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FORMULATION AND PRODUCTION OF
INTUMESCENT COATING SYSTEMS

By Jack Hoffman and Harry R, Schwartz
Hughes Aircraft Co.

I SUMMARY

The purpose of this program was to develop manufacturing methods and
produce substantial quantities of fire protective intumescent coatings based
on NASA-Ames formulas 45B3 and 313, Individual batches as large as 114
liters (30 gal) were manufactured at the facilities of Furane Plastics, Inc.

The coatings consist of three reactive parts mixed together at the time
of use. Part A is a mixture of polysulfide resin, intumescent salt and MEK;
Part B is composed of epoxy resin and toluene; and Part C contains the curing
agent tri(dimethylamino methyl)phenol in toluene. Formulas 45B3 and 313
are the same except for addition of Refrasil fibers to the 313 material.

A source of high quality intumescent salt (i.e., the ammonium salt of
4 -nitroaniline-2-sulfonic acid) which met the requirements of NASA Specifica-
tion A-16839(E) Rev, 1. was found at Allied Chemical Corporation. Three
“hundred sixty two kg (800 1b) of salt was procured at $11.00/kg ($5. 00/1b)
which was 1/4 the cost of previously available material.

Three production methods were investigated for making Part A (i.e.,
polysulfide resin, salt, MEK mixture) of the intumescent coatings in lots of
up to 114 liters (30 gal). These were: Koruma milling (i.e., a high speed
stone mill), Stud-milling the salt (i.e., an impact type dry particle reducer
followed by Ystral mixing (i.e., a propeller-in-funnel type disperser), and
ball-milling, Of the three methods, ball milling gave the best control of par-
ticle size reduction, thixotropy and elimination of air or moisture entrainment,
By holding back a portion of the solvent (for rinsing the mill) and grinding for
only 2-1/2 hours, yields of 93 percent were obtained. Thus, ball-milling is
considered to be a suitable and an economical method of manufacture.

Thermal performance of coatings produced by Ystral mixing Part A was
not as good as that produced by ball milling. Coatings produced from ball-milled
Part A all met the 78.8 sec/mm (2.0 sec/mil) thermal efficiency requirement.

Part A material was found to react with tin coated steel containers to form

a black déposit of presumably tin and/or iron sulfide.” A baked résin coating on .

the-interior of the-tinned steel containers was only partially effective.in inhibi-.
ting the black deposit formation, and Part A was subsequently packaged in glass
jars.

Gelation of Part A packaged in cans with a large air ullage was observed in
less than 6 weeks after manufacture. Partial polymerization of Part A during
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storage was suspected as the cause of the poor thermal performance of the
first batch, To avoid this problem, subsequent production batches were pack-
aged in containers approximately 90 percent full with the ullage swept out by
dry nitrogen.

Several batches of a new NASA formulation, ""Flexible Thermal Protection
Coating', were produced, and a number of sheets of this material prepared by
spraying multiple coats. The sheets were 9.45 X 9,45 cm (24 X 24 .in.) with a
minimum thickness of 81 mm (32 mils). In two of the sheets a 0.18 mm (7 mil)
layer of MIL-Y ~-1140 glass veil mat was imbedded in the sheet during

manufacture.

A number of plywood panels were coated with 45B3 Thermal Protection
Coating and one 4,4 cm (1-1/2 in.) diameter by 38.1 cm (15 in.) long fuel hose
was coated with Flexible Thermal Protection Coating.
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II INTRODUCTION

Intumescent coatings, i.e., coatings which expand when heated, have been
used as protective coverings for flammable materials and to reduce fire damage
to non-flammable materials. On heating, the coating expands to many times its
original thickness. Improved thetrmal insulation is provided by the formation
of a closed cell porous structure f{illed with low thermal conductivity gases,

Major advances in the field were made by Parker, Riccitiello, Sawko and
Fohlen in work conducted at NASA Ames Research Center, Moffett Field,
California. In their research, an improved intumescent agent, the ammonium
salt of 4-nitroaniline-2-sulfonic acid, was developed. Intumescent coatings
formulated with this salt by Riccitiello and Sawko have been éxtremely effective
in preventing the spread of fires, even in relatively thin films of 1.52 mm
(60 mils)., These coatings have a wide variety of potential military and com-
mercial applications typical of which are paints to protect ordnance (e. g.,
bombs and missiles), firewalls on ships, industrial facilities, and aircraft
structures. ' '

The primary purpose of this contract was to produce substantial quan-
tities of two basic NASA coatings, designated 45B3 and 313, Material pro-
duced was intended for testing and as samples for potential users. It was
expected that the experience gained in making these moderate quantities under
actual manufacturing conditions (rather than on a laboratory scale) would pro-
vide the basis for future large scale, low cost production. Specific objectives
of the contract were as follows:

(1) To procure or produce the intumescent salt (at as low a cost as possible)
and perform the required qualification tests.

(2) To procure all other necessary ingredients required to produce the
intumescent coatings and to perform the qualification tests on these materials.

(3) To compound and produce acceptable intumescent coating systems as set
forth in the specifications in the quantities listed in the Statement of Work, or as
designated by the Technical Monitor.

(4) To compound and produce acceptable intumescent coating systems which
are based on the formulations provided in the specifications, but which are modi-

fied for specific applications as directed by the Technical Monitor.

(5) To characterize the physical, chemical and thermal properties of these

—coating-systems-through—quality-control procedures during formulation of the -

coating, and through physical and thermal testing of coated-specimens.

(6) To study other parameters of application of these coatings, such as
substrate preparation, primers, top coats, methods and equipment for
application.

(7) To apply these coatings on specific items when directed by the Technical
Monitor.
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(8) To document the formulation, production, quality control and testing
procedures of the coating and the intumescent salt with the objective of obtaining -

consistent results,

To provide the program with paint production facilities, a contract was .
entered with Furane Plastics Inc., of Los Angeles, a local manufacturer of poly-
mers and coatings with national distribution, -

III. PRODUCTION OF INTUMESCENT COATINGS

Procurement and Qualification of Raw Materials

Intumescent salt. — Arrangements were made to purchase the ammonium
salt of 4-nitroaniline-2-sulfonic acid from the Allied Chemical Corporation's
Buffalo Dye Plant in 182 kg (400 lb.) lots. Although the salt was required to
meet the more stringent Revision 1 of NASA Spec1£1cat1on A-16839 (E), Ref (1),
the cost of $11.00 per kg ($5.00 per pound) was about 1/4 that of salt previously
available,

The first shipment of salt received from Allied, Lot #0457751, Code 14237,
contained large lumps several inches across. Analysis of the salt disclosed
ammonium. sulfate and water content in excess of specification limits (see
Table I), After considerable testing, it was determined that there was a
marked difference ih ammonium sulfate content among the four 45.4 kg
(100 1b) drums and from powdered salt to lumpy salt (see Table II),

This lot was rejected and a new 181.6 kg (400 1b) shipment, Batch No.0657731
was received July 7, 1971, Analysis of this batch showed that it met all of the
requirements of NASA Specification A-16839 (E) Rev. 1 except for a slight excess
of water and particle size (see Table III). Since the water content was acceptable
to the NASA Technical Monitor, and Ames Research Center had given Allied
Chemical permission to deviate from the particle size requirement, the salt was
qualified.

The second order of 181.6 kg (400 1bs) of salt received in early October, 1971
was found to be contaminated with what appeared to be slivers of charred wood or
plastic. Some of these particles were as long as 0.95 cm (3/8 inch) and as thick
as 1,27 mm (0.050 inches). This batch of salt was also rejected and subsequently
replaced by 90.8 kg, of Batch No. 0657731 received 10-30-71, and 90.8 kg of
Batch No. 0657731 received 1-20-72. Unfortunately all batches received by HAC
(Hughes Aircraft Co), except for the very first, were given the same batch num-
ber-by-the-manufacturer.—-As-a- consequence, —it-was- ~hecessary-to-use- the-recewal___d, _—
date as a means of identification,.
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TABLE 1

ANALYSIS OF 4-NITROANILINE-'2-SULFONIC ACID AMMONIUM
SALT, BATCH NO.: 0457751, CODX 14237

Property

Spec. A-16839(E) Rev. 1

Requirements

Test Results
(Average)

IR Spectrum

Figure in spec.

Physical
Appearancs

Yellow, free-flowing,
granular

Yellow, free-flowing,
granular plus lumps

Particle Size

No particles above
200 .

Mixture of powder
<200 p and very large
lumps (easily crushed)

4., Water

Density 1.686 g/cc #0.01 1.687 g/cc
Equivalent Weight 235 + 12 243
Initial 285 + 18°C 300°C
~-Decomposition
Temperature
Purity: (1)
1. Carbon, Hydrogen C, 30.7 % 1.3% C, 30.84%
and Nitrogen H, 3.9%0.2% H, 4.22%
N, 17.9 £ 0.8% N, 17.27%
(2)
2. Ammonium Sulfate Less than 0.5% 1.4%
(3) .
3, Chloride Less than 0.5% 0.18%
(4) ,
Less than 0.06% 0.20%

——3

Chloride determined by gravimetric-AgCl

1C, H and N determined by combustion microanalysis

ZSquate determined by gravimetric BaSO4

4Water determined by Karl Fischer analysis

|4
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"AMMONIUM SULFATE ANALYSIS OF VARIOUS

TABLE I
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- INTUMESCENT SALT SAMPLES
BATCH NO. 0457751, CODE 14237

Sample Description

Preshipment

Retain of preshipment
"X", drum unknown
X", drum unknown
"X", drum unknown
Powder from Drum #1
Lumps from Drum #1
Powder from Drum #2
Lumps from Drum #2
Powder from Drum #3
Lumps from Drum #3
Powder from Drum #4

Lumps from Drum #4

Performed by Test Method(l)

BaSO4 for gravimetric analysis.
cant differences (e.g., Allied uses a greater excess of BaClZ and filters

through a coarser paper than does HAC).

R

(NH4),SO0y, %

Allied Allied <0.1
Allied Allied 0.15
HAC HAC 1.4
HAC Allied 2.2
Allied Allied 2.3
HAC HAC 0.62
HAC HAC 1.9
HAC HAC 0.74
HAC HAC 3.2
HAC HAC 0.37
HAC HAC 1.0
HAC HAC 1.2
HAC HAC 5.3

HAC and Allied test methods utilize similar procedures of precipitating
The methods, however, have signifi-

Rt
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TABLE III

ANALYSIS OF 4-NITROANILINE-2-SULFONIC ACID AMMONIUM
SALT,BATCH NO. 0657731, RECEIVED 7-7-71

Property

Spec. A-16839(E) Rev,

Requirerments

1

IR Spectrum

Figure in spec.

Test Results
(Average)

Matches curve

Physical
Appearance

Yellow, free-flowing,
granular

Yellow, free-flowing,
granular

Particle Size

No particles above
200 p.

99,99% under 200 p(s)

1.680 glce

Density 1.686 g/cc £ 0.01
Equivalent Weight 235 % 12 236
Initial 285 * 18°C 285
Decomposition :
Temperature
Purity: T
1. Carbon, Hydrogen(1)lc, 30.7 £1.2% C, 30.64%

and Nitrogen H, 3.9+0.2% H, 4.11%

N, 17.9 £0.8% N, 17.149

2. Ammonium Sulfate(z) Drum #1 0.,018%

Less than 0.5%

Drum #2 0.018%(6)
Drum #3 0,010%
Drum #4 0.015%

3. Chloride(3)

Less than 0,5%

0.051%

4, Water(4)

Less than 0, 06%

0.10%

1

%Sulfate determined by gravimetric BaSO,

3Chloride_ determined by gravimetric AgCl

4Wa\ter determined by Karl Fischer anélysis

C, H and N determined by combustion microanalysis

5Arriles Research LaBoratory gave Allied Chemical Co., permission to produce
salt with a particle size of 20 mesh or finer (i.e., 2840 p or 0.033 inches)

6(NH4)ZSO4 content qf same dissolved salt sample was 0,010% using Allied

Chemical Corporation's test method.

the HAC method value of 0.018%.

This is within experimental limits of




Batch No. 0657731 received 10-30-71 met all the requirements except for
particle size and was accepted (see Table IV)., Batch No. 0657731 received
1-20-71 had marginal values for density, nitrogen and contained a very small
amount of insoluble material; however, these were not significant variations,
and the Technical Monitor agreed that the salt should be accepted (see Table V

for test results).

All salt qualification tests were performed in accordance with NASA Speci-
fication A-16839(E) Rev' 1. Where a specific procedure was not described, a
standard chemical analysis method was employed. These were as follows:

(1) C, H and N by combustion microanalysis

(2) Chloride by gravimetric Ag Cl (See Appendix A for detail procedure)
(3) Sulfate by gravimetric Ba SO4 (See Appendix A for detail procedure)
(4) Water by Karl Fischer analysis

(5) Density by displacement in CCly

A comparison of the two ammonium sulfate analysis methods (i.e., HAC's
and Allied Chemical Corporation's) was inconclusive (see Table III). Using
HAC's method the ammonium sulfate content was 0.018 percent compared to
0.010 percent using Allied Chemical!s method. The test was performed on the
same dissolved salt solution to preclude variations in the dry salt. Because the
high purity of the salt yielded such a small amount of precipitate, differences in
the test methods (e.g., in filtration) were masked. Since the ammonium sulfate
content is so low (and also should be low for future batches of intumescent salt)
the analysis method (i.e., HAC versus Allied) as related to specification limits
is not significant. :
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ANALYSIS OF 4-NITROANILINE-2-SULFONIC ACID AMMONIUM SALT
BATCH NO. 0657731, RECEIVED 10-30-71

Property

Spec. A-16839(E) Rev. 1

Requirements

Test Results
(Average)

IR Spectrum

Figure in spec.

Matches curve

Physical
Appearance

Yellow, free-flowing,
granular

Yellow, free-flowing
granular

Particle Size

No particles above
200 .

0.5% of particles(l)
above 10 u exceed
200 p. Some agglo-
merated larger

particles

Density 1,686 g/cc+ 0.01 1.68 g/cc
Equivalent Weight 235 £ 12 242
Initial 285 + 18°C 275°C
Decomposition
Temperature
Purity:
1. Carbon, Hydrogen C, 30.7%+1.2% C, 30.61%

and Nitrogen H, 3.9 %0.2% H, 3.80%

N, 17.9 £0.8% N, 17.86%

2. Ammoniurm Sulfate Less than 0.5% 0.004%
3. Chloride Less than 0.05% 0.045%
4., Water Less than 0.06% 0.06%

(I)Ames Research Laboratory gave Allied Chemical Co. permission to
produce salt with a particle size of 20 mesh or finer (i.e. £ 840 por

0.033 inches).
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TABLE V

ANALYSIS OF 4-NITROANILINE-2-SULFONIC ACID AMMONIUM
SALT,BATCH NO. 0657731, RECEIVED 1-20-72

Tests

Spec A-16839(E) Rev., 1

Requirements

Test Results
(Average)

IR Spectrum

Figure in Spec

Matches curve

Physical
Appearance

Yellow free-flowing
granular solid

Yellow free-flowing
granular solid

Particle Size

No particles above

0.8% of particles (1)

e i 4B et A B e N ER S e s e e Y e R AL 5 e e .

200 p above 10 p exceed
200 p.
Density 1.686 g/cc + 0.01 1.672 g/cc
Equivalent 235 £ 12 240 i
Weight
Initial 285 +18°C 275°C
decomposition

temperature

‘Carbon, Hydrogen, C, 30.7x1,2% C, 30.7%
and Nitrogen H, 3.9 +£0.2% H, 4.1%
N, 17.9 £0.8% N, 18.9% 4
Ammonium Less than 0.5% 0.06%
Sulfate
Chloride ILess than 0.5% 0.08%
Water Less than 0.06% 0.06%

| I
10. 01 percent of salt is insoluble, heavier than water, non-magnetic,
mostly dark or black, with fibrous and stone-like particles

ooy
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. Resins, curing agent and solvents. — Resins, curing agent and solvents for
the entire contract were procured from the sources recommended in NASA Spec-
ifications A-16839(A) and (C), Ref., 2 and 3. These materials were as follows:

TABLE VI

SOURCE OF RESINS, CURING AGENT AND SOLVENTS

Material Lot No. Source
Polysulfide polymer, liquid, LP-3 289M Thiokol Chemical Corp.
(Product specification code LF-241) | 302m(1) -
Epoxy resin, liquid, Epon 828 2PHJ27 | Shell Chémical Co.
(Bulletin SC: 60-146R)
2, 4, 6 tri (dimethylamino methyl) 2-9774 Rohm and Haas
phenol, DMP-30
Methyl ethyl ketone, TT-M-00261C - McKessen Chemical Co.
Toluene, TT-T-548C - L.T. Sawyer Co.

18 9 liter (5 gal) of LP-3 Lot No, 302M was ordered for last productwn
batch of 45B3/313 (combined) Lot No., 2-23-72.

Except for the polysulfide resin, only one lot of each material was purchased
and used throughout the entire program. All materials used were tested at
Furane Plastics Inc., and met the requirements of Specifications A-16839(A)and
(C). See Appendix B for original test results obtained June 2, 1971. The mate-
rials were retested August 25, 1971 and again for the last time on 10-18-71.
None of the raw materials showed any significant change in properties during the
above interval.

To complete the last production batch of intumescent coating, an additional
five gallons of LP-3 polysulfide resin was obtained and qualified (see Appendix B).

Refrasil fibers. —23.1 kg (51 pounds) of Refrasil (chemically leached glass)
fibers were purchased from the H.I. Thompson Co. (HITCO) and tested in
accordance with paragraph 3.7 of NASA Specification A-16839(C). Reference (3).
The Refrasil fibers #F100-1/16-1/32-1/64 (P.O. #X-4-346924-F94) were sampled
from the top, center and bottom of the drum. A small portion of each sample was
combined and mixed with a large volume of Freon TF solvent. After the Refrasil-
Freon mixture was passed through a Millipore filter, a microscopic particle
analysis was made. Results of this analysis were as follows:

11
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TABLE VII

PARTICLE SIZE ANALYSIS OF REFRASIL FIBERS

Fiber Characteristic Specification Requirement Test Result
Diameter 0.0004-0,0005 inch 0.00030-0.00051 inch
Length distribution ~10% 0.003 inch 7. 5%<Q.003 inch
" ~10% 0.030 inch 7.5% >0.030 inch
~80% nominal 0.01 inch 85.0% 0.003-0.030 inch

As can be seen from the analysis, the length distribution meets the specifi-
cation., Although the fiber diameter range is slightly greater than the specifica~
tion limits, it was acceptable to the Technical Monitor. The smaller diameter
fibers should pose no problem in manufacturing the intumescent paint nor are
they expected to affect the performance of the applied coating. Since Hammer
milling of the Refrasil (as required by Specification A-16839 (D), Reference (4)
for manufacture of the 313 Thermal Frotection Coating) would increase the
number of short fibers, permission was obtained from the Technical Monitor
to use the Refrasil "as-is"',

A slight "off-white' color of the Refrasil on the top of the drum was observed.
The Refrasil obtained from the center and bottom of the container did not exhibit
this discoloration, HITCO said that this is a normal occurrence and that they
have never experienced or heard of any problems related to use of the "off-color"
material.

Manufacture of 45B3 and 313 Coatings

General approach.— As previously stated, the primary purpose of this pro-
gram was to produce substantial quantities of 45B3 and 313 Thermal Protection
Coatings. The formulas for these coatings as specified in Specifications A-16839
(B) and (D), References (£) and (4) are presented below: .

Material Parts by Weight
45B3 313
Part A

Polysulfide Polymer, Liquid (LP-3) 14,1 10,7

Ammonium salt of 4-nitroaniline-2- 57.0 43.3

sulfonic acid

Methyl Ethyl Ketone 28.9 22.0

Refrasil Fibers - 5.5

12
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Material Parts by Weight

45B3 313
Part B
Epoxy Resin, Liquid (Epon 828) 14.1 - 10.7
Toluene 4.7 3.6
Part C
Tri (dimethylamino methyl) phenol 2.8 2.1
(DMP-30)

Toluene ’ 2.8 ) 2.1

4

During the program,three principal methods of manufacturing the 45B3 and
313 thermal protection coating were investigated. Table VIII lists the several
production lots, along with the method of manufacture and quantity obtained.

The original plan for manufacture of the 45B3 coating was to premix the
ingredients of Part A (i.e., polysulfide resin, intumescent salt and MEK) and
to mill this mixture in a Koruma mill to a 1 + fineness of grind on the Hegman
Gauge. The Koruma mill utilizes two flat horizontal stones set at a predeter-
mined' gap with the lower stone rotating at 3000 rpm (see Appendix C). In oper-
ation the Koruma mill is very similar to the Morehouse m111 recommended in
Specification No. A-16839(D), Reference 4.

As explained in the following paragraphs, this method was abandoned when °
it was found that the large particles of salt plugged the mill.

The second method of manufacture was utilized to prepare several batches
of 45B3, 313 and flexible coating. The method required that the dry salt be first
reduced in particle size by Stud-milling and then dispersed in the vehicle for
Part A with a high speed Ystral Jet mixer (see Appendix C),

The third and final method used was ball-milling, Because several prob-
lems were encountered with the 45B3 coating produced by Ystral mixing of
the Stud-milled salt (e.g., low thermal efficiency), an efficient method of
Ball milling was developed (i.e., one which gave a high yield), Satisfactory
45B3 and 313 coatings were produced by this procedure,

Problems encountered in Koruma milling of 45B3 coating. — To properly
charge the Koruma mill, a pre-mix of Part A (i.e., the polysulfide resin,
intumescent salt and MEK) was prepared. One of the problems encountered
involved the order and method used in premixing Part A. It was discovered that
the LP-3 polysulfide had to be diluted with the MEK before addition of the intu-
mescent salt. Addition of the salt directly to the undiluted polysulfide resin dur-
ing premixing produced a nonuniform mixture with large agglomerates of unwetted
salt. Later addition of the required amount of solvent did not significantly alter
this condition.
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TABLE VIII

PRODUCTION BATCHES OF 45B3 AND 313 THERMAL
PROTECTION COATINGS

. Quantity Method of (1)
Coating Lot No. Manufactured Manufacture Salt Batch
45B3 7-26-71(2) | 45,5 liter (12 gal) Koruma milling 7-7-71
45B3 | 8-18-7103) | 45.5 liter (12 gal) |Ystral mixer(%) 7-7-71
313 9-2-7103) | 45,5 liter (12 gal) |Ystral mixer(#) 7-7-171
45B3 11-5-71 18.9 liter (5 gal) Ystral mixer 7-7-71
45B3 12-8-71 28.4 liter (7.5 gal) |Ball milling 10-30-71
313 12-8-71 43.5 liter (11.5 gal)}{Ball milling 10-30-71
45B3 2-7-72 77.5 liter (20.5 gal)|{Ball milling 10-30-71
45B3 2-23-7T2 56.8 liter (15 gal) Ball milling 1-20-72
313 2-23-72 56.8 liter (15 gal) Ball milling 1-20-72

1Intumescent salt batches were identified by the date received since they all
had the same Allied Chemical Corp. batch number (i.e., No. 0657731).
Salt batch 7-7-71 was Stud-milled twice (at Furane Plastics Inc) to reduce
particle size.

2Lot 7-26-71 scrapped because of partial intumescence during grinding

3Failcd to meet thermal efficiency requirements

4TPrechilled MEK and mixing vessel used for manufacture of Part A,

Because of the relatively coarse particle size of the as-received salt, pre-

mixing with the Ystral Jet mixer did not produce a uniform dispersion of Part A,

Thirty minutes of processing in a Morehouse-Cowles high speced kinetic disper-
sion unit also resulted in a mixture in which the larger salt particles dropped
out rapidly.

Subsequent attempts to grind this Part A (i.e., the nonhomogeneous
polysulfide~salt-MEK mixture) in the Koruma mill were unsuccessful and
resulted in loss of the batch. Although the Koruma mill was water cooled and
the grinding stones were set for a loose pass {i.e., 127 por 5 mils apart),
overheating took place as evidenced by intumescence of a portion of the batch in
the mill. The initial portion of the premix containing the dispersed finer parti-
cles of salt passed through the mill without too much difficulty. Plugging and
overheating of the mill occurred when the last portion of the premix containing
tlie coarse salt particles was introduced, At that juncture, attempts to manu-
facture the 45B3 coating at Furane were stopped, and a laboratory 1nvest1gat1on
into alternate paint preparation methods was started at Hughes.
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Laboralory investigation of alternate methods of manufacture. — During the
laboratory investigation, it was found that the salt could be dispersed reasonably
well if the polysuliide was first diluted with MEK. However, because of the par-
ticle size of the salt, it tended to settle out fairly rapidly even in this mixture.
1f the Koruma mill were to be used, it would have been necessary to keep the
mixture under continuous agitation while feeding the mill.

Ball milling of 45B3 Part A (which is recommended in NASA Specification
No. 16839B) was next attempted using a 0. 952 (1 quart) laboratory mill. After
premixing FPart A with "Lightiin" (i.e., propeller blade type) mixer, the mix-
ture was ball milled. In four hours of milling, a grind of 1 -~ 2 was achieved,
However, the mixture became thixotropic, and removal from the mill was
extremely difficult because of the lack of flow. Longer milling increased the
thizotropy while a shorter time was not sufficient to produce a 1 + grind, Rin-
sing the mill with solvent was imperative to avoid a considerable loss of ma-
terial (i.e., 50 percent), but this resulted in a solids content for Part A below
specification requirements. Several attempts were made to ball mill Part A
with 2 portion of the solvent held back for rinsing out the mill but with only
partial success., When sufficient solvent was held out for adequate rinsing,
the mixture was too viscous to mill (i,e., the balls would not tumble), Con-
versely, when sufficient solvent was left in Part A for proper milling, the
amount held out was inadequate for complete rinsing and a yield of only
70 - 80 percent was obtained.

Ball milling, of course, would be a satisfactory method of manufacture if
additional solvent could be added to the formula described in Specification A-16839
(B). Since additional solvent was not permitted and removal of excess solvent
would have been impractical for large quantities, ball milling was abandoned
for the time being,

Ystral mixing of 45B3 coating (Lot 8-18-71) using Stud-milled salt. — In view
of the problems encountered, a manufacturing technique different from those
previously described was employed for the first 45,5 liter (12 gal) production
batch (Lot 8-18-71) of 45B3 coating. The procedure used to prepare Part A of
Specification No. A-16839(B) consisted of the following steps:

(1) The dry salt was ""Stud-milled" twice to break up the agglomerates and
produce a powder considerably finer than the ''as received'' salt. Dry milling
was performed with a Model 160Z Kolloplex Stud Mill manufactured by the Alpine
American Company.. Operation of the mill consists of introducing the-dry salt
into the center of a rotating disk studded with pins in several concentric rings.
The rotating disk meshes with a similar pin studded stationary disk and the salt
particles are flung against the pins by centrifugal force. See Appendix C,
Figure 3. A sieve analyses of the twice Stud-milled salt showed 10 percent (as
little balls) > 170 mesh, 68 percent < 170 mesh but >325 mesh, and 22 percent
<325 mesh. ' ~

(2) The polysulfide resin was diluted with chilled MEK (to reduce evapora-

tion) in a 56.8 liter (15 gal) stainless steel container. The two were blended
with a "Lightnin" propeller type mixer for several minutes.
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(3) While under low speed agitation, the salt was added at a slow, uniform
rate to the diluted polysulfide and complectely dispersedwith the 'Lightnin' mixer,
Salt addition was accomplished over a period of one hour. The material was
allowed to ''wet out'" (i.e., stand) for approximately one hour, redispersed and
checked for fineness of grind which was 1| to 2. After straining through one
layer of commercial cheese cloth, 3.61 kg (7. 97 lbs) of Part A was packaged
in each 7.6 £ (2 gallon) pail,

The yield (i.e., quantity of coating obtained compared to the quantity of
resin, salt and solvent used) was 96 percent for Part A, This compared {avor-
ably with the 70 — 80 percent yield obtained by ball milling,

Subsequent lots of coating made from Stud-milled salt employed the Ystral
Jet mixer in lieu of the ""Lightnin" mixer., Because of the more efficient action
of the Ystral, the mixing time for addition of the salt to Part A was reduced from
one hour (with "Lightnin'" mixer) to 5 — 10 minutes of low speed plus 1 — 2 min-
utes of high speed Ystral mixing. The fineness of grind was the same (i.e., 1+).

For the reasons described under '""Packaging of 45B3 and 313 coating kits'’,
Part A of 45B3 (Lot 8-13-7) was packaged in 7.6 liter (2 gal) resin coated, tin
plated steel pails leaving about 60 percent ullage. Each pail contained 3.62 kg
(7.97 Ibs) of 45B3 Part A. Subsequent lots of 45B3 Part A were packaged in full
glass jars,

Part B (epoxy resin and toluene) was blended and the appropriate quantity
(0.680 kg or 1.50 1bs) packaged in 0.950 liter (1 quart) friction top tin cans.

Part C (DMP 30 and toluene) was blended and the appropriate quantity pack-
aged in 0.425 liter (1/2 pint) tin cans (i.e., 0,202 kg or 0.45lbs).

Ystral mixing of 313 coating (Lot 9-02-71) using Stud-milled salt. — The
first 45.5 liter (12 gal) batch of 313 coating was manufactured at Furane Plas-
tics on 9-2-71. The method employed was similar to that used for manufacture
of Part A of the 45B3 coating described above. Essential steps were as follows
for manufacture of Part A, Specification A-16839(D).

(1) The dry salt was "'Stud milled" twice.

(2) The polysulfide resin was diluted with chilled MEK and blended with the
Ystral Jet Mixer in a water jacket container. :

(3) While under low speed agitation the salt was slowly added over a period
of 5 — 10 minutes after which the Ystral was operated at high speed for 1 — 2 min-
utes (a grind of 1+ was obtained).

(4) The mixer was operated at low speed while the Refrasil fibers were
added slowly over a 5 — 10 minute span after which the mixer was operated again
at high speed for 1 — 2 minutes,

(5) The material was allowed to wet out for approximateiy 30 minutes, redis-
persed, strained through one layer of commercial cheese cloth and packaged.
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Packaging of the coating was similar to that described for 45B3 Lot 8-18-71 —
Part A in 7.6 liter (2 gal) with approximately 60 perceni ullage and Parts B and
C in tin cans.

Ball milling 45B3 and 313 coatings. — Although Ystral milling produced a
Part A which met the specification's material requirements (e.g., composition,
grind, etc), the applied coating did not possess the desired thermal performance.
A number of problem areas were uncovered (e.g., package stability) which may
have been related to the Ystral mixing. At this point a complete change in manu-
facturing procedure was felt to be necessary. (These problems are discussed in
the Section covering Qualification Testing.)

After performing a number of tests, it was concluded that ball milling of
Part A would provide the best means of controlling the exposure to moisture and
air during manufacture. It would provide a product with better particle uniform-
ity and dispersion and less tendency for the salt to ''settle-out',

By restricting the ball milling time to 2-1/2 hours the thixotropy could be
controlled. This allowed the mill to be adequately rinsed by holding back some
solvent and adding a small additional amount above the formula requirement. In
this manner a good yield of 93 percent (i.e., based on material charge) was
obtained in contrast to the 50 percent reported by Ames and the previous 80 per-
cent obtained at HAC. The non-volatile content of Part A was within one percent

of theoretical, and, more important, the thermal efficiency of the coating produced

by ball milling in this fashion met specification requirements,

Procedure for ball milling of 45B3 and 313 coatings Lot 12-8-71. — Since
the ratio of salt to polysulfide resin for Part A of both formulas (i,e., the 45B3
and 313 coatings) was the same, a ''master batch' of approximately 60.6 liter
(16 gal) of Part A was prepared. Because of the hard settling previously - -
encountered with Part A of the 313 coating, it was decided to package the Refrasil
fibers separately (Part A of the 45B3 coating does not require Refrasil). "As-
received salt was employed rather than Stud-milled salt for manufacturing Part A
in accordance with Specifications A-16839(B) and (D) as follows:

(1) A new 25 liter (6.6 gal) ceramic ball mill was purchased by the Furane.
Company specifically for this program. After cleaning the mill and ceramic
balls (which filled 50 percent) by a ""break-in" run with solvent and clean sand,
the millwas thorougly rinsed and the first of six batches was charged into the

mill.

(2) The total required L.P-3 for the six batches was blended with 75 percent
of the required MEK by hand mixing. The remaining 25 percent of the MEK was
held back for rinsing the mill after each load was removed.

(3) A mill charge representing approximately 35 percent of the 6.6 gallon
volume consisted of the [ollowing:

1.73 kg (3.82 lbs) LP-3 resin} blended
2.72 kg (6.00 1bs) MEK

7.00 kg (15.44 1bs) salt

0. 91 kg (2.0 lbs) of MEK was used to rinse the mill after discharge.
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(4) The LP-3/MEK blend was charged into the mill first and then the
pre-weighed amount of salt added. The 34.3 c¢m (13.5 inch) I.D. mill was placed
on the rollers and run at 44 — 45 RPM, slightly less than the desired 70 percent
of critical speed. Calculation of critical speed was based on the formula pro- ' H )
vided in Specification No. A-16839B as follows: ~E8

76.6

I.D. in feet = 68 RPM

Critical Speed =

where Critical Speed is defined as the RPM at which unencumbered grinding
media begin to centrifuge.

(5) After 2-1/2 hours of milling the grind was checked and the contents r»:
emptied into a clean 19 liter (5 gal) high density polyethylene container.

(6) The 0.91 kg (2 lbs) of MEK was added, the mill run for an additional
5 minutes and the rinsings added to original contents. After the rinsings were
added, the ullage in the pail was purged with dry nitrogen and the containers
sealed.

(7) The above procedure was repeated for each of the next five loads. An E
additional rinsing with 1.82 kg (4 lbs) of MEK was provided for the final load, j &

(8) All of the contents in the 19 liter (5 gal) pails were '"master batched" with
the Ystral mixer., A dry niirogen head was maintained above the fluid during the
operation, After 10 minutes of low speed mixing, filling of the individual glass
jars was started., The Ystral mixer was in operation for all but the last five
minutes of the filling operation which took a total of 40 minutes. Mixing was
continued by hand during the last stage when the fluld level was too low to operate
‘the Ystral, Y

(9) Each jar was topped-off with Part A to exactly 1049 gm (2 lbs, 5.0 oz)
which left a minimum ullage for expansion.

(10) Part B was blended by manually stirring 3.48 kg (7 1b, 11 oz) of toluene.
into 10.42 kg (22 1b 15 oz) of Epon 828. The appropriate quantity (i.e., 198 gm
or 7.0 oz) of Part B was \velghed into individual metal containers,

(11) Part C was blended by manually stirring 2.06 kg (4 lbs 8.5 oz) of toluene ﬁ-
into the same quantity of tri (dimethylamino methyl) phenol (i.e., DMP-30). The
appropriate quantity (i.e., 57 gm or 2.0 oz) of this Part C was weighed into indi-
vidual metal containers,

(12) Refrasil fibers (i.e., 72 gm or 2.7 oz) required for cach kit of 313 coat-
ing were weighed into plastic bags, sealed and the bags inserted into metal
containers.

18
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Packaging of 45B3 and 313 coating kits. — Two types of containers were
utilized for packaging Part A. The first, which was abandoned later, was a
resin coated, tinned steel pail and the second was a glass jar. The initial
selection of the metal container was made because of the problems in shipping
glass containers containing highly flammable solvent (e.g., MEK).

Because of the observed rapid reaction of the Part A with unlined tin coated
steel containers (a black deposit formed in less than two weeks), it was felt that
lined (i.e., resin coated) tinned steel containers were essential. Only a few can
coatings (e.g., Heresite*) would resist the MEK in Part A, and the only Heresite
lined containers that could be readily obtained were 7.6 liter (2 gal) capacity.
Since small quantities of the coating were required for sample distribution, it .
was decided to only partially fill (approximatcly 40 percent) the pails with suffi-
cient Part A to make 3,785 liter (i.e., 1 gal) of mixed coating. This would pro-
vide sufficient space for thorough mlmng of settled ngment and incorporation of
parts B and C directly into Part A

As was discovered later (see discussion of ""Package stability of coating''),
the large ullage was extremely detrimental. Also, it was found that the resin
coating on the interior of the tin pail was not completely effective in preventing
the formation of the black deposits.

For the above reasons the packaging of Part A in the metal pails was dis-
continued for the 45B3 and 313 coatings after the first production lot, Subse-
quent packaging of Part A was in 0,950 liter (1 quart) glass jars., The small
ullage (approximately 10 percent of the total volume) left for expansion and mix-
“ing room-was swept out with dry nitrogen beiore capping.

To provide a safe container for shipment, the padded glass jar of Part A and
the cans of Part B and C were sealed in a 3,78 liter (1 gal) friction top paint can.
Each kit contained the quantities of Parts A, B and C .shown in Table IX.

TABLE IX
PACKAGING OF 45B3 AND 313 COATING KITS
.~ Part Net Weight 45B3 Kit Net Weight 313 Kit
A © 1049 gm (2 1bs 5.0 oz) 1049 gm (2 1bs 5.0 oz)
B 198 gm (7.0 oz) ' 198 gm (7.0 oz)
C 57 gm (2.0 az) - 57 gm (2.0 oz)
D , - 72 gm (2.7 oz)

. Net volume of 45B3 kit is 1.06 liter (0.28 gal)
Net volume of 313 kit is 1,10 liter (0.29 gal)

Material properties of 45B3 and*313 coatings, — The following material
propertiecs were obtaired on the respective production lots of coating. Property
data are presented for Parts A, B and C in Table X.

*Baked phenolic/epoxy coating
19
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Qualification Testing of 45B3 and 313 Coatings

General description, — Qualification testing of the coatings was conducted
in accordance with the procedures described in Specifications No. A-16839(B)
and (D), Reference 5 and 4. Where the specifications did not define the exact
test method or procedure, standard methods were used and are described in

this text,

Thermal efficiency tests, — One major problem area involved the thermal
efficiency tcst as related to the test apparatus and coating thickness, The tes
apparatus described in the NASA specifications was a JP-4 [uel fired furnace

which was not available at HAC, Since a quartz lamp heat source had been used

by HAC for testing similar thermal protection coatings (Reference 6), per-
mission was obtained, in the contract, to use the quartz heating lamps (see

Figure 1 and 2). These were operated at the required 10 Btu/ftZ-sec which was
100 percent radiative rather than 90 percent radiative as specified for the NASA

fuel furnace,

During the initial testing (i.e., 45B3 coating, Lot 8-18-71) it was found

t

that the coating thickness required by the specification was too low to meet the

thermal protection requirement, The A-16839(b) stated that the time for the

back side of the 1.6 mm (1/16 in,) steel test panel having 0,76 - 0. 81 mm

(0. 030 - 0.032 in.) thermal protection coating to reach 204°C (400°F) should

be 95 sec or longer, The 45B3 Lot 8-18-71 coatings which were this thicknes
reached the 204°C temperature in 40 seconds,

S

Ultimately, the minimum thickness for the coating to be tested for thermal

efficiency was set at 1, 52 mm (0, 060 in, or 60 mils), and the thermal efficiency

was defined in terms of thickness as follows:

Seconds for metal back side to reach 2040C
Coating thickness in millimeters

Thermal efficiency =

or

Seconds -for metal back side to reach 4OOOF
Coating thickness in mils

Thermal efficiency =

where

{f mm = 39.4 mils

For an acceptable coating, a thermal efficiency of 78. 8 sec per mm of coating
(2.0 sec per mil) or greater was required as measured on NASA's fuel furnace,
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A number of comparative tests were performed to establish whether HAC's
quartz lamp test could be used for preliminary qualification, Two major differ-
ences between the HAC quartz lamp apparatus and NASA's fuel fired furnace
are: (1) the quartz lamp rig produces thermal energy which is virtually 100 per-
cent radiative (NASA fuel furnace is 90 percent radiative), and (2) the heat flux
on the coating varies as the coating surface intumesces toward the lamps, Test
results, however, indicated that HAC's thermal cfficiency ratings were reason-
ably close to those obtained at Ames on the same lot of coating.

Procedure for quartz lamp thermal efficiency tests, — The heating appara-
tus shown in Figure 1 consisted of three gold plated Marquardt reflectors each
fitted with five General) Electric No, 500 T3/CL/HT lamps, With bottom edges
of the reflectors positioned approximately 10. 2 cm (4 in, ) {rom the test panel,
and approximately 200 volts across each of the three banks of lamps, a heat
flux of 1C Btu/ft®-sec was achieved. A Hy-Cal Model C-1300-A-60-072 calori-
mecter (Hy-Cal Engineering Co,, Santa Fe Springs, Calif,) was positioned at '
several places within a 10,2 c¢m (4 in,) diameter area to check the heat flux,
and the voltage was adjusted with a Variac (Type 50-B, 204, 270V) as required.

An iron-constantan thermocouple was taped to the back of the stecl test
panel with the thermocouple bulb touching the center insulated disk, A daub of
Dow Corning 340 Heat Sink compound was put on and around the thermocouple
bulb, and the test panel was then placed into a fitted recess in the asbestos
cement board platform., A small flat stainless steel spring with a thin sheet of
asbestos paper between it and the thermocouple maintained intimate contact of
the thermocouple to the back side of the test panel. Finally a 0, 64 cm (1/4 in,)
mask of ashestos paper, witha 7.0 cm (2-3/4 in.) square hole, was placed
over the test panel,

When the main switch on the Variac was thrown, the drive on the strip
chart recorder was started. Sufficient accuracy was obtained by operating the
recorder (Moseley Autograph Model 7100B) at 15 cm/min and a full scale
deflection of 20 mV., The test was usually terminated when the back side tem-
perature reached 232°¢C (4500F).

Test specimen preparation, — Test specimens were prepared in accordance
with the procedures outlined in Specifications No. A-16839 (B) and (D). Cold
rolled steel test panels 1,45 mm (57 mils) thick were degreased, dry abrasive
blasted at 7.0 kg/sq. c¢m (100 psig) with 60 mesh flint abrasive, blown clean of
dust and coated within 24 hours,

Part A of the 45B3 coating was redispersed with a low speed laboratory
mechanical propeller type stirrer and the required quantity transferred to a
mixing container, Correct proportions of FParts B and C were added in turn to
Part A and the components thoroughly blended with the stirrer,

The 45B3 coating was spray applied’in multiple coats of approximately
127 p (5 mils) each until the required dry film thickness was achieved. Ten
to fifteen minutes was allowed between coats, and the coated specimens were
air-dried for 10 days (unless otherwise noted) before testing, Spray equip-
ment consisted of a Binks No. 18 pressure pot.gun with a 66SD Air Cap, 66SS
Fluid Nozzle,operated at a line pressure of 15 — 20 psig (1. 0 — 1, 4 kg/sa. c¢m)
and a pot pressure of 10 psig (0. 7 kg/sq. cm),
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The coating required a certain amount of skill to apply properly. Initial
attempts resulted in coatings with a very rough appearance and poor cohesive
properties, After sufficient' experience, however, these difficulties were
overcome,

The 313 coating was mixed for application in the same fashion as that des-
cribed for the 45B3 coating. After paits A, B and C were thoroughly blended,
the Refrasil fibers were slowly added under agitation., The low speed mechani-
cal stirring continued for approximately 10 minutes and was followed by a 5
minute high speed mixing.

Spray equipment and application of the 313 coating were similar to the 45B3
coating in respect to multiple coats, drying between coats, 10 day cure, etc.

Because of the Refrasil fibers in the 313 coating, clogging of the spray gun
nozzle was a chronic problem and rough coatings were difficult to avoid.
Several other spray gun/nozzle combinations and air/fluid pressure combina-
tions were tried before a reasonably satisfactory coating was obtained.

Special test procedures, — Special test procedures utilized were as
follows:

(1) Density was determined by displacement in hexane,
(2) Taber Abrader test was performed with CS-10 wheels and 500 gram load,

(3) Flexibility test utilized a 227 g (0. 50 1lb,) steel ball, 3. 81 cm (1. 50 in,)
diameter, falling from a height of 1, 83 m (0 feet). Test Panels were supported,
coated face up, on a steel plate having a 1, 00 in, (2, 54 in. ) diameter hemis-
pherical hole, Coating thickness of test panels was 1,02 — 1. 06 mum (40 — 42
mils),

(4) Thermal efficiency tests were performed with quartz heating lamps at
10 Btu/fté-sec.

Results of qualification tests of 45B3 and 313 coatings., — The results of the
qualification tests performed on the various production batches of 45B3 and 313
coatings are presented in Tables XI, XII, XIII, XIV, XV and XVI. These repre-
sent production lots number 8-18-71, 11-5-71, 12-8-71, 2-7-72 and 2-23-72.

Figures 3 and 4 show typical specimens that intumesced well during the
thermal efficiency test and the linear expansion test. Figure 3 is the picture
of thermal efficiency test specimen JJ-12 with 45B3 coating Lot 12-8-71 (ther-
mal efficiency was 94.5 sec/mm or 2,4 sec/mil), Figure 4 shows specimen
S-7 with 313 coating Lot 12-8-71 (1.09 mm or 43 mils thick) after exposure
to the 350°C (6620F) linear expansion test, Specimen S-7 produced a growth
of 150 X measured along the axis and a vertical rise of 127 X,




TABLE XI

QUALIFICATION TEST RESULTS OF 45B3 COATING

LOT 8-18-71, YSTRAL MIXED

Test

Spec. A-16839 (B)
Requirement

Test Value
(1)

Appearance

Tensile Strength

Density

Temperature of
Instumescence

Char Yield

Abrasion
Resistance

Flexibility
Linear
Expansion

Thermal
Efficiency

Brownish yellow, hard,
integral film

112 7 kg/sq. cm
(1600 £100 psi)
1. 42 0, 05 g/cc

275 £10°C

42 £2 percent

205 10 mg. loss/1000
cycles -

0.18 0,014 kg-meters
(1.3 0. 1 foot-pounds)

60 x original thickness,
minimum

Time to reach 204OC
(400°F) back side
temp z 95 sec.

Brownish yellow, hard,
integral film with rough
texture,

Not tested because of
brittle film,

1,464 g/cc

278, 282, 280, 270°C
Ave = 278°C

(2)

2 percent

Not tested,
Not tested,

59 X, 48 X
Ave, height = 54 X

41} seconds(3)

(Char height = 54 cm or
2-1/8 in.)

39 seconds(3)

(Char height =51 cm or
2 in,)

Ave, = 40 seconds

1 . . . .
Ccatings were air dried for a minimum of 10 days.

2
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Outside laboratory experienced difficulty in performing test and result is
probably incorrect,

3

Thickness of coatings were 0. 79 mm (31 mils), Back side temperature
approached 400°F before intumescence started. Temperature at 95 cec
was 253°9C (487°F) and 260°C (500°F) respectively for specimens 1-2 and
I-10.
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 TABLE XII

QUALIFICA'IION TEST RLSULTS OoF 45133 COATI'\JG
LOT 11 5-71,. YSTRAL I\/IIXED

' : Spec. A-16839 (B) . T 5
Test 3 " Requirement < E . Test:Value
(1)
Appearance Brownish yellow, hard,. integral film Br-"ownishvyellow, hard, integral {ilm
Tensile Slrength 112 £ 7 kg/sq. cm (1600 + 100 psi) 1050, 1070, 930 1020, 1640, 1050, 1290,
) . 1560 psi, Ave, = 85 kg/sq.cm (lZOl psi)
Dcnsny : 142 £ 0,05 g/cc 1,47 glec
Tcmpcrature of lnmmescence 275 + 10°C . ’ . .280- 288, 275-280, 276- 285.
L " Ave, ZBlC ..
Char Yield - o lazszpercent - ¢ [asEas : ,
' . : Ave, = 36,5 percent .
Abrasion Resistance 205+ 10 mg. loss/1000 cycles | 245, 335, 211, 228, 374, 236(2
Ave, = 271 mg. 'loss/looo cycles
Flexibility' - - |70, 18°% 0, 014 kg-meters - -~ | 'No coating fracturc at 0:21, 0.28 and 0. 41 kg-m
. ’ : (1.3 £ 0, 1 foot-pounds) (1.5, 2 and 3 ft-lbs) :
Lincar Expansion 60 X original thickness,  minimum 76, 23, 54(3)
’ ’ Ave, = 5] X original thickness
Linear Fxpansion after .60 X o_riginzﬂ thickness, minimum - Lengtﬁ = 115X, hcight = 70X;
30 days Humidity - . Length = 119X, heigh ) = 92X
. L - B L o o F Ave, length = 1;7)\ .
) : “Ave, height= 81X
Thermal Efficiency . 78.8. scconds/mm( 5) » 55,2 sec/mm (1, 40 sec/mil)
: . (2.0 seconds/nul) Char height = 7.7 cm (3 in.)
59,5 sec/mm (1, 51 sec/mil)
Char height = 10, 2.cm (4 in,)
Ave, = 57,2 sec/mm or (1.45 sec/mil)

Dry film.thickness of coatings was 1. 52.— 1, 83 mm (60 -172 mlls) Test specimens were. ait dried 24 hours and then
forze dricd for 16 hours at-669C (|50°!-) . : '

zHigh abrasion weight losscs of 335 and 374 mg/1000 cycles were obtained on coatings having a diflercnt appearance than
the other four tested. Although all six panels were coated during the samc sequence, the above two were darker in color
with scattered spots of lighter color,

3'~amp]e H-2 (coatiny thickness 1.40 mm or 0. 055 in. ) which produced a large volume of char and a lincar cxpansion of
76X was placed in a preheated 350°C oven on a preheated sheet of asbestos, Edges of test panel were not painted,
Intumescence started in 5 minutes-and proceeded uniformly,

Sample H-4 {coating thickiess 1, 60 mm or 0,063 in.) which provided a 23X linear expansion was placed on a cold sheet
of asbestos and then put into the-preheated oven. Edges of the test panel had been primed {TT-P-664) approximately.
thrce days belfore testing, " Intumescence started in approximately 15 minutes, Edges of sample intumesced slightly
comparcd to center, -

Sample H-7 {coating thickness I, 40 mm or 0. 955 in.) which produced a large volume of char and a linear expansion of
54 times was placed in a preheated oven on a prehcated sheet of asbestos, Paint on edges was partially removed by
wiping with solvent prior to the test, Intumescence started after 5 minutes but did not proceed uniformly; that is, oae
edge intumesced very slightly,

Lenbth along the axis of the char, in addition to height above (he base, is given because the char leaned over during
intumescence,

'lnermal efficiency requirements of specification were changed by chhmcal Mounitor to 2.0 scconds/mil on NASA's fuel
fired furnace,

6ln!umcsccnce did not commence until approximately 80 seconds {i. ¢., back side temperature of ~375°F). Thermal

efficiency of 1,40 was for specimen 1-2, coating thickness 1, 70 mm (67 mils). Thermal efficiency of 1, 51 was for
specimen [-4, coating thickness I, 75 mm (69 mils),




TABLE XII1L

QUALIFICATION TEST RESULTS OF 45B3 COATING

‘LOT 12-8-71,

BALILL MILLED

Test

Spec, A-16839 (B)
Requirement

Test Value
(1)

Appearance

Tensile Strength

Dansity

Temperature of Intumescence
Char Yield

Abrasion Resistance

Flexibility

Linear Expansion

Lirnear Expansion after
30 days Humidity

Therumial Efficiency

Brownish yellow, hard, integral film

112 £ 7 kg/sq. ecm (1600 £ 100 psi)
1.42 £ 0,05 g/ce

275 % 16°C

42 2 2 percent

205 2 10 mg, loss/]000 cycles

0. .18 4 0,014 kg-meters

(1,3 £ 0,1 foot-pounds)

60 X original thickness, minimum

€0 X original thickness, mirimum

8. 8 scconds/mm‘s)
(2.0 scconds/mil)

Brownish yellow, hard, integrul film

130 kg/sq. em (3760, 1950 Ave. = 1855 psi)l%)
1,46 glcc:

265 ~ 250°C

46,5 percent

146, 142, 145, 149 ¢
Ave, = 145 mg/1000 cycles

No coating fracture at 0, 28 and 0. 4] kg-m
{2 and 3 ft-1bs) direct or reverse, (3}

I.ength 149X, height 69X;
Length 134X, height 105
Ave, length = 142X

Ave, height = 97x(H)
Length = 109X, hkeight = §4X;
Length = 103X, height = 87X
. Ave, length = )OGXH)
Ave, height = §6X
93. 8 sec/mun (2, 38 sec/mil) (6)

Char length = 17,1 cm {6-3/4 ja.)

88.2 sec/mm {2, 26 scc/mil)
Char length = 14,6 ¢m {(5-3/4 in,)

Ave. = 91,5 sec/mm (2. 32 sec/mil)

;Dry filin thickness of coatings was 0, 99 — 132 mm (39 — 52 mils) except for thermal efficiency tests which was
All test pancls were air dried for 14 day minimum before testing.

2,06 ~ 2,21 mni (81 — 87 mils).

z']‘wo specimens failed at less than 200 psi duc to incorrect test procedure,

3

Costing thickness was 1,04 — ],

29 mm (41 — 51 mils),

Coating was face down for reverse impact,

4Spccimcns were placed in a preheated 350°C oven on a prehcated sheet of asbestos-cement board, Since the char had
Jeancd over, the distance from the center of the pancl along the axis of the char was used to calculate the linear expansion
The lincar expansion representing the height perpendicular to the panel was also reported,

A
?Thermal efficiency requiruments of the specification were changed by Technical Monitor to 2,0 seconds/mil on NASA's

fuel fired furnace,

6

Thermal efficiency of 2,38 v-as for specimen JJ-9, coating thickness 2. 14 mm (84 mils),
was for specimen JJ-5, coating thickness 1, 78 mm (70 mils).

Thermal efficiency of 2. 26

If coating thickness (which was measured with a micro-

meter) is adjusted to compensate for roughness (i e, 5 mils for JJ)-9 and JJ-5), the thermal efficiency values would

be 2, 53 and 2, 40 seconds/mrii respectively,

above the panel is reported,
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Because of the horizontal direction of the char, length rather than height
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TABLE XIV

QUALIFICATION TEST RESULTS OF 313 COATING
. LOT 12-8-71, BALL MILLED{!)

Test SPCE' A.'16839 (D) . " Test Value
- equirement ~
(2)
Appearance Brownish yellow, hard, integral {ilmy | Brownish yellow, hard, integral filin, rough
’ -1 texture
Tensile Strength 126 = 14 kg/sq. cm (1800 % 200 psi) 897, 1860, 1580, 2520 psi
- Ave, = 120 kg/sq, cin (1714 psi)
Density 1,50 £ 0,05 g/cc 1.43 g/cc
Temperature of Intumescence | 285 £ 15°C 250 - 275°C
Char Yield 46 + 3 percent 51.0 percent
Abrasion Resistance 100 + 20 mg, loss/1000 cycles 157, 157 *
Ave, = 157 mg/1000 cycles
Flexibility : 0,18 £ 0,014 kg-meters No coating fracture at 0,21, 0,28 and 0,41 kg-m
{1. 3 £ 0. 1 foot-pounds) (1, 2 and 3 ft-lbs){3
Linear Expansion . 60 X original thickness, minimum Length = 150X, height = 127X;
Length = 178X, height = 142X
Ave, length = 164}((4)
Ave, height = 134X
Linear Expansion after 60 X original thickness, minimum Length = 119X, height = 93X;
"30 days Humidity : : . Length = 116X, height = 95X
’ Ave, length = IISXH)
Ave, height = 94X ) .
Thermal Efficiency 78.8 secondslmm(s) 98,5 sec/mm (2. 50 sec/mil)
. (2.0 seconds/mil) Char length= 6,3 cm (2-1/2in,)
91,0 sec/mm (2, 3] sec/mil)
Char length s 5,7 cm (2-1/4 in. }
Ave, = 94,5 sec/nun (2. 40 sec/mil)"»

lPart A of formula was prepared by ball milling polysulfide resin, salt and MEK, Refrasil was stirred in afterward.

2Dx'y film thickness of coatings was 0,84 — 0,99 nun (33 ~ 39 mils) except for thermal efficiency and flexibility tests,
All panels were air dried for 10 days minimuin before testing.

3Coating thickness was 0,96 — 1, 19 mm: (38 ~ 47 mils).

4Specimens ST and. 58 wete placed in a preheated 350°C oven on a preheated sheet of asbestos-cement board, Since the
char had feaned over, the distance from the center of the panel along the axis of the char was used to calcufate the lincar
‘expansion, The '"vertical" linear expansion, also reported, rcpresents the height perpendicular to the panel,

5Thermal efficiency requirements of the specification were changed by Technical Monitor to 2,0 seconds/mil on NASA's
fuel fired furnace.

6Thcrma1 efficiency values obtained for speciments T5 and T6 were 2,50 and 2. 31 respectively, Specimen T5 machined
to a smooth finish of 77 mils while specimen T6 was left in the rough as-sprayed condition, If the micrometer measured
thickness of 95 mils for speéimen Té is reduced to 85 mils to compensate for roughness, the Thermal Efficiency would
be 2. 58 rather than 2, 31 sece/mil, Because of the horizontal dircction of the char, length rather than height above the
panel is reported, ”
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TABLLE XV

QUALIFICATION TEST RESULTS OF 45B3 COATING
' LOT 2-07-72, BALL MILLED

-
i Test Sp;c. A-16839 (B) Test Value
equircment
(1)
Appearance Brownish yellow, hard, integral Brownish yellow, hard, integral

Tensile Strength

Density

Temperature of
Intumescence

Char Yield

Abrasion Resistance
Flexibility

Linear Expansion
Linear Expansion after

30 days Humidity

Thermal Efficiency

film

112 £ 7 kg/sq. cm
(1600 % 100 psi)
1,42 £ 0,05 g/cc

275 + 10°C

42 + 2 percent

205 £ 10 mg, loss/1000 cycles
0,18 £0,014 kg-meters

(1.3 £ 0, 1 foot-pounds)

60 X original thicknees, minimum

minimum

£0 X original thickness,

78.8 seconds/mm
(2.0 seconds/mil}(3)

film
1180, 2030, 860, 2230, 1710, 2000
Ave, = 117 kg/sa. em

(1665 psi)

1.47 and 1, 48
Ave, = 1,475 g/cc

244 - 250°C

44 percent

158, 150, 141, and 152
Ave, = 150 mg/lIOOO cycles

No coating fracture or chipping at
0,414 kg-meters (3 foot-pounds)

Height = 108X and 105X
Ave. = 107x(2)

Not tested
83, 5 sec/mm (2, 12 sec/mil)
Char length = 25 cm (10 in,)

90. 5 sec/mm (2, 30 sec/mil)
Char length 25 cm (10 in,)

Ave, = 87.0 sec/mm (4)
(2. 21 sec/mil)'"

lDry film thickness of coating was 0, 94 ~ 1, 18 mm (37 — 45 mils) except for thermal efficiency

tests whick was 2,62 — 2. 16 mm (79 — 85 mils).

10 days beforce testing,

All test pancels were air dried a minimum of

ZSpe(:imcns were placed in a prehcated 350°C oven on a preheated sheet of asbestos-cement board,

3

on NASA's fuel fired furnace,

Thermal efficiency requirement of specification was changed by Technical Monitor to 2,0 sec/mil

4Therm31 cfficiency of 2,12 was for specimen IE-], coz;ting thickness 2, 16 min (85 mils),
Thermal efficiency of 2, 30 was for specimen 11E-4, coating thickness 2. 01 mm (79 mils).
Because of horizontal nature of the char, length rather than height above the panel is reported.
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TABLE XVI

QUALIFICATION TEST RESULTS OF 45B3 COATING
LOT 2-23-72, BALL MILLED

Spec, A-16839 (B)"»

Test Requirement Test Value
(1)
Appearance Brownish yellow, hard, integral Brownish yellow, hard, integial

' Tensile Strength

Density

Temperature of
Intumescence

Char Yield

Abrasion Resistance
Flexibility

Linear Expansion
l.inear Expansion after

30 days Humidity

Thermal Efficiency

film

112 + 7 kg/sq. cm
(1600 + 100 psi)

1,42 £ 0,05 g/cc

275 + 10°C

42+2 percent

205 £ 10 mg, loss/1000 cycles
0.18 £ 0. 014 kg-meters
(1.3.% 9. 1 foot-pounds)

60 X original thickness,
minimum

60 X original thickness,
minimum

78. 8l se;:onds/xnm(‘l_)
(2. 0 seconds/mil)

film .
895, 15
Ave, =

10, 1350 )
88 kg/sq. cm (1251 psi)

1,45 g/ce

238 — 248°C

47.5 pc-rcent

136, 130, 128 and 126
Ave, = 130 mg/1000 cycles

No coating fracéurc or chipping at
0,414 kg/m (3 ft-lbs)

Height = 97X and 90X
Ave. = 94x13)

Not tested
95, 0 sec/inm (2, 41 sec/mil)
Char length = 25 cm (10 in.)

89.9 sec/mm (2, 28 sec/mil)
Char length =25 c¢m (10 in,)

Ave, = 92,2 sec/mm

(2. 34 sec/mint®

lDx-y film thickness of coating was 0. 94 — 1, 22 mm (37 — 48 mils) except for thermal cfficiency tests

which was 2,38 - 2,56 mm (94 ~ 101 mils), All test panels were air dried a minimum of 10.days

before testing,

ZTl'n'ee specimens failed below 35 kg/sq., c¢m (500 psi) due to chipped edges,

3Spccimens were placed in a precheated 350°F oven on a prcheated sheet of asbestos-cement board,

4'I'hermal efficiency requirements of specification was changed by Technical Monitor ta 2. 0 sec/mil

on NASA's fuel fired furnace.

SThermal efficicncy of 2. 41 was for specimen IVE-2, coating thickness 2, 38 mm {94 mils),

Thermal efficiency of 2, 28 was for specimen IVE-4, coating

thickness 2, 33 mm (94 mils).

Becausec of horizontal nature of the char, length rather than height is reported.
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Figure 3., Specimen JJ-12, 45B3 Coating,

Lot 12-8-71, After Quartz Lamp Thermal

Efficiency Test (T. E, = 94,5 sec/mm or
2.4 sec/mil)

o TR Y

B ]

3 - iy S
et e K
b e s < = et BT T o .

gy

e Ay S LV e T

SR P P T e o e
. . -
~ 5

PEIUIIGY S3i4

T O N T

Figure 4. Unexposed Specimen and Specimen S-7,

313 Coating Lot 12-8-71 (L.E. = 150X
Along Axic and 27X Vertical Direction)

After Linecar Expansion Test.
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Comparison of Thermal Efficiency Test Results

Results of the quartz lamp thermal efficiency tests performed at HAC have
been extracted from the Qualification Test data (Tables XI-XVI) and are pre-
sented in Tables XVII-XXIV. Where available these data are compared with
results obtained by Ames on their fuel fired furnace. In addition, perfor-
mance of several experimental batches tested during the investigation of the
package stability problems have been included. Unless otherwise_specified,
thermal efficiency tests were conducted at a heat flux of 10 Btu/{t“-sec.

Package Stability of Coating
Observation of problem. —As previously described, three adverse

conditions were qbserve'd in Part A (i.e., intumescent salt, polysulfide resin,
MEK mixture). ‘

Black deposit: Even though the tin pails used for packaging Part A were
lined with a Heresite phenolic varnish, a reaction took place with the can. In
the several weeks of storage, a loose black deposit formed on the wall of the
container where it was in contact with the supernatant liquid (1 e., the L.LP-3
polysulftde and MEK).

Formula 313 Part A Lot 8-18-71 left over from the original manufacture
had been stored in unlined tin coated can. This can had a large quantity of
loose black deposit on the wall in contact with the supernatant liquid, and
slight agitation caused the liquid to turn black. Spectrographic analysis of the
black deposit showed iron and tin as the major elements, presumedly as the
sulfide.

Gelation: Gelation of 45B3, Lot 8-18-71, Part A was observed in a pail
that had been opened several times to remove a portion for test work. Each
time the contents were vigorously agitated with a motor driven propeller blade
type stirrer. Undoubtedly, air was entrained in the material during each mix-
ing. Three days after the last mixing of this 45B3 Part A, it was found to be
gelled. This occurred six weeks after manufacture. It should be noted that
Part A originally occupied approximately 0.4 of the volume of the two gallon
pail and only about 0.2 at the time of gelation. 45B3 coatings applied from
this container threec'days before gelation was observed did not intumesce
during quartz lamp tests.

At this point, it became obvious that 45B3 Part A containing the intumescent
salt, LP-3 and MEK was undergoing a reaction in the can. As an interim mea-
sure, the Furane Company was instructed to immediately remove Part A of the
45B3 formula and also Part A of the 313 formula from the metal containers
and package them in 5 gallon polypropylene pails. Ullage was swept out with
dry nitrogen before sealing the lids.

~

Hard settling of 313 Part A: When the above transfer operation was conduc-
ted at the Furane Plastics Co., it was discovered that Part A of 313 coating,
Lot 9-02-72, containing the Refrasil fibers had settled out extremely hard. In
less than a month from the date of manulacture, the 313 Part A had reached a
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consistency of tough sod. Proper reincorporation of the scttled pigment and
Refrasil filbers would have been very difficult,

Chemical reactions contributing to gelation. — Several chemical reactions

have been postulated by HAC to explain gelation, These are as follows:
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The copolymerization of polysulfides and epoxies proéeeds through
the base catalyzed addition of the -S-H polysulfide end groups to the
epoxy groups. Thus,

Q OH

W S-H + CH,-CH - R W-="VW-S-CH

2 Z—QH-—R W

¢

The reaction proceeds stoichiometrically until the S-H groups are
consumed.

Under suitable oxidative conditions, mercaptan (SH) groups can
be readily oxidized to disulfides via a free radical process.

2R+ + 2 — SH —= —5-5—+ 2R-H

Thus, it is reasonable to expect that this reaction also can occur
with polysulfides since they contain on the order of 5 or 6% mer-
captan (SH) groups prior to cure. Mild oxidizing agents such as

dilute HZ'OZ or CuC 12 arc examples of oxidizers which can pro-

mote the coupling.

Having encountered the problem of polymerization (i.e., gclation)
in the "A" component of formulat 45B3 one is led to wonder what
may have induced the oxidative polymerization and crecated the
apparent shelf lifc problem,

Oxidation by air is of course one of the more reasonable mech-
anisms and it is highly possible that stannic or ferric ions from
the container walls play an important role in catalyzing this
reaction or serving as intermediates through which the air oxi-
dation proceeds, thus:

o )
Fe(or Fe++) ——2-:. Fe++f

ret*t 4 s.H—wrFe™t 4 55—
or i
o
Sn (or Snth) 2 ottt
su'ttt 4 s — o sn™t 4 —s—5—
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Anofﬁ’é r mode of oi_:id;atioir'i‘s' via the nitro groups of the inturmescent’
salt. For example; the following reaction is feasible with the tin
can. . ' : : ' ‘ ' ‘
+ Sn + H,O—~Ar—NH-OH + SnO

Ar-NOZ v Snot HpO : 5

-~ e

’ Furtheffnore. Davlism'etdaj‘lf Ref. 7, ‘ha{r‘é"‘shb.wn that h}drokylafnines '
. can react with reducecd states of metal.ions (such as Fett) to produce

: --NH free rad1cals, thus - :
Mo ViGN ‘NH,

+- HO—'\JH3 —=M
" The NHj, radicaliin this case was substantiated. by.its ab1hty to
" polymerize acrylates. By this mechanism it thus should be feasible
to oxidize polysulfides'with nitrated intumescent salts in the pres-
- ..ence of met‘a_ll}c-_mns,,.thc net reaction being.illustrated as. follows:

Ar-NO, + Sa'*—mAr - N - OH 4 Sn“’”_’
CHa ot U H

Ar-N-OH 2B ar L+ sttt o
Ar—N - + 2. —SH —=ArNH, + —S5—-5—

"It is quite evident, therefore, 'that all of the agents necessary to
promote either air or nitro group oxidation of the polysulfide are

. “present in the . "A" component.of formula 45B3..-Which reaction

mechanism is responsible for the apparent shelf life _problemhas

yet to be verified. However, current evidence seems. to indicate
that air oxidation initiated the problem. In either case tin, copper
or iron contamination seems to be something to avoid."

Mercaptan analysis of Part A from 45B3, Lot 8-18-71 and 313,
Lot 9-02-7).— When the stability problem was first recognized, Part A of
production lots of 45B3 (Lot 8-18-71) and 313 (Lot 9-02-71) coatings were trans-
ferred from their partially full metal containers to 5 gallon polypropylene pails.
Air was purged out with nitrogen before sealing. This transfer was effected on
September 30, 1971. On October 15, 1971, samples of the supernatant liquid
(i.e., the LP-3 polysulfide dissolved in MEK) were removed and analyzed for
mercaptan content (i.e., -S-H). The rcsults of this analysis, performed by
Furane Plastics using the Thiokol Préduct Specification Code LF-241 test )
method, are reported in Table XXV, The reduction in -S-H content found in the
- 45B3 and 313 coatings would tend to support the hypothesis for oxidation of the
mercaptan groups to disulfide and resultant adversc affect on thermal perfor-
mancé postulated above. "That'is, lack of mercaptan causes less copolymeri-
zation of the epoxy and polysulfide and greater homopolymerization of the epoxy
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resin. The additianal cross-linking of the epoxy would reduce thermal
plasticity during heating and make for a more rigid and smaller char volume.
The net effect, of course, weculd be to reduce therral efficiency.

TABLE XXV

MERCAPTAN ANALYSIS

Sample Description . Wt. Percent
-S-H
1 45B3 Lot 8-18-71 (supernatant liquid) ‘ 2.91
2 45B3 Lot 8-18-71 (supernatant liquid) 2.78
duplicate of No. 1 '
3 313, Lot 9-2-71 (supernatant liquid) 3.91
4 313, Lot 9~2-71 (supernatant liquid) © 3,95
duplicate of No. 3 '
5 LP-3 (previously opened container): 6.90
6 LP-3, +MEK 7.02
7 L¥-3, + salt + MEK (i.c., equivalent to
45B3 with twice as much MEK to promote
settling)
after 24 hours (Ave. of two) 5.99
after 48 hours 6.26

*Specification limit is 5.9-7.7%, analysis on 6-24-71 was 6.86%,
analysis on 8-25-71 was 6.94% and above analysis of 6.90 was
made on 10-15-71.
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Flexible Thermal Protection Coating
t

Manufacture of flexible coating. — At the request of Ames Research Center,
three batches of a Flexible Thermal Protection Coating werc manufactured.
Table XXVI lists the several production lots, along with the method of manu-

facture and the quantity obtained.

TABLE XXVI

PRODUCTION BATCHES OF FLEXIBLE THERMAL PROTECTION COATING

Lot N Quantity Method of .. Salt Batch
oF o Manufactured Manufacturing ' )
9-09-71 45.5 1 (12 gal) Ystral mixer (%) 7-7-71
9-17-71 37.8 1 (10 gal) Ystral mixer(?) C7-7-m1
2-10-71 14.0 1 (3.7 gal) Ystral mixer 7-7-71

l“Intumes cent salt batches were identified by the date received since
they all had the same Allied Chemical Corp. batch number (i.e.
No. 0657731). Salt batch 7-7-71 was Stud-milled twice (at Furane
Plastics Inc.) to reduce particle size.

2Prechilled MEK and mixing vessel used for manufacture of Part A,

Formula for flexible coating: The formula given in the preliminary spec-
ification for the coating, Reference (9), is as follows: .

Material Parts by Weight

Part A

Polysulfide Polymer, Liquid (LP-3) 18.8

Ammonium salt of 4-nitroaniline-2- - 28.2

sulfonic acid _

Methyl ethyl ketone A 13.8
Part B ~

Epoxy Resin, Liquid (Epon 828) 9.4

Toluene 3.1
Pavt C

Tri(dimethylamino methyl) phenolr {DMNT12-30) 1.9

Toluene 1.9
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Material nroperties of flexible coating., — The material properties measured
on the production lots of Ilexible Protection Coating are provided in Table XXVII.

TABLE XXVII

MATERIAL PROPERTIES OF PRODUCTION LOTS OF FLEXIBLE
THERMAL PROTECTION COATING

. Lot no. . Lot no. Lot no.
Property Requirement 9-09-71 9-17-71 2-10-71
Part A
Viscosity(1)800 — 1200 cps | 850 — 880 830 860 — 880
wt/gall®  [10.4 0.1 Ibs /gal| 10.48 Ibs /gal| 10.50 Ibs /gal| 10.50 lbs /gal
1.25 £ 0.01 g/cc | 1.26 g/cc 1.26 g/cc 1.26 g/cc
Fineness of|1l+ 1+ 1+ , 1+
grind '
Part B
Viscosity(l)_ 30 — 100 cps 80 -- 85 86 — 88 85— 93
(2) : : '
Wt/gal 8.9+0.1 lbs/gal} 8.95 9.02 8.97
1.07+0.01 g/cc [ 1.07 g/ce '1.08 g/cc 1.08 g/cc
Part C
viscosity!'f 10 = 15 cps 15 14— 15 14
we/gal® 7.6+ 0.1 lbs/gal | 7.55 7.60 7.59
: 0.91 £ 0.01 g/cc | 0.91 g/cc 0.91 g/cc 0.91 g/cc

1Measured with a model RTV Brookfield Viscometer with a #2 spindle
and a temperature of 20°C (68°F). Part A was at 12 rpm, Part B at

50 rpm and Part C at 100 rpm.

2Wt/gal was measured per Method 4184.1 of Federal Test Method

Standard 141A, . ..
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Preparation of flexible sheets. — One sct of 12 sheets was prepared from
Lot §706-71 and a second set of 7 sheets was prepared from Lot 2-10-72. The
sheets were a minimum of 0.81 mim (32 mils) thick and were 24 X 24 inches
(9.45 X 9.45 c¢m) overall,

First set: The first sct of sheets was 0.8 — 0.91 mm (32 — 36 mils) thick.
These were manufactured by spraying 4 to 5 box coats, witha 5 to 10 minute
air dry between coats, on Mylar film. After 72 hours air drying, the sheets
were peeled from the Mylar film and inverted for another 24 hours of air dry-
ing. Mylar {ilm was used instead of 2 mold release to avoid any contamination
of the sheets which would interfere with subsequent adhesive bonding. After the
three days of cure, the sheets were dry to handle but had a very high contact
adhesive property, Portions of the sheets that lightly touched one another could
not be separated without tearing the parent material, This contact adhesive
property might be usefully employed in affixing the sheets to various surfaces.

Second set: The second set of 7 sheets, 0,81 — 1,12 mm (32 — 44 mils)
thick, was prepared in the same manner as the first set, Two of the sheets
were fabricated with a reinforcing layer of glass fiber mat to minimize slump-
ing or sagging of the sheects when exposed to a fire. The MIL-Y-1140 glass
veil mat varied from 0,14 —0.22 mm (5.5 — 8.5 mils) with an average thick-
ness of 0.18 mm (7.2 mils). Manufacture of these two reinforced sheets was
accomplished as [ollows:

(1) Sheet ! (shiny side has uniform color)

(a) Four 90° passcs (approximately 12— 15 mils total) of flexible coating,
Lot No. 2-10-72, were applied over the Mylar parting sheet. Xach pass was
air dried 10 — 15 minutes and the fourth coat was dried 30 — 45 minutes. The
mat was laid on the coating and lightly patted down.

(b) Eight additional passes of the flexible coating were applied, 15— 20
minutes apart, over the mat. : ' :

(2) Sheet 2 (shiny side has a few mottled spots)

(a) The first four coats were applied as above but the last coat was allowed
to air dry for 1 — 1-1/2 hours. The mat was laid on the coating, a thin Teflon
sheet put over it, and the mat imbedded by rolling with a rubber covered roller.

(b) The Teflon sheet was removed and eight additional passes were
applied as for sheet 1,

(c) After three days of drying, the Mylar parting sheet was peeled from the
flexible sheet, Several void areas (i.e., air pocket formed when the mat was
rolled) on the back of the sheet were filled with flexible coating using a '"doctor"
blade, ) .

All 7 sheets were air dried for threec days before removing the Mylar part-
ing sheet. A great dcal of difficulty was experienced in removing these 0.13 mm
(5 mil) Mylar parting sheets whereas the 0,05 mm (2 mil) sheets used with
the first set came off casily. The cheets were then inverted and dried with the
bottom face un for an additional four days. Finally, the sheets were inverted
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again and dried 4 more days. A test for ""blocking' was performed (i.e.,
samples were laid-up top-to-back and back-to-back under a 2 kg weight for

4 hours). At the end of the test, there was no evidence of the material sticking
to itself or of tackiness.,

It should be noted that, with some effort, individual flexible sheets could
be forced to separate into Lwo layers, Although no definite explanation for this
condition is known, it is probably caused by excessive dlylna between two
successive coats 1esultmrr from the lunch hour break,

IV. COATING OF HARDWARE

Application of Flexible Protection Coé.ting to Fuel Hose

A 4.4 cm (1-3/4 in.) diameter rubber fucl hose assembly (MIL.-H-7061-1-
1Q70-06827) approximately 38.1 cm (15 in.) long was coated with 45 mils
(1.04 mm) of Flexible Protection Coating. FParts A, B and C were mixed in
accordance with the specification, Ref. (9).

The metal fittings were masked, the rubber portion solvent wiped with
toluene and the coating applied by spraying. ILight wet coats approximately
5 — 10 minutes apart were applied, an additional eight coats were applied the
next day, and the coating was allowed to dry at room temperature for several
days. Figure 5 shows the coated hose.
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Figure 5. MIL-H-7061-1Q70-06327 Rubber Fuel Hose Ccated With
Flexible Protection Coating (1.04 mm or 45 mils thick)
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Application of 45833 Thermal Protection Coéting to Plywood Panels

Seven exterior grade plywood panels, 0.954 x 30.48 x 30.48 cm (3/8 x 12
x 12 inches) were coated with approximately 1.52 mm (60 mils) of 45B3 coating.
457133 material from two lots was utilized (i.e., 4 quarts or 3.78 1 from
Lot 12-8-71 and 1 pint or 0.574 1 from Lot 11-5-71 mixed together). The
coating was mixed (Parts A, B and C) in accordance with NASA Specifica-
tion A-16839(B) and applied in successive spray coats with a 10 minute air dry
between coats.

Boards A, D, and C, which rcceived no surface treatment other than dust
removal, were coated on FFebruary 14, Scattered raised spots on the coating
were observed and thought to be a result of grain lifting of the plywood. Conse-
quently, the rcmaining four boards (D, E, F and G) were hand sanded with 320
abrasive paper prior to coating on February 15. The sanding of these boards
did not appcar to make any appreciable improvement in the roughness of the
applied coating., Coating thickness and number of coats applied were as indi-
cated below in Table XXVIII," Coating thickness was determined on metal test
coupons mounted alongside and sprayed with the plywood panels.

TABLE XXVIII

4583 COATING ON PLYWOOD PANELS

‘Board : . Coating Thickness No. of coats applied
A 1.65~1.75 mm (65 — 69 mils) 7
B 1,65—1.75 mm (65 — 69 mils) . 7
C 1.45 —-1.52 mm (57 — 60 mils) 7
D 1.42 —1.50 mm (56 — 59 mils) 6
E 1.42 —1.50 mm (56 — 59 mils) ' 6
F 1.47 —1.52 mm (58 — 60 mils) 7
G 1.45 —1.55 mm (58 — 61 mils) 7

V.. DISCUSSION

Intume\s"ce nt Salt

Procurement of intumescent salt. — A total of 362 kg (800 lbs) of the ammo-
nium salt of 4-nitroaniline 2-sulfonic acid was purchased from Allied Chemical
Corporation at 511,00 per kg ($5.00 per 1b). This was approximately 1/4 the
cost of purce ammonium salt previousiy availabic, :
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Alter some initial difficulty with suifate content, salt, of the required
purity was obtaincd and uscd to produce coatings of satisfactory quality,

Becausc of the particle size of the "as-received' salt, it was necessary
to select a paint manufacturing technique which effected a particle size
reduction, _ -

Coating Manufacturing Methods

Manufacture of Part A of 45B3 and 313 coatings. — In reviewing thé pro-
cedures employed, problems encountered and results obtained, several con-
clusions can be drawn regarding the three manufacturing method employed.
Since the production of Parts B and C of the 45B3 and 313 coatings involved a
simple blending of two liquids, the following discussion will be restricted to the
manufacture of Part A (i.e., the intumescent salt, polysulfide resin and MEK

mixture).

Ball milling: Ball milling afforded the best control of the three manu-
facturing processes used (i,e,, Koruma milling, Ystral mixing with Stud-
milled salt and ball milling). Salt particle size rcduction, wetting of pigment,
thioxotropy and elimination of air or moisture entrainment were controllable
by this method.

By holding back approximately 23 percent of the required MEK and using
this MEK for rinsing each mill load and by providing a small additicnal amount
of MEK fov rinsing the last load, yields of 93 percent were obtained. Since
thioxotrepy of Part A increases with increased milling time, the milling time
was restricted to 2-1/2 hours to permit adequate rinsing. A fineness of grind
between 2 and 3 was achieved by this procedure. 7The yield of 93 perceat com-
pared favorably with the 50 percent obtained by ball milling at Ames

Of most importance was that the ball-milled Part A produced coatings
which exceeded the thermal efficiency requirements and out performed the
Ystral mixed coatings (with Stud-milled salt),

. Koruma Milling: Koruma milling could be employed effectively, if a
relatively fine salt particle size were obtained and the premix could be kept
agitated so as to supply a uniform product to the grinding stones. Some solvent
losses would occur but these could be made up. A major risk is overheating of
the Part A, as did happen on the first and only batch which was Koruma milled,

Ystral Mixing: Ystral mixing, using Stud-milled salt, was employed for
several production lots. Although the Stud-milling of the salt (to reduce its
particle size) involved an extra operation, the overall process was very effi-
cient in terms of lahor and percent yield. The yield (i.e., quantity of Part A
obtained/input of raw matcrials) was 96 percent. Selection of this method was
an expedient and was feasible only because of the relatively coarse grind per-
mitted (i.e, i+ fineness of grind, Hegman Grind Gage). As will be discussed"
later, this fineness of grind may be inappropriate. Excessive scttling of the
salt on storage of 45B3 Part A and very hard settling of the salt plus Refrasil
in the 313 Part A may be the result of having too large a particle size and too
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little Llﬁxbtr’b’py Also, Stud-milling of the dry salt may have posed a éafe'ty
hazard,, since it was later‘learned from Allied Chem1ca.l Corp.. that the de-
hydrated salt is sub_)ect to detonation or impact.

AddlLlon of Refrasd 1nto 313 coating., — As previously mentioned, the -

" Refrasil was incorporated into Part A of 313 coating ‘Lot 9-02-71. This mate-
rial was found to have settled out very hard in'several weeks of storage and was
very difficult to redisperse. As a consequence,- the Refrasil was packaged
_ separately for subsequent production lots of 313 coating. This procedure had

two advantages: (1) the hard settling problem was eliminated.and (2) kits of
'45B3 and 313 coating were now identical (formulas for the 45B3 and 313 coating
_ are the same except for the Refrasil in the latter) allowmg the available wet

coatmg to be used as either 313 or 45B3.

, The ma._]or dxsadvantage to-the. above packagmg of 313 ¢oat1ng is the neces-
sity of the user to add the Refrasil, Since this is not an easy procedure because
of the nature of these small glass fibers, the possibility exists that the user
will not exercise_sufficient care, and. Lhe 313 coating will. not. have the desired.
properties, “Since it would be désirable {(from the user's standpmnt) to incor-
porate the Refrasil fibers into 313 Part A during manufacture, it is suggested
that the following approa.ches be con51dered to minimize the hard settling:

(1) Incorporate ‘the Refrasml flbers into ball-milled Part A .and determine
. whether the greater th\xotropy of the ball-milled matertal mitigates the hard
settling problem

(2) 'Inves.higate addition of small quantities anti-settling agents (e.g
Bentones) and determine if they have a detrimental effect on thermal efficiency.

, (3) Determine if a reduction in the Refrasil fiber length would minimize the

settling without adversely affecting performance. Some 313 Part A material
made at- Ames on the:Kady mill was reported to be free of hard scttling. Use
of the Kady mill with its high speed shearing action may have effected a signifi-
cant reduction in the fiber length not experienced with the Ystral mixer.

Package Stability

Black deposits. — Analysis of the black deposits formed on the walls of the
original Heresite phenolic resin coated, tinned steel pails containing Part A
showed iron and tin as the major elements, presumedly as the sulfide. Although
the Heresite phenolic resin coating on the interior of the pail greatly reduced
the quantity of black deposit formed, compared to plain tin coated steel cans,
it did not completely stop the reaction.

Information received from Ames was that the black deposits were also
observed in cans of Part A of 45B3 and 313 coating material manufactured in
their laboratory. However, it was stated that the presence of the black de-
posits had no apparent-effect on the thermal performance of the applied coatings.

The formation of these black deposits was eliminated by packaging Part A
“of the 45B3 and 313 coatings in glass containers.
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Gelation., — Gelation of 4583 Part A Lot 8-18-71 was obscrved in a container
that had been opened several times during the six week peried froin the date of
manufacture. The original 7.6 liter (2 gal) container was only about 40 percent
full initially and about 20 perceat full at the time the gelation was found. Sub-
sequently Part A in other containers from the first lot (No. 8-18-72) of 45B3
coating were found to be gelled when inspected several weeks later.

The decision to package Part A in the 7.6 liter (2 gal) lined pails was made
originally because of: (1) the problems in shipping glass containers containing
highly flammable solvents (e.g. MEK), (2) the rapid reaction of Part A with
unlined tinued steel, (3) the lack of available smaller containers lined with a
resin coating resistant to MEK, and (4) the request to package small quantities
of coating for sample distribution.

Ames reported the same gelation phenomenon with Part A of coatings pro-
duced at Ames and stored in closed containers with a large ullage. Material
stored as long as 6 months in full, closcd containers did not exhibit this prob-
lem and performed satisfactorily when thermally tested at Ames,

The thermal efficiency of 45B3 preparcd from the previously cited can of
Part A Lot 8-18-71 was only about 39 sec/mm (1.0 sec/mil) and hardly intu-
mesced (i.e. char was only about 0.32 cm or 1/8 in.). This material was
still fluid at the time the coating was prepared but was found to be gelled three

days later.

At the prescnt time the most likely cxplanation. for-the reduced thermal
performance of #5B3 Lot 8-18-71 is partial polymevrization of the polysulfide
resin in Part A. The polymerization is probably.causcd by the large volume of
air in the 7.6 liter (2 gal) pail and may be accelerated by metal ions from the
tin coated steel. Further, lack of reactive mercaptan ecnd groups (as was actu-
ally analyzed) when Parts A, B and C are combined, may result in less copoly-
merization of the epoxy and polysulfide and greater hompolymerization (i.e.,
cross linking) of the epoxy resin. The additional cross-linking of the epoxy
would reduce thermal plasticity during heating, and make for a more rigid and
smaller volume of char (as was actually observed). The net effect, of course,
would be to reduce thermal efficiency.

Packaging containers. — Except for the first production lots, which were
packaged in the 7.6-Iiter (2 gal) pails, Part A of 45B3 of 313 coatings were .
packaged in 0.950 liter (1 quart) glass jars. The small ullage (about 10 percent)
left for expansion and mixing room was purged out witn dry nitrogen before
capping. The padded glass jar of Part A and the mectal cans of Parts B, C and
D were packed into a 3.8 liter (1 gal) friction top paint can for shipment.

If, as Ames indicated, the formation of the black deposits are not harmful,
future production could utilize resin coated, tinned stcel containers. However,
should the black deposits be unacceptable, thea a betler resin coated can will
have to be obtained or Part A will have to be packaged in polypropylene, high
density polyethvlene or glass., Whatever packaging is utilized, the containers
of Part A should be full or nearly full, and users should be cautioned about
storing material in containers that have substantial amounts of air space. When
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a portion of Part A is rernoved {rom a full container, the material should be
repackaged in a smaller container or the ullage should be swept out with dry

nitrogen.
45B3 and 313 Coating Performance

Test method comparison. — Although the quartz lamp thermal efficiency
heating test performed at Hughes was significantly different in operation from
the fuel fired furnace test performed at Ames, the results werg surprisingly
similar. Both tests were performed at a heat flux of 10 Btu/ft“-sec but the fuel
furnace was approximately 10 percent convective, In most cases the thermal
efficiency ratings (i.c. temperature for back of the steel panel to reach 204°C
(400°F) /thickness of the coating) were within 10 percent of €ach other. The
variation from specimen to specimen was often as great as the difference pro-
duced by the two methods. Also, there was no obsérvable trend as to which
test was more severc — somelimes the quartz lamp test values were slightly
higher and at other times slightly lower than the thermal efficiency rating
obtained on Ames' fuel {urnace.

Effect of curing procedure. — The present specifications A-16839(B) and
(D) require the coating to be air dried at room temperature for 10 days mini-
mum before testing., Except for one specimen from 45B3 Lot 11-5-71 (which
was of marginal quality), coatings which were air dried for 24 hour followed by
force drying at 66°C (150°I") for 16 hours appeared to be comparable to 10 day
air dried coatings (see Tables XII — XXIV),

Information recently received from Ames appecars to confirm that force
drying at 66°C (150°F) is acceptable. Ames reported that the 24 hour air dry;
before force drying,is essential to maintain good thermal perf{orrmance.

Fineness of grind. — A fineness of grind (Hegman Scale) of 1+ is required
by the current specifications., Fineness of grind, of course, is a measure of
the largest particles in the coating and is indicative of the total particle size
population. Ball milling of Part A produced a fineness of grind of 2 — 3 where-.
as Ystral mixing of Stud milled salt produced a 14 grind. The fact that ball
‘milled material with the finer grind produced coatings with better thermal
efficiency ratings than the Ystral mixed coatings may be very significant.

Minimum thickness., — Thermal efficiency tests performed on 0.79 mm
(31 mil) 45B3 coatings (Lot 8-18-71) indicated that the thin coatings did not
afford sufficient thermal insulation during the initial stage. With these thin
coatings, the back side temperature was almost at 400°F before intumescence
started. Although the poor performance of this lot may be due to other factors,
it would seem that the thin coating was at least a contributor.

Review of work performed under Ref.6 and discussions held with Ames
Resecarch Center support this obscrvation relative to minimum thickness.
Although one Ames prepared coating of 35 mils (see Table XVIII) had a good
thermal efficiency rating at Hughes, Ames reported that coatings of 0.63 —
0.74 mm {25-29 mils) did not perform well. As a consecguence, the minimum
thickness for therimal efficiency testing was raised from 0.76 mm (30 miis to
1.52 mm (60 mils).
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Flexible Thermal Protection Coating

Intercoat adhesion, During preparvation of {he second batch of 2.45 X 9.45 ¢n
(24 X 24 ia.) flexible thermal protection sheets, a delay in the coaling sequence
occurred. Instead of the 10 — 15 minutes drying bhetween successive coats,
about 1-1/2 hours elapsed. After the sheets had cured, it was found that with
some ecffort a delamination could be effected. It is strongly suspected that this
reduction in intercoat adhesion was a result of the extra drying time and con-
sequently it is recommended that the drying time between coats be limited to

20 minutes maximum,

V1. CONCLUSIONS

Intumescent Salt

+

(1) Ammonium salt of 4-nitroaniline-2-sulfonic acid of acceptable purity
can be obtained from Allicd Chemical Corp's Buifalo Dye Plant, Buffalo, N.Y,

(2) Substantial quantities (i.e. several hundred kilograms or more) can be
procuwd thus making commelcxal manufacture of the Thermal Protection Coat-

ings feasible.

(3) Reduction in cost of salt from approximately $44.00/ky ($20.00/1b) to
present level of 511,00 /kg ($5.00/1b) makes the commercial exploitation of the
Thermal Protection Coatings practical.

Coating Manufacturing Methods

(1) Ball-milling was the best of the three methods investigated for manu-
facture of formulas 45B3 and 313 Part A (i.c. salt polysulfide resin, MEK mix-
ture). DBall milling afforded the best product control and resulted in a coating
which met or C‘{CCtdcd the required ther mal efficiency of 78.8 sec/mm
(2.0 scc/mil). :

(2) Ball-milling is an economical method of manufacturing since mill losses
were reduced to an acceptable level. Using procedures established during the
program, good yiclds (i.e. quantity produced versus raw materials used) of
93 percent were obtained.

(3) Incorporation of Refrasil fibers into Part /i of formula 313 remains a
problem in terms of package stability. IPackaging of the Refrasil in separate
containers (to avoid the extremely hard sectiling experienced) should be con-
sidered an expedient and solutions to this probiem should be cxplored.



Package Stdbilif:y

(1) Formation of black deposits (probably tin and/or iron sulfides) as a
result of the reaction of Part A wilh raetal containers can be avoided by pack-
aging in glass, polypropylene or high density polyethylene,

(2) Premature gelation of Part A was cavsed by excessive exposure to air
due to a large ullage in the initial packaging, Metal ions and moisture may
have been contributing factors, This premature polymerization can be avoided
by packaging in full, or ncarly [ull, containers or by keeping a dry nitrogen
""head"',

(3) Poor performance of coatings will be experienced if Part A (although
still fluid) has undergonc partial polymerization on storage.

Accelerated Curing of Coatings

(}) Therma! Protection Coatings 45B3 and 313 can be force dried for
16 hours at 66°C (150°F) in lieu of prolonged air drying at room temperature
without impairing thermal performance, A prior air dry at room temperature
(i. c., 27°C or 80°F) for 24 hours appecars to be essential, '

Flexible Thermal Protection Coating

(1) Shects of thcrmal protection coaling with or without glass fiber mat
reinforcement can be manufacturced by spraying multiple coats, For best inter-
coat adhesion the drying time between successive coats should be limited to
20 minutes maximum, ‘

Materials Technology Department
Materials and Process Laboratory
Hughes Aircraft Company
Culver City, CA 90230




APPIENDIX A

SULFATE AND CHLCORIDE ANAILYSIS PROCEDURES FOR AMMONIUM
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APPIINDIX A

SULTFTATE AND CHLORIDE ANALYSIS PROCEDURES FOR AMMONIUM

SALT OF 4-NITROANILINE-2-SULKFONIC ACID

Sulfate Determination

10,

11,

12.

13.

Weigh out approx, 10g of'salt sample in 2 liter beaker.
Dissolve in 1 liter of distilled water, - |

Stir until dissolved (warm the solution as r’eq'ui'red) .
Filter through Whatman #40 f;lllier paper,

Rinse the [ilter paper with 50 ml of distilled water,
Add 25 ml of conc, HCI1, .

IHeat to boiling.

Add 75 ml of 10% B'aCl2 . ZHZO solution,

Keep at 90°C for 10 min,

Filter through Whatman #40,

Rinse with hot distilled water until {ree of chloride when tested with
AgNO, solution. ‘ :
Place the filter paper in a tared crucible,

Expose the crucible to 600 — 800°C until constant weight of BaSO4 is
obtained. :

Chloride Determination

Weigh out approx, 10g of salt sample in 2 liter beaker,
Dissolve in 1 liter of distilled water,

Stir until all the salt dissolves, Warm as required for complete solution
of the salt. .

Filter through Whatman No, 40 f{ilter paper,
To filtered solution, add 5 ml of Conc, HNO,.
o

Heat just to boil and add 25 ml of IN Agxo'3 scélution,

Preceding page blank -3
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7. Heat to boil while stil'-ringi\'i-goroué'ly (approx, 5 min, )
8. Allow to stand at ambient Eemperature overniOht

9. Filter thxough smtered p01celam f11te1 ing crucxble

-

- 10, ' 'Wash tho roughly w1th d11 HNO3 and then W1th dxstxlled water

11, Expose the crucible’ to approx, 300° C until constant welght of AgCl is
* obtained, : :




APPENDIX B

RESIN, CURING AGENT AND SOLVENT QUALIFICATION
PER SPECIFICATION A-16839 (A)
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E all directions cnd then directed into tha jet chom'er. The powerivlseaied jot cjocted from the jot
chambar reaches down 1o the eentiner balfom where it is dedectzd to tha wal!, thrown back to
the surfaco, to ke picked up cgoin by the suction of the jet mixing hacd. Within a few scconds
E a continvous. circulaticn beging which stirs tha tafal conterts of the container without leaving uny
Jead spots. Alsa very viscous substonces or heovy particles deposited on the container bottem as o
R § consesquence of lona starese are vashed away by the jol, circulated, carriod fo the top cnd homo-
,: gereously blended with the other components of the mixture in the container.
3
]
1
i 12 Positicn of the jel.mixer YSTRAL In case of low-viscosily modia being opplicd the prepelior has lo
4’ be p!occd'iu position in the upper, closed post of the contro! ring. I this pasition the ixing koeod

functions as o doub!c injzctor. Heraby odditionel suction is foking pluce by weens of the peiforated

extension in th= lovier razne of tho conirol-ring. Thus also the axial thrust is also being reinforced.
In core of highi-viscosity substances being applicd the rolor has to he krought into positionin tae
. lovrer part ef the sictor. Congestion — which in cose of high-viscesitymedia necassorily devolops
veithin tise ving-chembsr ~ will Le provented {or the reason thatpart of the sebsfance candrain off on

tho side through tha stots; thereby on uninterrupted continous fow-tircugh is insured.

B Folating cons Th2 fruncated cone type roloting baiweon beoring pipe ard progeller outside the

control ring the priposs toacceloralz 1ha fiaw of the substunce which is being sudied iato the

stator. It also intensifizs the power of the jei which is ¢jacted towerds the bottom.

U

e e

Figure C-1. Ysiral Jet Mixer PI’BBBI"HE page h|a_n_k '
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Adivstmont Adjustment

of Jat {dixing H2ad {or low viscosity subistancas : of Jot Mixing Head for high viscosity subctances.

B No cir ubsorption  Complete absence of cir in YSTRAL is guaranteed by the sasied guida twbo which rouchas dovn to the mixing

head. Thus tha ratating shaft has no contuct with the substances to bo mixed and re air cun penciraie into the niixture.

B Ventilalicn The stcady ond continuous verticel flows produces the ventilation of subsiances which hava obsorbed air in the course of

a preceding port of the oparation,

B Position of the jet mixing furhine YSTRAL Best mixing results are obtained when YSTRAL is placed in i container alongside the
contciner wall. If this proves imgessible, it should al least be plazed eccentrically in tho conlcin2r. Al ary rate, never should the mixing
head be ploced 100 near 1o the container boitom. If the mixing hzad opuiaies oo rear 19 tho battom the impu!se of tho 2jcctad jut will
ba retarded. Thus its thrust will be impoired and the eJzct will be impairad,

11 Containers Owing to the intensive axd controllsd circulation, tha shopa of the container to bo vred is of no imparianca. 4s diameter

moy Le considerably greoter tien its height. it is also unimpertant v.

rether its form is circclar or rectaagular ard vehothor it has o
conica! batlom or nol Furthermore, it is nat nocassory that containar cad mountings cre excnedingly sturdy in os rmuzh 3 the axicl

thrust ccused by the fet considerably relieves tho steess of weight of YS3IRAL cad of the meunting atiachmeats.

B Emulsions 1o tha course of these instrectizas spacial menticn should bo mada of tha often difficult field of preparctica und production
of eraulsions,

"

The "peessure chombar® formod within tha jat chombaer it in @ position to praduce easily emulsions (W/Q-iype) from purs oil cad pure
waier without cir inpact which are cf udaquate permuaernce. Tha vweatar will Lo compielely "hecien” into the inaer phizio withoul leaving

even u porticla cf water vnemuisified bstwean the phases, Operoting without air in the preductica of omulsions is of spacicl importance

in as much cs air distributed in countless numbsers of litils bubbles in ihe nedism mckes tho emubsion spongy and unsicble.

Figure C-1. Yatral Jet Mixer (Concluded)




Korucdmohlscioilion e vielttacer Vergrassiung cer Kerunditetnoberlithe clelcht disie
clner Landscholl van Gebirgen, Bal der Libell der Helno cegracinander sind Cio Scherponkis dorf,
wo dio Spitren der Ferge sich Ieaflen, 2n denen ¢as Matlgul rendilanen wird, D= prcenfizerlicegens
dan 1dicr bildea Hohitdume, wir nennon sle Wirbolionon, In 6le das Materlal 1ur Rrarbelivag kummt,

Frickon surfzce

Ausleaf Foren -
Outiet Feros

Corundum will stones

fock like a3 miuntainou: landreape, As the sizars work 23ninit endh other, tho peabe nf the moun'sline

When ¢reatly magnitfiad, the 1ufaces of the ceruncum mill stonay

mend end creito the cuttlng pelet, vhera the metarial b crushed. |n tha mamic way, a1 {he valeys
feco each cther, they form hollows, ealicd whitl roni:, where the

eelai b further p:ocessed.

Fineness of wnillineg ard heating
are fwvoa main prebiems when
process

o many products,

Tae

The Korumo mills sofve toth there peeblems be-

carso of 1he very wide rocga with regred 15 finaness
de

ity of the mcihine

ot miliing crd the drgree of hecting. This 1o

caton for tie greed vorsol

still Leing extended.

Ficencsy of the end product.

? Korumo miils can ke vied loe breoking wp or 1ough

“} milling, kvt clso for gicin sizes down 1o 1 micren.

§ il ! The required degree of fizeness is oblcined by

; ; K oenns of 1he milling stane ccp ond by selscrion
!‘ H end combination of wmillirg sizns gronvlation {7

diflerant granulotions are cvoitable).

Heatirg

In c:der tc prevent ercessive hioting of the pro-
duzt, el mills, fom type | erwaids, ure equippad
with @ cooliny instaliction. The types IK end 4K
{see 3K ood &K} ore desizred for podicularly

sensitive moterials to bo milled,

Figure C-2.
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d of cprrotion: =

The heort el our mills s lored by tha
two corundum mill stoaes, which ore pluced hori-
zontally, ana obove e oller, ond ore supplied

with dJifferent grorvictions oad herdrsis, The lowae

ravolving mill slone {rotar) rotales XN o p.m.
oynirst the vpper, fied mill stone {stator). The
moteriol to bo milled fows bulween the two stones,
ard il is token by meons of suitoble fued cftodch-
monts ond the centrifugnl forca of the miil slones
fiom the hopper or {eed pips through the opening
in the micdle of tho sictse to the cealre oad {rom
there to the puriphery cf the stones, During its
potscge, the matedial is eevshed aad broken up of
the cutting point ef the granvior mitl stanes, The
forces of covitetion in the eddy 10nes further ve.
duce, mix ¢r homogenise, dicperse crd cmulsify
fhe matzricl Sulstonces ta be milled which have
o liguid plus o solid photo, are very wall moistoned
ot dispocsed.

Koruma Mill
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