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FOREWORD

This report covers the work during the period September 1, 1966
through September 30, 1967 on Project Number 3148, element number 6.25.05.18.k4
for the Air Force Rocket Propulsion Laboratory, Edwards, California under
Contract AF Ok(G11)-11644 by Shell Developmeni Company, Emeryville,
Celifornia, Project Officer: Robert C. Corley, RCPS. Submitted October

1967.

This report contains classified informetion extracted from other
classified documents.

Publication of this report does not constitute Air Force approval
of the report's findings or conclusions., It is published only for the
exchange and stimdation of ideas.

W. H, EBELXE, Col., USAF
Chief Propellants Division
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ABSTRACT

(U) This report describes the resulic of a project designed to study the
irnfluence of sclid oxidizers on the curing of binders for solid propellants
and to explore the possibilities of minimizing interaction of oxidizers and
binder components by surface coating of the oxidizer or by intrcduction of
chemical agents so that the binder systems might more nesrly achieve thel:
maximum physical properties. Kinetic studies showed that in binders involv-
ing epoxy resins and carhoxyl groups in polybutadiene-acrylic acid-
acrylonitrile terpolymers, the rate of the polymerization reaction is reduced
and the epoxy groups are consumed faster than carboxyl groups in the presence
| of ammonium perchlorate (AP). The evaluation of over 4wo hundred surface

coatings adsorbed from scluticn on AP, deposited on a fluidized bed of the
oxidizer cr merely added to the propellant formulation is deseribed. Coatings
evaluated include polyethyleneimines, linear polyalkylenepclysamines, alkyl-
amines, amides and polyamides, quaternary ammonium compcunds, fatty acids and
polymerized fatty acids, and a variety of polymers. Since consumption of
epoxy groups in AP-epoxy resin mixtures was shown to be independent of amounts
of AP present, it was concluded that this interaction is related to the
solubility of AP in the hinder system. Methods of chemically capturing AP
or its ionigzation or decompositicn products as they appear in solution were
investigated. K, Rb and Cs salts which form perchlorates of very low
solubility in organic system were effective in reducing the AP-epoxy
interaction. A group of proprietary compounds ineluding potessium salts of
carboxylic, sulfonic and phosphonic acids decreased AP-epoxy interaction and
reduced viscosity during propellant mixing by delaying the cure reaction. A
mocst effective scolution to the AP-epoxy interaction was to convert the
polybutadiene-acrylic acid-acrylonitrile terpolymer to the X, Rb or Cs salts
which resulted in reascnably repid binder cures and much improved prcpellant
physical properties.

P P s P — T
-

(¢} A brief investigation of methods of reducing the interaction of
hydroxylammonium perchlorate (HAP) with epoxy resins was made, Pretreatment
of HAP with tolylene diisocyanate or use of a mixture of AP and HAP showed
some wromise,
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OXIDIZER SURFACE COATING (U)

SECTION I
CBJECTIVES OF THE PROJECT

() It is recognized that the physical properties of solid propellant
binders can be adversely influenced by interference of solid oxidizers such
as ammonium perchlorate with the binder cure mechanism. "In this project, our
attention has been concentrated on binders consisting of epoxy resin-
prepolymer combinations including epoxy-polybutadiene-acrylic acid-
acrylonitrile systems and epoxy-carboxyl terminated polytutadiene. Ammonium
perchlorate has been the oxidizer of primary interest, with some attention
directed toward the more energetic hydroxyl ammoniur perchlorate in +he later
stages of the project.

() Our first objective was to attempt to define the nmeture of the
oxidizer-binder intereference by examining the interaction of AP with various
polyepoxides and by studving the influence of AP on the kinetics of the epoxy-
carboxyl reaction as & function of AP concentration, temperature and catalyst
type and concentration. These results provided the basis for test methods for
examining candidete systems for rendering the oxidizor inert in binder
componecnts.

() A second objective of the project was to evaluate the ability of a
wide variety of surface coatings and treatments to minimize the interaction of
oxidizer with binder components and reduce interference with cure mechanisms.

(u) The third objective was to prepare fully formulated scolid
propellants with high loadings of solids and to evaluate ‘the influence of a
variety of oxidizer surface coatings and treatments on the curing and on the
mechanical properties of the cured propellants.

(c) The fourth objective was to explore the interference between
hydroxylemmonium perchlorate and binder systems and to evaluate some coatings
and treatments as possible means of controlling their interaction.

SECTION II

SUMMARY OF RESULIS

(u) Studies of mixtures of finely divided AP (0,1 n®/g) in various epoxy
compounds agitated at 80°C over pericda of several hundred hours chowed that
the disasppearance of epoxy groups was greatest in aliphatic and in eyclo-
aliphatic epoxides and least in aromatic epoxides. Among aromatic epoxides,
the more pure the compound (as judged by approach to theoretical epoxy

content and low hydroxyl content) the less epoxy content lost in contact with
AP at 80°C, The 1loss of epoxy groups during these studies was shown to be
independent of the amount of AP surface area presented to the resin, the
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decrease in epoxy content being the same whether 0.5%w or 80% AP was present
in the mixture. These results suggest that the solutility of AP in the resin
may play an important role in the epoxy-AY interacticn.

Investigation of reaction kinetics in the model system EPON H-825-
hexanoic aeid-chromium octoate at 25, 60 and 80°C indizates that the reaction
appears to be first order up to 80% completion and the reaction of apoxy and
carboxyl groups is stoichiometrie, i.e., 1/1. At 25°C the presence of AP does
not influence the kinetics. At 60°C the presence of AP does not alter the
stoichiometry of the reaction but the reaction is second order, the rate is
decreaced by AP and the response to catalyst addition is reduced. At 80°C the
reaction is second order, the rate is reduced by AP and the stoichiometry is
altered sc that epoxide groups are consumed faster than carboxyl groups. The
intereference of AP is greater when the hydrogenated analog of the diglycidyl
ether of Bisphenol-A is used as the diepoxide, Similer studies me. 2 with
KC104 showed it to be completely inert in these systems with respe-t to both
reaction rate and stoichiometry.

In cider to determine vhether a given surface treatment had produced
a surface coating on AP and in order fo obtain scome information concerning
wettability of the coating by binder components, a method for measuring con-
tact angles on powders was developed and shown to give results in agreement
with adhesion teusion measurements and with measurements on large corystals,
Of the coatings on AP examined from this point of view, a silane (Dri Film
SC=T7) and a group of proprietary phosphonic acid derivatives with long
hydrocarbon chains were wet the least by epoxy resins.

Coatings were deposited on AP by adsorption of a variety of
compounds from solution. Normal butyl aleohol was the most frequently used
solvent because of the very low solubility of AP and reasonably high
solubility of most coating compowrsdls in this solvent. The evaluation c¢f these
coatings was made by mixing the coated AP (20%) with EPON H-825 (80%) in
rotated vials at 80°C over periods of several hundred hours with periodic
determinations of the epoxy .ontent of the resin.

Polyethyleneimine coatings were studied extensively at levels of
0.25 to 8% basis AP and it was among the most effective coatings at the 1%
level according Yo the above evaluation method. The effectiveness of these
coatings appeared to be independent of mclecular weight in the range 1,200 to
100,00vu and ethcxylation of the polymer had no effect. Temperature of drying
of the adsorbed coating of 60°C proved to be important since higher tempera-
tures caused the formation of polyethyleneimine perchlorate with the
liheration of ammcnia which accelerated the reaction of the epoxy resin.,
Examination of the reaction kineties in the model system EPON H-825-hexanoic
acid-chromium ocloate catalyst showed that the polyethyleneimine coating on
AP increased the reaction rate but did not restore the epoxy/carboxyl
stoichiometry to 1/1. Reaction of the polyethyleneimine coating on AP with
polyaliyleiyeidyl ether did not improve its protective quality further,

Linear polyalkylene polyamines adsorbed from solution on AP were
evaluated and tetraethylienepentamine was found to be effective in reducing
attack of AP on epoxy resins, The lcwer molecular weight polyalkylene
polyamines accelerated the reaction. A diethylenetriamine-epoxy resin adduct

was ineffective,
UNCLASSIFIED
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Alkyl monoamines verying from methylamine to Cgz amines were
evaluated as coatings adsorbed on AP. Their effectiveness in reducing the
attack of AP on epoxy resins was small and no influence of alkyl chain length
was ~vident. Hexamethylenediamine was an ineffective costing but a polyoxy-
propylenediamine (6 propylene oxide units) was almost as effective as the
polyalkylene polyamines., Two cyclic diamines, metaphenylenediamine and
menthaned iamine were evaluated and the former was found to be & moderately
effective coating while the latter was ineffective.

The amides, urea and formamide, were edsorbed on AP but these
coatings did not reduce the attack of AP on epoxy resins. The polyamides of
polymerized linoleic acid and diethylenetriamine (Versamid 125 and 140) were
adsorbed from solution and both were found to be effective coatings, the
higher molecular weight Versamid 125 being the most effective.

A series of quaternary ammoniur compounds wes adsorbed on AP with
the hope of exchanging these cationic materials for the ammonium ion in the
AP surface and producing an alkyl chain outer lesyer on the AP, Compounds
varying from tetrapropylammonium halides through dioctadecyldimethylammonium
halides were evaluated as coatings but thesc compounds were not found to
provide any protection of the epoxy resin from attack by AP and in some cases
the consumption of epoxy groups was accelerated by quaternary ammonium
compound coatings.,

Coatings of lauric acid, stearic acid and the trimer of liucleic
acid were adsorbed on AP and evaluated. The order of increasing effectiveness
of the coatings was stearic acid, lauric acid, trimer of linoleic acid with
only the trimer of linclelc acid being sufficiently effective toc be of
interest.

Several polymer coatings on AP were deposited by adsorption and
evaluated, Alkavinol (a proprietary copolymer of vinyl acetate and Ci2-Cia
alpha olefins hydrolyzed to the alcohol form) showed a small beneficial effect
in reducing the attack of AP on epoxy resins. Polystyrene and polymethyl-
methacrylate polymerized in the presence of AP in a4 nonaquecus systiem also
showed & small beneficial effect as coatings, Nylon polymerized in the
presence of AP accelerated the attack of AP on epoxy resins., Polyorthoxylene
(about 8 monomer units) deposited from solution by eveporation was a
moderately effective coating.

A proprietary potassium slat of a sulfated, ethoxylated long chain
alcohol (NFODOL 25-3P) adsorbed from solution proved to be an ineffective
coating for AP,

Several coatings were applied to AP by vaporizing the coating into
a steam of uitrogen which was used to maintain a fluidized bed of the AP.
Methylamine and diethylenetriamine coatings increased the rate of attack of
AP on epoxy resins while ethyleneimine and a silane (Dri Film SC-T7) produced
a small decrease in rate ¢f loss of epoXy groups.

Coatings of very fine particle silica powders (Cab-0-Sil and Aerosil)
deposited on AP failed to moderate the rate of attack cf AP on epoxy resins.
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_'j_




AFRFL TR-67-305 UNCLASSIFIED

A general conclusion which was reached as a result of study of over
90 coatings was itnat in order to be effective, a coating must be: 1) perfect
and nonporous, i.e., no uncovered corners, edges or pinholes can be tolerated,
2) it must be insoluble in binder components at 80°C and 3) it must be tough
enocugh to withstand the abrasive action of mixing in systems with very high
solid contents.

In view of these stringent requirements which a ccating must meet,
we turmed to another approach. Because of our finding thet the consumption
of epoxy groups in AP-epoxy mixtures at 80°C is essentially independent of
the amount of AP present, we reasoned that this reaction is related to the
selubility of the AP in the bhinder and we therefore began to investigate ways
of chemieally capturing AP or its decomposition products as they appear in
solution, The perchlorates with lowest solubility in organic sclvents are the
K, Rb and Cs salts., Investigation of these three salts as coatings for AP
showed them to be as effective as the most attractive coatings studied. It
was also found that simple addition of K, Rb or Cs chlorides to an epoxy
resin-AP mixture was effective as coating the AP with these perchlcorates in a
separate operation, Kinetic studies of the epoxy-carboxyl reaction in a model
system containing AP showed that the presence of both KC1 and RbCl resulted in
an increace in the reaction rate but did not completely restore the
stoichiometry to 1/1.

On the basis cof these encouraging results we investigeted a series
of K salts whose anicns might be expected to form inscluble ammoniwn compounds
while the K serves to precipitate perchlorate ion as it comes into solution.
The fcllowing salts were found to be effective in reducing the attack of AP on
epoxy resins when added at a level of 1% basis AP: KBH4, KMnQO,, KCNO,
K,Fe(CN)g and KzFdClg with lzst mentioned compound being the most effective.
Ammonium compounds which might be expected to decompose at relatively low
temperatures and thus reduce decomposition of AP by a mass action effect
were also investigated. NH4F was the most effective of this group but was
not as effective as the best of the previously mentioned group of K compounds,

In view of the effectiveness of a variety of potassium corpounds in
reducing the reaction of AP with epoxy groups at 80°C, eighteen proprietery
Shell compcunds ineluding potassium salts of carboxylie, sulfonic and phos-
phonic acids were evaluat.d from this point of view., Fifteen of the eighteen
proved toc be effective and seven of these were in the same class as the best
polyethylene imine coatings and inorganic K salts as judged by the screening
gest involving prolonged mixing of AP and the additive with epoxy resin at

0000

Some of ‘the early propellant mix work employing wolybutadlene-
acrylic acid-aerylonitrile terpolymer (PBAN-T03)-EPON binder systems and
potassium salts of organic acids as additives to reduce attack of AP on epoxy
groups falled to cure. It was thought that this might be caused by the
competition of the anion of 1..2 aecid for the epoxy group. Since the arions of
these K salts of organic acids were monofunctional they would tend to
terminate polymerizing chains and prevent cure. We then reasoned that the
anion of the XK, Bb or Cs salt should be the anicn which we want to react with
the epoxy group in the resin, The K, Rb and Cs =alts of the terpolymer FBAN
were then made, the function of the cations being to capiure any perchlorate

UNCLASSIFIED
e




[~

AFRFL TR-67-305 UNCLASSIFIED

ions entering the binder, With these salts of PBAN the combination of
relatively rapid binder cures and good binder physical properties were
achieved in the presence of AP,

A ball penetration measurement was utilized to follow the state of
cure of PBAN-EPON-AP systems to an advanced stage for beyond the point where
samples could be dissolved for titrations. The presence of 20% or more AP in
a nmixtur » was shown to prevent cure of the PBAN-EPON system while under
identicai conditions with KC104 as the cxidizer the cure proceeds in a menner
identical to the oxidizer-free system, Polyethyleneimine-coated AP with
coating levels of 0.5, 1 and 2%w basis AP were evaluated in a PBAN-EPON binder
and it was shown that the 2%w coating brought the curing rate reasonably close
to that of the oxidizer-free system. Cure rate of the PBAN-EPON-AP system
could be made to approach that of the neat binder when the AP was coated by
dropping it through saturated agueous solutions of KC1 or RbCl which produced
a layer of KC104 or Rh(C104 on the particle surface., The simple addition of
KC1l, RhCl or K oxelate to the binder-AP mixture was much less effective in
preventing the interference of AP with binder cure than the above mentioned
coating method as judged by the ball penetraticn assessment of state of cure,
A carboxyl terminated polybutadiene (Thiokol HC-434)-EPON H-825-chromium
octoate binder system wes evaluated without any oxidizer, with 20% KC104 and
with 20% AP present. The curing of these three systems at 80°C as followed
by ball penetratioa showed that this binder system was insensitive to both
.K0104 and NH40104.

Propell. t formulations containing 14%w binder, 16%w aluminum powder
and 70%w amnonium perchlorate were mixed, vacuum deserated, molded and cured
at 80°C on a rigid time schedule. Prior to the curing operation the viscosity
of the mix was determined with the Brookfield Helipath at 80°C in order to
evaluate the viscosity-reducing capability of a number of the edditives in the
propellent system. The viscosity of the PBAN-EPON H-825-A1-AP base system was
4 x 10° cps at 80°C. The mix viscosity was reduced to 1.6 x 108 cps by
addition of 19 basis AP of VERSATIC® 911-P or the potassium salt of the
monobutyl ester of eicosyl phosphonic acid or by conversion of 10% of the
PBAN to the potassium salt. A reduction of viscosity to 1.7 x 10° cps was
produced by addition of 1% basis AP of the potassium salt of Shell iso=C o
paraffin acid, or by coating the AP with 2% polyethyleneimine, A reduction
of mix viscosity to 1.8 x 10® c¢ps was observed when 10% of the PBAN was con-
verted to the cesium salt. Viscosities in the range 2.% to 2.8 x 10° cps were
obtained when all of the PBAN was converted to K, Rb or Cs salts., The
versatic, phosrhonic and isoparaffinic acid salts and the polyethyleneimine
probably work by retarding curing during mixing, The 1chanics of viscosity
reduction by K, Rb and Cs¢ salts is not understood since these systems do not
show any lack of cure, The potassium salt of a petroleum sulfonate and
KoPdClg were also observed to materially reduce mix viscosity, probably by
retarding the curing reactions.

The cured propellents were tensile tested at 25°C and 50% relative
humidity at a strain rate of 2 inches per minute. The results on the
PBAN-T03, EPON H-825, A1, AP system with various treatments are summerized in
the following table. Thus, several ways have been found to improve the physi-
cal properties of this propellant system considerably. The results should
also be considered in comparison with those obtailned when employing the
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completely inert but ballistically unattractive oxidizer KC104 in the seme
binder system which gave a tensile strength of 86 psi and 75% elongation at
meximum stress.

Tensile Elongation
Strength, at Meximum

Coating or Additive psi Stress, %
None 11.2 60
PBAN converted to Rb salt 54 39
PBAN converted to K salt L3 35
10% PBAN converted to X salt %6 L8
10% FBAN converted to Cs salt 29 57
PBAN converted to Cs salt 26 2L
10% PBAN converted to Rb salt 19 54
1% KC1 basis AP 18.5 50
1% K4Fe(CN)g basis AP 18.3 60
1% polyethyleneimine on AP 12.9 26
2% polyethyleneimine on AP 9.8 ke
1% NEODOL 25-P 2,8 35
1% SPAK-T Cy» (a) (a)
1% VERSALIC 911-P (a) (a)
1% K petroleum sulfonute (a) (a)
1% X moncbutyleicosyl phosphcnate (a) (a)
1% KoPdClg (a) (a)
m) Too soft to test.
(v The binder system Thickol HC-434 (cerboxyl terminated polybutediene)-

EPCN H-825 when used with 0.05% chremium octoate catalyst was found to be
inert to botn KC104 and NH4C104 and gave propellants with tensile strengths of
209 and 220 psi, respectively, with about 12% elongation at maximum stress,

(c) The possible application of some of the above findings to the
oxidizer hydroxyl ammonium perchlorate (HAP) was explcred. The interaction
of HAP and EPON H~325 was too rapid to follow at 80°C but at 60° and 20° the
rate of epoxy consumption was followed by titrations. Addition of 1% or 11%
KC1 btasis HAP tc¢ the oxidizer-resin system accelerated the interactioun at
60°C., Attempts to coat HAP with a layer of the monoepoxide phenylglycidyl
ether were unsuccessful, no reaction being detected., Addition of L% tolylene
diisocyanate (TDI) to HAP failed to prevent its rapid reaction with epoxy
groups in EPON H-825 ai 80°C but addition of 43% TDI (0.33 moles TDI/mole HAP)
produced a definite retarding effect on the reaction. A potassium petroleum
sulfonate which was found to delay the cure in an AP-PBAN-EPON system failed
to reduce the reactivity when added at a level of 2,5% basis HAP, It appeers
that the thermal decomposition of HAP to produce hydroxyl amine and perchloric
acid at temperatures as low as 25°C mekes its use in thermesetting resin
systems (which cen be cured by these decomposition products) an extremely
difficult problem. In view of the rapid cure of the PBAN-EPON binder system
in the presence of HAP and the slow cure in the presence of AP we explored the
possibility of using a combination of AP and HAP as oxidizes. An exploratory
experiment in which the AP/HAP ratio was 10/1 gave a promising result in the
form of a more rapid cure than in the case where AP was the only oxidizer

Present,
CONFIDENTIAL
-




AFRPL TR-67-305 UNCLASSIFIED

SECTION III

REACTIVITY OF UNTREATED AMMONIUM PERCHLORATE WITH EPOXY COMPOUNDS

Since scme earlier Shell research demonstrated metal perchiorates to
be effective FPON resin curing sgents a series of small samples of EPON H-825
(ca 0.3 gram) over ca 0,24 gram AP in one milliliter open glass conteiners was
statically aged in an 80°C (176°F) oven., IExtent of reactivity was determined
by removing samples at various intervals for epoxide analysis. The data
showed a slow but definite loss of epoxide with time, about 20% loss at 150
hours, and the samples were sufficiently gelled after 240 hours to be
insoluble in 9:1 chlorobenzene:acetic acid at room temperature.

Further study of the AP/e oxy reactivity was conducted using ean
experimental set-up wherein the AP/zpoxy sampl es were gently mixed. Resction
vessels were one-dram screw cap (Teflon liner) vials. Epoxy samples (usually
sbout 0.3 g) plus the AP were weighed into the vials and then we added four

4 mm x 35 mm glass rods. The sealed vials were clipped normsl to the face of
a slowly rotating (~2 rpm) disc we constructed and installed in our Hotpak
oven (see Figure 1 and 2). The tumbling action of the glass rods during
rotation served to gently stir the samples. Epoxide velues of aged samples
vere determined by immersing the vials (without caps) in 50 ml of 9:1 chloro-
benzene:acetic acid solvent and stirring, with mild heating, until the
contained sample was dissolved,

A, Epoxide Determination

Epoxide values in the presence of AP were determined by both visual
end potentiometric procedures using either HBr or HC104 in acetic acid as
titrants, Scolvents used were toluene/acetic acid or chlorobenzene/acetic
acid, AP concentrations up to 80%w of the sample do not interfere with the
epoxide determination. The perchloric acid method has the advantage of a more
stable titrant and somewhat sharper endpoints. Epoxy values reported here
were determined by direct visual titrations using 0.1 N perchloric acid in
glacial acetic acid, tetrabutylemmonium iodide catalyst and crystal violet
indicator. Sample solvent was 9/1 vol chlorobenzene/glacial acetic acid.

B. Reaction of Untreated AP With EPON H-825

Results from a series of EPON H-0825 samples contacted with 5, 20 and
80%w untreated AP are plotted in Figure 3. These data indicate that about ten
percent of the epoxide is consumed after 200 hours at 80°C and that rate and
extent of reaction are not proportional to AP concentration.

To amplify our data on “he untreated AP/ETON H-825 reaction rate at
80°C, we contacted the resin with iow (5.0, 1.0 and 0,5%w) concentrations of
AP at this temperature. Owr data, see Table I and Figure 4 confirm that the
reaction rate, at least down to 0. 5%w AP, is independent of AP concentration.
The relation between percent of *the original epoxide consumed and time at 80°C
for the AP/H-825 system is shown in Figure 5.

UNCLASSIFIED
[




AFRPL-TR-67-305

62686-2

Figure 1.

'

UNCLASSIFIED

. 7.

;.- -
[ |
}

VIALS USED FOR AMMONIUM PERCHLORATE-EPOXY

REACTION RATE STUDIES

UNCLASSIFIED

-8-




AFRPL-TR-67-305

62686-1

UNCLASS!FIED

L

"

Fipure 2, VIALS CONTAINING AP/EPOXIDE SAMPLES

POSITIONET ON ROTATING DISC IN
CONSTANT TENMPERATURE OVEN

UNCLASSIFIED

-9-




!,

UNCLASSIFIED

AFRPL-TR-67-305

ALTAILDOVAY FAIXOdd - ILVHOTHOUII WNINOWNWY ‘£ 2andtg

(Je9L1) Ds08 18 SINOH
00§ oDz | oo

o (4.9L1) D,08 aamusadwag,
. (Tepoung 0¢/0L) AV + 628H uody ‘waedg

dV ON
dV %08
dV %02

dV %§

BP0

J0p1/ ba ‘onrep apixody

UNCLASSIFIED

63641




AFRPL TR-67-305

UNCLASSIFIED

Table I, REACTIVITY OF "EPON" H-825 WITH 1OW

CONCENTRATION OF AMMDNIUM PERCHILORATE

AT 80°C

System: Continuous stirring
Initial Epoxy Value: 0.562 eq/100 g
Epoxy Value After Indicated
s Hours at 80°C
ystem
118 Hours | 136 Hours | 256 Hours

EPON H=825 + 5%w AP 0.529 S 0,482
EPON H-825 + 1.0%w AP | 0.535 0.529 0,481
FPON H-825 + 0,5%w AP - 0.529 0,483

C. Reaction of Untreated AP With Various Mcdel Epoxy Compounds

In order to compare the influence of epoxide type on reactivity,
phenylglycidyl ether and butylglycidyl ethev were contueted for 119 hours at
80°C with 20%w AP, At the end of this time the phenylglycidyl ether hed
yellowed slightly but the epoxid- value was essentielly unchanged. The butyl-
glycidyl ether was converted to a dark trown soft solid having <0,1 epoxy
value, NMR spectra confirmed the absence of epoxide in the converted butyl-
glycidyl elner sample and the lack of any significant change in the
phenyleglycidyl ether.

The greeter reactiviity of the alinhatic structure, due probably to
greater AP solubility was also demonstrated using EPON 812, After 118 hours
at 80°C in static contact with 20% its weight AP, EPON 812, the tris-glycidyl
ether of glycerol, was converted to a hard, brittle solid.

The effect of resin purity and arcometicity on AP reactivity was
determined by static contect of the following representative resins with AP
at 80°C: EFON H-825 and DER 332 representing the purest commercially avail-
able Bisphencl-A type epoxies; EPON X-22, a pure crystalline diglycidyl ether
of Bisphenol-A and a sample of the diglycidyl ether of hydrogenated
Bisphenol-A, Our data, see Table II and Figure 6, indicate the highest purity
bisphencl type resin to be least reactive and the cycloaliphatic resin to be
very reactive. The reactivity of the cycloaliphatic is in line with our
carlier findings with the aliphatic resins EPON 812 and butylglycidyl ether,
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SECTION IV

INFLUENCE OF AMMONTUM PERCHI.ORATE AND POTASSIUM PERCHLORATE
ON EPOXY-ACID REACTION KINETICS

In order to determine the effect of temperature on the magrnitude of
interference by ammonium perchlorate on epoxide-carboxyl reaction kinetics
experiments using a model system, EPON H-825-hexanoic acid-chromium octoate,
were conducted. Epoxy and acid consumption rates wers determined at 25°C
(77°F), 60°C (149°F) and 80°C (176°F) for samples containing varying catalyst
concentrations both neat and in the pregsence of ammonium perchlorate.

Rate data for triphenylphosphine and benzyldimethylamine catalyzed
systems at 80°C were also determined.

The base system used in our rate studies contained 1/1 epoxy to
carboxyl equivalents, both epoxy and carboxyl initial concentrations were
0.344 eqf/100 g. Weight percent concentrations were 60.34% EPON H-825 and
39.66% hexanoic acid (Aldrich Chemical Company, 99+%). Equivalent weights
for EPON H-825 and hexanoic acid are 175 and 115, respectively.

One ounce glass containers containing the samples, ca 20 grams, plus
alx b4 emglass rod (to improve mixing) were attached to a slowly revolving
wheel in a constant temperature oven (see Figures 7 and 8). Aliquots were
withdrawn at desired intervals for acid and epoxy analyses.

The 25°C (77°F) data for 0.1, 0.5 and 1.0% chromium octoate (on
EPON H-825) and zero, 1% and 209w ammonium perchlorate are plotted in
Figures 9, 10 and 11,

Sixty degree data (140°F) for catalyst concentrations of zero, 0.1,
0.25 and 0.50% and ammonium perchlorate concentrations of zerc to 50% are
shown in Figures 12 through 16,

Rate data at 80°C (176°F) for: a) uncetelyzed, b) 1% triphenyl-
phosphine catalyzed, c¢) 0.5% benzyldimetnylamine catalyzed and d) 0.10%
chromium octoate catalyzed systems, neat and in the presence of varying
ammounts of ammonium perchlorate are plotted in Figures 17 through 21.

From the data cobiained in this series of experiments the following
conelusions may be drawn relative to the kineties of this system and the
influence of ammonium perchlorate (AP):

1) In the absence of AP, epoxide and acid consumption are stoichio-
metric and up to at least 80% completion the reaction follows the first-order
rule, i.e., & plot of log C versus time is linear.

2) At 25°C (77°F) the prescnce of AP has no effect on the reaction
kinetics,

3) At 50°C (140°F) the presence of AP does not alter the desired
1/1 epoxy/carboxyl reaction stoichiometry. However, AP does significantly
reduce reaction rate relative to the neat system. Magnitude of rate reduction
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Figure 7. ""PIGGYBACK' VESSELS USED FCR
REACTION KINETICS STUDIES
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Figure 8. "PIGGYBACK'" VESSELS ATTACHED TO REVOLVING WHEEL

62839-1

IN CONSTANT TEMPERATURE OVEN
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Figure 9. INFLUENCE OF AMMONIUM PERCHLORATE ON
REACTION KINETICS OF EPON H-825-HEXANOIC ACID-
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Figure 12. INFLUENCE OF AMMONIUM PERCHLORATE ON
KINETICS OF UNCATALYZED EPON H-825-HEXANOIC
ACID REACTION AT 60°C
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Figure 13. INFLUENCE OF AMMONIUM PERCHLORATE ON
REACTION KINETICS OF EPON H-825-HEXANOIC ACID-
0.1% Cr (OCT}), AT 60°C

UNCLASSIFIED

63280 -23-




'?""

AFRPL-TR~67-305

1.0

UNCLASSIFIED

Concentration, eq/100g

0.0l

o Qe
. O -

63280

25 50
Hours at 60°C

Figure 14, INFLUENCE OF AMMONIUM PERCHLORATE ON

REACTION KINETICS OF EPON H-825-HEXANOIC ACID-
0.25% Cr (OCT), AT 60°C
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Figure 16. REACTION RATE AT 60°C OF EPON H-825
HEXANOIC ACID-Cr (OCT); IN PRESENCE OF
AMMONIUM PERCHLORATE
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Figure 17. INFLUENCE OF AMMONIUM PERCHLORATE ON
KINETICS OF UNCATALYZED EPON H-85-HEXANOIC
ACID REACTION AT 80°C
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Figure 19, EPON H-825 - HEXANOIC ACID - 0.5% BDMA

EFFECT OF AMMONIUM PERCHLORATE ON KINETICS
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’ Figure20. INFLUENCE OF AMMONIUM PERCHLORATE ON

REACTION KINETICS OF EPON H-825-HEXANOIC ACID-
0.10 Cr (OCT), AT 80°C.

UNCLASSIFIED

63280 -30-




AFRPL-TR-67-305 UNCLASSIFIED

40 —

Epﬂ:}r-c.'uncemralion

ol | | | ] ‘ ] ] I I

0 25 50
Hours at 80°C

Figure 21, REACTION RATE AT §0°C OF EPON H-825-
HEXANOIC ACID-0.1% Cr (OCT), IN PRESENCE OF
AMMONIUM PERCHLORATE
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based on time to 75% completion of reaction varies from 100% at 0,1% catalyst
to 25% at 0,5% catalyst concentration. In addition, the reaction is second-
order in the presence of AP (plot of 1/C versus time is linear).

4) At 80°C (176°F) AP not only reduces reaction rate, but signifi-
cantly alters the epoxy-acid reaction stoichiometry so that epoxide is
consumed at a greater rate than the acid., Epoxide consumption rate in the
presence of AP follows the second-order rule.

Our results on this wodel system suggest that acid-epoxide dbinder
systems containing an effective carboxyl-epoxide reaction catalyst and cured
at 60°C or below will cure more slowly in the presence of AP but should
develop ultimate mechanical properties equivalent to similar systems
containing inert filler.

To supplement cur finding that the saturated system is more reactive
with AP than the conventional arometic BPA derived resin (see Figure 6), we
determined the reaction rate of the saturated resin with hexanoic acid, neat
and over 20%w AP. Our data, see Figure 22, show the reaction rate of the
saturated resin in the neat system to be faster than EPON H-825. However, the
influence of AP in the reducing reaction rate and Interfering with epoxy-
carboxyl stoichiometry is relatively greater with the saturated resin.

Since KC104 was found to be inert toward EPON H-825 in our screening
test at 80°C, see No. 77 in Table XVII it was of interest to confirm the
inactivity of this salt in ouwr epoxy-acid system. Kinetic data on the model
system, neat and in the presence of 20%w KC10, (see Figure 23) confirms that
potassium perchlorate is inert in this system at 80°C with respect to both
rate and stcichiometry.
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SECTION V

PARTICLE SIZE DISTRIBUTION OF AMMONIUM PERCHLORATE
AND POTASSIUM PERCHLORATE USED

A. Ammonium Perchlorate

In selecting ammonium perchlorate for the work reported here, prime
conslderstion was given to the fact thet powders produced by conventional
crushing and grinding operations have void contents in the 35-40%v range
which lead to & binder requirement in a propellant considerably exceeding the
stoichiometric amount which can be oxidized by the ammonium perchlorate. It
is therefore, desirable to reduce .e void content of the powdered solid in
order to bring binder requirements closer to a stoichiometric relationship
with the oxidizer. This problem of reducing the void content of particulate
matter is an old one encountered in a number of fields. For example: +the
particle size distribution which wili sllow the largest amount of coal to be
stored in & given volume has been explored; the mineral sggregate size
distribution requiring the least asphalt in mixes for bituminous pavements
has been the subject of much study, and the dependence of permeability of oil
sands on particle size distribution has also been studied.

Two general solutions to this type of problem have been developed:
the use of smooth maximum density particle size distributions such as that
proposed by Nijboerl) and others and the use of bimodal mixtures as described
by Furnas®’ and others. The use of the smooth maximum-density gradings
require extensive sieving snd recombination of fractions while the bimodal
distribution approach requires only the blending of the proper amounts of two
sppropriately chosen size fractions.

The bimodal mixture epproach was chosen in our work on reaction
kinetics and on screening of coatings and additives. The two size ranges
comprising the mixture were:; 1) Trona ammonium perchlorate having a size
range of 50 to 300 microns and 2) a powder produced from this material by
Mikropulverization at 9650 rpm through a 0.0i3-in. herringbone screen and
having a size range from about 6 to 300 microns. From measured apparent dry
densities of mixtures of the two components, the void content of the mixtures
was calculated. These calculations indicated a minimum void content of 27%v
with 72%w of the Trons ammonium perchlorate and 28%w of the Mikronized
material.,

The particle size distributions of these materials including that
of the bimodal mixture are summarized in Table III. The data for the bimcdal
mixture are plotted in the form of a bar graph in Figure 24 and the midpoints
of the size ranges are employed in plotting the same deta in Figure 25. The
surface ares of the bimodal mixture was found to be 0.095m%/g by krypton
adsorption,

In our propellent studies, e so called trimodal ammonium perchlorate
mix obtained from Thiokol was used. We also produced such & mixture from our

1) See References,
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uwn supplies of micropulverized, unground and recrystallized ammonium
This mixture had the following size distribution:

Size Renge, microns

perchlorate.
589
500
354
149
53
Table III.

500
354

- 149

53
10

welght

N MY MDA

n ny ny
oIV O O

50,
100.0

PARTICLE SIZE DISTRIBUTION OF AMMONIUM PERCHLORATE

FRACTIONS AND OF THE BIMODAL MIXTURE USED IN THIS PROJECT

Surface Area of Bimodal Mixture by Krypion Adsorption:
0.095 square meters per gram.

%w Passing Stated Sieve Size agiig gzzz;é
Mesh Size, T 72%w Trona + 1 20w Troné +
Mi.crons Trona AP Pﬁkropulveriz?d 28%w Mikro- | 28%w Milro-
as Received® | at 9650 rpmP pulverized | pulverized
___ at 9650 rpm | at 9650 rpm
295 90 (99.3)¢) 92.7 7.2
175 25 {97.0) k5,2 ¥7.6
110 12.5 ge.1 34,8 10. 4
104 11 (91.8} 33.15 6.4
8.2 4 (26.3) 27.2 5.9
58,5 1 73.6 2l.3 5.8
43,1 55.6 15.6 5.0
31.6 37.7 10.6 5.2
19.4 19.1 5ok L.g
10,31 1.8 | 0.5
a) Sieved dry thrcugh s “ard sieves,
b} Vet sieved with n-heptane using electroformed micromesh sieves.
¢) Figures in parentheses read from log protability plot of the data,

B. KCl0, fur Use in Propellant Studies

Some of our studies of the attack of perchlorates on epoxy groups
in EPON H-825 showed that KC10; has no infleence on tne epc.y content of this

resin at 80°C even after several hundred hours f contact.
KC10, was of interest as a reference material in some of cur propellant

formulation studies.

curing system.
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For this reason,

Since KC10, would »ot interfere with the epoxy-acid
reaction, it might be expected that a propellent conteining KC1l0, would attain
mechanical properties which reflect the binder properties attainable when t »
bhighly filled system 1s cured without intertference with the chemlstry of the
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In order to ex,lore this possibility, KC1l0, was prepered with a
particle size distribution patterned after that of the AP mixture used *= our
propellant formulation work. The KC104 was cbtained by first sieving the
analytical grade salt to obtain the desired small size fractions. Some of
the material was then dissclved in hot water and recrystallized slowly to
produce the larger size fractions. The composition of the blend end the
particle size ranges of the fractions are swmmarized below. This blend had a
coarse appearance because of the high maximum size used.

$v Sieves  Size Range, Microns
25 20-35 833-500

22.5 45-100 354-149

22.5 100-2770 149-53

30 270 <53

The use of this material in propellant formulation studies is reported in
Seection XX.
SECTION VI

WETTABILITY OF AMMONIUM PERCHIOPATE AND OF
SURFACE COATINGS BY EPOXY RESINS

A. Direct Measurement of Contact Angles on Powders

In order to determine whether a given treatment had produced a
surface coating on the AP and in order to cobtain some idea about the nature of
the coating, 2 screening test was needed which could be used to survey the
effectiveness of a number of treatments fairly rapidly before proceeding to
more time-consuming studies of binder reacticn kinetics in the presence of the
surface-treated oxidizer. Messurement of the contact angle of liquids of
interest on the voating provided a basis for such a screening test. Our
previous experience with characterization of surfaces and with determining
molecular orientation in surface layers by contact angle measurements proved
to be useful in this approach.

The structure of ammonium perchlorate is analogous to that of BaSO4,
KMnO4 and KClO43) and is dominated by oxygen atoms in tetrahedral arrangements
arcound the chlorine atoms. The cations are a relatively conspicuous feature
of the crystal model. The suriace energy of such a hlghly oxygenated
substance should be of the same order of magnitude as inorgenic oxides, i.e.,
several hundred ergs/em®. Organic liquids whose surface tensions are in the
range 10 to 60 ergs/ci™ would thus be expected to wet ammorium Eerchlorate
well with a zero contact angle. Adsorption of organic liquids by the
ammonium perchlorate in such a way as to produce an autophobic situation in
which the liquid does note completely wet its own adsorbed criented monolayer
can lead to measurable contact angles nf organic liquids on ammonium
perchlorate in spite of its high surface energy. When a low energy surface
coating is deposited on the ammonium perchlorate, the ability of organic
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liquids in general to wet the surface will be reduced and higher contact
angles will be observed. Specifically, if the critical surface tension for
wetting of the surface coating (y.) is less than the surface tension {y) of
the liquid of interest, the contact angle will not ne zero and the lasger the
value of ¥, - 7 the higher the contact angle of the liquid will be.*

Several ways of meking contact angle measurements on coated AP were
considered. The most obvious approach is to grow AP crystals of sufficient
size to accommodate a liquid drop with a diameter of at least one to two
millimeters. Such crystals could then be coated and the contact angle of
binder components could then be studied., It was learned that atienpts to grow
AP crystals large enough for this type of measurement have already been made
successfully by others, but no information on the experimental techniques
used were found in the literature., Other approaches were then considered.

The contact angle, 6, of a liquid of known surface tension, 71, on
a finely powderec solid can be determined by measuring the adhesion tension
of the solid-liqiid system (7[, cos 6) end dividing the adhesicn tension by 7[,.
Any method of meusuring surface tension of liquids becomes a method of
measuring adhesion tension when the contact angle of the liquid on the solid
surface is not 0° (where cos 6 = 1.0). Two experimental methods for measuring
adhesion tension on soli?s were considered: 1) the displacement pressure
method of Bartell et al®/ and 2) the wetting balance method of Gustalla.e)

In Bartell's pressure of displacement method, a disc of known
dimensions is formed by packing the powdered solid in a reproducible manner in
a cell, The liquid of interest is allowed to contact one face of the disc and
air pressure is applied to the other side. The pressure required to prevent
the 1iquid from wetting the disc further (advancing angle) or to cause it to
Jjust begin to recede (receding angle) gives 71, cos 6, the adhesion tension,
The surface tension of the liquid is determined by another method such as the
drop volume, pendant drop or du Nouy ring method and cos € is calculated. The
results are rather sensitive to the reproducibility of packing of the powder
but it appears to be of sufficient interest for this work that construction of
the device has been undertaken,

In Gustalla's wetting balance method, a piece of the solid of known
perimeter is graduvally withdrawn from the liquid in which it has been immersed.
The force required to withdraw the solld a known amount is measured witna a
balance and a buoyancy correction is made. The force per unit of perimeter is
71, Cos 8, the adhesion tension, The value of 71, is determined independently
and cos & is obtained. Ve have the necessary equipment for this method in the
form of a Wilhelmy balance and a du Nouy tensiometer. The major problem is to
obtain a piece of the 20l1id of sufficient size or to devise a way to producze a
polycrystalline surfac> of the meterial of known perimeter.

In thinking of methods of producing & polycrystalline surfc:ce of AP
for use in Gustalla's wetting balance method, we realized that if the surface
were sufficiently flat we might be able to measure contact angles directly.
Two methods of producing pclycrystalline surfaces of AP were tried, The first
consisted of slowly withdrawing a clean microscope slide from a saturated
solution of AP in methanol., When this operation was repeated several times
the slide appeared to be covered with a leyer of AP crystals. Microscopic
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inspection of the slide indicated that the glass surface was not completely
covered with AP and contact angles of liquids were not stable with time
because of partisl wetting of both AP and glass.

A second method of producing a polycrystalline AP surface counsists
of coating a glass microscope slide with & thin layer of an adhesive and
dusting the surface with fine AP powder, The method which worked best
congisted of depositing a 2-micron layer of rubber on a clean microscope glide
by dipping the slide into latex and drying at room temperature, followed by
sieving AP through an electrically grounded 325-mesh screen (44 microns) onto
the slide. More screened AP powder is placed on the slide and a smooth AP
surface is produced by rolling and skidding a smooth cylindrical object such
aa a glass rod along., Microscopic examination shows the AP layer to be about
60 microns thick. The AP surface is relatively smooth when compared to the

dimensions of liquid drops (1 to 2 mm) placed on them for contact angle
determination.

Contact angles were measured with a Bauach and Lomb microscope and
Geertner goniometer eyepiece of the type shown in Figure 26 with a total
magnification of about 20X. The microscope slides on which the AP powder or
other substrate was deposited were mounted on a movable stage on an Ealing
trianguler aluminum optical bench. Contact angles can be determined to the
nearest 0.1 degree, but the reproducibility between liquid drops is of the
order of 1 to 2 degrees. Table IV shows the average values (four or more
drops) of contact angles of EPON 826, a diglycidyl ether of bisphenol-i, on

various types of surfaces including some exploratory coatings deposited on
AP powder.

Table IV, AVERAGE CONTACT ANGLES OF "EPONM" 526 ON
SEVERAL TYPES OF SURFACES

Contact Angle
of EFON 826,

Backing + Surface Degrees
Clean glass + commercial paraffin 11
Clean glass, dried at room temperature, 16
509 relative humidity
Clean glass + 2 p rubber film 76
Clean glass + rubber {ilm + AP pouder 2k
Clean glass + rubber film + AP powder + 3
Dri Film 38 ex solution
Clean glass + rubber film + AP powder + 3
Dri Film SC-~77 ex gas phase

Clean glass + rubber film + AP powder +
"ME2TDDF" ey benzene solution

Clean glass + rubber film + AP powder + L6
"OCTAB" ex aqueous solution
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Figure 26, CONTACT ANGLE MEASURING MICROSCOPE
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From these mecsurements it can be seen that EPON 826 wets AP rather
well, giving a low contact angle., Hydrocarbon surfaces such as paraffin end
rubber (styrene-butadiene) are poorly wet by the epoxy resin. When AP is
treated with Dri Film 88 (a silane varnish manufactured by General Electrie for
coating electrical equipment) by depositing it from mineral spirits solution, a
hydrocarbon surface coating results as indicated by the high contact angle.
Similarly, when AP is treated with Dri Film SC-TT7 in the vapor phase (a mixture
of monomethyl triechlorosilane and dimethyl dichlorosilane) a hydrocarbon coating
results, again as indicated by the high contact angle.

A preliminary attempt to coat AP with a quaternary ammonium compound
"OCTAB" (octadecyl dimethyl benzyl ammonium chloride)} from a 0.4% aqueous
solution was only partially successful, raising the contact angle to only L4°,
This treatment was studied in more detail using a variety of quaternary
ammonium compounds.

The *echnique of producing a polycrystalline AP surface appeared to
offer a fairly rapid method for screening surface treatmeris and it seemed
worthwhile to check the values of contact angles on AP by an independent
method before proceeding further.

B. Contact Angles on Powdered Ammonium Perchlorate by Adhesion Tension
Measurement

A device was constructed for measuring the adnesion tension (7 cos 8}
ol & liquid for a powdered solid following the basic ideas of Decitwold’/ for
measuring pore diameters in solids and of Bartell and Jennings for use on
powders, The purpose of this work was to cobtain an independent means of
determing contaect angles of liquids on powdered solids for comparison with
values measured by the mieroscopic teclmigue on polyerystalline powder suriaces,

Consider a liquid with surface tension, y, advaneing by capillary
forces along e capillary or pore of radius, r, in a solid or between particles
of a solid on which the contact angle of the liquid is, €. The force pulling
the liquid into the capillary is then the product of the perimeter of the
capillery, 2mr, and tne component of surface tension along the axis of the
cepillary, y cos 6. If the movement of the liquid into the capillary is
opposed by applying air pressure to the other end, the force applied is the
product of the cross-section area of the capillary, mr®, and the applied force
per unit area, P, Then when the opposing forces are just balanced we have:

1P = 2rxry cos 6 (1)
or

rP =2y cos & (2)
or

P = 2y cos G/r. (3)

Thus, if we know the contact angle of a liquid on a sclid and the surface
tension of the liquid we can determine the radius of pores within a porous
solid or the effective radius of interstices belween particles of a nonporous
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powder, This is the basis of the pore size distribution determination by the
mercury porosimetera'll) vhere the pressure required to just cause mercury to
enter the pores is measured.

We can also see from expression (3) that the cosine of the contact
angle of a liquid on a solid powder can be determined if we know the effective
radius of the interstices between the particles, the surface tension of the
1liquid and the pressure required to counter balance the capillary movement of
the liquid in the interstices between the particles. Our approach was:

1) to devise a cell to hold finely powdered AP to which air pressure
can be applied to counter balance capillary pressures,

2) to measure r, the effective radius of interstices between AP
particles with mercur; and

3) +to determine cos € for EPON 826 on untreated AP powder for
comparison with values from microscopic measurements on polyerystalline powder
surfaces,

Our mercury porosimeter, menufactured by the American Instrument Co.,
was investigated for possible use in making the desired measurement. It proved
to be incapable of handling nonporous solid powders because no means of con-
fining the powder sample is provid?d. Building of a cell similar to that
described by Bartell and Jennings®! was considered but the time required for
the machine work appeared to be excessive. Finally, it was decided that t“=
function of holding a bed of finely packed solid powder could be performed
adequately by an in-line millipore filiter holder of the type used on hypodermic
syringes and identified as "Swinney Hypodermic Adapters" (Millipore
Filter Corporation). Instead of placing a 1/2-inch diameter millipore filter
in the holder, a piece of rubber tubing 1/2—inch 0D and about 3/16-inch long
was packed with AP powder and, with a 200-mesh stainless screen on each end to
confine the powder, was placed in the filter holder. In order to prevent AP
powder from escaping from this chamber & fraction of & bimodal mixture in the
100-200 mesh rangen%lh? to T4 miecrons) was used for the experiments. A sketch
of the apparatus is shown in Figure 27.

In order to determine the average effective radius of the interstices,
r, between the AP particles with mercury we need & value for the surface tension
of mercury and a value for the contact angle of mercury on AP, L large number
of determinations of the surface tension of mercury have ?een reported, among
the most reliable of which is the value used by Fowkes;*®) L84 dynes/em at 20°C.
The contact angle of mercury on various solids has also been much discussed in
the literature in conneetion with the mercury porosimeter. Most of the values
reported are in the range 130 to 140° for materials such as charcoal, alumina,
cracking catalysts, petroliferous strata, porous iron, leather and coal. Ve
measured the contact angle of mercury on AP powder by the microscopic method
and found an average value of 1%3° in reasonable agreement with the value
usually used in melcury porosimeter work,

i, packed bed of 100-200 mesh AP powder weighing 0,458 g was placed
in the [fillipore filter holder and a small pool of mercury was placed on the
bed, Air pressure was slowly applied to the system and when the pressure was
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Just sufficient to force mercury into the interstices between the AP particles,
the pressure dropped. The average of six determinations gave a pressure of
283 mm Hg. When this value was used in expression (3) along with the surface
tension and contact angle of mercury, a value of the effective pore radius,

r, of 17.% microns was obtained.

A new bed of AP powder prepared in the same manmer was placed in
the holder and EPON 826 was placed on the atmospheric pressure side of the
bed. The EPON 826 tends to enter the bed by capillarity and the air pressure
on the opposite side of the bed required to Just reverse the EPON 826 flow
was measured. Reversal of flow wes cbserved in the 50 microliter syringe.

The average of four determinations wac 36.9 mm Hg pressure. The surface
tension of EPON 826 as determined by the du Nouy tensiometer using a technique
for viscous liquids developed earlier was 47 dynes/cm.

Using a value of r of 17.5 microns, a value of 7 of 47 dyens/cm, a
value of P of 36.9 mn Hg and the appropriate constants to give consistent
units, we obtained from expression (3) a value of cos 6 of 0.9159 for EPCN 826
an AP. This corresponds to 23.7°., This is in excellent agreemant with our
nicroscopic measurements on AP powder which gave an aversge value of 2L° as
reported in Table V. We consider this good agreement to indicate that the
more rapid and convenient microscopic contact angles on polyerystalline
powders can be used with confidence rather than the more complicated pressure
of displacement method.

C. Wetting of Ammonium Perchlorate Crystals by Epoxy Resin

Several crystals of emmonium perchlorate were grown by slow
evaporation of aqueous scluticns at room tempersture cover a period of about
ten days. The largest of these had a flat face about one centimeter on a side.
These are not large single crystals but are well-organized mosaics of small
single crystals producing at least one face flat encugh for contact angle
measurements. The contact magle of EPUN H-825 measured on this crystal was

2L°, in agreement with or results from measurements on powders previcusly
reported.

A verbal communication from Dr. Licnel Dickimson of Stanford
Research Institute indicated that they have a crystallization process for
ammonium perchlorate and might be able to supply crystals. We also received
a communication from Dr. Arnold Adicoff of the U.S. Naval Ordinance Test
Station (NOTS) at Chine Lake describing some of their work in 1964 and 1965
reiating to adhesion of propellant binder systems to ammonium perchlorate
crystals. Dr. William McBride of the Naval Ordinance Test Statlon, China
lake, California has developed a technique for growing single erystals an inch
or more on a side.

D. Wettsbility of Ammornium Perchlorate Coated With Proprietary Phosphohiic
Acld Derivatives

A group of surface active compounds which has heen under proprictary
development by Shell research laboratories for e variety of applications is
based on phosphonic aeid. The general formela of phsophonic acid 1s
RP({0){(OH)2. They may be considered as derivatives of phosphoric acid in
which ore of the hydroxyls is replaced by an organic radical direetly bonded
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to phosphorus. The compounds which have been included in this study to date
inelude phosphonic acids in which the alkyl group has been varied, phosphonic
acid mono and diesters, aluminum salls of the acids and their monoesters &nd
a group of ethoxylated acids and their mono and diesters.

The material in the bimodal ammonium perchlorate passing 325 mesh
(4h microns) wus screened cut and a polyerystalline layer anchored to 2 micron
rubber films on clean microscope slides. The phosphonic acid derivatives were
deposited on these emmonium perchiorate layers by applying solutions of the
cormpounds dropwise and allowing the solvent to evaporate. The ethoxylated
derivatives were applied as 1% isopropyl alcohol solutions and all the
remaining compounds were applied as 1% benzene solutions. In order to be sure
thaet the solvents (particularly benzene) used in application of the phcsphonie
acid derivatives had not dissolved rubber from the substrate and redeposited
it on the surface of the powder we also coated clean, bare microscope slides
with the phosphonates and contact angle measurements were mede on these
specimens as well as on the coated ammonium perchlorate specimens., The liquid
used in these contact angle measurements was EPON H-825, a slightly more pure
diglycidyl ether of Bisphenol-A than the 82¢ product used earlier.

The results of these measurements are summarized together with the
structures of the coating compounds in Table V. The contact angle of the
epoxy resin on uncoated ammendum perchlorate. was 22 degrees. All of the
phosphonic acids, esters and salts which have not been ethoxylated produce
surface coatings which are not wet as well by the epoxy resin as the uncoated
ammonium perchlorate, The aluminum salt of the monobutyl ester of 2-thia-
dodecyl-phosphonic acid, eicosyl phosphonic acid, and its monobutyl ester, all
produce surface coatings which are hydrocarbon-like in their wetting charac-
teristies. The aluminum salt of the monobutyl ester of eicosyl phosphonic
aclid is slightly less effective as a coating and the monobutyl ester of
2-thiadocdecyl-phosphonic acid is muech less effective.

A series of ethoxylated (5, 10 and 20 ethylene oxide groups) acids,
mono and dimethyl esters of phosphonic acid derivatives was also studied.
These materials would be expected o produce high enrgy surface coatings
which would te wet very well by the EPON-H-826. This proved to be the case,
the ccatings being wet better by the epoxy resin than is the uncoated
ammonium perchlorate. The ethoxylated products are not recommended for this
application but they shculd be screened &' a later date as viscosity-control
and surface bonding additives.

A general conclusion which can be drawn from a comparison of the
contact angle data on coeted ammonium perchlorate and on coated glass is that
the coating compounds must orient very similarly on the two substrates in
view of the good agreement of the contact angles in Table V.

E. Wettability of Miscellaneous Compounds as Ammonium Ferchlorate Coatings

Another group of specimens representing a veriety of compounds has
been screened. These compounds were deposited on thz bimodal mixture of
ammonium perchlorate from hydrocart~n sclution as described in a later sectioum.
The coatings amcunted to 0.5%w. The coateda uaterial was screened to rzmove
the particles smaller than 4% microns and this powder was anchored to
microscope slides by a 2 micron rubber film on the slide. The contact angle
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of EPON H-U25 was measured on these coated specimens. The results are given
in Table VI in order of decreasing contact angle. On the basis of these
contact angle date only the Dri Film Coeting appears particularly promising.

Table VI. MISCELLANEQUS COMFOUNLS AS

AMMONIUM PERCHLORATE COATINGS; O.EEW

Contact Angle of

Coating Compound EPON H-£25, Degrees

Dri Film SC-77 T
Glycidyl ether of Cy1; fluorcalcohol 38
Glycidyl ether of Cs fluorcelcohol 25
OCTAB 26
Butyl glycidyl ether 23
Z-6040 23
A-186 19
Phenyl glycidyl ether 17
Y-43251

None 22

SECTION VII

SURFACE COATING OF AMMONIUM PERCHLORATE
BY ADSORPTION FROM SOLUTION

A, Polyethyleneimine

Ethylene imine is converted into & cetionic species by reaction
with en acid or with an alkyl halide as follows:

+
ﬁ
CLI N CH2\ /H =
| ™Sam o+ ma > | >l A
CHa”” CHa H
- +
CHp _ CHa A N
L itk + X g ~nZ X
ohia L R
-

The cationic soecies reacts with additional ethylene imine to initiate
polymerization. The nolymers produced are lmown to be brancied and ccnbain
primary, secondary and tertiary amine groups. They may be representec by
the general structure:
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HHp—~ (CHE-CHg-If )y~ (O2=CHa-1H.
I
CHz

WHp

The commerciel products of this type made by Dow Chemiczl Company are reported
to contain primary, secondary and tertiary amine groups in the epproximate
ratio 1:2:1,

Ammonium perchlorate powder enchored on a microscope slide was
treated with n-butanol solutions of a series of five nolyethyleneimines
and the solvert removed by drying ot 100°C. The countact sngles of EPON H-325,
a diglycidyl ether of bisphenol A were measured with the following results:

Coating on AP Contact ingle of EFON H-825
iontrel 12 14°

iiontrek 13 15°

ilontrek 6CC 3h4°

‘ontrel: 600E 38°

Mentrek 1000 38°

The polyethyleneimine coetings appear to present relatively polar surfaces
to the EPON H-825 in view of the rather low contact angles observed. The
five polymers in this series are believed to differ primerily in molecular
weight, On the basis of viscosity, the molecular weight increases with
increasing code number. Montrek 600, 600 ¥ and 1000 contain some water.

Montrel 18 and Montrelk 1000 vere used tc coat ammonium perchlorate
for subsequent chemical rcactivity tests. The ifontrek 18 was espplied as
follovs: One sram of Montrel 16 vas added to 100 ml of n-butanol which had
been ssturated with ammonium perchlorate at room temperature. Ten grams of
bimodal AP was added with stirring and within a few seconds the AP particles
begen to agglomerate into larger lumps and their surface gradually took on a
yellow color. The odor of ammonia was detected but no visible bubbling =zt
the warticle surface was observed, The mixture was sgitated for an hour with
& magnetic stirrer at room temperature, filterec and vacuum dried at 6C°C. A
poriion of this light yellov solid, LR 9950-3¢, was used in chemical reactivity
tests described later as number 22 in Section XVIII.

A portion of the AP treated vith Montrek 18 wes exposed to firmalde-
hyde vapor at 60°C for one hour with the objective of reacting surface NH or
iHz grouns. The following reaction of polyethyleneimine with aldehyces and
ketonas is well lmowm.

Rg 0 Rg OH
1 1

1 n
Ri—iH + C—R3 —> Ry—-—C—Ra
1 '
H H
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The color of the coated AP changed to oreange during the formaldehyde treat-
ment. The contact angle of EPON H-825 was raised from 15° to a value of 25°
by the formaldehyde treatment. This product, IR 99950-39F, was used in
chemical reactivity tests described later as number 21 in Section XVIII.

Armonium perchlorate was coated with Montrek 1000 by adsorption of
the polymer from a 1% solution in n-butenol at room tempersture using the
same procedure described for Montrek 18. The results of chemical reactivity
tests described later as number 23 indicated this costing (IR-9950-41) to be
8 promising candidate for further study. A second preparation (LR 9950-43)
was made using n-butanol ccntaining 0.6% water as the solvent for the Monirek
1000. Analysis of the filtrate following the treatment of AP indicated that
the solid oxidizer had adsorbed or reacted with 86.1% of the Montrek 1000
added, This represents a coating comprising 8.6%w of the AP which is
considerably above the level of 1% set as a goal of this project. The
promising results at this level led us to begin & series of surface treatments
with smaller amounts of the polyethyleneimine Montrek 1000.

Three 100 ml solutions conteining 1%, 0.5% and 0.1% respectively of
Montrek 1000 in n-butanol (no water added) were used to treat 10 g batches of
AP. The mixtures were mecnanically stirred for 5 minutes at room temperature
and filtered. The treated AP wac vacuum dried at 60°C and the filtrates were
evaporated to dryness to Jetermine the amounts of Montrek 1000 taken up by
the AP. The results were:

IR 9950-46 Sample A B &
Concentration cf Montrek 1000

Solution 1.0 0.5 0.1
% of Montrek 1000 taken up by AP 91.8 88,3  T7.2
Coating, %w basis AP 9.2 b4 0.77

These results indicete a definite interaction between the AP and the poly-
ethyleneimine. Chemical reactivity tests on specimen 46 4 continued to be
encouraging as shown in run Number 26 in Section

The five polyethyleneimine products of the Montrek series manufac-
tured by Dow Chemical Company were exemined for water content in order to
determine the exact polymer content. In addition, the approximate molecular
weights of the polymers were obtained from Dow. The results are shown in
Table VII. Two of the samples are essentially anhydrous while the remainder
are approximetely 40% solutions in water. The Montrek 600 E is the ethyoxy-
lated derivative of Montrek 600 with approximately equal molar quantities of
ethylene imine and ethylene oxide. With the information in Table VII and tha
solubility data for AP in HzO and in n-butanol, it is possible to calculate
the amount of polyethyleneimine adsorbed on AP from n-butanol after evaporation
of the filtrate. The residue from the filtrate should rcontain the AP dissolved
in the n-butanol, the AP dissolved in the water in the Montrek and the
unadsorbed polyethyleneimine. Using this approach, the amounts of
polyethyleneimine adsorbed in all previous preparations was recalculated.

The calculated amount of coating on AP wa. somewhat reduced in the cases of
Montrek 1000, 600 and 600 E, while the Montrek 12 and 18 calculations were
unaffected.
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Table VII. COMPOSITION OF POLYETHYLENEIMINTY SAMPLES

Nominal
W Water Moleculer
(Karl Fischer) Welgnt
Montrek 12 0.64 1,200
Montrek 18 0.15 1,800
Montrek ©00 65.8 €0,000
Montrek 600 E 58.1 120,0008)
Montrek 1000 57.8 100,000

a) 7Thie includes ethylene oxide reacted with the poly-
ethyleneimine. Analysie shows approximately one
ethylene oxide group so that the molecular wt is
approximately doubled by ethoxylation. Elemental
analysis indicates the following average composition:

Ell.Sl {N-CHz-CHa), | aEO'CHE'CHE)l.oa : G’ﬂo.zos]
1194 1052

Two new series of AP “reatments with polyethyleneimines were made by
adsorption from solutions in n-butancl at levels designed to produce coatings
of about 4% end 2% puiyethyleneimine basis AP. All five of the available
Montrek products were used &% each of these levels to produce two series of
products LR 9950-82 A-E and LK 9950-85 A-E. One change in coating procedure
which was made in the case o° ti.ese two series was that the temperature of
drying was raised to 100°C an’ wes prolongec to about 72 hours which resulted
in considerable yellowing of the specimens because of reaction between the
coating and AP. The amounts of polyethylereimine adsorbed on the AP and the
available date on evaluation ol chemicel aztivity of the specimens in epoxy
resin at 80°C are summarized in Teble VIII., Most of the early preparations
showed less attack of the coated AP on RPON H-825. The only known difference
between these preparations waz the tempeature and duration of drylng of the
coated AP.

As & result of these experiments, we concluded that the polyethyl-
eneimine coatings probably reduce the interference of AP with binder reactaons
by reacting with AP or its decomposition products as they dissolve in the
binder. A reaction between AP and polyethyleneimine cen be made to teke place
during the drying operation after edsorption from soluticn. This is evident
by yellowing of the coated AP and by evolution of NHa. It is believed that
this reaction during drying is undesirsble because the capacity of polyethyl-
eneimine to react with dissclving AP in the binder is exhwusted by the
pre-reaction during drying. In order to test this idea, a 21 g batch of AP
was coated with polyethyleneimine (Montrek 12) by edsorption from n-butenol
solution to give a coating of 0.84% basis AP. The coeted AP was divided into
three batches and dried 24 hours at 25°C, 60°C and 100°C, respectively. The
100°C drying produced a noticeable yellowing of the epecimen. These materials
were tested for reectivity with EPON H-825 at 80°C with the results shown in

- Table IX. These results confirm in a systemetic way that the pre-reaction os
polyethyleneimine with AP during drying reduces its effectiveness as a coatlng
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Table VIII,
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SUMMARY OF POLYETHYLENEIMINE TREATMENTS OF AMMONIUM

PERCHLORATE AND EVALUATION OF CHEMICAL ACTIVITY IN

EPOXY RESIN AT 80°C

(See Section XVIII for complete evaluation data.)

20%w coated AP in EPON H-825 with continuous mixing

Activity Montrex | Co8ting | Hours % of Initial
LR 9950- | Evaluation N re on AP, at Epoxy Content
No. o. W 8o°c Retained

ho-4 26 1000 6.1 288 90.7
46-B 36 1000 2.9 263 Th.2
h6-c 35 1000 0.9 263 Bo.k4
56-A L 1000 0.3 233 79.0
61-A 46 12 7.7 283 92.7
61-B s 18 k.2 283 90.4
61-C ] 600 3.4 282 93.9
61-D 43 600 F L.2 282 91.5
61-E Lo 1000 5.8 282 93.0
82-A 83 12 4.5 235 7.3
82-B 84 18 4.1 237 8.5
82-C 85 600 5.0 257 32.4
82-D 86 600 E b7 237 90.7
82-E 87 1000 5.0 237 88.0
85-A 9k 12 2.4 138 | Gelled {<70)
85-B 91 18 2.4 138 | Gelled {<70)
85-¢ 90 600 2.4 186 | Geiied (<70)
85-D 89 600 E 1.8 186 | Gelled (<70)
85-E 93 1000 2.3 186 | Gelied (<70)
Table IX. INFLUENCE OF DRYING TEMPERATURE OF AP COATED WITH

MONTREK 12 ON REACTIVITY IN PEPON" H-825 AT 80°C

(See Section XVIII for complete evaluation data.)

0.84% Coating basis AP, 20% coated AP in EPON H-825

' |
% of Tnitial Epoxy Content
Evaluation Drying Retair.ed
LR 9950- No. Temﬁ, c,
bhr e | 168 B 230 Hr
93-A 130 25 gk,2 84.1 Gelled
B 131 60 0.2 84 .6 66.3
C 132 100 75.9 | Gelled (<70) =
No
coating | - = 97.4 91.7 83.6 i
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54 -




il

e s UNCLASSIFIED f

A puzzling fact, which remains unexplained, is that specimens
of AP coated with low levels of polyethylensimine (in Table VIII see samples
85A-E with 1.8 to 2.4% costing) the epoxy-coated AP system gelled at 4
1 2latively short times, indicating that the reaction with epoxy groups is more
rapid then in the case of uncoeted AP in epoxy resin, Similarly, in the case
of the specimens with a 0,84% coating (93-A, B, C in Table IX), the epoxy
value has heen reduced to a lower value in 211 three cases +than in the case 2
of the uncoated AP-epoxy resin system,

The possibility that polyethyleneimine is rescting with AP was %
further investigated by mixing 5 g of Montrek-600 with 0.5 g of AP at room

temperature. The AP reacted with the polyethyleneimine and ammonia began to

be evolved promptly and continued for several hours. On standing overnight,

the viscous Montrek-600 became a taffy-like mass. It is possible that the

tertiary amine groups in polyethyleneimine are reacting with ammonium

perchlorate as follows:

NHz
CHe
CH>
Niz-CHa-CHa-N-CHa-NHz + NH4C104 —> Mig 4 + Nia-CHa-CHo-N-H © CLO,.
CHa Gl
CHa CHa
NHa Ha

It should he possible tc cheeX this by measurement of the NHz evolved and by
8 separate determiration of tertiary nitrcgen content by p-toluenesulfonic
gcld titration. The reaction was carried to the point where the ammonium
perchlorate consumption reached 0.3 moles of NH4C1l04 per mole of imine and
the product became higher melting and rubbery. Attempts to dissolve this

orange-colored product in alcohols were unsuccessful, but it is readily
solubie in water,

Another series of ccatings was produced by adsorption of polyethyi-
eneimines from n-butanol on to AP at relatively low coating levels of 2% end
less basis LP. Low, intermediate, and high molecular weight Montrek products
were used and an ethoxylated intermediate molecular weight product as well.
These products were dried in a uniform menner .onsisting of & 30-minute period
at 60°C in a vacuum oven followed by 16 hours at 60°C at atmospheric pressire.
This sequence was chosen in order to minimize the chemical reaction beiwean
polyethyleneimine and AP which has been studied earlier. The results of uhe
adsorption experiments are summarized in Table X. These coated AP specinens
were evaluated for chemical reactivity in EPON H-825 at 80°Z as described in
a later section as evaluations 142 through 153. With the exception of samples
97 A and 97 C, all reduced the consumption of epoxy groups by AP at 80°C.
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Table: X. COATING OF AP WITH
POLYETHYLENEIMINE BY
ADSORPTION FROM N-
BUTANG!, SOLUTION

%w Coating Basis AP

Montrek No.
LR 9950 No.

12 £00| 600E | 1000

96 A-D 0.3 | 0.38] 0 0.19
97 A-D 0.56| 0.63] 0.50] 0.95
98 A-D 1.71]2.0 | 2.0 { 2.0

A1l the polyethyleneimine coatings produced on ammonium perchlorate
by adsorption from sclution in n-butanol rfollowed by filtration and drying
have been reviewed ard their chemical reactivity toward epoxy groups in EPON
H-825 hes been summarized in Figure 28. All samples known to have been
overheated have beern deleted from this plot in view of the formation of
polyethyleneimine percnlorates demonstrated earlisr. The resultis of the
remaining chemical reactivity tests at 80°C over a period of 280-290 hours are
shown in the figure. From these results, we conclude that there is no clear
cut influence on chemical reactivity of molecular weight of the polymer in
the range 1,200 to 100,007 and no indication that ethoxylation of a 60,000
molecular weight polymer to form a 120,000 molecular weight product influences
the chemical reactivity. These results support the earlier conclusion that a
2% coating on AP may be required to produce the level of protection of epoxy
resin from attack by ammonium perchlorate obtainabl: with this material.

Two small-scale preparations with 0.5% and 2.0%w coatings of the
polyethyleneimine Montek 1000 were made (LR 9950-107 A and B) in order to
follow by means of ball penetrometer measurcrents the curing in a practical
binder system with a trimodal mixture of AP obtained from Thiokol. The
results of these tests, discussed in a later section, generally support the
conclusion regarding the superiority of a Z%w coating of the Montek polymer
overtthe 0.5% coating from the point of view of reducing interference of
ammonium perchlorate with the epoxy-carboxyl reaction in a tinder.

A 250 gram batch of ammonium perchlorate with a 1$w coating of
100,000 .iclecular weight polyethyleneimine was prepared by adsorption from
n-buterol. In order to minimize the amount of solvent employed, the treatment
was e licted in two steps with addition of the poiymer in two increments,
each b:ing close to the solubility limit of the polymer in n-butenol at room
temperature. A coating of 1.01%w was produced and the product (LR 9950-111)
was utilized in a propellant formulation. In view of our prior findings
concerning chemical reactivity of AP coated with 1% polysthyleneimine, & second
large preparation at the 2% coating level was also prepared for use in

propellant testing.
UNCLASSIFIED
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B. Polyethyleneimine-Epoxy Coatin

A few experiments established the fact that polyethyleneimines will
act as curing sgents for epoxy resins. In the event that the polyethylene-
inine adsorbed by or reacted with the AP still contains some reactive hydro-
gens, they should elso be capable of curing epoxy resins., A sample of AP
vhich had a polyethyleneimine coating of about 8,5 (IR 0950-43) was mixed
with a 3.2, solution of polyallylglycidyl ether (PAGE) in n-butemol at 7C°C
for 30 minutes, cccled to room temperature and filtered, The treated AP was
vacuum dried at 60°C end the filtrate was evaporated to dryness. The residue
from the filtrate slightly exceeded the amourt of PAGE in the original solution,
in“fzating a lack of any epprecisble amount of reaction with the treated AP
an¢ possibly some removal of polyetiyleneimine from the AP, This may be an
indication that the pclyethyleneimine is largelv reacted with the AP (possibly
as an amine perchiorate) rather than physically .dsorbed, Compevison of
chemical reactivity tests of specimens with ana without the PALE treatment
showed that the AP treated with polyethyicneimine alone attacked EPON H-825 at
8C°C to a leaser degree than the specime.: which had also been treated with
PAGE, the percent of initial epoxy conient retained efter 280 hours at 80°C
being 92.5 and 90.4% respectively.

. Polyalkylene-polyamine Coatings

In view of the encoursging re-ults obtained w.*.a polyethyleneimines
it appeared liliely that the linear polyallylene polyamines which are commonly
used as curing sgents for epoxy resins might also interact with ammonium
perchlorate and produce a durable surface coating. One percent solutions of
three polyallylene polyamines in n-butanol were used to treat 10 g batches of
AP, The sysiems were mixed for 5 minutes at rcom temperature and for 15
minutes ~t T0°C after which they were cooled to roon temperature and filtered.
The treated AP was vacuun dried at 60°C and the filtrates vere evaporated to
d&ryness for determination of the amount of polyallylene polyamine taken up,
The coated AP had a yellow color similar to that of the polyethyleneimine-
coated specimens. Chemical reactivity tests of these coated AP specimens in
EPON H-825 at 80°C for a period of 263 hours gave the following results:

Coating, 4 of Initial Epoxy

9 Adscrbed % on AP Content Retained
Tetraethylenepentamine 51.6 5.2 93,4
(LR 9950-51)
Diethylenetrianine 84,4 8.4 60.7
(LR 9950-55)
Ethylensdiamine 62.0 €.2 <40, gelled

(LR 9950-53)

The highest molecular weight linear polyalkyleme polyamine is the most
effective coating for AP.

A portion of the AP which had been treated with tetraethylene-
pentamine was mixed with a 1% solution of polyalkylglyeidyl ether in n-butanol
and heated to 70°C for 30 minutes. The treated AP was filtered off and the
filtrate was evaporated to dryness. The residue from the filtrate was
approximatzly equivalent in weight to the PAGE used. It appears that no
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reactive hydrogens are available on the tetraethylenepentamine adsorbed on or
reacted with the AP as in the case of' the polyethyleneimine. The percent of
initial epoxy content retained when mixed with EPON H-825 for 263 hours at
80°C was 93.4% in the case of the parent product and this was reduced to
88.1% by the PAGE treatment.

D. Alkylamine Coatings

In view of the results with polyamines, two coating experiments with
Czz alkyl mono amines produced by the Humko Division of National Dairy
Products Corporation were tried, Coatings of Kemamine Q-1902-C and Kemamine
T-1902-D were applied by mixing of 1% sclutions in toluene with AP followed
by filtration. Analysis of the filtrates indicated that a coating of 7.9% of
T-1902-D was formed on AP while a coating of 1.4% of Q-1902-C was formed.

In a similar menner, octadecyl, hexadecyl and dodecyl amines were
adsorbed from n-butanol sclutions onto bimodel ammonium perchlorate in an
attempt to evaluate the possible effect of chain length on coating effective-
ness. The concentration of the amines were sufficient to produce coatiugs
amounting to 5%w on the AP, A similar treatment with methyl amine was made
with a coating of 2%w on AP resulting.

The results of the chemical reactivity tests are summarized in
Table XI where it can be seen that there is no evidence of a trend in
effectiveness attributable to chain length. The data indicate that the
Kemamine Q-1902-C coating at a level of 1.4% is the most effective in
preventing the attack of AP on the epoxy resin.

Table XI. COMPARING EFFECTIVENESS OF ALKYL AMINES OF
VARIOUS CHAIN LENGTHS AS COATINGS
FOR AMMONIUM PERCHLORATE

Hours at 80°C % of Initial Epoxy

Amine Coating in ETON H-825 Content Retained Evaluation No.
Q-1902-C (Cz2) 281 87.4 30
T-1902-D (Ca2) 263 82.9 31
Octadecylamine 23l 17.7 61
Hexadecylamine 233 82.7 65
Dodecylamine 233 80.1 63, 88
Methylamine 288 79.4% 66

E. Diemine Coatings

Two cyclic diamines, metaphenylenediamine and menthenediaminec were
erployed in the form of 100 cc of 1% solutions in n-butancl to coat 10 g of
AP. About 43% of the metaphenylenediamine was adsorbed and none of the
menthanediamine was adsorbed. The evaluation of these ccating operatioms is
described in a later section where the metaphenylenediamine is the more
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effective as expected, with 81,1% of the initial epoxy content retained after
283 hours in EPON H-825 at 80°C (evalustion number 47).

Polyoxypropylenediamine-400 (Jefferson Chemical Company) which is
believed to contain about 6 propyleneosxide units terminated with emine groups
was used in the form of 100 cc of a 1% solution in n-butanol to coat 10 g of
AP. The analysis of the filtrate indicated that wery little had been adsorbed
but the evaluation of the coating reported in a later section indicates some
effectiveness of the coating, 90.8% o the initial epoxy ccntent being
retained after 216 hours in EPON H-825 at 80°C (cvaluation number 59).

Hexamethylenediamine proved to be an ineffective coating for AP,
the activity evaluation (number 95) showing only 73% of the initial epoxy
content retained after 186 hours in EPON H-825 at 80°C.

F. Amide Ccatings

A 1% solution of urea in n-butenol was mixed with AP (20 g/100 cc
of sclution) at room temperature for 5 minutes followed by filtration and
drying of the solid at 60°C. Analysis of the filtrate indicated that no urea
was adsorbed and essentially no change in the chemical sctivity of the AP
toward epoxy resin was observed (evaluation number 72).

AP was treated in a similar way with 1% solution of formamide in
n-butenol. Analysis of the filtrate indicated that about 85% of the formamide
had been adsorbed. Little influence on the reactivity of the AP toward epoxy
resin was observed (evaluation number 71).

G, Polvamide Coatings

The polyemides, Versamid 125 and Versamid 140, produced by reaction
of diethylenetriamine with polymers (dimer and some trimer) of linoleic acid
were investigated as coatings for AP. They were applied as 1% solutions in
n-butanol (100 cc/10 g AP) by mixing for five minutes at room temperature,
followed by filtration, drying of the AP at 60°C and evaporation of the
filtrate. About 33% of the Versamid 125 was adsorbed and about 46% of the
lower moleculer weight Versamid 140 was adsorbed. The Versamid 125 proved to
be the more effective of the tw> ccatings as with 90.8% of initial epoxy
content retained after 285 hours at 80°C as compared with 88.7% for the V
Versamid 140 (evaluations 55 and 56).

H., Diethylenetriamine-Epoxy Resin Adduct Coating

An eddition product of diethylenetriamine (112 parts) with the
diglycidylether of Bisphenol-A (100 parts) plus phenol (4 parts) was employed
as a coating for AP. A one-percent sclution of this material in n-butarol
(100 cc/10 g of AP) was mixed at room temperature for five minutes with AP
ana filterad. About 2/3 of the coating material was teken up by the AP. The
evaluation of this coating described leter indicates that the disappearance
of epoxy groups in EPON H-825 is asccelerated rather than retarded by this
coating (evaluation number L48),
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I. Cationin Surface Coatings

It was proposed that the ammonium ions in the surface of the
ammonium perchlorate crystal might be exchanged with the ions of long-chain
qurtenary ammonium salts. Because the quatenary ammonium salts are stronger
bases, they should replace the ammonium ion on the surface and because these
salts have long paraffin tails, it was hored that this treatment would
provide a surface barrier of hydrocarbon chaing which might prevent inter-
action of AP with epoxy resins or other binder components.

The quatenary ammonium compounds which were used in the adsorption
experiments inecluded:

Arquad 2HT-T75 (Dioctadecyldimethyl ammonium chloride)

Arquad 2C-75 (Dicoco Dimethyl ammonium chloride, 5% active)
Arquad 12-50 (Dodecyltrimethyl ammonium chloride, 50% active)
Arqued 16-50 (Hexadecyltrimethyl emmonium chloride, 50% sctive)
Arquad 18-50 (Octaedecyltrimethyl ammonium chloride)

Tetra-n-propyl ammonium iodide.

The compourds were applied as solutions in n-butanol and Arquaed 18-50 was also
applied as a benzene solution. The amounts adsorbed were not determined,

but the amounts of these compounds available in the solutions exceeded 10%w
of the AP with which they were mixed for 20 hours at room temperature. After
filtration, the AP was dried at 80°C.

The results of evaluations of chemical reactivity of these tested
AP specimens with EPON H-8 5 at 80°C are summarized in Table XII. A result
from an earlier treatment with octadecyl trimethyl ammonium bromide (OCTAB)
is included. Comparison of the results with the performance of uncoated AP
indicates that the quatenary ammonium compounds did not provide any protection
of the epoxy resin from attack by AP and in some cases, slightly accelerated
the loss of epoxy groups.

Teble XII. EVALUATION OF CATIONIC
SURFACTANT COATINGS ON AP

Evaluation Hours at % Initial Epoxy

Coating Material Number 8o°c Content Retained
Arquad 2HT-T75 199 263 T7.0
Arquad 2C -75 37 263 82.7
Arquad 12 -50 62 233 gelled
Arquad 16 -50 200 114 T7.1
Arquad 18 -50 38 263 gelled
Arquaed 18 -50(ex-benzene) 25 187 61.1
Tetra-n-propylammonium

iodide 5% 285 58.8
OCTAB & 21y B5.5
No Coating = 241 84,5
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J. Fatty Acid and Polymerized Acid Coatings

The possibility of adsorbing fatty acids (lauric or stearic acid)
with the AP surface thus forming a hydrophcobic surface was explored. The
AP was mixed for 20 hours with sclutions of these two acids in n-butanol
containing sufficient acid to produce & coating amounting to 20% basis AP if
all adscorbed. The amounts adsorbed were not determined. The evaluations
(numbers 51 and 64) of chemical reactivity of the treated AP indicated that
neither acid produced a proteciive coating on the AP, the percent of initlal
epoxy content after 233 hours of mixing with EPON H-825 at 80°C being 85.7
in the case of the lauric acid-treated AP and 76.8% in the case of the
stearic acid-treated AP.

The trimer of linoleic acid produced by Emery Industries was used
in the form of a 1% solution in n-butancl to coat AP {100 cc/lO g AP).
Analysis of the filtrate indicated that only about 1% of the trimer acid was
adsorbed (sabout 0.1% basis AP} and the evaluation of this coating described
in a subsequent section indicated very little influence on the interaction of
the AP and epoxy resin at 80°C, the percent of initial epoxy content retained
after 238 hours being 88.8% as compared with about 84% for uncoated AP.

K. Alkyl Halide Coating

The possibility of reacting an alkyl halide, iodooctane, with the
AP surface thus forming a hydrcphcbic surface was explored., AP was dispersed
by mixing for 20 hours in twelve times its weight of iodooctane at room
temperature followed by filtraticn and drying at 80°C. The effectiveness of
this treatment in reducing the interaction of AP and epoxy resin at 80°C was
very small as indicated by an 85.5% retention of iritial epoxy content after
263 hours at 80°C as compared with about 85% for the uncoated AP.

L. Alkavinol Coatings

It was taerorized that a compound which contains hydrcxyl groups
may hydrogen bond with any water adsorbed on the AP surface. To test this
idea, a proprietary dispersant, Alkavinol (e copolymer of vinyl acetete and
C12-C1a alpha olefins (3.5 to 1) hydrolyzed to the alcohol form), was used
to coat the AP. The Alkavinol was applied to the AP by evaporation from two
different solvents. A 1.5%w coating was deposited from benzene and a 2%w
coating was deposited on AP from n-heptane. The evaluations of the
effectiveness of the coatings (number 15 and 16) showed respectively 89.7%
and 88.5% of initial epoxy content retained when these two coated AP
specimens were mixed for 190 hours with EPON H-825 at 80°C. These coatings
represent a small improvement over the uncoated AP.

Alkavinol was also applied to AP by mixing a 10% soclution in benzene
with the AP powder for 20 hours at room temperature to allow for adsorption
to take place. This was foliowed by filtration and drying at 80°C. The
amount adsorbed was not determined. Evaluation of the coating (number 24)
indicates that a fair amount of protection was obtained, the percent of
initial epoxy content retained after 187 hours being 91.8% as compared with
89.4% for uncoated AP during the same period.
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M. Condensation Polymerization (Nylon) Coatings

Condensation polymerization was used as & method of coating AP
particles with & polyamide, nylon by the following reacticn:

H m It
H E:-( CHa) ¢-N-C=( CHa)a-g]xGl

NHz-(CHz) e-NH2
(hexarothylecnediarine) 6-10 Polyamids
+ excess diamine . +
or NaOH -

0 0 diamine hydrochlorides

1t n
C1C-(CHa)a-CCL or
Sebacylchloride 2 x NaCl

First, the individual diamine and acid chloride compounds were us:. .
to coat the AP particles. To a series of n-butancl solutions of hexa-
methylenediamine (1.6 g of HMDA in 90 ml of n-butanol), sebacylehloride (1.2
g of sebacylehlordie in 90 ml of n-butan.l) and sodium hydroxide (0.13 g
dissolved in 90 ml of n-butanol), 6 g of ..p particles (70/30 bimodal) were
added. These dispersions were stirred with a magnetic stirrer for
approximetely 20 hours; then, the AP particles were filtered off and driad
at 80°C. The amounts of these compounds which adsorbed onto the AP particles
is now being determined. Evaluation of the effectiveness of these compounds
alone to coat the AP particles is given in another section. Nonc of the
above coatings were effective in reduecing the attack of AP on epoxy groups
(see evaluations numbers 92 and 95, The sebacylchloride accelerated the
attack of AP on the epoxy resin as shown in evaluation 92.

To another n-butancl solu-i: . containing 1.2 g of sebacylchloride
in 90 ml of n-butamocl, 7.5 g of AP . 7/30 bimodal) was added and stirred
magnetically for approximately 20 hoors. Then the AP particles were removed
by filtration and were added to 10 g of hexamethylenediamine dissolved in
90 ml of n-butanol. This dispersion was stirred for approxinately 20 hours;
then, the AP particles were removed by filtration and dried at 80°C. The
nylon coating whieh should have formed was not effective in redueing the
attack of the treated AP on epoxy resins (evaluation 96) but actually
accelerated the attack slightly (T4.2% of initial epoxy content retained after
186 hour: as compared to 90.9% for uncoated AP in the same period).

N. Hydrocarbon Polymer Coatings

A polyorthoxylene (about monomer 8 units) was deposited on AP by
evaporation from solution giving a coating amounting to 10% by weight of the
AP. The produet was so dark that the normel titration for epoxy groups with
visual end point could not be made on the system. Evaluation of the coating
after 312 hours at 80°C, in contact with EPON H-825 by an electrometric
titration, showed that about 82% ~f the inital epoxy content remained as
compared with 60% for a control with no coating.
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Two hydrocarbon polymer coatings were espplied to AP by polymeriza-
tion of ihe monomer in solution in & stirred system conteining AP powder. In
separate experiments, methylmethacrylate and styrene were polymerized from 2%
solutions of the monomers in n-butanol in the presence of AP powder at 60°C
with azobisisobutyronitrile (0.1% in solution) as initiator. The polymeriza-
tion was carried out for 45 minutes after which the temperature was lowered
to room temperature, while stirring. About 1.9% of each of the polymers was
deposited on the AP, These coatings provided some protection of the epoxy
resin from attack by AP as indicated by evaluations numbers 57 and S8 in
which the percent of initial epoxy content retained was 90.1% after 216 hours
at 80°C for the polystyrene-ccated AP and 89.5% after 239 hours for the
polymethylmethacrylate-coated AP as compared with about 84% for uncoated AP,

0. NEODOL 25-3P Coating

A product proprietary to Shell, the potassium salt of a sulfated,
ethoxylated long-chain zlcohol plus a sodium xylene sulfonate was adsorbed
from sclution in n-butyl alecohcl on AP. A coasting amounting to 0,558% based
on the AP resulted. The evaluation of the chemical reactivity of the coated
AP (evalustion 154) shows ihat after 288 hours of mixing with EPON H-825 at

80°C only 77.8% of the initial epoxy content remsined, a result essentially
identical with that obtained with uncoated AP,
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SECTION VIII
SURFACE COATING OF AMMONIUM PERC.ZLORATE IN A FLUIDIZED BED

A vapor phase coating technique was developed for application of
potential coatings to AP while fluidized in the form of an expanded bed by a
stream of nitrogen. The experimental arrangement is shown in Figure 29. Ten
grams of AP powder is placed in the cclumn and expanded to twice its initial
bed height by passing a stream of nitrogen through the apparatus. The nitro-
gen picks up vapors of the heated liquid which is to be used as the coating
and passes them into the expanded AP bed, This method of coating AP has the
obvious advantage over adsorption from solution that filtration and drying
steps are not required. It has the potential disadvantage that if high
beiling liquids are tc be applied they must be converted into a finely divided
aerosol which is introduced into the fluid bed. So far, only relatively low
boiling liquids have been applied to the fluid bed of AP. These include
diethylenetriamine, methylamine, Dri-Film SC-77 and ethyleneimine.

A, Ethyleneimine Coatings

Ethyleneimine was adsorbed from a 1% solution in n-butanol on AP to
produce a coating amounting to 5,99% basis AP, Its chemical activity in
EPON H-825 at 80°C was investigated for comperison with other coatings as
discussed below.

Ethyleneimine was applied to a fluidized bed of AP using a stream
of Nz to carry the vapor from the liquid heated to L45°C into the fluidized
bed. The coating emounted to 9.5% basis AP, The specimen was used in
chem?cal reactivicy tests at 80°C.

The results of chemicul reactivity tests of a mixture of 20% of the
coated AP in EPON H-825 at 80°C are summerized in Table XIII. The coating
adsorbed from solution was ineffective in changing the reactivity of AP, but
the coating applied from the vapor phase gave a small improvement in retention
of epoxy groups.

Table XIII. EVALUATION OF FTHYLENEIMINE COATINGS APPLIED FROM
THE VAPOR PHASE AnD ADSORBED FROM n-BUTANOL SOLUTION

Evalu- | Method _ Time at 80°C, hr
9;1;0- ation | of Appli- | FO%REs 77 | 124 | 168 | 216 | 239 | 293
No. cation [l
Epoxy, eq/100
92 123 | vapor 9.5 - |o.551) - |o.520{ - |o0.482
Gl 129 solution 6.0 0.5%56 - 0.526 - 0.h61 -
<— No coating on AP —> 0 0.557 | 0.544 | 0.527 | C.bol | 0.479 | O.4k1
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Figure 29. EXPERIMENTAL ARRANGEMENT FOR
VAPOR PHASE TREATMENT OF FLUIDIZED AP
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B. Methylamine Coa'ings

Two treatments with methylamine were made, one from solution of
0.4% methylamine in butanol and one by vaporization of 0.4 g of methylamine
into a stream of nitrogen passing through a fluidized bed of powdered AP. 1In
each case 0.4 g of methylamine was applied to 20 g of AP and all of the
methylamine was sdsorbed or reacted, The evaluation of the chemical reac-
tivity of these specimens described in detail in evaluation 66 and 67 showed
that the vapor phase treatment with methylamine increased the reactivity
toward epoxy resin while the 1liquid phase treatment produced a slight reduc-
tion in reactivity relative to uncoated AP. In the case of the fluid bed
treatment it appeared that the major part of the amine was concentrated in
the lower part of the bed and was not evenly distributed. A slower
vaporization rate might give better distribution.

C. Diethylenetriamine Coatings

Diethylenetriamine {1 g) was placed in the liquid reservoir and
hee ed to 155°C while nitrogen swept out the vepors into a 10 g fluidized bed
of AP, Aboui 50% of the diethylenetriamine was deposited on the AP, the
remainder forming a yellow residue (polymer) in the reservoir. The evaluation
of this vapor-phase AP treatment (evaluation number 49) indicates that the
coating protects epoxy recins from attack by AP, the percent of initial epoxy
content remeining after 238 hours at 80°C in EPON H-825 being 90.8%. By
contrest, a treatment of AP with diethylenetriamine by adsorption from
n-butanol solution gave a pruduct which was shown bLy evaluation number LO to
accelerate the nttack of the AP un epoxy resins (£0.7% of initial epoxy
ccntent remaining after 263 hours at 80°C,

D, Dri-Film SC-77 Coating

4 fluidized bed of 10 g of AP w2r treated with 1 g of Dri-Film
SC-77, a mixture of monomethyl trichlorosilane and dimethyl dichlorosilane,
vaporized into a stream of nitrogen. The treated powder was then heated at
60°C in = water vapor-saturated atmosphere for two hours and dried in a dry
atmosphere ot 60°C for 16 hours. From the hydrophobic nature of the fluidized
hed column acquired during the treatment,it was apparent that a portion of the
Dr:-Film was deposited on the glass. The evaluation of this coating
(evalvation numoer 82) indicates a small protective action after 235 hours in
EPON H-825 at 80°C relative to uncoated AP (86.7% initial epoxy content
retained as compared with S4,3% for uncoe’ed AP).

SECTION IX

INERT POWDER COATINGS

The use of finely divided Si0z having particle sizes ranging between
10 and 500 A to prevent caking of hydroacopic materials is common in the
chemical industry., These anticaking silicon oxides may insulate the AP
art:zles from their immediate environment. Two ailicon oxides-Cab-0-5il M-5
Fobtained from the Cabot Corporation) and Aerosil R-972 (hydrophobic surface,
obtained from Degussa Incorporated) - were used to treat AP (70/30 bimodal).
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To 2.1 g of AP 0,04 g of Cab-0-8il1 was added then mixed well in a mortar.
This mixture wes shaken overnight and then dried at 80°C. We also treated

4.1 g of AP and with 0.04 g of Aerosil R-972 using the same mixing procedure
described for the Cab-0-Sil treated AP, The effectiveness of these coatings

as evaluated in a later section {evmluations 28 and 201) was shown to be nil
relative to untreated AP,
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SECTION X

SURFACE TREATMENT OF AMMONIUM PERCHLORATE WITH POTASSIUM,
RUBIDIUM AND CESIUM IONS

A survey of the solubility of a large number of perchlorates shows
the K, Rb and Cs compounds to be the most inscluble in water as well as in
organic liguids. Data from Willard and Smith and from Isben and Kohe
summarized in Table XIV illustrate this point particularly in comparison with
ammonium perchlorate. For some time we have felt that the consumption of the
epoxy grovns in epoxy resins containing ammonium perchlorate wes related
more closely to the solubility of the AP in the resin than to the amount of
AP surface presented to the resin. This point was supported by the finding
that the rete of epoxy disappearance at 80°C is sbout the same whether the
amount of AP in the resin is 0.5% or 30% (see Figure 5). The treatment of
AP with K, Rb and Cs was designed to place an insoluble surface layer of
perchlorate salt on the AP particles in an attempt to reduce the release of
NHy* and Cl0.~ into sclution.

Tabi. XIV. SQLUBILITY OF PERCHLORATES IN WATER AND ORGANIC LIQUIDS

g/100 g of solvent ui 25°C: from Wiilard
and Smith®/ and Isben end KoheP

Ethyl n-Propyl n-Butyl i-Butyl Ethyl
Hz0 Aleochol Alcohol Aleohel Aleohol Acetone Acetate

NH4C104 23.922 1.907 0.387 0.017 0.127 2.260 0.032
KC10, 2.062 0.012 0.010 0.005 0.005 0.155 0.002
RbC10, 1.338  0.009 0.006 0.002 0.00k 0.095 0.016
€sC1l0, 2.000 0,011 0.006 0.006 0.007 0.150 "Insol."

&) Willard, H. H. and Smith, G. F., JACS Bh, 2255 (1922).
b) Isben, H. W. and Kohe, K. A., JACS 67, b6k (1945).

Two methods of treatment of AP powder were used. In the first
method the AP powder was dropped through a columm of aqueous solution of K,
Rb or Cs chloride having an underlying reservoir of CCl, into which the
ireated solid particles passed. Twenty grams of AP powder was dropped
through a 30 em column of saturated aqueous solution of RbCl or KC1 at room
temperature, the travel time through the column being about 5 seconds. Not
all of the solid passed cleanly through the aquecus solution -CCly interface
so that mechanical agitation was required. The solid was filtered off and
dried at 60°C. The results of treatment using potassium and rubidium
chlorides are given in Table XV. The exchange was more effective than
expected in view of the short contaci time and a very large fraction of the
AP was converted into K and Rb perchlorates. The evaluation of chemical
stability of epoxy resin in contact with these treated AP specimens is
deseribed in evaluations 68 and T3. The Rb treated specimen showed very
little attack on epoxy resin, 92.1% of the initial epoxy content being
retained after 288 hours of mixing with EPON H-825 at 80°C (evaluation 68).
resin while the K-treated specimen caused very rapid loss of the epoxy group
and gelation of the resin. This latter recult with the K-treated AP
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(evaluation 73) was unexpected and appears spurious in view of later
findings with K-treested systems.

Table XV. COLUMN TRCATMENT OF A+ WIT!: SATURATED
RbCl and KC1L SOLUTIONS

IR Ireating Initial Comec, Dry Sclids
9950=- Soluticn Gy Analysis
70 RbCL .2 19.9% Rb = 43.1% RbC10,

nu

76 Kc1 25.9 15.8% K = 56.0% KC10a

The second method of treatment of AP with K, Rb and Cs chlorides
consisted of mixing 20 g of AP with 100 cc of 4%w solutions of the chlorides
for 5 minutes followed by filtration and drying of the solids at 60°C. The
dry solids were analyzed for K, Rb and (s, respectively, with the results
shown in Table XVI. Again the recorded solids contained a rather high level
of K, Rb and Cs and it was evident that additional treatments at much lower
levels were in order. The evaluation of the chemical activity of these
specimens in epoxy resin, reported in Section XVIII, showed the effectiveness
to be in the order K > Rb >> Cs, the % of epuxy content retained after 283
hours at 80°C being 94.9, 93.7 and 78.9, respectively.

Teble XV. COLUMY TREATMENT OF AP WITH SATURATED
OF K, Rb AND C5 CHLORIDES

20 g AP, 100 ce .f the W% solution

Initial Final
LR Treating Concentration, Concentration,
995C- Scolution Solids Analysis
( KC1l 2.1 K 0.14% K 8.2% X = 29.2% KC10,4
80 RbCL 2.8 Rb 0.18 Rb 12.5% Rb = 27.0% RbC104
B1 CsCl 3,2 Cs 0.027 Cs 23.5% Cs = 41.1% CsC104

In addition to these treated AP specimens some KC10, was prepared
by precipitation and submitted for evaluaticn. I% proved to be completely
inert in epoxy resin over a period of 288 hours al 80°C. The K, Rb and Cs
chlorides were also submitted for chemical activity tests. The appear to be
effective when simply added to the AP-resin mixture. The results obtained
when 10% of K, Rb or Cs chloride were added at a level of 10% basis AP to
and AP-EPON H-B25 mixture containing 20% HP were as shown in Table XVII.

The K, Rb and Cs chlori.es when mixed with EPCN H-825 for 318 hours at 80°C
proved to be completely inert as chown in evaluations 98, 99 and 100.
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Table XVII. ADDITION OF K, R0 OR Cs CHLORIDES TO
AP - WEPON" H-825 MIXTURES AT A LEVEL OF
10% BASIS AP

20% AP in EPON H-825

% Initial Epoxy  Hours
Salt Added FEvaluation No. Content Retained at 80°C

CsCl 81 92.7 288

RhCl 70 92.1 285

KC1 76 90.6 283
SECTION XI

INFLUENCE OF COATED AMMONIUM PERCHLORATES ON
EPOXY-ACID REACTION KINETICS

In view of the reduced reactivity of the Montrek 1000, rubidium
chloride ard potassium chloride treated AP toward EPON H-825 at 80°C, the
influence of these samples on the kineties of our model epcxy-acid system &t
30°C was tested. Acid and epoxide consumption raie was determined for the
base system (EPON H-825-hexancic acid - 0.10% Cc(Oct)s (on EPON resin)] under
the following conditions:

a) Neat

b) Plus 20%w untreated AP

¢) Plus 1%+ Montrek 1000 treated AP (LR 9950-46)

d)} Plus 20%w Montrek 1000 treated AP (LR 9950-46)

e} Plus 20% RbCl treated AP (LR 9950-70)}

£f) Plus 20%s untreated AP and 2% (10% on AP) KCl

Our data, see Figures 30 and 31, indicate that these treatments dc
mederate the effect of AP on the reactlon rate but do not eliminate the reac-

tion stoichiometry perturbation effeets of ammonium perchleorate on the epoxy-
carboxyl reaction.

SECTION XII

SOME PROPOSED MECHANISMS FCR THE INTEREFERENCE
QOF AP WITH THE EPCXY-ACID REACTION

In our attempt to understand the mechanism by which ammonium
perchlorate interferes with the epoxy-acid curing reaction, we have proposed
and tested several hypotheses. Our first hypothesis was that one or more of
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Concentration, eq/100 g

Values

Epoxy Acid
D Base System, 0% AP

® Base System + 20% AP

26-1 1% LR 9950-46 (Montrek 1000)
O 26-20 20% LR 9950-46 (Montrek 1000)
68-20 20% :R 9950-46 (Rb C1 Sol)
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Figure 30, INFLUENCE OF SELECTED COATED AP SAMPLES
ON KINETICS OF EPON H-825-HEXANOIC ACID-

63280

Hours at 80°C

Cr{OCT)s AT 80°C
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63280

Concentration, eq/100 g
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O @ @ Epoxy Value
O B @ Acid Value

*76 is Base System + 20% AP
+10% KC! (on AP)
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Figure 31. INFLUENCE OF KCl ON KINETICS OF EPON H-825-

HEX ANOIC ACID-0.1% Cr (OCT), OVER AP AT 80°C
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the binder components reacts with the surface of AP perticles and is removed
from the ligquid phase binder system. This notion was discarded when it vas
shown that the rate and steichiometry of the epoxy-acid reaction in the
presence of AP was essentially independent of the amount of AP surface in the
system (see Figures 3 and 4).

A second hypothesis was that the solubility of AP in the binder
system is the contrelling factor, the interaction between binder compenents
and ammonium perchlorate taking place in the liquid phase. This idea 1s
supported by our findins that the addition of K, Rb and Cs halides to the
AP-epoxy-acid system reduces the interference of AP presumably by
precipitating dissolved NH.C1lQ. as the much less soluble X, Rb or Cs
perchlorates plus the ammonium halides. Since the ammonium halides may not be
chemically inert in the binder system, we propose to add K, Rb or Cs salts
whose anions form insoluble ammenium compounds as discugsed in another section
of this report.

A third hypothesils is that AP decomposes by proton transfer to
produce NHa and HCl04, the latter reacting with epoxy groups in the binder
system. The effectiveness of polyethyleneimines and polyalkylenepolyamines
in reducirg the interference of AP with binder reactions might be attributed
to a reaction of the amine groups with HClO,4 thus removing it from the system.
It has been shown thai polyethyleneimines react with AP to produce a polyethyl-
eneimine parchlerate plus NHs. The proposed decomposition of AP to iaseous
NHs and HC1U,4 was investigated by following weight shanges in AP 60, 80
and 100°C for a period of 200 hours. At all three temperatures, the weight
losses arter the first few hours were negligible and the total welght changes
were of the order of 0.05% in all three cases. Thus, there appears to be no
evidenve that thermal decomposition of AP, tc yleld gaseous products, occurs
at temperature levels of interest in propellunt binder curing operation.

Our present opinion is that AP, or its adsorbed decomposition
products, are dissclved in the binder system and are responsible for interfer-
ence with the bincder curing rate and stoichiometry. The addition to the
propellant formulation of chemicals which will react with the dissolved AP or
ite decomposition products and prevent its interference with binder reactions
seers the most promising approach.

SECTION XIII

SOLUBILITY OF AMMONIUM PERCHLORATE IN "EPON" H-825

Since it was proposed that the ammonium perchlorate (AP) or its
adsorbed decompcsition products dissolved in the binder system are responsible
for interference with binder cure rate and stoichiometry the solubility of
AP in EPON H-825 was determined to enable us t0 assess the above hypothesis.

The AP solubility in EPON H-825 at 40°C and 60°C was determined in
the following manner. An excess of AP was added to EPON H-825 and to a dried
semple of EPON H-825. These samples were thoroughly mixed and then placed
in a W0°C or 60°C oven. Then these samples were allowed to stand for ~4 days
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at 40°C or 60°C and were thoroughly mixed at least three times a day. The
samples were then centrifuged for one hour at 6,000 rpm and then replaced in
the 40°C or 60°C oven for ~7 days. Two controls, EPON H-825 and EPON H-825
(dried), were treated in the same marmer. The Shell Developme.t Analytical
Department determined the total nitrogen in these samples using the Kjeldahl
method. Total nitrogen content and AP solubility in the EPONS are given in

Table XVIII. (Also note that there was no evidence of reaction of epoxy resin
with the AP or of homopolymerizetion cure since the epoxide content determined

by titration remainded unchanged.) The concentration of AP dissclved in the
EPON at 40°C and 60°C was 0.034% in both cases. The lack of influence of
temperature on solubility is puzzling but the values are so low that the
differences could be witlidn the accuracy of the measurements. Solubility at
80°C could not be determined because of the reaction which takes place
between AP and epoxy resins at that temperature.

Table XVIII. SCLUBILITY OF AP IN "EPON" H-825
AT 407 AND 60°C

Epoxide Content, AP, Y

% Nitrogen eg{100 gms in EPON

__ Sample Designation ho°c  60°C BO°C_ 60°C_ hO°C  60°C

EPON H-875 (as recieved) 0.003 0.003 0.569 0.569 © 0

EPON H-875 (dried) 0.002 0.003 0.570 0.570 © 0

AP + FPON H-825 (as recieved) 0.007 0.007 0.569 0.569 0.034 0.034

AP + EPON H-825 (dried) 0.006 €.007 0.570 0.570 0.034 0.034
SECTION XIV

PRECIPITATING AP FROM SCLUTION IN BINDER SYSTEMS

On the basis of the encouraging results obtained with the addition
of K, Rb and Cs salts to AP-epcxy-acid systems, we reasoned that in order to
remove ammonium perchlorate from a birder system as it dissolves, a caticon
such as K should be present which forms an insoluble perchlorate and an anion
should be present which forms an insoluble eanmonium salt. Although not much
information is readily available regarding solubility of ammonium salts in
organic systems, a nutber of compounds were selected on the basis of handbook
information as being likely cendidates for precipitating AP from sclution.
Teble XIX lists potessium salts whose corresponding ammonium salts are
insoluble or have very low solubility in water and in organic solvents. A
number of these compounds were on hand end several others were easily
obtainable. Many of them were not readily available.

The compounds listed in Table XX were added to an AP-EPON H-825
system at a level of 1% basis AP and the chemical reactivity at 80°C was
followed. KBH4, KMnO4, KCNO, K Fe(CN)e and KoPdCle are effective in reducing
the atteck of AP on LIPCN H-925 and KzPdClg in the most ettective of these
salts at the 1% level based on AP.

UNCLASSIFIED
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Table XIX. SALTS WHICH SHOULD PRECIPITATE BOTH NH " AND
C104- FROM AQUEOUS AND ORGANIC SOLUTIONS

Corresponding MH¢ Salt Has

Low Water Solubility

Corresponding NH¢ Salt Hes Low
Solubility in Orgenic Sclvents

KMgP04-6H20

KSe0 4 *MzSe0y -6Hz0

KMnO,

KC, 4Hzr02 +Cy 4l12a02

KaC204

KC:LBHSJ.OS C, ala202

KCaH2NaOr
xasojapra(soda *Hz0

KReO4

KHCaHgOg

KHC H40a

(K2003) 2:U02005

KVOs
KSb(OH)g'l/Eﬁao
KIO4

K2H2Sb207 * bHa0
KoHASO
KBOg+1/2H20

KB 407 +BHz0

KHCO»

KC10a

KC1l

KauCl

KAuCl 4 - 2Ho0
KeIrCla

K2PtCla

KaCrOa
K250+ CoS0 4+ 6H20
KOCN

K4Fe(CN) g*3H20
K2GeFg

KHF2

KzS51Fa

KoTiFa*H20
KGa(S0¢)2- 12H0
KoPtla

K504+ FeSO4+6Hz0
KC, oHo202°C, 2Ha 402
K50 +3Mo04°3H20

KC, 4H2702 - C; 4H2a02
KC, ¢H3, 02+C, aH3202
KCalloNaO7

K2Ss

KCNS

K25203
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Table XX. SALTS TESTED FOR REDUCING ATTACK

OF AP OF "EPON" H.-E25

fur Epoxy
Sample Added Hours Retained,

No., Salts to AP at 80°C $
86-A Potassium iodate KIOs 10 261 81.2
B Potassium metaperiodate KIOg 10 261 67.2
C Potassium permanganate Kn04 10 261 87.3
E Potassium borohydride KBH.4 1 238 88.5
F  Potassium tetrafluorcborate KBFg4 1 236 83.4
G Potassium cyanzte KCNO 1 236 88.1
H Potassium chlorate KC103 1 238 T7.3
I  Potassium ferrocyanide K Fe(CN)g'3H20 1 238 86.9
J Potassium iridic chloride K¢IrClg 1 2ko 81.0
K Potassium chloropalladate KoPdCle 1 2ko 92.8

L  Potassium pyroantimonate K2H2Sbz07 * bH20 1 - S
No coating on AP - - 236 83.8
240 83.2
261 80.7
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SECTION XV

ATTEMPT TO REDUCE DECOMPOSITION OF AP WITH UNSTABLE AMMONIUM COMPOUNDS

If the ammonium perchlorate which dissolves in epoxy-acid binder
system undergoes proton transfer to produce HNi and HC104 then it may be
possible to drive the reaction in the reverse direction by adding to the
system an ammonium compound which is thermally unstable and decomposes to
produce NHz. This idea has its basis in & finding of Jacobs and Russell-
Jones'3) that the low temperature (230°C) decomposition and sublimation of
ammonium perchlorate are suppressed by moderate pressures of ammonia as might
be expected from the following equations:

NH4C104 — NHg + HCl04 > NHg + HC104 ——> HC104

(adsorbed on (gas, gas) (sublimate )
AP crystals)

A brief survey of ammonium compounds which decompose at reletively low
temperatures turned up the list given in Table XXI. A vew of these compounds
vwhich were readily available were tested for their influence on the chemical
reactivity of AP in EPON H-825 at 80°C. The ccmpounds tested and the results
obtained are summarized in Table XXII. Ammonium fluoride is the most effect-
ive of this group of compounds tested.

Table XXI. AMMONIUM COMPOUNDS WHICH
DECOMPOSE AT LOW TEMPERATURES

NH4CoHa02 NH,4F

(NH, )2HASO, NH,I

NH4AS02 NHMnO,

{NHg ) 2BreSe (NH¢ ) 2MoOy
NH4CaPO,* TH20 (NHg )aMo7024* 4HZ0
NH4NH=C02 NH4NO2

NH,HCOqs {NH)20sClg

(NH4 )2CCa "H20 NH4HS04

(NHg )2PbClg (NHy)2S

(NH, )2Cr0, NH4HS

(NH, )aCr0a (NHy )aSbS 4 4H20
NH4CoPO,* Ho0 (NHy)20Ss
NHZI*Cul"Hz0 2(NHq) 2003+ U02C03* 2Ho0

NH4CNO

NH4VOa
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Table XXI1 INFLUENCE OF THERMALLY UNSTABLE AMMONIUM COMPOUNDS
ON CHEMICAL REACTIVITY OF AP IN "EPON" H- Al 80°C

Besis Hours

Sarple AP, at Epoxy
No. Compounds “%w 80°C Retained, %
91-A  Amponium acetate NH 4CzHs02 1 286 Gelled (<70)
B /fummorium chromate (MH,)2Cr04 1 218 Gelled (<T70)

¢ Ammonium fluoride NH(F 1 286 87.1

D Amonium paramolybdate (NH,)eMorO24 U0 1 286 T7.0

E  Amronium iodide NH (I 1 286 81.2

No coating on AP - - 236 T7.8
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SECTION XVI

PROPRIETARY SHELL PRODUCTS FCR AMMONIUM PERCHLORATE TREATMENT

Our earlier studies showing the effectiveness of a variety of
potassium compounds in preventing the reaction of ammonium perchlorate with
epoxy groups in resins at 80°C led to the conversion of 11 miscellanecus Shell
products into potassium salts for evaluation. Seven more proprietery
compounds from our family of phosphonie acid derivatives were converted to
mone end dipotassium salts for evaluation. The structures and identification
of the first group of eleven products are given in Table XXIII. The
structures cf ithe phosphonic acid derivatives are given in Table XXIV. These
compouncs were cxpected to perform two funeti ns: 1) to provide a source of
potassium ion which has been shown to be effective in removing Cl04 ions
from solution in binder systeins and 2) to provide a surface active anion which
may be expected to reduce the viscosity of propellant mixes at high lcadings
of solids. This latter expectation is based on earlier experience with the
menobutyl ester of 2-triododecylphosphonic acid which is lmown tc be an
effective viscosity-reducing additive in propellant mixes containing aluminum
and ammonium perchlorate.

The effectiveness of these 18 proprietary compounds in preventing
the attack of AP on epoxy groups in EPON H-825 was evaluated in a system
containing 20% AP based on the epoxy resin =nd 1% of the additive based on
ihe AP. These were aged with continuous mixing at 80°C and samples were
periodically withdrawn for epoxy ccntent determination by titration. The
results of the evaluations are given in Table XXV and in Figure 32. All except
three of the additives displasy scme ability to reduce the loss of epoxy
grouns from the resin in the presence of ammonium perchlorate. On the basis
of these evaluation the most effective additives inelude the following:

potassium salt of Shell paraffin acid i-C,o (184)

potassium salt of moncbutyl ester of eiccsylphosphonic acid (193)
potassium salt of eicosylphosphonie acid (191)

potassium salt of VERSATIC 911 (180)

potassium salt of NEODOL 25 sulfate (167)

potassium salt of NEODOL 25 3EOQ sulfate (166)

potassium salt of Shell paraffin acid, n-Cio (182)

The potential effectiveness of these compounds for viscesity reduction in
rropellant mixes was evaluated in other studies.
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Table XAi:.. PROPRIETARY SHELL PRODUCTS FOR INERTING

OF AP IN EPOXY RESING

LR 9950 No. Name Structure
0
10 NEOLOL 25-3-P | g to Cys~(0-CHeCHa) 3-0-5~0K
0
0
106 NEODOL 25-p C1z to Cyg-0-S-OK
0
9
108 VERSATIC 911-P | Cyelo Ce to Cyo-C-OK
0
110-A SPAXN-Cy s 1G4 ¢~C-OK
0
110-B SPAKN-C, 2 1=Cy 3 C -OK
0
110-C SPAKI-Cy2 1G4, -C-OK
0 |
110-D SPAKI-Cy 5 1-G, 4-C-OK
ne | um pefiestomieslt of sepiipnts ‘
Cts O |
113 K-Pivalate CHq~C——C=0K
CHs
CHa 0
114 K-PTBBA CHg-Come —G-0K
CHs
1058 | K-sPs B elom el tongte
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Tatle XXV. FEVALUATION OF PROPRIETARY COMPOUNDS AS ADDITIVES FOR
REDUCTICN CF ATTACK CF AMMONIUM PERCHLCRATE ON
EPOXY GRCUPS IN "EPON" H-825

(10% AP Basis Epoxy Resin, 1% Additive Basis AP)

Initial epoxy velue: 0.573 eq/100 g

Cos % of Initial
Additive, Run .
- Epoxy Retained

1% Basis AP No- | arter (Hrs) at 80°C
NECDOL 25-3-P 166 (265)
LR 9950-104 89.9
Potassium Petroleum Sulfonate 178-2 (328)
LR 995C-105-8 8.1
NECDCL 25-P 167 (180)
LR 9950-106 90.8
VERSATIC 911-P 180 (265)
LR 9950-108 90.8
SPAK N-Cp s 181 (262)
LR 9950-110-A oC. 4
SPAKN-C; 2 182 (262)
LR 9950-110-B 90.8
SPAKI-C; 2 18 (262)
LR 9950-110-C 93.2
SPAKI-Cy s 183 (262)
LR 9950-110-D 87.1
KNABL - Potassium salt of naphthenic (282)

acid bettoms of lube erude 185
LR 9950-112 84.0
K-Pivalate 186 (282)
1R 9950-113 89.4
K-TBBA 187 (282)
LR 9950-11k% 88.4
K salt of eicosyl phosphonie acid 191 (26h)
IR 9950-115-A 91.8
K salt of monobutyl ester of eicosyl (264)
phosphonic acid 193
LR 9950-116-B 91.5
UNCLASSIFIE (Continued)
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Table XXV (Contd). FVALUATION OF PROPRIETARY COMPOUNDS AS
ADDITIVES FOR REDUCTION OF ATTACK OF AMMONIUM PERCHLORATE
EPOXY GROUPS IN "EPON' H-825

o % of Initial
l;?g;:;;eip ﬁgn Epoxy Retained
* |After (Hrs) at 80°C

K salt of monobutyl ester of (264)
2-thiadodecylphosphonic acid 194

LR 9950-117-4) 86. 4

Pi K salt of 4,7,10,13%,16-pentacxa- (290)
18-hydroxyoctadecylphosphonie acid [ 195

LR 9950-117-B 85.8

K salt of monomethyl ester of (290)
4,7,10,13,16-pentaoxa-18-hydroxy-

. " 196
octadecylphosphonic acid 8.5

LR 9950-118-4 ’

Di K salt of 4,7,10,13,16,19,22,25, (290)
28, 31-decaoxa-33-hydroxytriatria-

: 197
contylphosphonic acid 84,3

LR 9950-118-B ’

K salt of monomethyl ester of (290)
4,7,10,13,16,19,22,25,28, 31-deca-
oxa-33-hydroxytriatraicontyl- 198
phosphonie aecid

LR 9950-119-4 78.5

Potassium Petroleum Sulfonate, (328)
10% basis AP 177=-2

LR 9950-105-8) 93.9

No additive ,%3?
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SECTION XVII

SALTS OF POLYBUTADIENE-ACRYLIC ACID-ACRYLONITRILE (PBAN) COPOLYMERS

On the basis of results of some of the propellant mix work
employing additives consisting c¢f potassium salts of various acids, it was
reasoned that lack of cure of PBAN-EPON binder systems might be caused by
the competition of the anion of the acid for the epoxy group. Since these
anions are monofunctional they would tend to terminate polymerizing chains and
prevent cure. We then reasoned that the anion of the additive containing K,
Rb or Cs should be the anion which we want to react with the epoxy group in
the resin. Thus, the general idea evolved of producing the X, Rb and Cs salts
of PBAN by remctions of the acid groups (0.065 equivalents/100 g) in the
terpolymer. The function of the K, Rb or Cs ions would be to capture and
precipitate any ClU4 ions in the binder system produced by NH4ClO4 thus pre-
venting their attack on epoxy groups in the binder. The XK, Bb and Cs

salts of PBAN-TO3, & polybutadiene-acrylic acid-aserylonitrile tepolymer, were
made.

A test of the curability of the K salt of PBAN with EPON H-825 in
the presence of ammonium perchlorate was made using the Ball Pentration (see
Section XIX) measurement as an indication of cure. Chemically equivalent
quantities of EPON H-825 and the product PBAN-K (LR 9950-122) were blended and
20% AP basis binder was added. A similar blend of EPON H-825, PBAN and AP was
made as a control. These ware stored in an 80°C oven and the Ball Penetration
values were determined periodically. The results are shown in Figure 33. The
potassium derivative of the PBAN-T03 used in this experiment cured much more
rapidly in the presence of AP than the control sample. By only partial con-
version of the acid gmwups in PBAN to the potassium form it should be possible
to obtain cure rates intermediate to those shown in the figure. This encour-
aging result led us to produce a propellant mix based on this binder which is
discussed in a later section (see Section XXI),

SECTION XVIII

EVALUATION CF TREATED AMMONIUM PERCHLORATE WITH "EPON" H-825

Our procedure for determining rate and extent on reaction of
various trzated AP samples with EPON H-825 at 80°C was: Ten grams of
EPON H-825 plus two grams of treated AP, together with a 1 x ¥ cm glass
rod, were added to a one-ounce wide mouth serew cap (Teflon liner) bottle and
attached to the rotating disc in our 80°C oven (see Figures T and 8). At
specified intervals the sample containers were removed from the disc and left
standing in the oven for at least thirty minutes. Samples for duplicate
epoxide determination (ca 0.3 gram each) were taken from the clear
Supernatant phase with a medicine dropper and the bottle re-sealsd and
returncd to the roluting dise tor additional contact time.

The initial series of coatings, selected to cover a spectrum of
surface active compounds of varying functicnality, were:
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a) A mixed methylchlorosilane, Dri Film SC-TT.

b) B-(3,4-Epoxycyclohexyl Jethyltrimethoxysilane

¢) 7-Chloropropyltrimethoxysilane.

d) 7-Glyeidexypropyltrimethoxysilane.

e) Butylglycidyl ether.

£f) Phenylglycidyl ether.

g) Shell MB2TDDP.

h) Octadecylbenzyldimethylammonium chloride (OCTAB).
i) Shell LR 5880-1%6.

j) Shell LR 5880-17.

One-helr percent weight of coating was applied to the AP by adding
one gram of a 1% coating solution in n-pentans (benzene solvent for OCTAB and
the Shell LR 5830-17) to two grams of AP. AP plus solution were left in a
gsealed vial overnight. The solvent was then evaporated off and the coating
cured by aging the coated AP for 90 hours at 80°C.

EPON H-825 samples plus 20%w couted AP were aged, with mxing, at
80°C and the epoxy disappearance followed. These data are given in Table XXVI,
and the range of epoxy values versis time iIs illustrated by Figure jﬂl Qur
data indicate these coatings had little or no effect on AP/epoxy reactivity
when subjected to intimate mixing at 80°C.

In order to determine whether the coating film was effective but
too weak to withstand the shearing forces involved in our test set-up we
also tested the Dri-Film SC-7T7 coated AP in static contact with the resin.

The results, see Figure 35, show that in static contact the epcxide consumption
rate iz lower but still significant.

All epoxide values determined in our evaluaticn of the treated AP
samples discussed in Sections VII, VIII, IX and X are listed in numerical
order in Table XXVII and plotted in Fipures 34 and 36 to 41 inclusive.
Epoxide data on gystem treated with Shell proprietary compounds discussed in
Section XVI wre shown in Table XXVIII.
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Table XXVII. REACTIVITY OF TREATED AMMONIUM PERCHLORATE WITH

"EPON" H-825 AT 80°C (176°F)

SYSTEM: EPOH H-825 + 20w Treated AP, Centinucus

cgitztion,
Run Epoxy Value, eq/100 g, After
Coating on AP No. (Hours) at 80°C

Aluninum salt of monobutyl ester |11 | (8¢) | (160){ (257)
of Cap phospnonic acid (4IMBE) 0.554 | 0,515 | c.keT
Alumirum salt of monobutyl ester (8s) | (180) | (257}
of 2-vhiadodecyel nhosshinie acid |12 | 0.553] 0.525 | 0.L93
(edB32)
Eicosyl vhosphonic acid (EPA) (8¢) | (257)

13 0.552 0.&32
ilonobutyl ester of eicosyl (8¢) | (257)
ohosphonie acid (MBE) 1L § o.547t olch
1.5, Alkavinol TX $26 from (1b2){ (143)] (250)
benzene solution 15 { 0.532} 0.530| 0.514
2,0+ Alkavinol TX ¢26 from (c2) | (1%2) ! (190)
hestane 16 { 0.530| 0.530] C.507
TPON 828 ca 1.5, Trisle coating (c8) | (146)] (235)
from benzene solution, Cured 24 17 { o.,541] 0,527 | 0.kgS
hours at 80°C af'ter each coat,
Diclycidyl ether of hydrogenated (¢8) | (148)] (235)
bisvhenol A ca 1.5+, Triole coat |18 | 0,541} 0,527 0.495
from n-hentane. Cured 24 hours at
80°C vetween coats,
Al salt of 2-thiadodecyl phosphonic (u8) | (146)] (235)
acid ea 1,5, Three coats from 19 | 0.53¢] 0,525] 0,453
venzene solution. Cured 24 hLours
at 30°C after each coat.
41 salt of eicosyl phosphonic (s8) | (1u6}| (235)
acid ca 1,3%, Three coats from 20 | 0,535| 0,533] 0,5C5
penzene solution, Cured 2k
hours 2t 80°C between each coat,
Fontrek 18 from n-butanol (88) 1 (1u6)| (184)
solution followed by HCHO vador 21 | 0.452{ 0.527| 0.525
treat at 60°C (LR $950-3:F)
lentreXk 18 from n-butancl (88) 1 (ko) (134)
sclution 22 | 0.53¢| 0.520| 0.505

(Continued)
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Table XXVII (Contd-1). REACTIVITY OF TREATED AMMONIUM PERCHLORATE
VITH "EPON" H-825 AT 80°C (176°F)

Coating on AP Run| Epoxy Value, eq/100 g, After

No. (Hours) at 80°C
Montrek 1000 ex n-butancl (90) | (139) | (187)
IR 9950-41 23 | 0.545 | 0.540| 0.539
Alkavinol TK 926 adsorbed from (90) | (139) | (187)
benzene solution 24 | 0.547 1 0.535| 0.526
Arquad 18-50 ex benzene (90) | (139) [ (187)

25 | 0.46k | 0.461 ] 0.350
Montrek 1000 (LR 9950-46) (89) | (185) 1 (288)

26 | 0.542 0,538 | 0.510
Iodooctane (71) | (167) | (263)

27 | 0.547 [ 0.528 ! 0.490
Cab-0-811, 1% (64) | (160)

28 | 0.554 | 0.525
None (8g) | (92) | (160) | (167) 1 (2k1)

- | 0.550 | 0.545 | 0.525 | 0.523 | G.LEL

Montrek 1000 + PAGE (66) | (168) | (281)
LR 9950-49 29 | 0.559 | 0.54% | 0.518
Kemamine Q 1902C (66) | (168) | (261)

30 { 0.555 | 0.529{ 0.501
Kemamine T 1902D (101) [ (195) | (263)

31 | 0.552 1 0.525| 0.475
Tetraethylpentemine + PAGE (99) |(195) | (263)

32 | 0.546 | 0.530] 0.505
Tetraethylpentamine (adsorbed) (99) | (197) | (263)
LR 9950-51 33 | 0.551 | 0.543 | 0,535
Ethylenediamine ex n-BudH (95) _ _

3L | Gelled
Montrek 1000 ex 0.1% sol. in n-BuQE (96) | (19k) | (263)
IR 9950--46C 35 | 0.541 | 0.515( 0.451
Montrek 1000 ex 0.5% sol. in n-BuCH (96) | (19k) | (263)

36 | 0.533 | 0.k96 | 0.L1T

(Continued)
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Table XXVII (Contd-2). REACTIVITY OF TREATED AMMONIUM PERCHLORATE

WITH "EPON" H-525 AT 80°C (176°F)

, Run| Epoxy Value, eq/100 g, After
Cogting on AP No. (Hou::-s) at 80°C,:

Arquad 20-75 (101) | (195) | (263)

37 | 0.532 [ 0.521 | O.k7h
Arquad D18-50 (101) | (195) | (263)

38 | 0.524 | 0,434 | Gelled
Arquad D12-50 (96) | (195} | (263)

39 0.551 | 0.537 | 0.524
Diethylenetriamine absorbed from (98) | (196) | (263)
1% BuOH solution LR 9950-55 Lo | 0.532 | 0.474 | 0.348
Montrek-600 ex 1% solution in (90) | (166) | (233) |(282)
n-butanol, LR 9950-61C 41 | 0.571}0.561} 0.550 |0.538
Montrek-1000 ex 1% solution in (90) | (166) | (233) |(282)
butanol, LR 9950-61E y2 | 0.572| 0.5581 0.547 | 0.533
Montrek-600 E ex 1% solution in (90) |(166) ] (233) |(282)
n-butanol, LR 9950-61D 43 1 0.563 | 0.550| 0.543 | 0,524
Montrek-18 ex 1% solution in (90) | (166) | (234) | (283)
n-butanol, LR 9950-61B vs5 | 0.569] 0.554 | 0.54k | 0,518
Montrek-12 ex 1% solution in (90) | (166) | (235) | (283)
n-butanol, LR 9950-614 46 | 0.5671 0.553[ 0.543 | 0.531
Metaphenylenediamine ex 1% solution (90) 1} (167) | (235) | (283)
in n-butanol, LR 9950-60 47 | 0.566 ] 0.552| 0.516 | 0.468
Curing agent U ex 1% solution in (90) | (167)| (238) )
n-butanol, LR 9950-58 L8 [ 0.512| 0.430| Gelled
Diethyleratriamine ex vapor phase (90) | (167)| (238) | (283
on fluid bed, LR 9950-54 Lg | 0.564 | 0.543| 0.520 | 0.498

{Continued)
UNCLASSIFIED
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Table XXVII (Contd-3). REACTIVITY OF TREATED AMMONIUM PERCHLORATE

WITH "EPON" H-825 AT 80°C (176°F)

Run | Epoxy Value, eq/100 g, After
Coated AP Sample No. (Hours) at 80°C
Menthanediamine ex 1% solution in 50 (g0) | (167) [(238) |(283)
n-butanol, LR 9950-59 0.560 | 0.530 |0.48g 10.436
(o4) { (168) |(238) | (285)
Lauric acid 51 10.4871 0.527 [0.591 |0.383
Trimer acid ex 1% solution in n- 52 (o4) | (168) {(239) |(285)
butanol, LR 9950-62 0.547 [ 0.541 [ 0.509 |0.4T1
_ (oh) | (168) | (239) | (285)
Tetra-n-propylammonium iodide 53 0.465| 0.515 | 0.452 | 0.337
(gh) | (168) | (239) | (285)
WS G COmae 5% 10.536] 0.525 | 0.kk2 |Gelled
Versamid 125 ex 1% solution in n- 55 (95) § (167) | (239) | (285)
butanol, LR 9950-66 0.563 | 0.54T |0.535 |0.520
Versamid 1%0 ex 1% solution in n- 56 (94) | (167) ! (239) | (28s)
butanol, LR 9950-67 0.561 | 0.546 |0.520 10.508
Polymethylmethacrylate polymerized | o (95) | (167) ! (239) | (285)
in n-butanol, LR 9950-45 0.563{ 0.541 {0.513 |0.450
Polystyrene polymerized in n- 53 (48) | (162) | (216 )
butanol, LR 9950-6h 0.562! 0,533 | 0.516
Polyoxypropylenediamine ex 1% 59 (u8) | (162) | (216) )
solution in n-butenol, LR 9950-68 '0.565] 0.532 | 0.520
Direction addition of Montrek-1000 | oo | (47)| (160) | (226) }
(10% on AP) to EPON H-825/AP mix 0.5601 0.516 {0.500
. (91) ] (162) | (233) | (306)
Octadecylamine, LR 10139-33 61 0.545 | 0.488 |0.545 |0.349
Dodecyl trimethylammonium chloride, | o, | (91)] (162) |(233) .
50% active, TR 10139-29( Arquad 12-50) 0.4751 0.390 | Gelled
. (91 | (162) ;(233) |(307)
Dodecylamine, LR 10139-30 63 0.5531 0.510 |0.459 {0.352
. (91) | (162) {(233) {(307)
Stearic acid, LR 10139-31 64 10-558i 0.koT ]o.hho 0.362
1 : (Continued)
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Table XXVII (Contd-4). PREACTIVITY OF TREATED AMMONIUM PERCHLORATE
WITH "TPCH" H-825 AT 80°C (L{6°F)

RunlrEpoxy Value, eq/100 g, After
Coated AP Sample Ne. (Hours) at 80°C
. . (92) {(162) | (234) {(307)
Hexadecylamine, LR 10139-31 Cs 0.559 [0.522 |0.k7h  [0.390
Methylamine ex 0.4% sol. in n-BulH, { .. | (120) | (191) | (268) .
LR 9950-T1 0.541 }0.496 | 0.455
Metbylamine ex vapor phase on fluid | g (120) | (191) | (288) | .
bed, LR 9950-T2 0.520 | 0.46k | Gelled :
Rubidium chloride, AP passed g | (120) [ (191) | (288) © _
through b€l sol., LR 9950-T0 0.558 | 0.538 [ 0.528 | |
(120) | (191) | (288) l
Control uncoated AP 6 | o.5k7 | 0.503 | 0447 - |
"In itu" RbCl, 10 g EPON H-825, 2 |- (120) | (143) (288) o
g AP, 0.2 g RpQ1 0.554 § 0.535 | 0.528 I
; i
Forromide trecated AP, LR 9950-75 1 c()lggg (()lgg])_ ’c()aﬁ.% -
Urea treated AP, LR 9950-Th T2 c()lgil élggc)) (()oh'?gh) -
AP passed threugh KCl LR 9950- 75 | (138) 1 (185 | (28k) )
. T0 0.467 | 0.430 | Gelled
& (138) | (186) | (284) )
KC104, LR 9950-T7 ™ 16.570| 0.569 | 0.571
10 g EPCN H-825, 2 g untreated AP, | .5 | (138) (192) | (283) )
1g XC 0.524 | 0,510 | 0.503
10 g EPON 4-825, 2 g untreated AP, | | (158) (192) | (283) -
0.2 g KC1 0.530 | 0.506 | 0.519
No_amronium perchlorate 7 | (114) (192) | (283) )
, EPON H-825 + 20% KC1Q4 0.566 | 0.566 | 0.5T1
(114) | (192) | (203)
KC1 treated AP, LR 9950-T9 78 0.5621 0.556 | 0.5Ls -
. . (115) { (192) | (283)
! AP treated with RbCl, LR 9950-80 79 -
. ’ 0.555 | 0.535 | 0.536 | |
{Continued)
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Table XXVII (Contd-5). REACTIVITY OF TREATED AMMONIUM PERCHLORATE
WITH "EPON" H-825 AT B0°C (L16°F)

Run }Epoxy Value, eq/100 g, After

Coated AP Sample No. (Hours) at 80°C

AP treated with CsCl, LR 9950-81 80 ((,%2 313,?3 82223_

"In gitu" CeCl, 10 g EPON H-825, gy | (215) | (1g92) [(285)

2 g untreated AP, 0.2 g CaCl 0.558 | 0.539 [0.531 |
Dri-film SC 77 ex vapor phase, LR [g, | (67)| (165) |(255) , .
9950-T3 < {0.56L [ 0.519 [0.497
AP + Montrek 12 ex 0.5% sol. in g5 | (61) (163} |(235) )

n-BuCH, LR 9950-824 0.544 | 0.482 [0.443
AP + Montrek 18 ex 7.5% sol. in 8l (67) | (163) (237)
n-BuCH, LR 9950-82B 0.547 | 0.483 [0.450

AP + Montrek 600 ex 0.5¢ sol. in 85 (67) | (163) |(237)
n-BuCH, LR 9950-82C 0.556| 0.505 |0.472

AP + Montrek 600 E ex 0.5% sol. in 86 (67) (237)

n-BuOH, LR 9950-82D 0.555 0.520
AP + Montrek 1000 ex 0.5 sol. in 87 (67) | (163) |(237)
n-BuOH 0.558 | 0.535 [0.504

gg | (67)] (163) |(237)

Dodecylamine ex n-octeanol 0.515 | 0.435 lo.%25

Montrek 600 E ex 0.25% sol. in 89 (66) | (138) [(186)
n-BuOH, LR 9950-8SD 0.510| 0.410 |Gelled

Montrek 600 ex 0.25% sol. in n-BuCH, 90 (66) | (138) [(18¢)

LR 9950-85C 0.519 | 0.410 |Gelled
Montrek 18 ex 0.25% sol. in n-BuCH, 91 {66) | (138) } )
LR 9950-85B 0.470 | Gelled

. (66) | (138)
Sebacylehloride g2 0.4o7 | Gelled| ~ -

Montrek 100 ex 0.25% sol. in n-BuOH, 93 (66) | (138) |(186)

LR 9950-8SE 0.495 | 0.45T7 |Gelled
Montrek 12 ex 0.25% sol. in n-BuOH, ok (65) | (138) ) )
LR 9950-05A ' 0,488 | Gelled
(Continued)
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Table XXVII (Contd-6). REACTIVITY OF TREATED AMMONIUM PERCHLORATE
WITH "EPON" H-825 AT 80°C (176°F)

Run |Epoxy value,eq/100 g, After
Cooted AP Sample No. (Hours) at SO%C
Hexamethylenediamine treated 95 592.)(5 éligg é’"ﬁfg -
{90) [(138) ({136) .
SR GG 6 10,453 lo.13k |o.ke5
I (00) [(238) [(186) | _
il T 10.518 |0.us8 |o.ul3
No_armonium perchlcrate 08 (90) B (233) « _
EPON H-825 + 20%w KC1 77 10o.97h 0.5T3
No ammonium perchlorate 99 (12)  ((144) (318) .
EPON H-8325 + 20%w CeCi 0.573 [0.573 [0.567
No_ammonium perchlorate 100 | (12)  {(14k) [(318) .
EPON H-825 + 209w HbCl 0.973 [0.573 [0.5T1
AP + K2504 (10%) 101 | (96.5) [(163) [(236) | _

0.533 [0.500 [0.480
AP passed through KClL solution, 3.2 (9o} 1(161) |(233)

LR 9950-76 0.544 [0.506 |0.438

AP + X acetate (10%) 102 ézfizg - - -
| 4P + € nitrate (10%) 103 (()?gg,‘ (()1,‘}2 c(fgf% -

AP + Na pheroxide (10%) 104 ézgizé - - -

AP + X oxalate (10%) 105 é?gigj é%g;; é?;g{ o

A2 + Kz Oraly (10) 106| F13 10408 loorea] -

AP + K phthalinide (10%) 107 ffigg} ae) | . -

i+ w0, 09 o) 052109152

AP + K cleate 109 (96'5) (163) - -

0.413 {Gelled

1

(Continued)
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Table XXVII (Contd-7). REACTIVITY OF TREATED AMMONIUM PERCHLORATE
WITH "ZPON" H-825 AT 80°C (176°F)

Run [Epoxy Value, eq/100 g, After
Coated AP Sample No. (Hou;s) at 80°C
I . 6
AP + KC1 (1%) 110 c(s?geg) c(Jngi 5%93 )
(98.5)|(163) | {236) | _
AP + KCL (0.1%) 1l 00568 to.521 | 0.896
KCL treated AP, LR 9950-79 78-2 é’”;sé’ él.';ié” (()a%g% -
’ P'. 8
AP + XC1 (10%) 76-2 gfélg) cgl;suc)) c(f:%c): )
AP + KMn04, <60 mesh (10%, LR 9950- | ., |(95.5) (165.5) | (261) | _
B6C 0.560 [ N.54T 0.600
AP + KIOg (10%), LR 9950-86B 113 ({,9;3; (()%Eg—}” cg?%% '
AP + FI0a (10%) 11k f;?;;?’ grsrg; c(f%; )
)]
AP + NHBF, (107) 115 59303’ cgligs c(;zfi)ad -
AP + guenidine cerbonate (10%), LR 116 95.5) ) }
9950-87A Gelled
| : X 6
AP + KBF4 (1%) 117 égéo (glsg c().ai'rf)l )
Y 236
AP + KONO (19%) 118 grj};s c(al.sif)z c().go; )
1 8
AP + KC10s (1%) 119 3733%0 §§§% c(aeih% )
- ‘ 8
AP + K Fe(t)s (15) 120 é"é%e 99315*62) é??@% )
. ) h 8
AP + KBH,4 (1%) S é@%n c()lgh% éago)r )
6 2
AP + XC104 (1%) 122 (clf%s cge?}ol{ c(aﬁ'r% )
(CO. '—-M._EH-JJ
UNCLASSIFIED
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Table XXVII (Contd-8). REACTIVITY OF TREATED AMMONIUM PERCHLORATE
WITH "EPON" H-825 AT 8B0°C (176°F;

e

Run Epoxy Value, eg/100 g, After
No. (Eours) at 80°C

|
2 + 105 (108 w2 | (23 | Qe) |20

Coated AP Sample

’ (73.5) | (145) [(2%0)
AP + KC1 (0.1%) 11-2 | 262" 150555 |04

Ethyleneimine treated AP (vapor 1 |24) (216) | (293)
phase), LR 9950-92 0.551 |0.520 |0.482

(121
2P + Mighe (1%), LR 9950-91A 2 |G 180 |G

AP + (NHg)2CrO4 (1%), LR 9950-91B |125 %23)21 éﬁﬁ’ld ) B

(124} | (218) |{286)
0.547 10.519 {0.499

fi2k) | (218) |(286) )
0.545 |[0.501 (0.4

(124) ( (218 | (286) )
0.534% (0.497 |0.465

Ethyleneimine treated AP LR 9950-94 | 129 éT;;G g%ggé é?ig{ -

Montrek 12 treated AP, dried at 130 (r7) 1 (168) |{239)
room semperature, LR 9950-934 0.540 ] 0.482 |Gelled

AP + NH4F (1%), LR 9950-91C 126

AP + (NH4)2MoOg4 (1%), LR 9950-91D {127

AP + NH.I (1%), LR 9950-91E 128

Montrex 12 treated AP, dried at f 131 (o4) | (168) |({239)
60°C, LR 9950-93B 0.517 | 0.485 |0.380

Montrek 12 treated AP, dried at 132 (94) | (168)
100°C, LR 9950-93C 0.435 | Gelled

(17) | (1€1) | (280)

AP + K,IrClg (1%), LR 9950-867 135 | 0.556 {0.518 |0.46k |
AP + KaPdClg (1%) 15k é@éo élggé éegg% i
(144) | (331) . -
Control, uncoated AP c-1 0.541 | 0.h25
{Continued)
UNCLASSIFIED
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Table XXVII {Contd-9). REACTIVITY OF TREATED AMMONIUM PERCHLORATE

WITH "EPON" H-825 AT 80°C (176°F)

Run | Epoxy Value, eq/100 g,
Stelpeel L B Lo io. | After (Hours) at 80°C
AP + X Naphthenate (1:)) 1 (67) r(1-"0) ‘(212)
5 | o.54110,511 {0,490
AP + K pyrosntimonate il Sb(OH)g 136 (116) | (188) { (288)
1/2 Hz0 (15) 5 0.533 | 0,540 {0,491
AP + KOH (17%) 157 (115) | (188) { (288)
5 0,518 | 0,508 [O,L5k
AP + Montrek 600 ex 0,1' sol, e (120) | (197) | (288)
in BuoYq 0.526 | 0.516 | 0,481
IR 9950-97B
AP + Montrek 600 ex 0.2, sol, 143 (120) | (197) | (288)
in BuOH 0,547 | 0.536 | 0,510
IR 9950-98B
AP + Montrek 600 ex 0,05 sol, 1 (120) | (157) | (288)
in BuOH 0.536] 0,523 10,482
LR 9950-96B
AP + Montrek 1000 ex 0,05 sol. 145 (120) ¢ (197) | (288)
in BuOH 0.539 § 0,522 |0.L76
LR ©950-56D
AP + Montrek 1000 ex 0,1» sol, 146 (120) { (197) | (288)
in BuOH 0.53%6 | 0,515 |0, L6k
LR 9950-97D
AP + liontrek 1000 ex W7 (120} | (197) | (288)
BuOH Soi., 0,553 | 0,541 |0.522
LR 9950-08D
AP + Montrek 600 E ex 0,05, sol. 148 (120) | (157) | (288)
in BuCH 0,54k | 0,519 |0.505
IR ©¢50-96C
AP + liontrek 600 & ex 0.2 sol. 148 (120) | (197) | (=88)
in BuCH 0.517 | 0.468 | gelled
LR 9950-97¢
AP + Mon*wek 600 E ex 0.2 sol, 150 (121) | (197) | (288)
in BuCH 0.549 | 0,532 } 0,500
LR 9950-08¢C
AP + Montrek 12 ex 0,05, sol. 151 (121) | (197) | (288)
in 3u0H 0,554 | 0,532 | 0.450
LR 2950-96A
(Continved)
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Table XXVII (Contd-10). REACTIVITY OF TREATED AMMONIUM PERCHLORATE

WITH "EPON" H-825 AT 80°C (176°F)

Epoxy Value, eq/lOO £,
After (Hours) at 80°C

(121) j (197) |(=285)
0,537 | 0449 JO,LA5

(121) (289)
0,55k - lo,512
(121) (288)
0,544 - 0. 4h6

(145) | (216) | (317)
0.52% 1 0,500 0.hh6

(145) | (216) {(317)
0.534{ 0,508 {0.458

(145) | (216) | (312)
0.536] 0,505 | 0,460

(148) | (221) | (317)
0.536| 0,497 [0.4k0

(96) | (167) | (265)
0.525( 0,501 0.h5h

(96) | (164) | (265)
0.41431 0,430 | 0,394

(96) | (164) | (259)
0,5451 0,495 | O, bk:

(96) | (164) | (265)
0.,534| 0,498 (0,451

(96) 1 (167) | (265)
0,549 0,527 | 0.515

Coated AF Samples gun
O,
AP + Montrek 12 ex 0,10% sol. 152
in BuOH
L 9950-97A
AP + HMontrek 12 ex 0.2% sol. 153
in BuQH
IR €950~SBA
AP + NEODOL 3P ex 0.1% sol. 15k
in BuOH
LR 9950-99
r o
AP + X0 (1%) 157
AP + KMnO, (1%) 156
AP + Rbvcl (1%) 160
AP + CsCl (1%) 161
AP + Versamid 125 ex 0.3% 162
sol in BuCH
IR 9950-1014
K Selt of disproportionated wood rosin 163
acid resin 731-D
LR 9950-103
AP + 1% DTA deposited ex vapor on 164
fluid bed
AP + Versamig 140 ex 0.2% sol. 165
in Buld
LR 2950-101B
AP + NEODOL 25-3P (1%) 166
LR 9950-10k4
UNCLASSIFIED
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Table XXVII (Contd-11}.
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REACTIVITY OF TREATED AMMONIU™M PERCHLORATE

WITH "EPON" H-325 AT 80°C (176°F)

A Sample il i A
NEODOL 25-P (1% on AP) IR 9950-106 167 é???ﬁ é?ég% é?ggé
Coated AP LR 9950-370 + 1 KFe(CN)g 168 é?;éé é?ééﬂ 8?22%
Coated AP LR 9950-97D + 1% KCNO 169 O,jbi g?éi% é??g%
Coated AP LR 9950-37D + 1% Ka(PdClg) 170 é%??i é?ﬁi% 8?23%
Coated AP IR 9950-97B + 1% KC1 17 é???i é???% é??iﬂ
b Coated AP LR 9950-97B + 1% NH4F 172 éf%ﬁ% g?%i; é?gg%
Coated AP LR 9950-97B + 1% KBH, 175 é%ﬁgé é?é?é é??ﬁé
Coated AP LR 9950-97C + 1% KFe(CN)g 17k é?éf% é?ﬁ?% é??ﬁ%
Coated AP LR 9950-97C + 1% KC1 175 é??gé é?ﬁ?% é?gg;
Coated AP LR 9950-97C + 1% NH4F 176 é?éi% é?ggé é??gé
rquad 29075 199 | o'%a | 6gb | ok
Arquad 16-50 200 o(;ﬂ éliii%
Aerosil R972 201 ofgé% g%éti
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Table XXVIII. EVALUATION OF PROPRIETARY COMPOUNDS AS ADDITIVES FOR
REDUCTION OF ATTACK OF AMMONIUM PERCHLORATE ON
EPXOY GROUPS IN "EPON" H-825

System: EPON H-825 + 10 w AP

% of
Additive, Run | Epcxide Value After Initial
1% Basis AP No. (hrs) at 80°C Epoxy
Retained
NEODOL 25-3%-P 166 (96) | (167) | (265) | (265)
LR 9950-104 0.549] 0.527 | 0,515 | 89.9
Potassium Petroleum Sulfonate 178-2 (190} | (328) | (328)
IR 9950-105-8 {fe= 0.543 | 0.Lk7 | 7B
NEODOL 25-P 16 (120) | (213) | (280) | (280)
LR 9950-106 T | o.554| 0.557 | 0.520 | 90.8
VERSATIC 311-P 180 (164) | (265) | (40OO) | (265)
LR 9950-108 0.5581 0.520 | 0,477 | 90.8
SPAK N-Cig 181 (161) | (262) (262)
LR 9950-110-A 0.552 | 0,517 90.4
SPAXN-C;2 180 (161) | (262) | (400) (262)
LR 9950-110-3 0.554 | 0.520 | 0.46T7 | 90.8
SPAKI-Cq 2 18, | (161) ] (262) (400) | (262)
LR 9950-110-C 0.559{ 0,534 | 0.475 | $3.2
SPAKI-C; s 183 (161) | (262) (262)
LR 9950-110-D 0.551 | 0,499 87.1
KNABL-Potassium salt of naphthenic (194) | [282) | (308) | (282)
acid bottoms of lube crude 185
1R 9950-112 0.519| 0.482 | 0.415 | 84.0
K-Pivalate 166 (194) | (282) | (208) | (282)
1R 9950-113 0.536 | 0.512 ) 0.489 | 89.4
K-TBBA 187 (194) | (282) | (308) | (e82)
IR 9950-114 0.534% | 0.5071 0.493 | 88.4
K salt of eicosyl phesphonic acid 101 (189) | (26k4) | (309) | (264)
LR 9950-116-A 2 0.5%0 0.522 | 0.474 | 9.18
(Continued)
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Tabie XXVIII (Contd). EVALUATION OF PROPRIETARY COMPOUNDS AS ADDITIVES FOR
REDUCTION OF ATTACK OF AMMONIUM PERCHLORATE ON
EPCXY GROUPS IN "EPON" H-825

% Of
Additive, Run | Epoxide Value After | Initial
1% Basis AP No. (rs) at 80°C Epoxy

Retained

K salt of monobutyl ester of eicosyl|,y (189) | (264) | (309) | (264)

IR 9950-116-4 0.5%0 | ©.522 | 0.47h | 91.8

K salt of moncbutyl ester of (189} | (264} | (309) | (264)
2-thiadodecylphosphonie acid 194

LR 9950-117-4) 0.499 | 0.4o5 | 0453 | 86.L

Di K salt of 4,7,10,13%,16-pentaox- (169) | (243) | (290) | (290)
18-hydroxyoctadecylphosphonic a:id |195

LR 9950~117-B 0.529 | 0.516 | 0.402 | 85.8
K salt of monomethyl ester of (169) | (243) I (290) | (290)

4,7,10,13%,16-pentacxa-18-hydroxy- 196
cctadecylphosphonic acid

LR 9950-118-4 0.506 | 0.488 | 0,45"| T78.5
Di K salt of 4,7,10,13,16,19,22,25 (169) | (243) | (290) | (290)
28, 31-decaoxa-33-hydroxytriatria- 197
contylphosphenic acid
IR 9950-118-B 0.5%0 | 0.518 | 0,484 | B84.3
K salt of monomethyl ester of (169) | (243) | (290) | (290)
4,7,10,13,16,19,22125,28, 31-deca-
oxa-33-hydrexytriatraicontyl- 198
phosphonic acig
LR 9950-119-4 0.511 | 0.495 { 0,450 | 78.5
Potassium Petroleum Sulfonate, {190} | (328} (328}
10% basis AP 177-2
LR 9950-105-8) 0.554 | 0.533 93.9
e (150} | (250} | {(300) | (300}
o) LR AR 0.553 | 0.473 [0.438 | T76.k
UNCLASSIFIED
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SECTICN XIX

EFFECT OF POLYIMINE COATING PLUS K SALT
ADDITION ON AP REACTIVITY TOWARD "ZPON H;BEE

In order to explore the effect of a combination of polylimine coating
and potassium salt addition, three Montrek coated AP samples were tested in
combination with 1%w (basis AP) potassium salt. One run using NH4F with
Montrek treated AP was also ineluded.

Coated AP samples used were:
1. LR 9950-97B (0.63%w Montrek 600)
2. LR 9450-97C (0.50%fw Montrek 60CE)
3, LR 9950-~97D (0.95%w Montrek 1000)

Qur data from this series of experiments are summarized in Table
XXIX where we have tabulated, for compaiable times at 80°C, the percent
original epoxide retained when ti.: salts were added to the coated AP and the
same salt added to untreated AP in dynamic contact with EPON H-825.

Although the over-all percent epoxide retention values are greater
for the coeting-salt corbinations, the relative efficacy of the added salts
is essentially equivalent. Additicn of these salts to uncoated AP reduces
epoxide loss an average of 50% (11 vs 22%), For the polyimine coated AP, the
reduction of epoxide loss averages 41% (7 vs 17%).

Table XXIX. EFFECT OF COMBINED POLYIMINE COATING AND POTASSIUM CR
AMMONIUM ION ADDIYICON ON REACTION RATE OF AP WITH 'EPON" H-825 AT 80°C

Polyimine Coated AP Uncoated AP
% Original Epoxide Si%ﬁ ﬁgdig % Original Epoxide
Run No. Retained After Retained After Run No.
286 hrs at 80°C 286 hrs at 80°C
168 92 KiFe(CN)g 92 120-2
169 92 KCNO 85 118
170 95 K=(PdCls) 90 134-2
171 91 KC1 85 110
172 gl NH4F o7 126
173 9l KBH4 81 117
ikP & AL & 81 None 78 -
N7
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SECTION XX

SRS
¢

ASSESSMENT OF CURE BY BALL PENETRATION

A. PBAN T03-EPON H-825

o —

technology as a simple, fast and effective indication of rate and extent of
cure or crosslinking, we explored the use of Ball hardness as a measure of
rate and extent of binder cure both neat and in the presence of AP.

i Since hardness measurements have long been used in thermoset resin

| Ball hardness is a test commonly used in sealant technology and is
simply the measure of penetration, in 1/10 mm's, of a 0.66" diameter ball into
the sampie in 5 seconds at T7°F. Total weignt of ball and shaft is 125 grams,

For our tests we used the 1id from a four ounce seamless tin box as
our sample container (60 mm diameter by 11 mm deep). Figure 42 is a photo-

grarh of a sample in position for test using a Penetrometer equipped with an
automatic tiner,

About 20 grams of the thoroughly blended sample (complete dispersion
is particularly important with samples comtaining oxidizers) were poured into
the tin lids, placed in an 80°C oven to cure and at selected intervals the
samples were renocved from the oven, cooled to room temperature, placed in a
25°C bath for thirty minutes and then the penetration value determined.
samples were then dried and returned to the 80°C oven for continued cure.

This cycle was repeated until penetration values leveled off.

The influence of ammcnium perchlorate on Ball Penetration Values of
a PBAN-EPON H-825 system is illustrated in Figure 43, After 50 hours at 80°C
the sample containing AP had a Penetration Value of 36 compared to a value of
. JO for the neat binder system.

1. Infiluence of AP Concentration

The minimum AP concentration to assure an essentially zero slope in
the dp/de curve for the PBAN 703/EPON H-825 trimodel AP system was established
by running penetration data in the presence of 1, 2, 5, 10 and 20%w AP, Our
data, see Figure W4, show the required minimum concentration to be about 15%w,

2, Influence of KC104 on PBAN TO3-EPON H=825 Cure

The inertness of KC104 wilh respect to the PBAN TO3-EPON H-825
curing reaction was demonstrated using the Ball Penetration method., The data
(see Fi 45) show that the cure rate of the PBAN TO3-EPON H-825 binder
containing 26%w dispersed KC104 (equal in volume to 20%w AP, respective
) densities are 2,52 and 1,95) is the same as the neat system whereas in the
presence of 20%w AP the systern is relatively wacured.

s Influence of Polyethyleneimine Coated AP

Ball Penetration tests un PBAN TO3~-EPON H-825 containing Montrek
1000 treated AP (0.5, 1.0 and 2,0%hw coating) indicated the inerting effect
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40

10—

Ball Penetration After 50 Hours at 80°C (*/jo mm)

0 10 20
Trimodal AP, %w

Figure 44, INFLUENCE OF AP CONCENTRATION ON CURE RATE
OF PBAN-703/EPON 825 AT 80°C
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on AP to be related to coatirg weight, see Figure 46, and that about a two
percent weight coating should be sufficient to significantly reduce the AP
interference with PBAN T03~EPON H=825 cure. However, these data did not
correlate with our results when a Montrek 1000 coated AP (Z%w coating) was
used in an avtual propellant mix, see Table XXX, rurs A-10 and A-21. This
lack of correlation was attributed to the fact that the severe shear forces,
compared to hand mixing, during machine mixing at 60°7 amd reduced pressure
were severe enough to rmupture a large fraction of the coating film on the
AP surface. &

LA wﬁ%

IR il

4. Effect of Direct X or Rb Salt Addition on Binder Cure in Presence
of AP Compared to Pretreatment of AP with Saturated K or Eb Salt
Solution

Since the simple addition of potassiur or rubidium salts to the
EPON H-825-AP system was found to be effective in reducing the rate of
epoxide consumption at 80°C, we tested the effect of direct salt addition;
KCl, Rr71 and K Oxalatez, on cure rate of our propellant model system (PBAN
TC3/EP » H-825/20%w AP) as measured by Ball Penetration.

We also tested, by the same method, two AP samples that had been
surface treated by dropping them through saturated agueous seolutions of KC1
or RbCl (see Section X).

Our Ball Penetration values, see Figure 47, show that the simple
addition of these salts to the system did not improve its cure characteris-
ties. However, the AP that had been pretireated with saturated KC1l or RbCl
s0lution was practically Inert with respect to interfering with binder cure.

B. Influence of AP and KC104 on Cure of Thiokol HC 434-EPON H-825/ERL 0510-
Chromium Qctoate System at 80°C

Ball penetration tests on the carboxy terminated butodiene polymer
HC 43% (Thiokol Chemical Company) cured with the epoxy blend EPON H-825/
ERL 0510 {70/3%0 equivalents) and catalyzed with chromium octoate indicate
this system to be insensitive to the presence of AP or KC104 at 80°C, see
Figure L8. This insensitivity was confirmed by the tensile properties of the
cured propellants based on this system (see Table XXXI).

SECTION XXI

PROPELIANT FORMULATION AND TESTING

The base formulation used in preparing propellant samples for
tensile testing was:

14%w binder
16%w aluminum powder

70%w ammonium perchlorate
(trimodal mix)
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Aluminum powder was premixed with the binder system wntil the

aluninum was completely wetted. This mixture was then added to the Atlantic
. Research Sigma Blade mixer (Model 35-LP) which was held at 80°C by constant z

temperature water circulated through the jacket provided for this purpose. :

After fifteen minutes, the first portion of AP, 20% of total to be added, }

was fed slowly in%o the mixer. The renining AP was added in 20% aliquots ]
- at fifteen minute intervals. Once all the AP had teen added, the vacuum

chamber was placed in positlon and the system mixed urnder full pump vacuum

for thirty minutes. Upon completion of mixing the propellant was scooped

and trowled into the preheated (80°C) molds. The filled molds were placed

in an 80°C vacuum oven under 25" Hg vacuwa for t?irty minytes and then ’

transferred to an 80°C oven for the cure cycle,? -

After coocling to room temperature, the excess propellant was
trimmed off the molds with a sharp “lade before dismantling the meld to
remove the test specimen.

Samples were tested using an Instron tester in a laboratory
maintaited at T3°F and 50% RH. Cross-head separation rate during test was
2"/minute. Strain was measured by an extenscneter with direct feed into su
X-Y recorder. Figure 49 is a photograph of the specinen holder with
extensometer In position on the Instron.

A, Refervencz Propellant Systems Based on PBAN-EPON H-825 Binder

In order to test, in a practical system, our hypotheses based on
reactivity and kinetiecs in simple model systems we prepared anc tested two
reference propellant systems:

Propellant A-Z2 was our base system containing T0%w untreated AP,
16%w aluminum powder and 14%w PBAN~TO3/EPON H~825 binder having an acid to
epoxy stoichiometry of 1:1.

Propellant AK-l was comparable to A-2 in all respects except that

the AF was replaced with KC104 and weight adjustments made to yield equivalent
volume loading,

System A-2 represents one in which, at 80°C, both the rate and
stoichiometry of cure would be perturbed by the oxidizer while in AK-1 the
oxidizer is inert at 80°C. The extent of these perturbations would be
reflected in the mechanical properties of thrse systems at equal cure time
and serve as references against which we could measure the effectiveness of
additives and/or coatings for the AP system,

It should be noted here that these systems were prepared for use
as our cwn reference standards and do not represent the ¢ptimum mechanical
properties that might be achieved by varying the tinder stoichiometry or
cure schedules,

a) We are indebted to the Thiokol Corporation, Wasach Division (Dr. Grant
Thompeon) for providing us with 15 1lbs of trimodal mix AP and to the
United Technology Center (Dr. Thomas Scortia) for the loan of five JANAF
type specimen molds.
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The stress-strain curves for these two reference systems, see
Figure 50, illustrates the magnitude of the AP interference with binder cure
compared to the inert KC104.

B. _Properties of Modified Propellant Systems (PBAN 703)

In addition to three unmodified reference systems, nineteen
modified propellant mixes based un I'DAN TO3-EPON H-825-A1-AP were prepared
and their tensile properties evaluated, The kinds ot modificaticns made,
together with the tensile data on the resultant propellants, are shown in
Table XXX,

Selection of these modifications for evaluation in finished
propellant was based on the relative effectiveness of these additives in
reducing AP reactivity toward EPON H-825 in our screening test series. Data
obtained in the screening test series suggested the hypothesis that the
addition of potassium cation would serve to scavenge and insolubilize any
epoxy reactive perchlorate ion, and a potassium salt such as K4Fe(CN)g whose
anion would form relatively insoluble ammonium salts should be most
effective,

The polyimine coating was sclected based on its effectiveness in
the screening tests and the hypothesis that this polymer was inactivating
the AP via amine salt formation on the AP surface.

Replacement. of part or all of the PBAN in the binder system with
its potassium, rubidium or cesium salt was based on the concept and data
discussed in Section XVII.

A review of the date on the effect of these various additives
on the cure and tensile properties of the finished propellant shows that
when compared to the unmodified AP reference system:

a) Addition of K ion by simple direct addition of 1$ potassium
salt (basis AP) such as K4Fe(CN)g or KCl results in a small but positive
improvenent.

b) Potassium salts of long chain acids significantly improve

physical handling properties of the propellant mix but have a negative effect
on cure,

¢) Precoating the AP with 1 or 2% polyimine has essentially no
effect ¢n cure or properties.

d) Replacement of the FBAN in the binder with its potassium,

rubidium or cesium salt had the greatest beneficial effect on cure and
properties,

e) None of the modified AP propellants had cure and tensile
properties equivalent to the KC10, reference system.
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C. Pripellant Systems Based on &, w-Carboxy Terminated Polymer (HC L3h)

Reference propellant systems comparable to the PBAN series were
prepared using Thiokol HC 434k, Since this polymer is difunctional, we used
a mixed difunctional and trifunctional epoxy curing system, EPON H-825/
EREL 0510, ERL 051C is the trifunctional epoxide, N,N diglycidyl-p-amino
phenylglycidyl ether. Ratio of H-825 to ERL 0510 was T0O/30 equivalents
(80.3/19,7 wt ratio).

Propellant composlitions were corrected for density of AP and
KC104 (1.95 vs 2.54) to yield equal volume concentrations. Reaction
catalyst was chromium octoate,

The tensile properties of these two formulations (see Table XXX}
indicates they are essentially equivalent and that the AP does not inhibit
cure, This equivalency was also demonstrated by our Ball Penetration data,

see Figure A48.

D. Influence of Various Additives om Propellant Viscosity

Since the influence of any additive on the handling characteris-
tics of the propellant mix is very important the viscosity of various mixes,
at 80°C, was evaluated.

Initially we attempted to measure viscosity change by incorpor=-
ating a recording wattmeter in the power supply line to the mixer but this
set=up was not sufficiently sensitive due to the highly overpowered motor on
the mixer. After some preliminary tests, we found viscosity of our mixes
could be determined using a Brookfield Helipath (Brookfield Viscometer Model
HBF) and the smallest (TF) spindle.

Semples of the completed mix, ready for molding, were filled into
a 1" x 4" glass test tube and the filled tube placed in an 80°C vacuum oven
(25" vac.) for thirty minutes. After the vacuum treatment, the tube was
supported in an 80°C constant temperature water bath and the viscosity
measured after not less than twenty minutes soak time.

The vilscosity values obtained, see Table XXXII, show that, in all
cases, the additives reduced viscosity of the mix and that the extent of

reduction was generally proportional to ithe expected surface activity of
the additive,
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Table XXXII. VISCOSITY OF PROPELLANT MIXES AT 80°C

Method: Brookfield Helipath, Spindle TF

Mix o Vis, mm cps, at
No. Composition
1lrpm|2 rpm|5 rpm

Ref. | 70%w AP, 16%w Aluminum Powder k.o 3.2 2.6
244w PBAN-EPON H-825 Binder

A-13 | T0%w AP, 16%w Al Powder 1.6 2.2 0.9%
14%w PBAN-EPON H-825 Binder
1% Shell VERSATIC 911-P (Basis AP)

A-14 | 70%w AP, 16%w Al Powder, 2.8 2.0 1.60
14%w K-PBAN/H-825 Binder

A-15 | TO%w AP, 16%w Al Powder, 2.4 2.0 1.7
1w Rb-PBAN/H-825 Binder

A-16 | 70% 4P, 16% Al Powder, 14%w 90/10 1.6 | 1.4 | 1.2
PBAN/K-PBAN-EPON H-825 Birder

A-1T | T0%w AP, 16%w Al Powder, 2.4 2.2 1.92
14%w Cs-PBAN-EPON H-825 Binder

A-18 | T0%w AP, 16%w A1 Powder, 14w SJ/10 1.8 1.4 0.9
PBAN/Cs-PBAN-FPON H-825 3i.:ler

A-20 | 70%w AP, 16%w Al Powder, 1.6 1.5 0.91
14%w PBAN-EPON H-825 Binder,
1%w (Basis AP) K Salt of Monobutyl
Ester of Eicosyl Phosphonie Acid

A-21 | 70% Montrek 1000 Treated AP (2%), 16% 1.7 | 1.6 1.4
Al Powder, 14% PBAN-EPON H-825 Binder

A-22 | T0%w AP (Shell Trimodal), 16%w Al Powder L4 L.o 3.1

Ref'. | 14%w FBAN 703-EPON H-825 Binder

A-12 | TO%w AP, 16%w Aluminum Powder, 14%w 1.7 = -
Binder, 1% SPAKI-Cyp» LR 9950-C (Basis AP)
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SECTION XXII

INERTING HYDROXYLAMINE PERCHLORATE (HAP) TO REDUCE
INTERACTION WITH EPOXY RESINS

A. Reaction of Untreated HAP With EPON H-825

(c) Our work on rendering solid oxidizers chemically inert in the
presence of binder systems was extended to include & more energetic oxidizer,
hydroxylamine perchlorate (HAP), The HAP used in these experiments was
obtained from the Supply Officer, Naval Propellant Plant, Indian Heed,
Maryland, stored under carbon tetrachloride, Before using, the CCl, wes
decanted off and the HAP was placed in a vacuum oven at 30°C to remove the
remaining CCly. Since HAP is extremely hygroscopic, all transferring of this
compound was done in an atmosphere of dry nitrogen. The water in the EPON H-
825 was removed by azeotropic distillation with toluene and the toluene was
removed from the EPON by vacuum distillation. The dried EPON H-825 was mixed
with 20%w untreated HAP in the 80°C oven used for evaluations, Within 45
minutes this sample reacted violently and the EFON was cured to a hard
insoluble mass, This experiment was repeated with the same result.

(c) Because of the rapid cure of the dried EPON H-825 in the presence
of HAP at 80°C, the interaction of this system at lower temperatures (~22°C
and 40°C) was investigated. The extent of reactivity was determined by
measuring rete of epoxide consumption using the same titration method employed
for the AP system (see Figure ;mf. It should be noted that these reactivity
data are based on simple static conditions., The HAP sample at room tempera-
ture cured at a much slower rate, But in both cases the EPON H=-825 which was
in direct contact with the HAP in this unstirred system was cured and the HAP
crystals could not be redispersed. Rapid curing of N in the presence of
HAP has also been reported by other investigators,l*

B. Reactivity of HAP Samples Toward EPON H-825 in the Presence of KCl

(c) Since addition of potassium compounds to the epoxy-AP mixture was
shown to be an effective means of reducing AP-epoxy interaction, the reac-
tivity of HAP toward EPON H-825 (dried) in the presence of potassium chloride
was examined, Potassium chloride was added directly to HAP. The KC1
concentrations were 1%w in one HAP sample and 11%w in the other. The samples
were mixed thoroughly under dry nitrogen and then placed in a vacuum oven for
approximately é hours. To these samples dried EPON H-825 was added so that
the mixture contained 20%w HAP. These samples were then placed in a 60°C oven
under static conditions, The extent of reactivity was determined by measuring
the rate of epoxide consumption in the same menner repcrted for the curing of
the AP-EPON H-825 system., The resulls are shown in Figure 51, Both samples
containing KC1 cured at a faster rate iuan in the absence of KCl. This may be
due to an inerease in the dissociation of the HAP in the presence of KCl. 4n
increase in the concentration of either hydroxylamine or perchloric acid would
increase the curing rate of the epoxy resin,
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C._ Coating of HAP With Phenylglycidyl Ether

{c) In view of the rapid interaction of the HAP-EPON H-825 system we
roposed that if a small amount of monoepoxide such as phenylglycidyl ether
PGE) reacted with the HAP surface, the coating produced would inert the HAP

against interaction with the EPON H-825, We tested this idea in the following

manner. Fifty milliliters of a one percent PGE solution in CClg were added to
s0lid HAP, The concentration of PGE in these dispersions was 50%w based on

HAP., One sample of HAP was mixed at room temperature for 2 days and the other

sample was mixed at 60°C for the same time. Samples of the supernatant liquid

were then withdrawn and titrated to determine the extent of reaction of PGE
with HAF, The original PGE solution contained 0.0042 eq of epoxide/lOO g. The
supernatant liquid from the samples of HAP treated at rcoom temperature and at
60°C contained 0,0042 and 0.0041 eq of epoxidc/100 g, respectively. Comparing
the titration valnes we concluded that the PGZI apparently did not interact
with the HAP semples at either ~22°C or 60°C, The excess PGE solution was

then decanted from these two HAP samples. These samples were then placed in a

vacuum oven at 30°C to remove the remaining CCl4. Dried EPON H-825 then was

added to the PGE-treated HAP samples. The samples were thoroughly mixed and
placed in a 60°C oven. The HAP treated with PGE at both ~22°C and 60°C
appears to interact more rapidly with the EPON than untreated HAP (see

Figure 51). However, in both samples the EPON in contact with the HAP

crystals cured to a solid, We speculate that some water may have been picked

up by the HAP during hendling in the PGE treatment and that this might account
for the more rapid reacuvion rate.

D. 1Inerting HAP With Tolylene Diisocyanate (TDI) (2,4-Isomer)

{C) We postulated that if any water remained in the EPON the TDI would
react with it thus preventing the water from solveting HAP. Two samples of
HAP were prepared as follows. To one sample we added TDI dissolved in carbon
tetrachloride and then removed the CClg by vacuum. In this case the concen-
tration of TDI was 4¥w based on HAP, Then EPON H-825 wes mixed with the TDI-
treated HAP and the sample was placed in an 80°C oven. To the other sample of
HAP we added the TDI directly in an amount equal to 43%w TDI based on HAP.
Assuning the following reaction routes for the interaction of IDI and HAP5)
as either:

CHs CHa 0

H it
Q—N=c=o + 2HOMHAC104 : N—C—ONHzC104 (1)
N=C=0 N—C—ONHAC104
H n
or
H
CHa CHs 0 0
n i
@'”“G’U + 2HONHaC10; —> 0010, (2)
0
N=C=0 I:;f-——-c-—xémzcm.;
H
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then at this TDI ccncentration, 0.003 moles of TDI to 0,009 moles of HAP, all
but ~0.003 moles of HAP would react with the diisocyanate. On the other hand
if the HAP decomposes as follows HONHoHC104 ——-> HONHz + HC10, then the
reaction may be as follows

CHa CHs O CHs O
" i)
2 @-—N-cso + 2HONHoHC10, —> ~—ONHz @—N—c—-c:m, (3)
N-G=0 N—C—ONHp . Ne—C—C10,4
" "

0 0

In this rase less HAP would be consumed and 0,006 moles of HAP should remain.
The HAP plus the diisocyanate did form a gummy solid suggesting that an
interaction occurred. Then we sdded the EPON H-825 and mixed but we found
that the gummy clwmps of HAP could not be dispersed inio the EPON., These
samples vere then placed in the 80°C oven. Interaction of HAP with the EPON
vas measured by the decrease in the epoxide value as & function of time. The
sample containing 4% TDI cured to an inscluble mass within thirty minutes
having an estimated epoxide value of less than 0.2 100 g. A reduction in
the curing rate of EPON was found in the presence of 43%w TDI treated HAP, as
shown in Figure 52, Within two hours this sammle had also cured to an
insoluble hard mass. We believe this retardaticn in curing rate is due to the
previous interaction of HAP with TDI as postulated above. A treatment of HAP
with an intermediate amount of TDI betweer 4% and 43% might be worth
investigating.

E. HAP Interaction With EPON i-825 in Carbon Tetrachloride

(c) Apparently HAP is stable in CCly as shipped, the CCly preventing
water from solvating the HAP, We added CCl, directly to HAP (60%w carbon
tetrachloride on basis of HAP) to see if the CClg influenced the interaction
of HAP with EZPON H-825. “he EPON was mixed with the HAP and the sample was
then placed in an 80°C oven. This sample cured to a herd insoluble mass
within 30 minutes, as shown in Figurc 52, We estimated the epoxide value of
the insoluble mass to be less then 0.2 eq/100 g.

F. Treatmen?’ of HAP With Potassium Sulfonate

(c) We found previously that potassium sulfonate reduced the interaction
of AP with EPON H-825. We added the putassium sulfonate dissolved in CCly to
the HAP and then removed the CCly by vacuum. The corceniliation of potassium
sulfonate was 2,5%w based on HAP, Dried EPON H-825 was added to the treated
HAP, mixed and placed in the 80°C oven., This sample also cured to an
insoluble mass within 30 minutes as shown i Figure 52.

(c) Thus far our attempts to retard the interaction of EPON H-825 with
HAP treated with asmall concentrations of variocus compounds has been unsuccess-
ful. We are not surprised by the rapid intersction of HAP with EPON H-825 in
the presence of addéditives in view of the recent reports on the decomposition
of HAP at and above 25°C with the possible formation of perchloric acid and
hydroxylamine. Both of these compounds are curing agents for EPON H-825.
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Epoxide Value, eqf100g

0.3 }— Q Phenyl Glycidyl Ether
O Carbon Tetrachloride

A Potassium Sulfonate

Tolylene Diisocyanate {2,4-Isomer}
{ 43%w Based on HAP

V 4%w Based on HAP

15 l
0 L# | | | -

0 60 90
Minutes at 80°C

Figure 52, INERTING OF HYDROXYL AMMONIUM PERCHLORATE
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G. Influence of HAP on PBAN 703-EPON H-825 Cure
With and Without AP Present

(c) The influence of a more energetic oxidizer, HAP, on the PBAN 703-
EPCN H-825 cure was also evaluated using the Ball Penetration method. Ball
penetration tests on duplicate samples of stoichiometric mixtures of PBAN 703-
EPON H-825 containing 20%w HAP indicated this oxidizer interferred with the
PBAN-EPON cure. After 2k hours at 80°C these samples hed penetration values
of 55-56 compared to values of 10-14 for the neat binder system. After 200
hours at 80°C the samples containing HAP hed penetration values of 20-25.

This result is swrprising in view of all the rapid cures observed before with
HAP present.

(c) In view of the fact that HAP easily decomposes to hydroxyl amine and
perchloric acid at relatively low temperatures, we postulated that the addi-
tion of a small amount of HAP might reduce the AP interference with binder
cure by depressing the dissociation of AP to NHs and perchlorie acid, Ball
penetrati—m testes on duplicate samples of stoichiometric mixtures of PBAN 703=-
EPON H-825 conteining 20%w AP and 2%w HAI indicated the presence of HAP
decreased the AP interference with the PBAN-EPON cure. After 24 hours at 80°C
these samples hed penetration values of 14-28 compared to values of ~40 for
PBAN-EPON systems containing AP alone, After approximately 200 hours at 80°C
the samples containing the HAP and AP had penetration values of 12-15 which
are characteristic of complete cure of the binder system.

(c) In viev of these exploratory results it is suggested that the

interference of these oxidizes on the PBAN-EPON cure might be controlled by
varying the AP/HAP ratio in the syctem.
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