroaniIiiè-2-suIfonic acid shall be a yellow, free-

flowing granular solid when examined as specified. 

-	 3.2.3.3.2 Chemical Properties 

3.2.3.3.2.1 Equivalent Weight. The equivalent weight of 
the airimonium salt of 4-nitroaniline--2-sulfonic acid shall be 
235 + 5 when examined as specified. 

3.2.3.3.2.2 Decomosition_Temperature. The decomposition 
temperature of the ammonu.m salt ' 4-nitroaniline-2- sulfonjc 
acid shall be 325 ± 5°C when examined as specified. 

3.2.3.3.2,3 Purity. The purity of the ammonium salt of 
4-nitroaniline-2-sulfonic acid shall be a minimum of 95 percent when tested as specified. 

3.2.4 Quality Assurance Provisions 

3.2.4.1 Responsibility for Inspection. Unless otherwise 
specified in the contract, the supplier is responsible for the 
performance of all the inspection requirements as specified 
herein. The supplier may utilize his own facility or any com-
mercial laboratory acceptable to ARC. The procuring activity 
or its designated representative, reserves the right to perform 
any or all of the inspections set forth in the specification 
where such inspections are deemed necessary to ensure that 
supplies and services conform to prescribed requirements. 

3.2.4.2 Classification of Examinations and Tests.	 The 
examination and testing of the ammonium salt of 4-nitroaniline-
2-sulfonic acid shall be classified as follows: 

a. Qualification Tests. Qualification tests shall be 
performed on samples submitted for approval as quali-
fled products. 

b. Quality Conformance Tests. Quality conformance tests 
shall be performed on individual lots of products 
submitted for acceptance. 

The qualification and quality conformance tests are listed in 
Table 2. 

3.2.4.3 Sampling 

-:

	

	 3.2.4.3.1 Qualification Sample. The qualification samp]e 
shall consist of sufficient material to perform all of the quali- - 
fication tests specified herein. A test report from the supplier 
shall accompany required samples of each product for which quali-
fication is desired. The report shall show the product test 
results for all requirements of this specification and shall 
refer specifically to the applicable paragraphs in this specification.



________

TABLE 2 

-1 -.	 Examination and Tests 

Requirement Test Nethod 
Examination or.Iest (Section 3.2.3) (Section 3.2.4) 

- ____ 

Iiteria1 3.2.3.2 3.2.4.4.1 

3.2.3.3.1.1 3.2.4.4.1 

Equiralent Wight 3.2.3.3.2.1 3.2.4.4.2 

DepositiOfl 
--	 'iemperature 3.2.3.3.2.2 3.2.4.4.3 

5.2.3.3.2.3 3.2.4.4.4 

-	 ..1R1icat ion Confornce Tests 

•	 iiateial 3.2.3.2 3.2.4.4.1 

3.2.3.5. 1 . 1 3.2.4.4.1 
•	 •

Equivalent Weight 3.2.3.3.2.1 5.2.4.4.2 

Decomposition 
Temperate 3.2.3.3.2.2	 • 3.2.4.4.3 

•	 Ptity 3.2.3.3.2.3 5.2.4.4.4

I	 -	 • 

• •1	 ---	 I



3.2.4.3.2 ua1ity Conformance Sample. The quality con-
formance sample shaLL'be selected at random from each lot of 
material to be supplied to ARC and shall consist of sufficient 
material to perform the quality conformance tests required for 
acceptance. The sample shall be labeled completely with infor-
mation identifying the purpose of the sample, name of product, 
specification number, date of sampling, and contract number. 

3.2.4.3. 2.1 Lot and Batch. All ammoniuin salt of 4-
nitroaniline-2-sulfonic acid manufactured as one batch shall 
be considered a lotand shall be numbered as such for purposes 
of inspection. 

3.2.4.3.3 Rejection and Retest. Failure of any lot to 
conform to all applicable requirements of this specification 
shall be cause for retest. Property or properties in question 
shall be retested on new specimens prepared from the same lot 
of ainmoniuul salt of 4-nitroaniline-2-sulfonic acid. If the 
results of test of the second sample fails to meet the speci-
fication requirements, the entire lot shall be rejected. 

3.2.4.4 Test Methods. Unless otherwise specified, all 
examinations and tests shall be performed at a temperature of 
75 + 5°F with a relative humidity not exceeding 60 percent. 

3.2.4.4.1 Visual Inspection. Visual inspection shall be 
performed to determine conformance with the appearance require-
ments of Paragraph 3.2.3.3.1.1 and the IR spectra requirements 
of Paragraph 3.2.3.2. 

3.2.4.4.2 Equivalent Weight. Weigh out 0.2 to 0.3 gin of 
the amnionium salt of 1-i--nitroaniline-2-sulfonic acid. Suspend 
or dissolve the material in 50 to 100 ml of aqueous methanol. 
Titrate with 0.1N NaOH using a recording electrometric titrator. 
From the volume of the titrant to reach end point, calculate the equi-
valent weight. The result shall conform to Paragraph 3.2.3.3.2.1. 

3.2.4.4.3 Decomposition Temperature. The decomposition 
temperature of the ammonium salt of '4--nitroaniline-2-sulfonic 
acid is the temperature range observed during the maximum 
weight loss. A thermogravimetric analysis apparatus recording 
weight loss versus temperature at a heating rate of 3°C/minute 
to 400°C in nitrogen atmosphere will be required. The result 
shall conform to the requirements of Paragraph 3.2.3.3.2.2. 

3.2.4.4.4. Purity. The purity of the ainmonium salt of 
k-nitroaniline-2-sulfonic acid shall be determined by elemental 
Carbon, Hydrogen, Nitrogen (CBI'T) Analysis and the results shall 

-- conform to Paragraph 3.2.3.3.2.3. 

3.3 Nethyl Ethyl Ketone 

3.3.1 Scope



- 3.3.1.1 Scope. This specification covers the minimiun 
requirements for methyl ethyl ketone intended for use as a 
constituent material in the formulation of a thermal protection 
coating. 

3.3.2 Applicable Documents 

3.3.2.1 The following document forms a part of this 
specification:

Interim Federal Specification 

TT-N-00261c	 Methyl Ethyl Ketone 

(Application for copies should be addressed to the 
General Services Administration Regional Offices.) 

1	 3.3.3 Requirements 

3.3.3. 1 Qualification. The methyl ethyl ketone furnished 
under this specification shall be a product which has been 
tested and has passed the qualification tests specified herein. 

3.3.3. 2 Properties 

3.3.3.2.1 Physical Properties. The physical properties of 

:1	
the methyl ethyl ketone shall be as listed in Table 3. 

3.3.3. 2.2 Chemical Properties. The chemical properties 
of the methyl ethyl ketone are that the compound shall have 
the chemical formula CH3COC2H5 with a molecular weight of 
72.10. 

3.34 Quality Assurance Provisions 

3.3.4.1 Responsibility for Inspection. Unless otherwise 
specified in the contract, the supplier is responsible for the 
performance of all the inspection requirements as specified 
herein. The supplier may utilize his own facility or any com-
mercial laboratory acceptable to ARC. The procuring activity 
or its designated representative, reserves the right to perform 
any or all of the inspections set forth in the specification 
where such inspections are deemed necessary to ensure that 
supplies and services conform to prescribed requirements. 

3.3.4.2 Classification of Examinations and Tests. The 
examination and testing of the methyl ethyl ketone shall be 
c1assiied as follows: 	 -	 - 

a. Qualification Tests. Qualification tests shall be 
be performed on samples submitted for approval as 
qualified products.
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-	 TABLE 3 

Property 

Appearance 

Alcohol Content, % 

Specific Gravity, 
200/200 

Nonvolatile matter 
from 100 ml., grain 

Acidity, mg of KOH 
per gram of sample 

Distillation: 
Below 78.5 
Above 81°C 

Color, on the 
platinum cobalt scale 

Water, percent by 
weight

Requirement 

Clean and free from 
sediment and suspended 
matter 

0.7 max. as secondary 
butyl alcohol 

0.806 -4- 0.001 

0.0005 max. 

0.047 max. 

None 
None 

20 

0.3
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b. Quality Conformance Tests. Quality conformance tests 
shall be performed. on individual lots of products sub-
mitted for acceptance. 

The qualification and quality conformance tests are listedin 
Table 4. 

3.3.4.3 Sampling 

3.3. 4 .3. 1 	 alification Sample. The qualification sample 
shall consist of sufficient material to perform all of the 
qualification tests specified herein. A test report from the 
supplier shall accompany required samples of each product for 
which qualification is desired. The report shall how the 
product test results for all requirements of this specification 
and shall refer specifically to the applicable paragraphs in 
this specification. 

3.3.4 .3. 2 Quality Conformance Sample. The quality con-
formance sample shall be selected at random from each lot of 
material to be supplied to ARC and shall consist of sufficient 
material to perform the quality conformance tests required for 
acceptance. The sample shall be labeled completely with infor-
mation identifying the purpose of the sample, name of product, 
specification number, date of sampling, and contract number. 

3.3.4.3.2.1	 Lot and Batch.	 All methyl ethyl ketone manu-
• factured as one batch shall be considered a lot and. shall be 

numbered as such for purposes of inspection. 

3.3.4.3.3	 Rejection and Retest.	 Failure of any lot to 
conform to all applicable requirements of this specification 
shall be cause for retest.	 Property or properties in question 
shall be retested on new specimens prepared from the same lot 
of methyl ethyl ketone.	 If the results of test of the second 
sample fails to meet the specification requirements, the entire 
lot shall be rejected. 

3.3.4.4	 Test Nethods.	 Unless otherwise specified, all 
examinations and tests shall be performed at a temperature of 
75 + 5°F with a relative humidity not exceeding 60 percent. 

3.3. 4 . 4 . 1 	 Visual Inspection.	 Visual inspection shall be 
performed to determine conformance with the appearance require-

•	 ments of Paragraph 3.3.3.2.1.

3.3.4.4.2 Tests for Physical and Chemical Properties. 
- -• All tests for physical and chemical properties shall be deter-

mined in accordance with Interim Federal Specification TT-N-0026lc 
and the results shall conform to Paragraph 3.3.3.2.1 and 
Paragraph 3.3.3.2.2. 
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TABLE Lj. 

Examination and Tests 

Requirement Test Method 
Examination or Test	 (Section 3.3.3) (Section 3.3.11) 

Appearance 3.3.3.2.1 3.3.4.4.1 

Alcohol Content 3.3.3.2.1 3.3.4.4.2 

Specific Gravity 3.3.3.2.1 3.3.4.4.2 

Nonvolatiles 3.3.3.2.1 3.3.4.4.2 

Acidity 3.3.3.2.1 3.3 .4 .4.2 

Distillation 3.3.3.2.1 3.3.4.4.2 

Color 3.3.3.2.1 3.3.4.4.2 

Water 3.3.3.2.1 3.3.4.4.2 

Chemical Formula 3.3.3.2.2 3.3.4.4.2 

Molecular Weight 3.3.3.2.2 3.3.4.4.2

U I
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3.4.1.1 Scope. This specification covers the minimum 
requirements for the toluene intended for use as a constituent 
material in the formulation of a thermal protection coating. 

3.4.2 Applicable Documents 

3.4.2.1 The following document forms a part of this 
specification:

Federal Specification 

TT-T- 548c
	 Toluene, Technical 

(Application for copies should be addressed to the 
General Services Administration Regional Offices.) 

3.4.3 Requirements 

3.4.3.1 Qualification. The toluene furnished under this 
specification shall be a product which has been tested and has 
passed the qualification tests specified herein. 

3.4.3.2 Properties 

3.4.3.2.1 Physical Proerties. The physical properties 
of the toluene shall be as listed in Table 5. 

3. 4 .3. 2.2 Chemical Properties. The chemical properties 
of the toluene are that the compound shall have the chemical 
formula C6H5CH3 with a molecular weight of 92.13. 

3.4.4 Quality Assurance Provisions 

3.4.4.1 Responsibility for Inspection. Unless otherwise 
specified in the contract, the supplier is responsible for the 
performance of all the inspection requirements as specified 
herein. The supplier may utilize his own facility or any 
commercial laboratory acceptable to ARC. The procuring activity 
or its designated representative, reserves the right to perform 
any or all of the inspections set forth in the specification 
where such inspections are deemed necessary to ensure that 
supplies and services conform to prescribed requirements. 

3.4.4.2 Classification of Examinations and Tests. The 
examination and testing of the toluene shall be classified as 
follows: 

a. Qualification Tests. Qualification tests shall be 
performed on samples submitted for approval as 
qualified products.
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TABLE 5 

Property Requirement 

Appearance Clear and free from 
sediment and suspended matter 

Acidity No free acid 

Color No darker than 0.003 
grain of reagent grade 
potassium dicliromate in 
1 liter distilled water 

Sulfur Compounds Free from hydrogen sulfide 
and sulfur dioxide 

Specific Gravity, 20°/20°C 0.865 -i- 0.005 

Boiling Point at 760 mm, °C 109 mm. 

Dry Point at 760 mm,	 C 113 max. 

Total Distillate, % by 
volume 97 mm. 

Aromatic hydrocarbons, 
% by volume 96 mm.

-.-.,.------	 ------	 -.	 - --
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b. Quality Conformance Tests. Quality conformance tests 
shall be performed on individual lots of products sub-
iuitted for acceptance. 

The qualification and quality conformance tests are listed in 
Table 6. 

3.4.4.3 Sampling 

3.4.4.3.1 Qualification Sam]. The qualification sample 
shall consist of sufficient material to perform all of the 
qualification tests specified he•rein. A test report from the 
supplier shall accompany required samples of each product for 
which qualification is desired, The report shall show the 
product test results for all requirements of this specification 
and shall refer specifically to the applicable paragraphs in 
this specification. 

3.4.4.3.2 Quality Conformance Saple. The quality con-
formance sample shall be selected at random from each lot of 
material to be supplied to ARC and shall consist of sufficient 
material to perform the quality conformance tests required for 
acceptance. The sample shall be labeled completely with infor-
mation identifying the purpose of the sample, name of product, 
specification number, date of sampling, and contract number. 

3.4.4.3.2.1 Lot and Batch. All toluene manufactured as 
one batch shall be considered a lot and shall be'nunabered as 
such for purposes of inspection. 

3.4.4.3.3 Rejection and Retest. Failure of any lot to 
conform to all applicable requirements of this specification 
shall be cause for retest. Property or properties in question 
shall be retested on new specimens prepared from the same lot 
of toluene. If the results of test of the second sample fails 
to meet the specification requirements, the entire lot shall be 
rejected. 

3.4.4.4 Test Nethods. Unless otherwise specified, all 
examinations and tests shall be performed at a temperature of 
75 ^ 5°F with a relative himidity not exceeding 60 percent. 

3.4.4.4.1 Visual Inspection. Visual inspection shall be 
performed to determine conformance with the appearance require-
ments of Paragraph 3.4.3.2.1.	 - 

3.4.4.4.2 Tests for Physical and Chemical Properties. 
All tests for physical and chemical properties shall be deter-
mined in accordance with Federal Specification TT-T-548c and 
the results shall conform to Paragraph 3.4.3.2.1 and Paragraph 
3.4.3.2.2. 

3.5 Epoxy-Resin, Liquid
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TABLE 6

Exaniinationand Tests 

Requirement 
Examination or Tests	 (Section 3.4.3) 

Qualification Tests 

Appearance
	 3.4.3.2.1 

Acidity
	

3.4.3.2.1 

Color	 3.4.3.2.1 

Sulfur Compounds	 3.4.3.2.1 

Specific Gravity	 3 .4.3 .2.1 

Boiling Point
	

3.4.3.2.1 

Dry Point
	

3.4.3.2.1 

Total Distillate	 3.4.3.2.1 

Aromatic Hydrocarbons	 3.4.3.2.1 

Chemical Formula	 3 .4.3 .2.2 

Molecular Weight
	

3 . 4 .3.2 .2

Test Method 
(Section 3.4.4) 

3.4 .4 .4.1 

3 .4.4.4. 2 

3 .4 .4 .4 .2 

3 .4.4.4.2 

3 .4.4.4.2 

3 .4 .4 .4.2 

3 .4.4.4.2 

3 .4 .4 .4.2 

3 .4 .4 .4.2 

3 .14.4.4.2 

3 .4 .4 .4.2
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•	 3.5.1 Scope 

3.5.1.1 Scope. This specification covers the minimum 
requirements for a liquid epoxy resin intended for use as a 
constituent material in the formulation of a thermal protection 
coating. 

3.5.2 Applicable Documents 

3 . 5 .2.1 The following documents form a part of this 
specification:

Shell Chemical Company - Bulletin SC:60-146R 

American Societyfor Testing and Materials 

ASTN D 1544 Test for Color of Transparent Liquids 

ASTM D 445 Test for 
Liquid 

ASTN D 1652 Test for 

ASTN D 1217 Test for 
:	 Liquids

Viscosity of Transparent and Opaque 

Epoxy Content of Epoxy Resins 

Density and Specific Gravity of 
by Bingham Pycnometer 

ASTN D 1747 Test for Refractive Index of Viscous Materials. 

ASTN D 1310 Flash Point of Volatile Flammable Materials 
• by Tag Open-Cup Apparatus 

(Application for copies should be addressed to the 
American Society for Testing and Materials, 1916 Race 
Street, Philadelphia, Pennsylvania 19103.) 

3.5.3 Requirements 

3.5.3.1 Qualification. The liquid epoxy resin furnished 
under this specification shall be a product which has been 
tested and has passed the qualification tests specified herein. 

3.5.3.2 Material. The liquid epoxy resin furnished under 
this specification shall produce the Infrared (IR) Spectral 
configuration as indicated in Figure 3, when examined as specified. 

•	 3.5.3.3 Properties 

3.5.3.3.1 Physical Properties 	 • 

3.5.3.3.1.1 Appearance. The appearance of the liquid epoxy 
resin shall be a light colored liquid, free of phase separation 
and suspended particles when examined as specified.
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3.5.3.3.1.2 Color. The color of the liquid epoxy resin 
shall be a Gardner k maximum when tested as specified. 

3.5.3.3.1.3 Viscosity. The viscosity of the liquid
epoxy resin shall be 100-160 poises when tested as specified. 

35.3.3.l.k Density. The density of the liquid epoxy 
resin shall be 1.168 0.005 when tested as specified. 

3.5.3.3.1.5 Refractive Index. 	 The refractive index of 
the liquid epoxy shall be 1. 570- 1. 575 when tested as specified. 

3.5.3.3.1.6 Flash Point. The flash point of the liquid 
epoxy resin shall be greater than 175°F when tested as specified. 

3.5.3.3 .2 Chemical Properties 

3.5.3.3.2.1 Epoxide Equivalent. The epoxid.e equivalent
of the liquid epoxy resin shall be 185- 192 when tested as specified. 

3.5.3.3. 2.2 Average Nolecular Weight. The average 
molecular weight of the liquid epoxy resin shall be 380 (approx.) 
when tested as specified. 

3.5.3.3. 2 .3 Chemical Type Structure. The chemical type 
structure of the liquid epoxyresin shall be the epichlorohydrin/ 
bisphenol A-type when examined as specified. 

I3.5.3.'-- Shelf Life. After storage for two months from 

I	 date of manufacture under specified conditions, the liquid 
epoxy resin shall be capable of passing all the quality con-

I	 - formance tests specified. 

3.5.k Quality Assurance Provisions 

3.5.'4-.l	 Responsibility for Inspection. 	 Unless otherwise 
specified in the contract, the supplier is responsible for the 
performance of all the inspection requirements as specified 
herein.	 The supplier may utilize his own facility or any com-
mercial laboratory acceptable to ARC. 	 The procuring activity 
or its designated representative, reserves the right to per-
form any or all of the inspections set forth in the specifi-
cation where such inspections are deemed necessary to ensure 
that supplies and services conform to prescribed requirements. 

3.5.14.2	 Classification of Examinations and Tests. 	 The 
examination and testing of the liquid epoxy resin shall be 
classified as follows: 

a.	 Qualification Tests. 	 Qualification tests shall be 
performed on samples submitted for approval as quali-
fied products.

1 -

	

	 b. Quality Conformance Tests. Quality conformance tests 
shall be performed on individual lots of products 
submitted for acceptance. 

1	 The qualification and quality conformance tests are listed in 

•1	 Table 7.	 _______ 
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3.5.4.3 Sampling 

3.5.4.3.1 Qualification Sample. 	 The qualification 
sample shall consist of sufficient material to perform all 
of the qualification tesls specified herein. A test report 
from the supplier shall accompany required samples of each 
product for which qualification is desired. The report shall 
show the product test results for all requirements of this 
specification and shall refer specifically to the applicable 
paragraphs in this specification. 

3.5. 4 .3 .2 uality Conformance Sample. The quality con-
formance sample , shall be selected at random from each lot of 
material to be supplied to ARC and shall consist of sufficient 
material to perform the quality conformance tests required for 
acceptance. The sample shall be labeled completely with infor-
mation identifying the purpose of the sample, name of product, 
specification number, date of sampling, and contract number. 

3.5.4 .3. 2 . 1 Lot and Batch. All liquid epoxy resin manu-
factured as one batch shall be considered a lot and shall be 
numbered as such for purposes of inspection. 

3.5.4.3.3 Reiect ion and Retest. Failure of any lot to 
conform to all applicable requirements of this specification 
shall be cause for retest. Property or properties in question 
shall be retested on new specimens prepared from the same lot 
of liquid epoxy resin. If the results of test of the second 
sample fails to meet the specification requirements, the entire 
lot shall be rejected. 

3.5.4. 1+ Test Methods. Unless otherwise specified, all 
examinations and tests shall be performed at a temperature 
of 75 + 5°F with a relative humidity not exceeding 60 percent. 

3.5.4.'4-.l Visual Inspection. 	 Visual inspection shall 
be performed to determine conformance with the appearance 
requirements of Paragraph 3.5.3.3.1.1, the TB spectra require-

• ments of Paragraph 3.5.3.2. Visual inspection for appearance 
shall be performed by filling a small, clean, dry test tube 
with liquid epoxy resin and holding against a bright light. 

• 3.5. 4.4 . 2 Color. The color of the liquid epoxy resin 
shall be determined in accordance with ASTN D 154/4 and the 
result shall conform to the requirement of Paragraph 3.5.3.3.1.2. 

3.5.4.4.3 Viscosity. The viscosity of the liquid epoxy 
I	 resin shall be determined in accordance with ASTN D 4/+5 and 

the result shall conform to the requirement of Paragraph I	 3.5.3.3.1.3.
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TABLE 2 

Examination and Tests. 

Requirement 
Examination or Test (Section 3,5.3) 

ua1ificatiOfl Tests 

Material 3.5.3.2 

Appearance	 .	 0 3.5.3,3.1.1 

Color 3.5.3.3.1.2 

Viscosity 3.5.3.3.1.3 

Density 3.5.3.3.1.4 

Refractive Index 3.5.3.3.1.5 

Flash Point 3.5.3.3.1.6 

Epoxide Equivalent 3.5.3.3.2.1 

Average Molecular 
• Weight 3.5.3.3.2.2 

Chemical Type 
• Structure 3.5.3.3.2.3 

Quality Conformance Tests 

Material 3.5.3.2 

Appearance 3.5.3.3.1.1 

Epoxide Equivalent 3.5.3.3.2.1 

Chemical Type 
Structure 3.5.3.3.2.3

Test Method 
(Section 3l!5fl 

3.5.44.1 

3.5.4.4.1 

3.5.4.14.2 

3.5.4.4.3 

3.5.14.14.4 

3.5.4.4.5 

3. 5.4 .4.6 

3.5.4.4.7 

3.5.4.14.8 

3.5.4.4,9 

3.5.14.4.1 

3.5.4.4.1 

3.5.14.4.7 

3. 5.4.4.9 



- 

3.5.4.4.4 Densiy. The density of the liquid epoxy resin 
shall be determined in accordance with ASTN D 1217 and the 
result shall conform to the requirement of Paragraph 3.5.3.3.1.4. 

3.5.4.4.5 Refractive Index. The refractive index of the 
liquid epoxy resin shall be determined in accordance with 
ASTN D 1747 and the result shall conform to the requirements 
of Paragraph 3.5.3.3.1.5. 

3.5.4.4.6 Flash Point. The flash point of the liquid 
epoxy resin shall be determined in accordance with ASTM D 1310 
and the result shall conform to the requirements of Paragraph 
3.5.3.3.1.6. 

3.5.4.4.7 Epoxide Equivalent. The epoxide equivalent of 
the liquid epoxy resin shall be determined in accordance with 
ASTN D 1652 and the result shall conform to the requirements 
of Paragraph 3.5.3.3.2.1. 

3.5. 4 . 4.8 Average Molecular Weight. The average mole-
cular weight of the liquid epoxy resin shall be determined in 
accordance with Shell Chemical Company Bulletin SC:60-l46R and 
the result shall conform to the requirements of Paragraph 
3.5.3.3 .2. 2. 

3.5.4.4.9 Chemical Type Structure. The chemical type 
structure of the liquid epoxy resin shall be determined in 
accordance with Shell Chemical Company Bulletin SC:60-l'-4-6R 
and the result shall conform to Paragraph 3.5.3.3.2.3. 

3.5.4.5 Shelf Life. The shelf life of the liquid epoxy 
resin shall be determined after storage for two months from 
date of' manufacture, in original sealed containers, at a 
temperature of 65 ± 15°F. An alternate method shall be to 
store the liquid epoxy resin under the same time and tempera-
ture conditions in an opened container with an inert atmosphere. 
No stored material shall be tested in accordance with Para-
graphs 3.5.4.4.1, 3.5.4.4.7, and 3.5.4.4.9. The results shall 
conform to the requirements of Paragraph 3.5.3.4. 

3.6 Tri(dimethylamino methyl)phenol 

3.6.1 Scope 

3.6.1.1 Scope. This specification covers the minimum 
requirements for tri(dimethylamino methyl)phenol intended 
for use as a constituent material in the formulation of' a 
thermal protection coating. 

3.6.2 Applicable Documents
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	 3.6.2.1 The following document forms a part of this 

speicification. 

-	 Robin and Haas Co. 

Technical Bulletin	 Technical Bulletin C0-25 

(For copies of technical bulletin contact Robin and Haas Co., 
Independence Nail West, Philadelphia, Pennsylvania 19105.) 

ASTN E-203	 Test for Water using Karl 
Fischer Reagent 

ASTN D 941	 Density and Specific Gravity 
of Liquids 

3.6.3 Requirements 

3.6.3.1 ualificatiOflS. The 2, 4, 6 tri(dimethylaflhiflo 
methyl) phenol furnished under this specification shall be a 
product which has been tested and has passed the qualification 
tests specified. 

3.6.3.2 Naterial. The 2, 4, 6 tri(diinethylanhinO methyl) 
phenol furnished under this specification shall produce the 
Infrared (IR) Spectral configuration as indicated in Figure 4. 

3.6.3.3 Properties 

3.63.3. l Physical Properties 

3.6.3.3.1.1 Appearance. The appearance of the 2, 4, 
6 tri(dimethylamino methylD phenol shall be clear, dark red 
liquid, free of phase separation and suspended particles. 

3.6.3.3. 1.2 Density. The density of tn (dimethylamino 
methyl) phenol shall be 0.973 g/cc when tested. 

3.6.3.3.l.3FlaSh Poi. The flash point of tn (dimethyl-
amino methyl) phenol shall be not less than 3 15° F when tested. 

3.6.3.3. 2 Chemical Properties 

3.6.3.3. 2.1 Water Content. The water content of the tn 
(dimnethylamino methyl) phenol shall be 0.06 percent by weight 
maximum, when tested. 

3.6.4 Quality Assurance Provisions 

3.6.4,1 Responsibility for InsDection. Unless otherwise 
specified in the contract, the supplier is responsible for the 
performance of all the inspection requirements as specified 
herein. The supplier may utilize his own facility or any
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commercial laboratory acceptable to ARC. The processing acti-
•	 vity, or its representative, reserves the right to perform any 
-	 or all of the inspections set forth in the specification where 

such inspections are deemed necessary to ensure that supplies 

•	
and services conform to prescribed requirements. 

5.6.k.2 Classification of Examination and Tests. The 
examination and testing of the tn (diinethyl athino methyl) 
phenol solution shall be classified as follows: 

a. Qualification Tests. Qualification tests shall be 
performed on samples submitted for approval as quali-
fied products. 

b. Quality Conformance Tests. Quality conformance" tests 
shall be performed on individual lots of products 
submitted for acceptance. 

The qualification and quality conformance tests are listed in 
Table 8. 

3.6.k.3 Sampling 

3.6.'4-.3.l Qualification Sample. The qualification sample 
shall consist of sufficient material to perform all of the 
qualification tests specified herein. A test report from the 
supplier shall accompany required samples of each product for 
which qualification is desired. The report shall show the 
product test results for all requirements of this specifica-
tion and shail refer specifically to the applicable paragraphs 
in this specification. 

3.6.4.3.2 Quality Conformance Sample. The quality con-
formance sample shall be selected at random from each lot of 
material to be supplied to ARC and shall consist of sufficient 
material to perform the quality conformance tests required for 
acceptance. The sample shall be labeled completely with infor-
mation identifying the purpose of the sample, name of product, 
specification number, lot number, date of sampling, and contract 
number. 

3.6. L4.3.2.1 Lot and Batch. All material manufactured as 
one batch shall be considered a lot and shall be numbered as 
such for purposes of inspection. 

3.6.k.3.3 Rejection and Retest. Failure of any lot to 
conform to all applicable requirements of this specification 
shall be cause for retest. Property or properties in question 
shall be retested on new specimens prepared from the same. lot 
of material. If the results of test of'the second sample fails 
to meet, the specification requirements, the entire lot shall 
be rejected.



3.6.4.4 Test Nethods. Unless otherwise specified, all 
exmintions and. tests shifl be performed at a temperature of 
75 - 5°F with a relative humidity not exceeding 60 percent. 

36.4.4.1 Visual Inspection. Visual inspection shall be 
performed to determine conformance with the appearance require-
ments of Paragraph 3.6.3.3.1.1, and the IR Spectral require-
ments of. Paragraph 3.6.3.2. Visual inspection for appearance 
shall be performed by filling a small, clean, dry test tube 
with tn (dimethylamino methyl) phenol and holding against a 
bright light. 

3.6.4.4.2 Density. The density of the material shall 
be determined in accordance with ASTN D 941 and the result 

_shall conform to the requirement of Paragraph 3.6.3.3.1.2. 

3.6.4.4.3 Flash Point. The flash point of the material 
shall be determined in accordance with ASTN D 56 and the result 
shall conform to the requirement of Paragraph 3.6.3.3.1.3. 

3.6.4.4.4 Water Content. The water content of the material 
shall be determined in accordance with ASTN E 203 and the 
result shall conform to the requirement of Paragraph 3.6.3.3.2.1.



TABLE 8 

Examinations and Tests 

Examination or Test Requirement Test Method 

Qualification Tests 

Material	 S 3.6.3.2 

Appearance 3.6.3.3.1.1 3.6.4.4.1 

Density 3.6.3.3.1.2 3.6.4.4.2 

Flash Point 3.6.3.3.1.3 3.6.4.4.3 

Water Content 3.6.3.3.2.1	
5

3.6.4.4.4 

Quality Conformance Tests 

Material 3.6.3.2 3.6.4.4.1 

Appearance 5	 3.6.3.3.1.1 3.6.4.4.1 

Water Content 3.6.3.3.2.1 3.6.4.4.4
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4.1 Qualification. The thermal protection coating 
furnished under this specification shall be a product which 
has been tested and has passed the qualification tests specified 
herein. 

4.2 Material. The thermal protection coating furnished 
under this speci?ication shall conform and shall be prepared 
using materials approved under Preliminary Material Specifica-
tion for 45B3 Thermal Protection Coating in accordance with 
the following formulation: 

Material	 Parts by Weight 

PartA 

Polysulfide Polymer, Liquid	 14.1 

Ainmonium salt of 4-nitroaniline 
-2-sulfonic acid 	 57.0 

Methyl Ethyl Ketone	 28.9 

Part B 

Epoxy Resin, Liquid	 14.1 

•	 Toluene	 4.7 

PartC	 - 

Tri(dimethyla.mino methyl) phenol	 2.8 

Toluene	 2.8 

4.3 Properties 

4.3.1 Physical Properties 

4.3.1.1 Appearance. The appearance of the thermal pro-
tection coating shall be a brownish yellow, hard, integral 
film when examined as specified. 

4.3.1.2 Tensile Strength. The tensile strength of the 
thermal protection coating shall be 1600 + 100 psi when tested 

•	 as specified. 

4.3.1.3 Density. The density of the thermal protection 
coating shall be 1.42 + 0..05 g/cc when tested as specified. 

4.3.1. 4 Temperature of Intumescence. The temperature of 
intumescence of the thermal protection coating shall be 275 + - 

•	 •	 10°C when tested as specified. 

• •

	

	 4.3.1.5 Char Yield. The char yield of the thermal pro-
tection coating at bO0C shall be 42 + 2 percent when tested 

•	 as specified.



-	 V.	 PRELIMINARY 

PROCESS AND APPLICATION SPECIFICATION 

for

L4.5B3 THERMAL PROTECTION COATING 

1.0 SCOPE - This specification covers the basic techniques of 
production arid application as well as the minimum requirements 
for a thermal protection coating. 

2.0 CLASSIFICATION - The thermal protection coating covered 
by this specification shall, be classified as follows: 

45B3 

3.0 APPLICABLE DOCUNENTS - The following documents form a 
part of this specification: 

	

Military	
.	 14 

•	 NIL-T-562'# Turbine Fuel, Aviation, Grades JP'4- and JP5 
NIL-A-8625 Anodic Coatings for Aluminum and Aluminum Alloys 
NIL-C-5541 Chemicals, Films, and Chemical Film Materials 
• .. . . 'for Aluminum and Aluminum Alloys 

	

Federal	 V	 V 

TT-P-666B Primer Coating, Zinc Yellow for Aluminum and 
V	

V 	 Magnesium Surfaces 
TT-P-664b Primer Coating, Synthetic, Rust-Inhibiting, 

	

V.	 Lacquer-Resisting 
TT-P-86e, Type 3 Paint, Red Lead Base, Ready Mixed 

Other 
Preliminary Material Specification for 145.B3 Thermal 
Protection Coating 
Taber Abraser Model 503 Instruction Manual. 

American Society for Testing and Materials 
•	 AT1V1 D 2370 'Elongation and Tensile Strength of Free 

•	 Films of Paint, Varnish, Lacquer and Related 
Products, with a Tensile Testing Apparatus 

(Application for copies should be addressed to the 
American Society for Testing and Materials, 1916 Race 
Street, P1.ilade1phia, Pennsylvania 19103.) 

4 .0 REQU1ENTS 

':.--.	 --	 .V V VV. ; 	

' ' 	 '-V.- V



•	 -	 L.•3•]f Abrasion Resistance. The abrasion resistance of 
the thermal protection coating shall be 205 ^ 10 milligram 
weight loss/l000 cycles on the Taber Abraser when tested as 
specified. 

4.3.1.7 Flecibility. The flexibility of the thermal 
protection coating shall be 1.3 + 0.1 foot-pounds when tested 
as specified.	 - 

4 .3.1.8	 Linear Expansion (Intumescence).	 The linear 
expansion of the thermal protection coating conditioned at 
23 ^ 2°C and 50 -i- 5% R.H. shall be a minimum of 60 times the 
original coating thickness when tested as specified. 	 The 
linear expansion of the thermal protection coating conditioned 
for 30 days to a warm-humid atmosphere of 38 + 2°C and 90 + 2°% 
R.H. shall be a minimum of 60 times the original coating thick-
ness when tested as specified. 

4.3.1.9	 Thermal Efficiency.	 The thermal efficiency of 
the thermal protection coating shall be a minimum of 95 seconds 
at 0.030 + 0.002 inches coating thickness to reach a backface •
temperature of 205°C( 400 °F ) when tested as specified. 

5.0	 DISPERSION EQUIPMENT 

Pebble Nih.	 A turundum fortified pebble mill, bu.rundum 
cylinders as grinding media, and variable speed roll mill 
capable of dispersing the required batch size. 

Machine I1ixing.	 A Kady Mill or equivalent kinetic 
dispersion unit. 

6.0	 MIXING PROCEDURE 

Pebble Mill:	 The grinding media of burundum cylinders is 
to occupy 50% of total pebble mill volume. 	 Add ingredients of 
Paragraph 4.2, Part A, sufficient to occupy 40% of total pebble 
mill volume.	 Next, the critical speed (Ne) in RPM is calculated 
from the following relationship:

= 76.6 

I.D. 

where N	 speed at which grinding media, unencumbered 
C by any charge within mill, begins to centrifuge 

I.D. = inside diameter of null in feet 

The peNile mill is placed on the variable speed roll mill 
at a mixing speed of 70% of Critical Speed (N ) for proper 
action of grinding media. After mixing for l?2 hour the pebble 
mill is re-opened and inspected for dry agglomerates. If none 

-•;-T-• 



present, continue milling for 2 hours total mixing time.' Drain 
contents of pebble mill into appropriate' mixing vessel. Next, 
add the proportional amount of the solution of Paragraph 4.2, 
Part B, using mechanized agitation to insure thorough mixing. 
Finally, add proportional amount of the solution of Paragraph 
4.2, Part C, as the activator portions, using mechanical agita-
tion again to insure thorough mixing. The blended components 
are now prepared for application with a working pot life of 4 
hours. Strain the blended components through a cheese cloth 
filter to remove any extraneous matter prior to any application. 

Machine Mixing: Add ingredients of Paragraph 4.2, Part A, 
to the jacketed mixing vessel of the Kady Mill. Nix the com-
ponents in a water cooled mixing vessel in the Kady Mill for 
20 minutes. Drain the contents of the Kady. Mill dispersion 
into an appropriate mixing vessel. Next, add the proportional 
amount of the solution of Paragraph 4.2, Part B, using mechanical 
agitation to insure thorough mixing. Finally, add proportional 
amount of the solution of Paragraph 4.2, Part C, as the activa-
tor portion, using mechanical agitation again to insure thorough 
mixing. The blended components are now prepared for application 
with a working pot life of 4 hours. Strain the blended compo-
nents through a cheese cloth filter to remove any extraneous 
matter prior to any application. 

7.0 APPLICATION PROCEDURE 

Substrate Preparation 
Cold Rolled Steel: Follow standard good painting pro-

cedures. Be sure all surfaces are dry and. clean. Remove loose 
dust, paint, grease, and oil residue from untreated surface. 
Surface may be sandblasted if desirable, Surface may be treated 
with corrosion resistant Zinc Chromate Primer meeting Federal 
Specification TT-P-664b or Red Lead Primer 13-R-5 1 from Mobil 
Chemical Company conforming to Federal Specification TT-P-86e 
Type 3.

Aluminum: Follow standard good painting procedures. 
Treat surface of aluminum by scrubbing with scouring powder 
and water. Flush liberally with water and observe for water 
break-free surface. If surface is not water break-free, repeat 
scrubbing and flushing procedure. When water break-free sur-
face is obtained, flush surface with trichloro-ethylene and 
allow surface to air dry. Handle cleaned surface with care. 
Avoid contact with dust, oils, and greases. If corrosion 
resistant primer is desired, use Zinc Chromate Primer conform-
ing to Federal Specification TT-P-666B. If anodizing of alumi-
num is required, the treatment shall conform to NIL-A-8625. 
For an alodine treated surface, the aluminum shall conform to 
NIL-C-5541.
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pray Method: Spray apply the 45B3 prepared from 
Paragrah 6.0 with a DeVilbiss JGA 502 or equivalent at ambient 
conditions to the dry film thickness desired. The coating 

•	 shall air dry at ambient conditions for 72 hours minimum before 
-	 proceeding with Quality Assurance Provisions. 

Brush Method: Substrate preparation shall conform to 
Paragraph 7.0. Brushing may be done with a good quality soft 
bristled brush. Apply a full level coat avoiding excessive 
brush-out. Two brush coats or more may be required to conform 
to required dry film thickness. The coating shall air dry at 
Rmbient conditions for 72 hours before proceeding with Quality 
Assurance Provisons. 

8.0 QUALITYASSIJRANCE PROVISIONS 

8.1 Responsibility for Inspection. Unless otherwise 
specified in the contract or the purchase order, the supplier 
is responsible for the performance of all the inspection 
requirements as specified herein. The supplier may utilize 
his own facility or any commercial laboratory acceptable to. 
ARC. The processing activity, or its desiiated representative, 
reserves the right to perform any or all of the inspections 
set forth in the specification where such inspections are 
deemed necessary to ensure that supplies and services conform 
to prescribed requirements. 

8.2 Classification of Examinations and Tests. All of 
the examinations and testing of the thermal protection coating 
shall be classified as qualification tests. Qualification 
tests shall be performed on samples submitted for approval as 
qualified products and shall be performed on individual lots 
of products submitted for acceptance. The qualification tests 
are listed in Table 1. A certified test report from the sup-
plier shall accompany each product submitted for approval and 
each lot of thermal protection coating submitted for acceptance. 

8.3 Sampling. Samples for product qualification or for 
qualified 1t acceptance shall be as specified in Paragraph 
8.3.2. The material preparation shall conform to the require-
ments of Paragraph 	 herein. A test report from the supplier 
shall accompany each sample to be tested, and shall show the 
composition number and the test results for all requirements 
of this . specificatiOfl and shall refer specifically to the appli-
cable paragraphs herein. All the thermal protection coating 
manufactured and formulated as. one batch shall be considered 
a lot and shall be numbered as such for purposesof inspection. 

8.3. 1 Reiection and Retest. Failure of any lot to con-
form to all applicable requirements of this specification 
shall be cause for retest. Property or properties in question 
shall be retested on new specimens prepared from the same lot 
of thermal protection coating. If the results of test of the 
second sample fails to meet the specification requirements, the 
entire lot shall be rejected.
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8.3.2 Specimen. All samples to be tested shall be 
coated with the thermal protection coating at a minimum dry 
film thickness of 0.030" on cold rolled steel panels or as 
free films. 

8.3.2. 1 Size and Number of Specimens. The size and 
number of specimens ior conIormance to eachrequirement is 
indicated in Table 2. 

8.3.3 Test Nethods. Unless otherwise specified, all 
examinations and tests shall be performed with a thermal 
protection coating aged for minimum of 170 hours at a tempera-
ture of 23 ^ 2°C and a relative humidity of 50 ± 5 percent. 

8.3.3.1 Visual Inspection. Visual inspection shall be 
performed to deteriine the appearance requirements of Para-
graph 4.3.1.1 and Paragraph 4.2. 

8.3.3.2 Tensile Strength. The tensile strength of the 
thermal protectiàn coating shall be determined in accordance 
with ASTN D 2370, except the coating will be sprayed on a 

•	 suitable temporary substrate, and the results shall conform 
to Paragraph 4.3.1.2. 

8.3.3.3 Density. The density of the thermal protectiO 
coating shall be d.etermined according to the following pro-
ced.ure and the results shall conform to Paragraph 4.3.1.3: 

Procedure: Naterial remaining from Paragraph 8.3.3.2 
shall be used to determine the coating density. The volume 
of coating is measured by air pycnometer and then the weight 
is determined from an analytical balance. The density of 
the coating in gm/cc is reported. 

8.3.3.4 Temperature of Intumescence. The temperature 
of intumescence of the thermal protection coating shall be 
determined according to the following procedure and the 
results shall conform to Paragraph 4.3.1.4: 

Procedure: The temperature of intumescence is determined 
by a. melting point apparatus. Here glass capillary tubes 
containing small quantities of coating are raised in tempera-
ture until intumescence. After an initial rapid rate of 
temperature rise to determine approximate intumescing tempera-
ture, he determination is made in duplicate at no greater 
than 5"C/min temperature rise through the intumescing range. 

- -• Care should be exercised that the heat transfer to the 
thermometer on the apparatus is at a maximum. This can be 
assured by coating the thermometer bulb with colloidal 
graphite (Aqua-DAG).
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8.3.3.5 Char Yield. The char yield of the thermal pro-
tection coating shall be determined according to the following 

procedure and the results shall conform to Paragraph 4.3.1.5: 

Procedure: Using a thermogravimeric analysis (TGA) 
apparatus, record the weight loss versus temperature for the 
coating at a heating rate of 3°C/minute in a nitrogen atmosphere 
to 650 °C. Report the char yield (Y ) as the percent weight 
fraction remaining at 600°C.	

C 

8.3.3.6 Abrasion Resistance. The abrasion resistance 
of the thermal protection coating shall be determined accord-
ing to Taber Abraser Weight Loss Nethod and the results shall 
conform to Paragraph 4.3.1.6. 

8.3.3.7Flexibilit. The flexibility of the thermal 
protection coating shall be determined according to the follow-
ing procedure and the results shall conform to Paragraph 4.3.1.7: 

Procedure: Using a Garthier Impact Test, a round nosed, 
two pound impact rod is allowed to fall a calibrated distance 
(measured in feet) upon the coated side of the specimen panel. 
The foot-pounds of energy is increased until coating adhesion 
failure occurs. The greatest energy tolerable is reported in 
foot-pounds. 

8.3.3.8	 Linear Expansion (Intumescence). 	 The linear 
expansion of the thermal protection coating shall be deter-

- mined according to the following procedure and the results 
shall conform to Paragraph 4.3.1.8: 

Procedure:	 The edges of the test specimen as well as 
a 1/8 inch perimeter overlap of the coating and the exposed 
cold rolled steel substrate shall be brushed with a red lead 
primer meeting Federal Specification TT-P-86e, Type 3 to 
minimize corrosion of uncoated edges. 	 Two of the four speci-
mens ae further conditioned for 30 days at 38 ^ 2°C and 
90 ^ 2% R.H.	 The coating specimens are placed coating side 
up in an oven preheated to 350°C and allowed to remain for 
30 minutes.	 Gases should be vented from the oven. 	 Remove 
after 30 minute period, allow to cool, then calculate the 
linear expansion:

Linear Expansion	 TTT1 

where Tf = Thicess of coating after 
intumescence, inches 

Ti = Initial coating thiclaiess, 
inches
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8.3.3.9 Thermal Efficiency. The thermal efficiency of 
the thermal protection coating shall be determined according 
to the following procedure and the results shall conform to 
Paragraph 4-.3.1.9: 

Procedure: This test exposes tie coatng to a fire 
environment where a total flux of 10 BTU/Ft -sec is 90 percent 
radiative in a slightly fuel rich condition. Aviation fuel 
(JP-4) is used to .f ire the unit. The specimens are prepared 
on special 3" x 3" x 1/16" cold rolled steel substrates. 
That is, a 1" diameter hole in the center of the panel has 
a 15/16" diameter 1/16" thick cold rolled steel disc cemented 
in place with epoxy novolac. This provides a higher thermal 
resistance to reduce thermal conductance effects from the 
edges of tbe specimen panel. The coated panel thickness is 
measured and recorded and the panel preconditioned to Para-
graph 8.33 or other special environments and when ready to 
test is inserted in a transite mask or holder which allows 
the panel to rest on about 1/16" to 1/8" of the edges of the 
coated surface. At time, t=0, the masked panel is placed 
over the fire box and a thermocouple in contact with the back 
of the panel records the temperature rise of the center disc 
in the panel. The flux is uniform over the entire panel and 
the center disc is about 8-10% of the exposed area and is 
representative of a larger, semi-infinite panel. From the 
time-temperature history thus obtained, and the thickness in 
mils of coating tested, one reports the time in seconds to 
reach a given temperature and the mil thickness coating. - 
Since the flame environment is a more severe test of the 
coatings, the intumescent thickness is also reported after 
this test.
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TABLE 1 

Examination or Test Requirement 

Material 4.2 

Appearance 4.3.1.1 

Tensile Strength 4.3.1.2 

Density 4.3.1.3 

Temperature of 
IntUfliescence 4.3.1.4 

Char Yield 4.2.1.5 

Abrasion Resistance 4.3.1.6 

Flexibility 4.3.1.7 

Linear Expansion 4.3.1.8 

Thermal Efficiency 4.3.1.9

I 
I

Test Method 

8.3.3.1 

8.3.3.1 

8.3.3.2 

8.3.3.3 

8.3.3.4 

8.3.3.5 

8.3.3.64 

8.3.3.7 

8.3.3.8 

8.3.3.9

I 
Ii 
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TABLE 2 

TEST SPEC INEt\ 

• Substrate 
Size, Inches

Number of 
Specimen Requirement

Test 
Nethod 

Test 

Appearance 3x3x1/16 1 4.3.1.1 8.3.3.1 

Tensile Strength' 6x6 free films 2 4.3.1.2 8.3.3.2 

- 4.3.1.3 8.3.3.3 
Density 

Temperature of
Use above - 4.3.1.4 8.3.3.4 

IntumescenCe 

Char Yield
- 4.3.1.5 8.3.3.5 

Abrasion 4 l/8x 1/16 disc 
with 1/4 hole	 6

4 

4.3.1.6 8.3.3.6 
Resistance 

* in center 

Flexibility •Use above - 4.3.1.7 83.3.7 

Linear Expansion 3x3x 1/16 4 4.3.1.8 8.3.3.8 

Thermal 
Efficiency 3x3x 1/16 4 4.3.1.9 8.3.3.9
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Specification No. A-16839(C) 

PRELIMINARY MATERIAL SPECIFICATION 

For 

/
313 ThERMAL PROTECTION COATING

4 

Chemical Research Projects Office 

NASA-Ames Research Center 

-	 Moffett Field, California 94035 -



PRELIMINARY MATERIAL SPECIFICATION

For 

313 THERMAL PROTECTION COATING 

1.0	 SCOPE 

This specification covers the components for producing 313 Thermal 

Protection Coating. 

2.0	 FORMULATION
Parts 

Components Weight Source 

2.1	 Part A. 

Polysulfide Liquid 

Potymer, LP-3. 10.7 Thiokol Chemical Corp. 

Anmionium Salt of

- 4-nitroaniline- 

2-sulfonic acid. 43.3 Allied Chemical Corp. 

Methyl Ethyl Ketone. 22.0 Mallinckrodt Chemical 

Refrasil Fibers. 5.5 Hitco Materials Div. 

2.2	 Part B. 

Epoxy Resin, Liquid. 10.7 Shell Chemical Company 

Toluene. 3.6 Mallinckrodt Chemical 

2.3	 Part C. 

Tn	 (dimethylamino 

methyl) phenol. 2.1 Rohm and Haas Company 

Toluene. 2.1 Mallinckrodt Chemical
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3.0 INGREDIENTS 

3.1	 polysulfide Po1ytner Liquid. 

3.1.1	 Scop. 

3.1.1.1 Scop. This specification covers the minimum requirements 

for a liquid polysulfide polymer intended for use as a constituent material 

in the formulation of a thermal protection coating. 

3.1.2	 p1icable Documents. 

3.1.2.1 The following document forms a part of this specification: 

/

Product Specification, 	
Thiokol Chemical 

Code LF241	
Corporation 

(Application for copies should be addressed to Thiokol Chemical Corp., 

Chemical Operations, 780 N. Clinton Avenue, Trenton, New Jersey 08607.) 

________________________	 4 3.1.3	 eguiremeflt5. 

3.1.3.1	
alificatio. The liquid polysulfide polymer furnished 

under this specification shall be a product which has been tested and has 

passed the qualification tests specified herein. 	 - 

3.1.3.2 Material. The liquid polysulfide polymer furnished under 

this specification shall produce the infrared (IR) spectral configuration 

as indicated in Figure 1, Page 4, when examined as specified. 

3.1.3.3	 PropertieS. 

3.1.3.3.1	 Physical Properties. 

3.1.3.3.1.1 Appearance. The appearance of the liquid polysulfide 

polymer shall be a clear amber liquid, free of phase separation and suspen-

ded particles when examined as specified. 

3.1.3.3.1.2 Specific Gravity. The specific gravity of the liquid 

polysulfide polymer shall be 1.260 to 1.283 when tested as specified. 

3.1.3.3.1.3 Col. The colorof the liquid polysulfide polymer 

shall be 12 maximum (Hellige Scale) when tested as specified.



FIGUBE1 

INFRAR (IR) SPECTRAL CONFIGURATION
FOR LIQUID POLYSULFIDE POLYMER 

/

4



3.1.3.3.1.4 Viscosity. The viscosity cf the liquid polysulfide 
polymer at 80°? shall be 950 ± 250 centipoises when tested as specified. 

	

3.1.3.3.2	 Chemical Propert!. 

3.1.3.3.2.1 pH (Water Extract). The pH of the liquid polysulfide 
polymer shall be in the range of 6.0 to 8.0 when tested as specified. 

3.1.3.3.2.2 Moisture Content 1 7. The moisture content of the liq-

uid polysulfide polymer shall be 0.1 maximum when tested as specified. 

3.1.3.3.2.3 Mercaptan, 7.. The percent mercaptanof the liquid 
polysulfide polymer shall be 5.9 to 7.7 when tested as specified. 

/ 
3.1.3.4 Shelf Life. After storage for two months from date of 

manufacture under specified conditions, the liquid polysulfide polymer 
shall be capable of passing all the quality tests specified. 

3.1.4 Quality Assurance Provisions. 

3.1.4.1 Responsibility for Inspection. Unless otherwise speci-
fied in the contract, the supplier is responsible for the performance of 
all the inspection requirements as specified herein. The supplier may 
utilize his own facility or any conmiercial laboratory acceptable to ARC. 
The procuring activity, or its designated representative, reserves the 
right to perform any or all of the inspections set forth in the specifica-

•	 tion where such inspections are deemed necessary to ensure that supplies 
and services conform to prescribed requirements. 

3.1.4.2 Classification of Examinations, and Tests. The examina-
tion and testing of the liquid polysulfide polymer shall be classified 

a. Qualification Tests. Qualification tests shall be performed 
on samples submitted for approval as qualified products. 

as follows: 

•	 b. Quality Conformance Tests. Quality conformance tests shall 
be performed on individual lots of products submitted for 

acceptance. 

The qualification and quality conformance tests are listed in Table 1, Page 7. 

	

3.1.4.3	 Sampling. 

3.1.4.3.1 Qualification Sample. The qualification sample shall con-

sist of sufficient material to perform all of the qualification tests sped-

fied herein.	 A test report from the supplier shall accompany the required



	

3.1.4.3.1	 lificatiofl Sample. (Continued) 

samples of each product for which qualification is desired. The report shall 
show the product test results for all requirements of this specification and 

shall refer specificallY to 
the applicable paragraphs in this specification. 

	

3.1.4.3.2	 ualitv 
Conformance Sample. The quality conformance sam-

ple shall be selected at random from each lot of material to be supplied to 

ARC and shall consiSt of sufficient material to perform the quality confor-

mance tests required for acceptance. The sample shall be labeled completely 

with information identifying the purpose of the sample, name of product, the 

specification number, lot number, date of sampling, and contract number. 

- / 
3.1.4.3.2.1 Lot and Batch. All liquid polysulfide polymer manufac-

tured as one batch shall be considered a lot and shall be numbered as such 

for purposes of inspection. 

3.1.4.3.3 Rejection and Retest. Failure of any lot to conform to• 

all applicable 
requirements of this specification shall be cause for retest. 

Property or properties in question 
shall be retested on new specimens pre-

pared from the 
same lot of liquid polysulfide polymer. If the res\ilts of 

test of the second sample fail to meet the specification requirements, the 

entire lot shall be rejected. 

3.1.4.4 Test Method!.. Unless otherwise specified, all examinations 

and teats shall be performed at a temperature of 75 ± 50 F with-a relative 

humidity not exceeding 607.. 

'3.1.4.4.1 Visual Inspec!. Visual inspection shall be performed 

to determine 
conformance with the appearance requirements of Paragraph 

3.1.3.3.1.1., and the IR spectraireq U
irements of Paragraph 3.1.3.2. Visual 

inspection 
for appearance shall be performed by filling a small, clean, dry 

test 
tube with liquid polysulfide polymer and holding it against a bright 

light.

3.1.4.4.2	
ecific GraviY. The specific gravity of the liquid 

polysulfide 
shall be determined in accordance with Thiokol Product Speci-

fication Code LF-241 and the result 
shall conform with the requirement of 

Paragraph 3.1.3.3.1.2.	 -	 - 

3.1.4.4.3 
Color. The color of the liquid polysulfide polymer shall 

be determined in 
accordance with Thiokol Product Specification Code LF-24l 

and the result 
shall conform to the requirement of Paragraph 3.1.3.3.1.3. 

3.1.4.4.4 ViscoSi1. The viscosity of the liquid polysulfide poly-

mer shall be determined in accordance with Thiokol Product Specification 

Code 
LF-241 and the result shall conform to the requirement of Paragraph 

3.1.3.3.1.4.
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3.1.4.4.5 pH (Water Extrac1. The pH of the liquid polysulfide 

polymer shall be determined in accordance with Thiokol Product Specifi-
cation Code LF-241 and the result shall conform to the requirements of 

Paragraph 3.1.3.3.2.1. 

3.1.4.4.6 Moisture Content. The moisture content of the liquid 
polysulfide polymer shall be determined in accordance with Thiokol Pro-
duct Specification Code LF-241, and the result shall conform to the re-

quirement of Paragraph 3.1.3.3.2.2. 

3.1.4.4.7 Mercaptan. The mercaptan percent of the liquid poly-
sulfide polymer shall be determined in accordance with Thiokol Product 
Specification Code LF-241 and thc results shall conform to the require-

ment of Paragraph 3.1.3.3.2.3. 

A' 

3.1.4.5	 Shelf Life.	 The shelf life of the liquid polysulfide 

polymer shall be determined after storage for two months from the date 
of manufacture, in original sealed containers, at a temperature of 65 ± 
15°F. An alternative method shall be to store the liquid polysulfide 
polymer under the same time and temperature conditions in an opened con-
tainer with an inert atmosphere. The stored material shall be tested in 
accordance with Paragraphs 3.1.4.4.1 through 3.1.4.4.7. The results shall 

conform to the requirements of Paragraph 3.1.3.3. 	 4 

TABLE 1.

EXAMINATION AND TESTS 

Requirement
(Section 3.1.31 

3.1.3.2 
3.1.3.3.1.1 
3. 1. 3. 3. 1.2 
3. 1. 3. 3. 1.3 
3. 1. 3.3. 1.4 
3.1.3.3.2.1 
3.1.3.3.2.2 
3.1.3.3.2.3 

31.3.2 
3.1.3.3.1 .1 
3. 1. 3. 3.2. 3

Test Method
(Section 3.1.4) 

3.1.4.4.1 
3.1.4.4.1 
3.1.4.4.2 
3.1.4.4.3 
3.1.4.4.4 
3. 1.4. 4.5 
3.1.4.4.6 
3.1.4.4.7 

3.1.4.4.1 
,. 1.4.4.1 
3.1.4.4.7

Examination or Test 

Qualification Tests: 

Material 
Appearance 
Specific Gravity 
Color 
Viscosity 
pH (Water Extract) 
Moisture Content 
Mercaptan 

Quality Conformance Tests: 

Material 
Appearance 
Mer Capt an



3.2 Anton1um Salt of 4nitroaniline-28UlfOfliC acid. 

3.2.1	 Scope. 

3.2.1.1 Scope. This specification covers the minimum requirements 

for an aoniurn salt of 4nitroaniline-2-SulfOfliC acid intended for use as 

a conetituont material in the formulation of a thermal protection coating. 

1	 3.2.2 Applicable Documents. 

3.2.2.1 The following document forms a part of this specification: 

Preparation of Aniznoniumpnitroanilitteosulfonate - (See Page 9.) 

3.2.3	 Requirements. 

3.2.3.1 Qualification. The aninonium salt of 4-nitroaniline-2-sul' 

fonic acid furnished under this specification shall be a product which has 

been tested and has passed the qualification tests specified herein. 

4 

3.2.3.2 Material. The annonium salt of 4-nitroaniline-2-sulfofliC 

acid furnished under this specification shall produce the infrared (IR) 

spectral configuration as indicated in Figure 2, Page 10, when examined as 

specified. 

3.2.3.3	 Properties. 

3.2.3.3.1	 Physical Properties. 

3.2.3.3.1.1 Appearance. The appearance of the anunonium salt of 4-

nitroaniline-2-sulfonic acid shall be a yellow free-flowing granular solid 

with a maximum particle size of 200 microns when examined as specified. 

3.2.3.3.2	 Chemical Properties. 

3.2.3.3.2.1 Equivalent Weight. The equivalent weight of the ao-

niurn salt of 4-nitroaniline2sulfOniC acid shall be 235 ± 12 when examined 

as specified. 

3.2.3.3.2.2 Initial Decomposition Temperature. The initial decompo-

sition temperature of the annuonium salt of 4-nitroaniliñe-2-sulfonic acid 

shall be 545° ± 27°F when examined as specified. 

3.2.3.3.2.3 Purity. The elemental analysis of the aonium salt of 

4-nitroaniliné-2-sulfofliC acid shall be C, 30.7 + 1.27.; H, 3.9 ± 0.27.; N, 

17.9 ± 0.87., when examined as specified.



PREPARATION OF 

Ammonium p_nitroanilin&.o8ulf0late 

1.
143# of the sodium salt of pnitrOani1ineo8Ulf0n acid (Allied Chemi-

cal Brand name: p_nitroanilineo"sulfOflic acid) is dissolved in 34 gal-

lons .of boiling water. 

2. Maintain solution of salt at 200°F and filter debris from the solution. 

3. Slowly add and stir 55# of solid aimnonium chloride to the 200°F salt so-

lution. 

4. Continue stirring solution and cool to 50°F. 	 On cooling, aimnonium-p-

nitroanilineo . sulfOflate will precipitate. 

5.
Filter precipitated anunonium p_nitroanilineosulfOnate by centrifuge or 

suction filtration. 

6. Prepare 7.5 gallons of 10°!. by weight anifflonium chloride aqueous solutioc 

and cool to 50°F. 

7.
Wash filtered ammoniuni p_nitroanilineo-sulfonate solids with 3 equal 

portions (2.5 gallons each) of 50°F animonium chloride solution. 

8. Wash filtered arrnnonium p_nitroanilineosulfonate solids with 4 equal 

portions (1.2 gallons each) of 40°F water. 

9. Dry the salt (annnonium p_nitroaniline'osulfonate) to constant weight in 

1	 an air or a circulating oven at 120°F. 

Approximate Yield: 120#
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:	 3.2.4	 Quality Assurance Provisions. 

3.2.4.1	 Responsibility for Inspection. Unless otherwise specified 

in the contract, the supplier is responsible for the performance of all the 

inspection requirements as specified herein. The supplier may utilize his 

own facility or any . coercial laboratory acceptable to ARC. The procuring 

activity, or its designated representative, reserves the right to perform 

any or all of the inspections set forth in the specification where such in-

spections are deemed necessary to ensure that supplies and services conform 

to prescribed requirements. 

3.2.4.2	 Classification of Examinations and Tests. The examination 

and testing of the ammonium salt of 4_nitroaniline-2SulfoniC acid shall be 

classified as follows: 

a. Qualification Tests. Qualification tests shall be performed 

on samples submitted for approval as qualified products. 

1	 b. Quality Conformance Test3. Quality conformance tests shall 

be performed on individual lots of products submitted for ac-

ceptance. 

The qualification and quality conformance tests are listed in Table 2, Page 

13.

3.2.4.3	 ..aifl' 
3.2.4.3.1 Qualification Sample. The qualification sample shall con-

sist of sufficient material to perform all of the qualification tests speci-

fied herein. A test report from the supplier shall accompany all of the 

required samples of each product for which qualification is desired. 	 The 

report shall show the product test results for all requirements of this spe-

cification and shall refer specifically to the applicable paragraphs in this 

specification. 

3.2.4.3.2 Qualify Conformance Sample. The quality conformance sam-

pie shall be selected at random from each lot of material to be supplied to 

ARC and shall consist of sufficient material to perform the quality conform-

ance tests required for acceptance. The sample shall be labeled completely 

with information identifying the purpose of the sample, name of product, the 

specification number, date of sampling, and contract number. 

3.2.4.3.2.1	 Lot and Batch. All ammonium salt of 4-nitroaniline-2-

sulfonic acid manufactured as one batch shall be considered a lot and shall 

be numbered as such for purposes of inspection.



3.2.4.3.3 Rejection and Retest.	 Failure of any lot to conform 
to all applicable requirements of this specification shall be cause for 

retest. Property or properties in question shall be retested on new 
specimens, prepared from the same lot of anunonium salt of 4-nitroaniline 
2-sulfofliC acid. If the results of the test of the second sample fail to 
meet the specification requirements, the entire lot shall be rejected. 

3.2.4.4 Test Methods. 	 Unless otherwise specified, all examina-



tions and tests shall be performed at a temperature of 75 ± 5°F with a 
relative hwnidity not exceeding 607.. 

3.2.4.4.1 Visual Insectioji. Visual inspection shall be performed 
to determine conformance with the appearance requirements of Paragraph 
3.2.3.3.1.1 and the lit spectrairequirements of Paragraph 3.2.3.2. 

3.2.4.4.2 Equivalent Weig. Weigh out 2.0 to 3.0 gm of the am-
moniuni salt of 4_nitroaniline2SUlfonic acid. Suspend or dissolve the 
material in 50 to 100 nil of 507. by volume aqueous methanol. Titrate with 
1 0'ON NaOH using a recording electrometric titrator. From the volume of 
the titrant to reach end point, calculate the equivalent weight. 	 The
result shall conform to Paragraph 3.2.3.3.2.1. 

3.2.4.4.3	 Tempera}1. The decompositiOn
temperature of the ammoniuin salt of 4_nitroani1iflC2Sulf0fl acid is the 
temperature range observed during the maximum weight loss. A thermogravi 
metric analysis pparatus recording weight loss versus temperature at a 
heating rate of 50F/minute to the temperature of 750°F in nitrogen atmos-
phere will be required. The result shall conform to the requirement of 
Paragraph 3.2.3.3.2.2. 

3.2.4.4.4 Purity. The purity of the ammoniuin salt of 4-nitroani 
line-2-sulfoniC acid shall be determined by elemental Carbon, Hydrogen, 
Nitrogen (CUN) Analysis, and the results shall conform to Paragraph 
3.2.3.3.2.3.



TABLE 2 

EXMIINATION AND TESTS 

'S

Requirement Test Method 

çsection 3.2.3) (Section 3.2.4j 

Qua lification Tests: 

Material 3.2.3.2 3.2.4.4.1 

Appearance 3.2.3.3.l.1 3.2.4.4.1 

Equivalent Weight 32.3.3.2.l 3.2.4.4.2 

Decomposition Temperature 3.2.3.3.2.2 3.2.4.4.3 

Purity 3.2.3.3.2.3 3.2.4.4.4 

Quality Conformance Tests: 

Material 3.2.3.2 3.2.4.4.1 

Appearance 3.2.3.3.1.1 3.2.4.4.1 

Equivalent Weight 3.2.3.3.2.1 3.2.4.4.2 

Decomposition Temperature 3.2.3.3.2.2 3.2.4.4.3 

Purity 3.2.3.3.2.3 3.2.4.4.4

4 

1•.. 
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3,3 Methyl	 yl Ketone. 

3.3.1	 Scop. 

3.3.1.1 Scope. This specification covers the minimum requirements 

for methyl ethyl ketone intended for use as a constituent material in the 

formulation of a thermal protection coating. 

3.3.2	 pplicable Documents. 

3.3.2.1 The following document forms a part of this specification: 

Interin Federal Specification: 

TT..M. 0026 ic
	 Methyl Ethyl Ketone 

• (Application for copies should be addressed to the Ceneral Services 

Administration Regional Offices.) 

3.3.3	 quirements. 

3.3.3.1	 gualification.	 The methyl ethyl ketone furnished under 

this specification shall be a product which has been tested and has passed 

the qualification tests specified herein. 

3.3.3.2	 Properties. 

3.3.3.2.1	 Physical Properties.	 The physical properties of the 

• methyl ethyl ketone shall be as listed in Table 3, Page 16. 

3.3.3.2.2	 Chemical Properties.	 The chemical properties of the 

methyl ethyl ketone are that the compound shall have the chemical formula 

CH3COC2R5 with a molecular weight of 72.10. 

3.3.4	 Quality Assurance Provisions. 

• 3.3.4.1	 Responsibility for Inspection.	 Unless otherwise specified 

in the contract, the supplier is responsible for the performance of all the 

inspection requirements as specified herein.	 The supplier may utilize his 

•	 . own facility or any coninercial laboratory acceptable to ARC. 	 The procuring 

activity, or its designated representative, reserves the right to perform 

any or all of the inspections set forth in the specification where such in-

apections are deemed necessary to ensure that supplies and services conform 

to prescribed requirements.



* 
I -3.342 Ciasi	 of ExaminatiOr. and Tests. The examination 

and testing of the methyl ethyl ketone shall be classified as follows: 

a. Qualification Tests. Qualification tests shall be performed 

on samples submitted for approval as qualified products. 

b. Quality Conformance Tests. Quality conformance tests shall 

	

:1	 be performed on individual lots of products submitted for ac-

	

:.1	 ceptanCe. 

The qualification and quality conformance tests are listed in Table 4, Page 

17.

S.' 

3.3.4.3	 Sainplig. 

3.3.4.3.1 Qualification Sample. The qualification sample shall 

consist of sufficient material to perform all of the qualification tests 

	

1	
specified herein. A test report from the supplier shall accompany re-

':4 
quired samples of each product for which qualification is desired. The 

report shall show the product test results for all requirements of this 

specification and shall refer specifically to the applicable paragraphs in 

	

-	 this specification. 

3.3.4.3.2 guality Conf9anC . uP)-. The quality conformance sam-

pie shall be selected at random from each lot of material to be. supplied to 

ARC and shall consist of sufficient material to perform the quality confor-

mance tests required for acceptance. The sample shall be labeled completely 

with information identifying the purpose of the sample, name of product, 

specification number, date of sampling, and contract number. 

3.3.4.3.2.1 Lot and Batch. All methyl ethyl ketone manufactured as 

one batch shall be considered a lot and shall be numbered as such for pur-

poses of inspection. 

3.3.4.3.3	 jection and Retest. Failure of any lot to conform to


all applicable requirements of this specification shall be cause for re-
test. Property or properties in question shall be retested on new speci-

mens prepared from the same lot of methyl ethyl ketone. If the results of 

the test of the second sample fail to meet the specification requirements, 

the entire lot shall be rejected. 

3.3.4.4 Test Methods. Unless otherwise specified, all examinations 

-	 and tests shall be performed at a temperature of 75 ± 5°F with a relative 

humidity not exceeding 607..



II 3•3.4.4.l Visual Inticn. Visual inspection shall be performed 

to determine conformance to appearance requirements of Paragraph 3.3.3.2.1. 

3,3.4.4.2	 Tetp f,o 'hypic.ala and Ce cal	 opjjtie8.	 All. tests 

for physical and chemical properties shall be determined in accordance with 
Interim Federal Specification TI-M-00261c and the results shall conform to 

paragraph 3.3.3.2.1 and Paragraph 3.3.3.2.2. 

'	
TA.BLE3 

PHYS ICAL PROPERIIES METH ETH KETONE 

Pr op ery 

Appearance 

Alcohol Content, 7.

Re uireme 

Clean and free from 
sediment and suspen-
ded matter 

0.7 maximum as sec-
ondary butyl alcohol 

Specific Gravity, 
•	 68°,/68°F 

Nonvolatile matter 
from 100 ml., gram 

Acidity, mg of 1(011 
per gram of sample 

Distillation: 

Below 172°F 
-	 Above 180°F 

Color, on the pla-
tintnn cobalt scale 

Water, 7. by weight

0.806 ± 0.001 

0.0005 maxium 

0.047 maximum 

None 
None 

20 

0.3



TkBLE 4 

EXMIINATION AND TESTS 

:

Requirement Test Method 

Examination or Test £ection (Section 3.34j 

Appearance 3.3.3.2.1 3.3.4.4.1 

Alcohol Content 3.3.3.2.1 3.3.4.4.2 

Specific Gravity 3.3.3.2.1 3.3.4.4.2 

Nonvolatiles 3.3.3.2.1 3.3.4.4.2 

Acidity 3.3.3.2.1 3.3.4.4.2 

Distillation 3.3.3.2.1 3.3.4.4.2 

Color 3.3.3.2.1 3.3.4.4.2 

Water 3.3.3.2.1 3.3.4.4.2 

Chemical Formula 3.3.3.2.2 3.3.4.4.2 

Molecular Weight 3.3.3.2.2 3.3.4.4.2

:[
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3.4	 Toluene. 

3.4.1	 Sco. 

3.4.1.1	 Scope. This specification covers the minimum requirements 

for the toluene intended for use as a constituent material in the formula-

•	 tion of a thermal protection coating. 

3.4.2	 Applicable Documents. 

3.4.2.1	 The following document forms a part of this specification: 

Federal Specification 

TT-T-548c
	 Toluene, Technical 

(Application for copies should be addressed to the General Services 

Administration Regional Offices.) 

3.4.3	 Requirements. 

3.4.3.1 Qualification. The toluene furnished under this specifi-

cation shall be a product which has been tested and has passed the quali-

fication tests specified herein. 

3.4.3.2	 Properties. 

3.4.3.2.1	 Physical Properties. The physical properties of the to-

luene shall be as listed in Table.5, Page 20. 

3.4.3.2.2 Chemical Properties. The chemical properties of the to-

luene are that the compound shall have the chemical formula C6H 5CH 3 with a 

molecular weight of 92.13. 

3.4.4	 Qiaiity Assurance Provisions. 

3.4.4.1	 Responsibility for Inspection. Unless otherwise specified 

in the contract, the supplier is responsible for the performance of all the 

inspection requirements as specified herein. The supplier may utilize his 

own facility or any commercial laboratory acceptable to ARC. The procuring 

activity, or its designated representative, reserves the right to perform 

any or all of the inspections set forth in the specification where such in-

spections are deemed necessary to ensure that supplies and services conform 

to prescribed requirements.
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3.4.4.2 Classification of Examinations and Tests. The examination 

and testing of the toluene shal l be classified as follows: 

a. Qualification Tests. Qualification tests shall be performed 

on samples submitted for approval as qualified products. 

b. Quality Conformance Tests. Quality conformance tests shall 

be performed on individual lots of products submitted for ac-

ceptance. 

The qualification and quality conformance tests are listed in Table 6, Page 

21.

3.4.4.3	 Sampling.	 \ 

3.4.4.3.1	 QualificatiorL. mPl.. The qualification sample shall con 

sist of sufficient material to perform all of the qualification tests speci-

fied herein. A test report from the supplier shall accompany required sam-

ples of each product for which qualification is desired. This report shall 

show the product test results for all, requirements of this specification and 

shall refer specifically to the applicable paragraphs in this specification. 

3.4.4.3:2 Quality Conformance Sample. The quality conformance sam-

ple shall be selected at random from each lot of material to be supplied to 

ARC and shall consist of sufficient material to perform the quality confor-

mance tests required for acceptance. The sample shall be labeled completely 

with information identifying the purpose of the sample, name of product, spe-

cification number, date of sampling, and contract number. 

3.4.4.3.2.1	 Lot and Batch. All toluene manufactured as one batch 

shall be considered a lot and shall be numbered as such for purposes of in-

I	 spction. 

3.4.4..3.3	 Rejection and Retest. Failure of any lot to conform to all 

applicable requirements of this specification shall be cause for retest. Pro-

perty or properties in question shall be retested on new specimens prepared 

from the same lot of toluene. If the results of test of the second sample 

fail to meet the specification requirements, the entire lot shall be rejected 

3.4.4.4 Test Methods. Unless otherwise specified, all examinations 

and tests shall be performed at a temperature of 750 ± 5°F with a relative 

humidity not exceeding 6O7. 

3.4.4.4.1 Visual Inspection. Visual inspection shall be performed to 

determine conformance with the appearance requirements of Paragraph 3.4.3.2.1.
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3.4.4.4.2	 fr Phsi) aj çhepical Propert,ie8. All teats for 

physical and chemical properties shall be determined in accordance with Fed-

eral Specification TT-T-548c, and the results shall conform to Paragraph 

3.4.3.2.1 and Paragraph 3.4.3.2.2. 

TABLE 5 

TOLUENE PHYSICAL PROPERTIES 

Prope Requirement 

Clear and free from 

Appearance sediment and suspen-

ded matter 

Acidity No free acid 

No darker than 0.003 

gram of reagent grade 

Color potassium dichromate 

in 1 liter distilled 

water 

Free from hydrogen 

Sulfur Compounds sulfide and sulfur 

dioxide 

Specific Gravity, 0.865 ± 0.005 
68°/68°F 

Boiling Point at 228 MLnmum 
76Oimn,	 F 

Dry Point at 760 235 Naximum 
nun,	 L 

Total Distillate, Minimum 
7. by Volume 

Aromatic hydrocar- 96 Minimum 
bons, I. by volume
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TABLE 6

EXAMINATION AND TESTS 

'S

Requirement Test Method 

iiflOr Test (Sectipn 3.4.3j kSection 3.41 

Appearance 3.4.3.2.1 3.4.4.4.1 

Acidity 3.4.3.2.1 3.4.4.4.2 

Color 3.4.3.2.1 3.4.4.4.2 

Sulfur Compounds 3.4.3.2.1 3.4.4.4.2 

Specific Gravity 3.4.3.2.1 3.4.4.4.2. 

Boiling Point 3.4.3.2.1 3.4.4.4.2 

Dry Point 3.4.3.2.1 3.4.4.4.2 

Total Distillate 3.4.3.2.1 3.4.4.4.2 

Aromatic HydrocarbOns 3.4.3.2.1 3.4,4.4.2 

Chemical Formula 3.4.3.2.2 3.4.4.4.2 

Molecular Weight 3.4.3.2.2 3.4.4.4.2
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3.5 Li	 Epoy 

3.5.1	 §.22• 

3.5.1.1 This specification covers the minitxu.mi requirements 
for a liquid epoxy resin intended for use as a con8ttuent material in the 
formulation of a thermal protection coating. 

-	 3 • 5.2 App1i cabe Docu. 

3.5.2.1 The following documents form a part of this specification: 

Shell Chemia	 Bulletin SC:60-146R. 

American Society for Test iper) 

ASTM D 1544	 Test for Color of Transparent Liquids 

• ASTM D 445 Test for Viscosity of Transparent and Opaque 
Liquids 

ASTM D 1652	 - Test for Epoxy Content of Epoxy Resins 

ASTM D 1217 Test for Density and Specific 'Gravity of Liq-
uid	 by Bingham Pycnonteter •

ASTM D 1747 -	 Test for Refractive Index of Viscous Materials 

ASTM D 1310 -	 Flash Point of Volatile Flammable Materials by 
• Tag Open-Cup Apparatus

(Application for copies should be addressed to the American Society 
for Testing and Materials, 1916 Race Street, Philadelphia, Pennsyl-
vania 19103.) 

3.5.3 Reguireme. 

3.5.3.1	 ficat2Qa. The liquid epoxy resin furnished under this 
specification shall be a product which has been tested and has passed the 
qualification teats specified herein. 

I 3.5.3.2 Material. The liquid epoxy resin furnished under this spe-
cification shall produce the infrared (IR) spectral configuration as indica-

ted in Figure 3, page 23, when examined as specified. 



S
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FIGURE 3 

INFRARED (IR) SPECTRAL CONFIGURATION
FOR LIQUID EPDXY RESIN 

.	 ----,-..	 ..-----'.-,--,..--.	 .	 -	 -.------
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34.3.3 Properties. 

:1	 3.5.3.3.1	 Physical Properties. 

3.5.3.3.1.1.	 2jnce. The appearance of the liquid epoxy resin


shall be a light colored liquid, free of phase separation and suspended 

particleo when examine& as specified. 

3.5.3.3.1.2	 The color of the liquid epoxy resin shall be a 

Gardner 4 maximum when tested as specified. 

3.5.3.3.1.3 Viscosy. The viscosity of the liquid epoxy resin 

shall be 100-160 poises when"tested as specified at 77°F. 

3.5.3.3.1.4 Densifl. The density of the liquid epoxy resin shall 

be 1.168 ± 0.005 when tested as specified. 

3.5.3.3.1.5 Refractiy	 dex. The refractive index of the liquid


epoxy resin shall be 1.570-1.575 when tested as specified. 

3,5.3.3.1.6 Flash Point. The flash point of the liquid epoxy re-

sin shall be greater than 175°F when tested as specified. 

3,5.3.3.2	 Chemica1ppertQ. 

3.5.3.3.2.1 Epoxide Equivalent. The epoxide equivalent of the liq-

uid epoxy resin shall be 185-192 when tested as specified. 	 - 

3,5,3.3.2.2 Average Molecular Weight. The average molecular weight 

of the liquid epoxy resin shall be approximately 380 when tested as speci-

fLed.

3,3,3.3.2.3 . ChemicaytrUCtUre. The chemical type structure of 

the liquid epoxy , resin shall be the epichlorohydrin/bisPhenol A-type when 
ex-

aiined as upecified. 

3.5.3.4 Shelf LI. After storage for two months from date of manu-
facture under specified conditions, the liquid epoxy resin shall be capable 

of passing all the quality conformance tests specified. 

3.5.4	 uality Assuiance Provisions. 

3.5.4.1	 ri.siJ.i14.fi_fox InsDectiOa. Unless otherwise specified 
in the contract, the supplier is responsible for the performance of all the 
inr3pecticn requirements as specified herein. The supplier may utilize his
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3.5.4.1 Resonsibi1forIn5pect19. (Continued) 

own facility or any conmiercial laboratory acceptable to ARC. The procuring 

activity,or its designated representative, reserves the right to perform any 

or all of the inspections set forth in the specification where such inspec-

tions are deemed necessary to ensure that supplies and services conform to 

prescribed requirements. 

3.5.4.2 Classification of Examinations andT. The examination 

and testing of the liquid epoxy resin shall be classified as follows: 

a. Qualification Tests. Qualification tests shall be performed 

on samples submitted for approval as qualified products. 

•	 b. Quality Conformanc Tests. Quality conformance tests shall 

-	 be performed on individual lots of products submitted for ac-

ceptance. 

Qualification and quality conformance tests are listed in Table 7, Page 27. 

3.5.4.3	 Samplipg. 

• 7. 3.5.4.3.1	 Qua1ificatioSamp].	 The qualification sample shall con-

sist of sufficient material to perform all of the qualification tests speci-
• 7 fied herein.	 A test. report from the supplier shall accompany required sam-

pies of each product for which qualification is desired.	 The report shall 

show the product test results for all requirements of this specification and 

shall refer specifically to the applicable paragraphs in this specification. 

3.5.4.3.2	 Quajy Conformancejnj.	 The quality conformance sample 

• shall be selected at random from each lot of material to be supplied to ARC -
and shall consist of sufficient material to perform the quality conformance 

tests required for acceptance.	 The sample shall be labeled completely with 

information identifying the purpose of the sample, name of product, specifi 

7 cation number, date of sampling, and contract number. 

-	 - 3.5.4.3.2.1	 Lgt and Batch.	
All liquid epoxy resin manufactured as 

one batch shall be considered a lot and shall be numbered as such for purpo-

ses of inspection. 

3.5.4.3.3	 Rejection and Retest.	 Failure of any lot to conform to all 

applicable requirements of this specification shall be cause for retest. Pro-

pert.y or properties in question shall be retested on new specimens prepared 

from the same lot of liquid epoxy resin. 	 If the results of the test of the 

.7.:
second sample fail to meet the specification requirements, the entire lot 

shall be rejected. 

7- -- •-	 ,-•	 -•-------	 ' .ç?	 ?	 -	 -	 ••• -,	 -'	 •-'-•--••	 -'-•	 )-	 '- --	 .	 -	 ,-•



3.5.4.4 Teat ?lethp4. Unless otherwise specified, all examinations 
and tests shall be performed at a temperature of 750 ± 5°F with a relative 

humidity not exceeding 607.. 

3.5.4.4.1	
Visual inspection shall be performed 

to determine 
conformance with the appearance requirements of paragraph 

3.5.3.3.1.1, the IR spec tralreqUiremts of Paragraph 3.5.3.2. Visual in-

spection for appearance shall be performed by filling a small, clean, d:y 
teat tube with liquid epoxy resin and holding against a bright light. 

35.4.4.2	 Color.	
The color of.the liquid epoxy resin shall be de'-

the 
termined in 

accordance with ASTM D 1544 and the result shall conform to 

requirement of paragraph 35.3.3.l.2. 

3.5.4.4.3	
The viscosity of the liquid epoxy resin shall 

be determined in accordance with ASTM D 445 and the re8ult shall conform to 

the requirement of Paragraph 3•5.3.3.l.3. 

3•5.4.4.4	 The density of the liquid epoxy resin shall be 
determined in accordance with A.STM D 1217 and the result shall conform to 

the requirement of Paragraph 3.5.3.3.1.4. 

3.5.4.4.5	 Refractive Index.	 The refractive index of the liquid 
resin shall be determined in accordance with ASTM D 1747 and the re-

epoq 
suit shall conform to the requirements of Paragraph 3,5.3.3.1.5. 

3.5.4.4.6	
The flash point of the liquid epoxy resin 

shall be determined in accordance with ASTM D 1310 and the result shall con-

form to the requirements of Paragraph 3.5.3.1.6. 

3.5.4.4.7	
The epoxide equivalent of the liquid 

resin shall be determined in accordance with ASTM D 1652 and the re-
epoxy 
suit shall conform to the requirements of paragraph 3.5.3.3.2.1. 

3.5.4.4.8	
The average molecular weight of 

• the liquid epoxy resin 
shall be determined in accordance with Shell Chemical 

SC:60-l46R and the result shall conform to the requirements 
Company Bulletin 
of Paragraph 3.5.3.3.2.2.

-	 -	 3.5.4.4.9 ChL1YFe Structure. The chemical type structure of 

the liquid epoxy resin shall be determined in accordance with Shell Chexni-

:	
cal Company Bulletin SC:60-146R and the result shall conform to Paragraph 

3 .5.3.3.2.3.

..•.-	 ....... 



3.5.3.5 Shelf Life. The shelf life of the liquid epoxy resin shall 
be determined after storage for two months from date of manufacture, in ori-
ginal sealed containers, at a temperature of 65 ± 15°F. An alternate method 
shall be to store the liquid epoxy resin under the same time and temperature 
conditions in an opened container with an inert atmosphere. The stored ma-
terial shall be tested in accordance with Paragraphs 3.5.4.4.1, 3.5.4.4.7, 
and 3.5.4.4.9. The results shall conform to the requirements of Paragraph 

3.5.3.4.

TABLE 7 

thl,IINATION AND TESTS 

Requirement.	 Test Method 

Examination or Test
	 (Sect
	

jSection 3.5.41 

Qualification Tests: 

•	
Material 

• .	 Appearance 
Color 

• •	 Viscosity 
Density 
Refractive Index 
Flash Point 
Epoxide Equivalent 
Average Molecular Weight 
Chemical Type Structure

3.5.3.2
	

3.5.4.4.1 

3.5.3.3.1.1
	

3.5.4.4.1 

3.5.3.3.1.2
	

3.5.4.4.2 

3.5.3.3.1.3
	

3.5 .4.4. 3 

3.5.3.3.1.4
	

3. 5. 4.4 .4 

3.5.3.3.1.5
	

3.5.4.4.5 

3.5.3.3.1.6
	

3.5. 4.4. 6 

3.5.3.3.2.1
	

3. 5.4.4. 7 

3. 5. 3.3.2. 2
	

3. 5. 4.4.8 

3. 5. 3.3.2. 3
	

3. 5.4.4. 9 

•	 .	 •
Quality Conformance Tests: 

Material 
Appearance 
Epoxide Equivalent 

•	 • Chemical Type Structure

3.5.3.2
	

3.5.4.4.1 

3.5.3.3.1.1
	

3.5.4.4.1 

3.5.3.3.2.1
	

3.5.4.4.7 

3.5. 3. 3.2.3
	

3.5. 4.4. 9
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3.6.1 

3.6.1.1	 This specification covers the minimum requirements 

for tn (dimethylamino methyl) phenol intended for use as a constituent ma-

terial in the formulation of a thermal protection coating. 

3.6.2 t plicable Documents. 

3.6.2.1 The following documents form a part of this specification: 

*pi and Haas Coy: Technical Bulletin C0-25 

ican Socyfor Tesjg Materials: 

ASTM E 203 - Test for Water Using Karl Fischer Reagent 

ASTM D 941 - Density and Specific Gravity of Liquids 

*(Forcópies of technical bulletin contact Rohm and Haas Company, 
Independence Mall West, Philadelphia, Pennsylvania 19105.) 

3.6.3 Requiremep!. 

3.6.3.1	 The 2, 4, 6 tn (dimethylamino methyl) phe-



aol furnished under this specification shall be a product which has been 
tested and has passed the qualification tests specified. 

3.6.3.2 The 2, 4, 6 tn (dimethylamino methyl) phenol fur-

nished under this bpecification shall produce the infrared (IR) spectral con-

figuration as indicated in Figure 4, Page 29. 

3.6.33 !perties. 

3.6.3.3.1	 Phys ic	 op!rtieS. 

3.6.3.3.1.1 Appeara. The appearance of the 2, 4, 6 tn (dimethyl-
amino methyl) phenol shall be a clear amber liquid, free of phase separation 

and suspended particles. 

3.6.3.3.1.2 Density. The density of tn (dimethylaxnino methyl) phe-

aol shall be 0.973 g/cc when tested. 

3.6.3.3.1.3	 1ash Point. The flash point of tn (dimethylamino me-

•	 thyl) phenol shall be not less than 315°F when tested.
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FIGURE 4 

INFRARED (IR) S PECTRAL CONFIGURATION 

FOR TRI (DIMETHYLA}IINO METHYL) PHEMOL



3.6.3.3.2	 Chemical Properties. 

3.6.3.3.2.1	 later Conten. The water content of the tn (dimethyl 
amino methyl) phenol shall be 0.067. by weight maximum, when tested. 

3.6.4	 uaiy Assurance Provisions. 

3.6.4.1	 nsibilitL for Ipecti. Unless otherwise spaci' 

fled in the contract, the supplier is responsible for the performance of 
all the inspection requirements as specified herein. The supplier may 
utilize his own facility or any comnmarcial laboratory acceptable to ARC. 
The procuring activity, or its representative, reserves the right to 
perform any or .all of the inspections set forth in the specification where 
such inspections are deemed necessary to ensure that supplies and services 
conform to prescribed requirmnent8. 

3.6.4.2 c1assiflcAto of Examination and. Tests. The examination 
and testing of the tn (dimethylamino methyl) phenol solution shall be 
claaifid as follows: 

• a. Qualification Teats. Qualification tests shall be performed
on samples submitted for approval as qualified products. 

b. Quality Conformance Tests. Quality conformance tests shall 
be performed on individual lots of products submitted for 
acceptance. 

Qualification and quality conformance tests are listed in Table 6, Page 31. 

3.6.4.3	 p1jg.. 

3.6.4.3.1	 lification Samp],. The qualification sample shall con-

sist of oufficient material to perform all of the qualification tests spe-
cified herein. A test report from the supplier shall accompany required 
samples of each product for which qualification is desired. The report shall 
show the product.test results for all requirements of this specification and 
shall refer specifically to the applicable paragraphs in this specification. 

• 3.6.4.3.2 ççformaçe Sample. The quality conformance sample 
shall be selected at random from each lot of material to be supplied to ARC 
and shall consist of sufficient material to perform the quality conformance 
teats required for acceptance. The sample shall be labeled completely with 
information identifying the purpose of the sample, name of product, specif i 
cation nimiber, lot number, date of sampling, and contract number. 

3.6,4.3.2.1 lota.nj\. All material manufactured as one batch 
shall be considered a lot and shall be numbered as such for purposes of in-
spection.
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3.6.4.3.3 Rejection and Retest. Failure of any lot to conform to all 

applicable requirements of this specification shall be cause for retest. Pro-

pèrty or properties in question shall be retested on new specimens prepared 
from the same lot of tnaterial. If results of test of second sample fail to 

meet specification requirements, the entire lot shall be rejected. 

3.6.4.4 Test Metho1. Unless otherwise specified, all examinations 

and tests shall be performed at a temperature of 750 ± 5°F, with a relative 

humidity not exceeding 607g. 

3.6.4.4.1 Visual Inspection. Visual inspection shall be performed to 

determine conformance with appearance requirements of Paragraph 3.6.3.3.1.1, 

and the IR spectral requirements of Paragraph 3.6.3.2. Visual inspection for 

appearance shall be performed by filling a small, clean, dry test tube with 

tn (dimethylaminO methyl) phenol and holding it against abright light. 

3.6.4.4.2 Density. The density of the material shall be determined 

in accordance with ASTM D 941 and the result shall conform to the require-

ment of Paragraph 3.6.3.3.1.2. 

3.6.4.4.3 Flash Point. The flash point of the material shall be de-

termined in accordance with ASTM D 56 and the results shall conform to the 

requirement of Paragraph 3.6.3.3.1.3. 

3.6.4.4.4 Water Content. The water content of the material shall be 

determined in accordance with ASTN E 203 and the result shall conform to the 

requirement of Paragraph 3.6.3.3.2.1. 

TABLE 8 

EXAMINATION AND TESTS - 

Requirement Test Method 

Examination or Test Section 3.6.3) jSection 3.6.4) 

Qualification Tests: 

Material 3.6.3.2 3.6.4.4.1 

Appearance 3.6.3.3.1.1 3.6.4.4.1 

Density 3.6.3.3.1.2 3.6.4.4.2 

Flash Point 3.6.3.3.1.3 3.6.4.4.3 

Water Content 3.6.3.3.2.1 3.6.4.4.4 

Quality Conformance Tests: 

Material 3.6.3.2 3.6.4.4.1 

Appearance 3 6 3 3 1 1 3 6 4 4 1 

Water Content 3.6.3.3.2.1 3.6.4.4.4 

w- '-:.-



Code PB1-2B 
Code PB1-2C

Hitco Materials Division 
Hitco Materials Division 

3.7 Refrasil Fibers. 

3.7.1 

3.7.1.1	 This specification covers the minimum requirements 

for Refrati1 fibers intended for use as a constituent material in the form-

ulation of a thermal protection coating. 

3.7.2	 pp1icab1e Documt!.. 

3.7.2.1 The following docuinentSfOrTfl a part of this specification: 

Product Bulletin 

3.7.3	 RequirementS. 

3.7.3.1	 gualificationS.	
The Refrasil fibers furnished under this 

specification shall be a product which has been tested and has passed the 

qualification tests specified herein.	
No other (substitude fibers) shall be 

accepted. 

3.7.3.2	 PropertieS. 

3.7.3.2.1	 ysica1 Properties. 

3.7.3.2.1.1	 ppearapc.	 The appearance of the Refrasil fiber shall 

be a white, free flowing solid ranging from 0.003 to 0.03 inches in length 

and 0.0004 to 0.00005 inches in diameter.	 The fiber length distribution 

shall be approximately 10°!. each at the extremes of 0.003 and 0.03 inch 
lengths with 807. having a nominal length of 0.01 inches. 

3.7.4	 jtialitY Assurance Provisions. 

3.7.4.1	 ResponsibilitY for Inspection.	
Unless otherwise specified 

in the contract, the supplier is responsible for the performance of all the 

inspection requirements as specified herein.	 The supplier may utilize his 

own facility or any con!nercial laboratory acceptable to ARC.	 The procuring 

activity, or its designated representative, reserves the right to perform any 
or all of the inspections set forth in the specification where such inspec-

tions are deemed necessary to ensure that supplies and services conform to 

prescribed requirements.
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-	 3.7.4.2 Classification of Examination and Tests. The examination

and testing of Refrasil fibers shall be classified as follows: 

Ia. Qualification Tests. Qualification tests shall be performed 

on samples submitted for approval as qualified products. 

b. Quality Conformance Tests. Quality conformance tests shall 

be performed o'n individual lots of products submitted for 

acceptance. 

Qualification and quality conformance tests are listed in Table 9, Page 34. 

3.7.4.3	 Sampling. 

3.7.4.3.1	 1.ification Sample.	 The qualification sample shall con-

sist of sufficient material to perform all of the qualification tests speci-

fied herein.	 A test report from the supplier shall accompany required sam-

ples of each product for which qualification is desired.	 The report shall 

show the product test results for all requirements of this specification and 

shall refer specifically to the applicable paragraphs in this specification. 

3.7.4.3.2	 Quality Conformance Sample. 	 The quality conformance sam-

ple shall be selected at random from each 1t of material to be supplied to 

ARC and shall consiSt of sufficient material to perform the quality confor-

mance tests required for acceptance. 	 The sample shall be labeled completely 

with information identifying the purpose of the sample, name of product, spe-

cification number, date of sampling, and. contract number. 

3.7.4.3.2.1	 Lot and Batch.	 All Refrasil fibers manufactured as one 

batch shall be considered a lot and shall be numbered as such for purposes 

of inspection. 

37 • 4 • 3.3	 Rejection and Retest.	 Failure of any lot to conform to 

• all applicable requirements of this specification shall be cause for retest. 

Property or properties in question shall be retested on new specimens pre-

pared from the same lot of refrasil fibers.	 If the results of test of the 

• second sample fail to meet the specification requirements, the entire lot 

shall be rejected.

3.7.4.4 Test Methods. Unless otherwise specified, all examinations 

-	 and tests shall be performed at a temperature of 75 ± 5°F with a relative 

-• humidity not exceeding 607.. 

.. 3.7.4.4.1 Visual Inspection. Visual inspection shall be performed 

with the aid of a microscope to determine conformance with the appearance 

requirements of Paragraph 3.7.3.2.1.1. 

•	 •	 ;•••••	 - 



TABLE 9

EXAMINATION ANI) TESTS

Test Method
jt	 7k). 

3. 7. 4.4.1 

3•7.44.1 

3.74,4.1 

Requirement 
SectiZ3 

Appearance	 3.7.3.2.1.1 

Color	 3.7.3.2.1.1 

Sire	 3.7.3.2.1.1
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PRELIZIINARY PROCESS AN]) APPLICATION SPECIFICATION 

For 

313 TH.ERNAL PROTECTION COATING 

1.0 SCOPE 

This apecification covers the basic techniques of production and applica-
tion a well as the minimum requirements for a thermal protection coating. 

2.0 CLASSIFICATION 

The thermal protection coating covered by this specification shall be clas-

sified as follows:
313 

3.0 APPLICABLE DOCUbS 

- S	 The following documents form a part of this specification: 

•	 Mi1ita 

-

	

	 NILT-5624 - Turbine Fuel, Aviation, Grades JP4 and JP5 

MIL-A-5625 - Anodic Coatings for Aluminum and Aluminum Alloys 
MIL-C-5541 - Chemicals, Films, and Chemical Pu Materials for Alu-

minum and Aluminum Alloys 

Federal 

TT-P-666B - Primer Coating, Zinc Yellow, for Aluminum and Magne-

sium Surfaces 
TT-P-664b - Primer Coating, Synthetic, Rust-Inhibiting, Lacquer-

Resisting 
TT-P-86e - Type 3 Paint, Red Lead Base, Ready Mixed 

American Society for Testing and Materials 

-;	
ASTM D 2370 - Elongation and Tensile Strength of Free Films of Paint, 

Varnish, Lacquer and Related Products, with a Tensile-
•	 Testing Apparatus 

(Application for copies should be addressed to the American Society 
for Testing and Materials, 1916 Race St., Philadelphia, Pa. 19103.) 

Other	 S	 - 

-

	

	

Preliminary Material Specification for 313 Thermal Protection Coating 

Taber Abraser Model 503 Instruction Manual



4.0 REQUIREMENTS 

4.1 Qualification. The thermal protection coating furnished under this 

specification shall be a product which has been tested and has passed the quali-

fication tests specified herein. 

4.2 Material. The thermal protection coating furnished under this spe-

cification shall conform to and shall be prepared using materials in accordance 

with the following formulation: 

Material	 Parts by Weigh, 

Part A. 

Polysulfide Liquid 

Polymer, LF-3.	 10.7 

Aimronium Salt of 

4-nitroaniline-	 43.3

2 sulfonic acid. 

Methyl Ethyl Ketone.	 22.0 

Refrasil Fibers.	 - 5.5 

Part B. 

Epoxy Resin, Liquid.	 10.7 

Toluene.	 3.6 

Part C. 

Tn (dimethylamino	
2 1

methyl) phenol. 

Toluene.	 2.1 

4.3	 Properties. -	 - 

4.3.1	 Physical Properties.



	

4.3.1.1	 pp_earance. The appearance of the thermal protection coating 

shall be a yellow, hard, integral film when examined as specified. 

4.3.1.2 Ten8i1eSig kj. The tensile strength of the thermal protec-

tion coating shall be 1800 ± 200 psi when tested as specified. 

	

4.3.1.3	 enity. The density of the thermal protection coating shall 

be 1050 ± 0.05 g/cc when tested as specified. 

	

4.3.1.4	 and Temperature of Intumescence. The char yield of 

4

	

	 the thermal protection coating at 1112°F shall be 46 ± 3 percent, and the tem-



perature of intumeacence shall be 545° ± 27°F, when tested as specified. 

4.3.1.5 Abrasion Resistance. The abrasion resistance of the thermal 

protection coating shall be 100 ± 20 milligram weight loss/i000 cycles on the 
Taber Abraser when tested as specified. 

4.3.1.6 Flexibility. The flexibility of the thermal protection coating 

shall be 1.3 ± 0.1 foot-pounds when tested as specified. 

4.3.1.7 Linear Expansion tlntumescencel. The linear expansion of the 

thermal protection coating conditioned at 73.5° ± 3.5°F and 50 ± 57. R.H. for 
aeven days shall be a minimum of sixty times the original c9ating thickness 
when tested as specified. The linear expansion of the thermal protection coat 

.ing conditioned for seven days to a warm-humid atmosphere of 1000 ± 3.5°F and 

90 ± 27. R.H. shall be a minimum of sixty times the original coating thickness 
when tested as specified. 

4.3.1.8 Thermal Efficiex. The thermal efficiency of the thermal pro-
tection coating shall be a minimum of 95 seconds at 0.030 + 0.002 inches coating 

thickneas to reach a backface temperature of 400 0? when tested as specified. 

5.0 DISPSI0N EQUIPMENT 

Machine Mixing. A Kady Mill or equivalent kinetic dispersion unit. 

6.0 KEXING PROCEDURE 

- Fiber Preparation. Place 1/16" Refrasil fibers in an oven for 24 hours. 

Renxve fibers from the oven and allow to cool to ambient temperature. Add the 

fibers to a haimner mill, using an 0.050 mesh screen.



-	 6.0 MIXING PROCEDURE (Continued) 

Machine Mixing: Add ingredients of Paragraph 4.2, Part A to the jacketed 

mixing vessel of the Kady Mill. Mix the components in a water cooled mixing 

vessel in the Kady Mill for 20 minutes. Sample the dispersion until a Hegeman 

reading of 1+ is obtained. Strain the dispersion through a theese cloth filter, 

test for 7. non-volatiles, and add the requisite methyl ethyl ketone for proper 

solvent balance. Return the dispersion to the Kady Mill, add the fibers slowly, 

and disperse for an additional 2 to 3 minutes. Drain the contents of the Kady 

Mill dispersion into an appropriate mixing vessel. Next, add the proportional 

amount of the solution of Paragraph 4.2, Part B, using mechanical agitation to 

ensure thorough mixing. Finally, add proportional amount of the solution of 

Paragraph 4.2, Part C, as the"activator portion, using mechanical agitation 

again to ensure thorough mixing. The blended components are now prepared for 

application with a working pot life of 4 hours. The Morehouse Mill may be sub-

stituted for the Kady Mill for initial grinding of Part A before fiber addition. 

The following technique shall be adhered to if the Morehouse Mill is used: one 

pass at a 3-mil stone separation followed by two passes at a l-mil stone sepa-

ration. Fiber addition shall be completed only after the dispersion has been 

adjusted with methyl ethyl ketone and transferred to the Kady Mill as described 

earlier in the paragraph. 

7.0 WET COATING REQUIRDNTS 

7.1 Qualifications. The wet coating furnished under this specification 

shall be a product which has been tested and has passed the qualification tests 

specified herein. 

7.2 Part A, 313 Thermal Protection Coating. 

7.2.1 Viscosity. The viscosity of Part A of the 313 thermal protection 

coating before fiber addition shall be 600 - 1200 eps and after fiber addition 

shall be 2500 - 3200 cps when tested as specified. 

7.2.2	 jht Per Gallon. The weight per gallon of Part A of the 313 

thermal protection coating shall be 10.7 ± .1 pounds/gallon when tested as spe-

cified. 

7.2.3 Non Volatiles %. The non-volatiles of Part A of the 313 thermal 

protection coating shall be 74 ± 1 when tested as specified. 

7.2.4 Weight 7. ?olysülfide. Weight 7. LP-3 polysulfide extracted from 

Part A shall be 13 ± 1 gm when tested as specified.
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	 7.2.5	 ht 7 Solids. The coubined weight 7. anonium-p-nitroaniltheo 

sulfonate and Refrasil filtered from Part A shall be 60 ± 3 gins when teated as 

specified. 

	

7;2.6	 Weig. The equivalent weight of the sample from 7.2.5 

shall be 235 ± 12 based upon an adjustment for a theoretical value of 88.87 aiamo-

•	 niuxn salt and 1l.2%.fibers when examined as specified. 

- 7.2.7 Test for Intumescence. A sample from 7.2.5 shall intumesce when 

tested-as specif-ied. 

7.3 Part B. 313 Thermal'Protection Coatiig. 

7.3.1 Viscosity. The viscosity of Part B of the thermal protection coat-

ing shall be 80	 100 cps when tested as specified. 

	

7.3.2	 ht Per Gallon. The weight per gallon of Part B of the thermal 

protection coating shall be 8.9 ± .1 pounds/gallon when tested as specified. 

7.4 Part C. 313 Thermal Protection CoatinA. 

7.4.1 Viscosiy.. The viscosity of Part C of the thermal protection coat-

ing shall be 10 - 15 cps when tested as specified. 

	

7.4.2	 gbt Per G!], The weight per gallon of Part C of Thermal Pro-

tection Coating shall be 7.6 ± .1 pounds/gallon' when tested-as specified. 

8.0 QUALITY ASSURANCE PROVISIONS 

8.1 Responsibility for Inspection. Unless otherwise specified in the con-

tract or the purchase order, the supplier is responsible for the performance of 

• all the inspection requirements as specified herein. The supplier may utilize his 

own facility or any coninercial laboratory acceptable to ARC. The processing acti-

• vity, or its designated'representative, reserves the right -to perform any or all 

of the inspections set forth in the specification where such inspections are 

deemed necessary to ensure that supplies and services conform to the prescribed 

requirements.
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82 Classification of Examinations and Te. All of the examinations 

and testing of the thermal protection coating shall be classified as qualifica-

tion tests. Qualification tests shall be performed on samples submitted for 

approval as qualified products and shall be performed on individual lots of 

products submitted for acceptance. The qualification tests are. listed in Table 

1, Page 9. A certified test report from the supplier shall accompany each pro-

duct submitted for approval and each lot of thermal protection coating submit-
ted for acceptance. 

8.3 Sampling. The material preparation shall conform to the require-

ments of Paragraph 4.2 herein. A test report from the supplier shall accompany 

each sample to be tested, and shall show the composition number and the rest re-

suits for all requirements of th.is specification and shall refer specifically to 

the applicable paragraphs herein. All the thermal protection coating manufac-

tured and formulated as one batch shall be considered a lot and shall be num-

bered as such for purposes of inspection. 

8.3.1 Rejection and Retest. Failure of any lot to conform to all appli -
cable requirements of this specification shall be cause for retest. Property or 

properties in question shall he retested on new specimens prepared from the same 

lot of thermal protection coating. If the results of test of the second sample 

fail to meet the specification requirements, the entire lot shall be rejected. 

8.4 Part A, 313 Thermal Protection Coanp. 

8.4.1	 Viscosity. Use a Model RVT Brookfield Viscometer with #2 spindle 

at 10 RPM or a Model LVT Brookfield Visciinet.er with #2 spindle at 12 RPM nd a 
temperature of 680F. The result shall conform to Paragraph 7.2.1. However, 
viscosity measurements have been made on only a limited number of samples and 

acceptable ranges relative to application have yet to be determined. See report 
attached. 

8.4.2	 Weiht Per Gallon. The test method shall be as described in Fed-
eral Test Methods Standard #141A, Method 4184.1. The result shall conform to 
Paragraph 7.2.2. 

8.4.3 Non Volatiles 7.. The test method shall follow ASTM D 1644, with 

the following modification. The heating schedule shall be 194°F at 10 inches 

mercury for 30 minutes followed by 194°F at 30 inches mercury for 1 hour. The 
result shall conform to Paragraph 7.2.3. 

1

	

	 8.4.4 Weight 7. Polysulfide. After careful stirring, weigh out a 100 gm 
sample of Part A and mix in approximately 100 ml toluene. Separate the slurry 

by suction filtration and wash the solids with 2 additional portions (100 nil) of
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8.4.4 We ight 7 Polysulfide. (Continued) 

toluene. Collect the filtrate and evaporate the solvent in a tared flask using 

a rotary evaporator with gentle heating. Calculate the residue as % polysulfide. 

Theory l3..l gins. 

8.4.5	 1'/ Solids.	 Dry the solids collected from 8.4.4 on a tared 
filter paper to constant weight at 167°F in a circulating oven. Theory 60.0 gins. 

combined salt-Refrasil. 

8.4.6	 Equivalent Wei1. Weigh out 3.0 gms solids from 8.4.5 and adjust 

to theoretical weight of ammonium 8alt (x 0.88).	 Adjusted weight is 2.65 gms. 

Suspend the material in 100 ml of 507 by volume aqueous methanol and titrate with 

1.0 NaOH using a recording electrometric titrator. From the volume of the ti-

trant to reach end point, calculate the equivalent weight. The result shall con-

form to Paragraph 7.2.6. 

8.4.7	 Linear Expansion (Intumescence). 	 Place a dry sample from 8.4.5 

into an oven at 660°F. Material shall exhibit linear expansion. 

8.5	 Part B, 313 Thermal Protection Coating. 

8.5.1	 Viscosity.. Use a Model RVT Brookfield Viscometer with #2 spindle 

-at 50 RPM and a temperature of 68°F. The result shall conform to Paragraph 

7.3.1. 

• •4'4

	

	 8.5.2 Weight Per Gallon. The test method shall conform to Paragraph 

8.4.2 and the result to Paragraph 7.3.2. 

8.6 Part C. 313 Thermal Protection Coating. 

8..1 Viscosity. Use a Model RVT Brookfield Viscometer with #2 spin-

dle at 100 RPM and a temperature of 68°F. The result shall conform to Paragraph 

7.4.1.

8.6.2	 Weight Per Gallon. The test method shall conform to. Paragraph 

8.4.2 and the result to Paragraph 7.4.2.
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TABLE 1 

WET COATING REQUIENJ$ 

Part A Requirement 

Viscosity 7.2.1 

Weight Per Gallon 7.2.2 
7o Non Volatiles 7.2.3 
70 Polysulfide 7.2.4 
% Solids 7.2.5 

Equivalent Weight 7.2.6 
Intumescence 7.2.7

Test Method 

8.4.1 
8.4.2 

8.4.3 
8.4.4 
8.4.5 
8.4.6 
8.4.7 

Part B 

Viscosity 
Weight Per Gallon 

Part C 

Viscosity 
Weight Per Gallon 

w e

7.3.1 
7.3.2 

7.4.1 
7.4.2

8.5.1 
8.5.2 

8.6.1 
8.6.2 



9.0 APPLICATION PROCEDURE 

Substrate Preparations. 

Cold Rolled Steel. Follow standard good painting procedures. Be 

sure all surfaces are dry and clean. Remove loose dust, paint, grease, and oil 

residue from untreated surface. If sand-blasted, use Crystal Amber No. 3, sand, 

fresh water washed stock #5350-543-4398, and 80 - 100 psi air pressure. No scale 
should be present on the surface. Final treatment utilizes a methyl ethyl ketone 

wash followed by rinsing with Freon TF degreaser (Miller-Stephefll3Ofl 180 or equi-

valent). Surfaces are allowed to air-dryand, if necessary, they may be treated 

with corrooion resistant zinc chromate primer meeting Federal Specification 

TT-P-664b or Red Lead Primer l3-k-5l from Mobile Chemical Company, conforming to 

.Federal Specification TT-P-86e, Type 3. 

Aluminum. Follow standard good painting procedures. Treat surface 

of aluminum by scrubbing with scouring powder and water. Flush liberally with 

water and observe for water break-free surface. If surface is not water break-
free, repeat scrubbing and flushing procedure. When water break-free surface is 

obtained, flush surface with trichloro-ethylene and allow surface to air dry. 

Handle cleaned surface with care. Avoid contact with dust, oils, and grease. If 

corrosion resistant primer is desired, use zinc chromate primer conforming to Fe-

deral SpecificationTTP666B. If anodizing of aluminum is. required., the treat-

ment shall conform to MIL-A-8625. For an alodine treated surface, the aluminum 

-shall conform to MIL-C-5541. 

Glass. Follow standard good painting procedures. Glass is cleaned 

by first wiping the surface with methyl ethyl ketone, followed by a rinse with 

Freon TF degreaser (Miller-Stephenson 180 or equivalent). 

Spray Method. 

Spray apply the 313 Thermal Protection Coating prepared from Paragraph 6.0 

with a Devilbiss #MBC-546 equipped with a fluid nozzle #AV632-D and aircap #MB-

4039-69. Spray coating using 19.5 CFM with pot pressure of 4 - 6 psi and line 

pressure of 45 psi. The gun is held level at all times between 6 - 8 inches 

away from the panels, with no fanning motion permitted. Avoid spraying closer 

than 6 inches or material will run, giving an uneven coating. If the gun is 

held too far away, dry spraying occurs, causing a mottled appearance with con-

comitantly poor coating adherence to the substrate. Each pass will give a thick-

ness of approximately 0.005 inches. Allow the solvent to evaporate in between 

each pass to prevent sagging or floating before applying subsequent coating. In 
general, the thicker the coating, the longer drying period required between pas-

ses. The coating shall air-dry at ambient conditions for 72 hours minimum before



Spray Method. (Continued) 

proceeding with quality assurance provisions. Note: there is one exception, in 

that the tensile specimens are peeled from the glass substrate after 18 hours 

and before 24 hours after spraying. Air-drying for a total of 72 hours will then 

continue. 

10.0 QUALITY ASSURANCE PROVISIONS 

10.1	 Responsibility for Inspection. Unless otherwise specified in the 

contract or the purchase order, the supplier is responsible for the performance 

of all the inspection requirement' as specified herein. The supplier may uti-

lize his own facility or any commercial laboratory acceptable to ARC. 	 The pro-

cessing activity, or its designated representative, reserves the right to perform 

any or all of the inspections set forth in the specification where such inspec-

tions are deemed necessary to ensure that supplies and services conform to pre-

scribed requirements. 

10.2	 Classification of Examinations and Tests. All of the examinations 

and testing of the thermal protection coating shall be classified as qualifica-

tion tests. Qualification tests shall be performed on samples submitted for 

approval as qualified products and shall be performed on individual lots of pro-

ducts submitted for acceptance. The qualification tests are listed in Table 2, 

Page 14. A certified test report from tIi supplier shall accompany each product 

submitted for approval and each lot of thermal protection coating submitted for 

•	 acceptance. 

10.3	 Sampling. Samples for product qualification or for qualified lot 

acceptance shall be as specified in Paragraph 10.3.2. The material preparation 

shall conform to the requirements of Paragraph 4.2 herein. A test report from 

the supplier shall accompany each sample to be tested, and shall show the compo-

sition number and the test results for all requirements of this specficiation 

and shah refer specifically to the applicable paragraphs herein. All the thermal 

protection coating manufactured and formulated as one batch shall be considered a 

lot, and shall be numbered as such for purposes of inspection. 

1	 10.3.1	 Rejection and Retest. Failure of any lot to conform to all appli-

I cable requirements of this specification shall be cause for retest. Property or 

properties in question shall be retested on new specimens prepared from the same 

lot of thermal protection coating. If the results of tests of the second sample 

fail to meet the specification requirements, the entire lot shall be rejected. I	 10.3.2	 Specimens. All samples to be tested shall be coated ith the ther-mal protection coating at a minimum dry film thickness of 0.020" on cold rolled 

steel panels or as free films.



	

1	 10.3.2.1 Size and Number of Specimens. The size and number of specimens 

	

I	 for conformance to each requirement is indicated in Table 3, Page 15. 

10.3.3 Test Methods. Unless otherwise specified, all examinations and - 

tests shall be performed with a thermal protection coating conditioned for a mm-

iimim of seven days, or 170 hours, at a temperature of 73.5 ± 3.5°F and a R,H. of 

of 50 ± 570. 

10.3.3.1 Visual Inspection. Visual inspection shall be performed to de-

termine the appearance requirements of Paragraph 4.3.1.1 and Paragraph 4.2. 

10.3.3.2 Tensile Strer,gtl. The tensile strength of the thermal protec-

tion coating shall be determined in accordance with ASTM D 2370, except that the 

coating will be sprayed on 6" X 6" glass plates. Preparation of the panels shall 

be as follows: Wash the surface with methyl ethyl ketone and apply four average 

coats of a fluorocarbon release agent (Mi.11er-Stephenson 122 or equivalent). Note: 

Peel the coating free of the glass substrate within 18-24 hours and cut specimens 

for tensile testing at that time. 

10.3.3.3 Density. The density of the thermal protection coating shall be 

determined according to the following procedure and the results shall conform to 

Paragraph 4.3.1.3. 

•	 Procedure: Material remaining from Paragraph 10.3.3.2 shall be used 

•	 to determine the coating density. The volume of coating is measured by air pyc-

	

• •,	 nometer and then the weight is determined from an analytical balance. The den-

sity of the coating in gm/cc is reported. 

103.3.4 Temperature of Intumescence and Char Yielil. The temperature of 

intuxnescence and char S yield of the thermal protection coating shall be determined 

according to the following procedure and the results shall conform to Paragraph 

4.3.1.4.

Procedur: Using a thermogravimetric analysis (TCA) apparatus, record 

the weight loss versus temperature for the coating at a heating rate of 5°F/min-

ute in a nitrogen atmosphere to 1200°F. Report the char yield (xc) as the percent 

weight fraction remaining at 1112°F, and the temperature of intumescence as the 

range where the weight loss is greatest.	 • 

10.3.3.5 Abrasion Resistance. The abrasion resistance of the thermal pro-

tection coating shall be determined according to Taber Abraser Weight Loss Method 

and the results shall conform to Paragraph 4.3.1.5. 

	

1	
•.• 10.3.3.6	 Flexibility. The flexibility of the thermal protection coating 

I	 shall be deternined according to the following procedure and the results shall 

conform to Paragraph 4.3.1.6.

•



Procedure: Using a Gardner Impact Test, a round nosed, two pound 
impact rod is allowed to fall a calibrated distance (measured in feet) upon the 
coated side of the specimen panel. The foot-pounds of energy is increased un-
til coating adhesion failure occurs. The greatest energy tolerable is reported 
in foot-pounds. 

10.3.3.7 Linear Expansion (Intumescence. The linear expansion of the 
thermal protection coating shall be determined according to the following pro-
cedure and the results shall conform to Paragraph 4.3.1.7. 

Procedure: The edges of the test specimen as well as a 1/8 inch 
perimeter overlap of the coating and the exposed cold rolled steel substrate 
shall be brushed with a red lead primer meeting Federal Specification TT-P.86e, 
Type 3, to minimize corrosion of the uncoated edges. Two of the four specimens 
are further conditioned for seven days at 100 ± 3.5°F and 90 ± 27. R.H. The coat-
ing specimens are placed coating side up in an oven preheated to 660°F and allowed 
to remain for 30 minutes. Gases should be vented from the oven. Remove after 30 
minute period, allow to cool, then calculate the linear expansion: 

Linear Expansion = Tf - Ti 
Ti 

where Tf = Average thickness of coating 
after intumescence, inches 

Ti	 Initial coating thickrtess, inches 

10.3.3.8	 Thermal Efficiency. Thermal efficiency of the thermal protec-
tion coating shall be determined according to the following procedure and the 
results shall conform to Paragraph 4.3.1.8. 

Procedure: This test, to be performed at ARC, exposes the coating to 
a fire environment .ihere a total flux of 10 BTU/Ft 2-sec is 907. radiative in a 
slightly fuel rich condition. Aviation fuel (JP-4) is used to fire the unit. The 
specimens are prepared on special 3" X 3" X 1/16" cold rolled steel substrates. 
That is, a 1" diameter hole in the center of the panel has a 15/16" diameter 1/16" 
thick cold rolled steel disc cemented in place with epoxy novolac. This provides 
a higher thermal resistance to reduce thermal conductance effects from the edges 
of the specimen panel. The coated panel thickness is measured and recorded and 
the panel preconditioned to Paragraph 10.3.3 or other special environments and 
when ready to test is inserted in a transite mask or holder which allows the panel 
to rest on about 1/16" to 1/8" of the edges of the coated surface. At time, t0, 
the masked panel is placed over the fire box and a thermocouple in contact with 
the back of the panel records the temperature rise of the center disc in the panel. 
The flux is uniform over the entire panel and the center disc is about 8-107. of 
the exposed area and is representative of a larger, semi-infinite panel. From the 
time-temperature histor y thus obtaied, and the thickness in mils of coating tes-
ted, one reports the time in seconds tc reach a given temperature and the mu 
thickness coating. Since the flame environment, is a more severe test of the coat-
ings, the iritumescent thickness is also reportcd after this test.
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TkBL2 

2UALIFICAI0NThSTS 

Examination or Test Reguiretnent Test Method 

Material 4.2 10.3.3.1 

•	 Appearance •	 4.3.1.1 10.3.3.1 

Tefl8ile Strength 4.3.1.2 10.3.3.2 

Density 4.3.1.3 10.3.3.3 

Temperature of Intumes-
4 3	 . 4 10 3 3 4 

cense and Char Yield 

Abrasion Resistance 4.3.1.5 10.3.3.5 

Flexibility 4.3.1.6 10.3.3.6 

Linear Expansion 4.3.1.7	 • 10.3.3.7 

Thermal Efficiency 4.3.1.8 10.3.3.8



,	 :'. .1-i

TABLE 3 

TEST SPECI1IENS 

- Substrate Size, Number of Test 

Test Inches Specimens Requirement Method 

Appearance 3 X 3 X 1/16 CRS 1 4.3.1.1 10.3.3.1 

Tensile Strength 6 X 6 free films 2 4.3.1.2 10.3.3.2 

Density Use above - 4.3.1.3 10.3.3.3 

Tcmperatuie of Intumes-
Use above - 4 3 1 4 10 3 3 4 

cence and Char Yield

4 1/8 X 1/16 disc 

• •rasion Resistance CR5 with 1/4 hole 6 4.3.1.5 10.3.3.5 

in center 

Flexibility Use above - 4.3.1.6 10.3.3.6 

Linear Expansion 3 X 3 X 1/16 CR5 4 4.3.1.7 10.3.3.7 

3X3X 1/16 CR5 

Thermal Efficiency with center disc 2 4.3.1.8 10.3.3.

(See 10.3.3.8) 
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