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FOREWORD

(U}  The work pertormcd under this projectis in responseto requirements
of AFFTC Project 3059, Program Structure No, 750G, BPSN 623059, The
approving authority is Richard C., Miller, 2d Lt, USA¥/RPMC, AFFTC,
F.dwards Air Force Base, California,

(C) The present report is the second of three quarterly reports on Con-
tract No. AF 04(611)-10812 under which United Technology Center (UTC) is
conducting a programto continue the development of an advanced solid pro-
pellant based on aluminum hydride, amimonium perchlorate, ind nitrato-
plasticized polyester and having a theoretical specific impulse (Igp)in excess
of 280 Ib-sec/lb at standard condits ins,

(U} This reportcovers experimental work conducted at UTC's Sunnyvale,
California, rescarch laboratories andat UTC's San Jose, California, proc-
essing laboratories during the period of { August 1965 through 31 October
1965. The following professional workers made significant contributions
to progress on this program:

J. W. Allan R. M. Kumagai
P. L., Allen W. E. Robertson
J. D. Breazeale R. I. Sutton

G. J. Casaletto J. K. West

E. C. Francis

(U) This report containy classified information extracted from '"Demon-
stration of an Advanced Solid Propellant (U)," Report No, AFRPL-TR-65-195,
August 1965,

{U) Publication of this report does not constitute Air Force approval of
the reperts, findings, or conclusions. It is pubiished only for the exchange

and stimulation of ideas.

Richard C. Miller, 2d Lt, USAF/RPMC, Projcct Qfficer
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ABSTRACT

(U) An evaluation of surfactants for reducing propellant mix viscosity has
re.'tedin the selection of Atlas G-2684, Particle size distribution studies
have led to the use of a 50/50 coarse/fine ammonium perchlorate (AP)
grind ratio to maximize propellant castability. Processing studies have
also resulted in a capability of processing propellant at the 23 vol % binder
level witha consequent improvementintheoretical performance and density,

(C) Aseries of 4-1b motors have beentested containing aluminun hydride/
aluminuin combinations representing the most dense formulations with a
theoretical peviormance in excess of 280 sec and thec most dznse formula-
tion with a theoretical performance in excess of 274 sce. Propellant UTP 6825
has a theorctical Igp of 280, 1 sec and a theoretical density of 0. 0604 lb/in?
Propellant UTP 6826 has a ticorctical Isp of 275. 0 scc and a theoretical
density of 0, 0627 lb/in?

(U) A study todetermince the effect of propeliant formu'ation parameters
on burning rates has been cssentially completed.  An end-burning micro-
motor was utilized for these tests. It was found that the oxidizer-~to-fuel
(O/F) ratio, AY concentration, and AP particle size distribution were the
most critical parameters, Binder concentration and plasticizer level were
found to be less significant,

(C) Efforts to minimize¢ the handling hazards of aluminum hydride by
increasing the electrical conductivity of tha particles have been partially
successful, A 1% coatingof an antistatic agent reduced the electrical resist-
ance of a { in, by { in. by 1/4 in. bed of particles from 1000 megohms for
uncoated hydride to 40 to 70 megohms for the treated material,

(C) Propellant density studies indicate that in addition to the cxtensive
drying of ingredients, propellunt density can alsobe increased by sustained
vibration and vacuum applied to the cast propellant,  Surface (reatiment of
the aluminum hydride with quinones, alizarin, or alizarin red S results in
substantial improvements in propellant density, Testing with free-radical
inhibitors has resulted innonoticecable improvements in propellant densitics.

{U) The most promising curative systems cvaluated to date are MAPO/
Epondi2, MAPO/NTPB/Epon 812, and MAPO/TBM/Epon 812, Propcllants
containing these curative systems arce in accclerated storage.  Polyesters
ofincreased molecular weight have beentested and appear to yield improved
mechanical properties, Utilization of a molcculur still for stripping mois -
ture and light ends from the HX 735 polymer also results in some improve -
ment in mech.inical properties,

iii/iv
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I. INTRODUCTION

1.1t PROGRAM SCOPE

(C) Under Contract No. AF 04(611)-10812 with the Air Force Rocket Fro-
pulsion Laboratory, Research and Technology Division, Edwards Air Force
Base (EAFB), UTC is conducting a program to continue the development of
an advanced solid propellant based on aluminum hydride, ammonium  per-
chlorate, and nitreto-plasticized polyester and haviag a theorctical specific
impulse in excess of 280 lb-scc/lb at standard conditions, This program
continues the cfforts initiated under Contracts No, Al 04(611)-8513 and

AF 04(611)-9470. It will provide data on the important propellant param-

cters required to produce a family of usable propellania containing aluminum
hydride,

(U) The program is divided into two phases: Phase 1, formulation
improvement and tailoring cxperiments, and Phasc 11, optimum formula-

taon characterization,

1.2 PHASLE I: FOIIMULATION IMPROVEMENT AND TAILORING
EXPLERIMENTS

(U) hase 1is divided into six tasks. Thesce tasks, described in the follow-
ing paragraphs, are interrclated and are beiny performed concurrently,

1.2, t Task A10: Maximum lgp and Solids Loading

(U) Taek 1 has as its objective the achievement of the highest possible
delivered lgg, consistent with the normal constraints on such a systemn,

'} 18 objective will be accomplished by a study of procdssing parameters

to achicve maxinum solids loading and by fornulation studies to optimize
the concentration and type of oxygenated plasticizer.  Results will be demon-
strated in 10-1b motors

{.2.2 Task AZ20: Burnirll(ate Studics

(C) Task 2 has as its objective the development of a wide range of burning
rates for thia propellant system. Target burning rates of 0,25 in. /scc and
1.0 in. /sec at 1000 psi have been esiablished, The following formulation
parameters will be investigated: particle size, distribution of solid ingru-
dients, plasticizer levels, use of burning-rate catalysts, flame-retardant
coatings, O/F ratios, and the use of gassing agents. lour formulations
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will be den.onstrated in 4-1b motors: the fastest burning, the slowest
burning, the most energetic slow burning, and the fastest burning with
good physical properties, The two best formulations will subsequently be
tested in 10-1b motors,

1.2, 3 Task £30: Density-Isp Tradeoits :

(U) Task 3involves a study of density-lyp, tradeoffs to achiceve substan-
tially in. cased propellant densitics with minimum degradation ot Jgp. A
theoretical calculation effort will explore the influence of various param-
eters on density impulse. The two most promising formulations will be
teated in 4-1b motors, and the best formulation will be demonstrated in
10~1b motors,

1.2.4 Tasr A40: lmnprovemwr: of Safety Propellants

(U)  Task 4 will have the cbjective of improving propellant satety proper-
ties, Propellant sensitivity will be reduced by the usce of coatings and by
changes in formulation parameters, Results will be measured by changaes
in lmpact sensitivity, differential thermal analysis (DTA), and spark
gcengitivity,

1.2.5 Task A50: Aging and Temperature Limits

(U)  Tusk 5 will be u substantaal ctfort devoted to defining the aging chavac- ‘
terislics and the storage temperature limitations for this systera, Tech-

nigues for improving storage ''mits will rocoive considerable attention,

‘This work will include static and dynamic DTA studies, gas evolution studius

as a function of temperature und humidity, gas diffusion through varivus

wub thicknesses, and the cffects of constunt strain on storability, The tost

program will mclude the use ol anulog motors and a propellant scgmont in

a large motor, In addition, eighteen 10-1bh motors and other #yecimens will

be shipped to the Air Vorce tor surveillance at their facilities,

1. 2.6 Task AGO: Jmprovement of Mechunical Properties

(U) lmproved mechanical properties will be developed under task 6. The
propellant curative system will be optimized for mechanical propertics,
new curatives will be ¢valuated, and testing will be performed at two strain
rates over a range of temperatures from -60° to +130° }.  Analog mwotor
tests will alao be performed,

2
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1.3 PHASE II: OPTIMUM FORMULATION CHARACTERIZATION AND
DEMONSTRATION

(U) Phase Il involves a complete characterization of Lhe propellant for-
mulation resulting from the Phase I studies, including a complete ballistic
characterization in 10-1b motors and mechanical property and hazardous
property testing, Six Bates motors will be processed and shipped to the
Air Force for scaleup testing.

1.4 REPORT STATUS

(U) The present report covers the experimental wor k performed during
the second quarter, 1 August 1965 through 31 October 1965, The ceporting
status for the program is presented graphically in figure 1,
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I, TECHNICAIL DISCUSSION

2.1 MAXIMUM Isp AND SOLIDS LOADING (A1Q)

(C) This task has as its objective the formulation of a propellant system
with the highest pessible delivered specific impulse in a practical system,
This objective is being accomplished by a study of processing parameters
to achicve maximum solids loadin, and by formulation studics to optimize
the concentration and type of oxygenated plasticizer, In addition, the effect
of aluminum hydride concentration on specific impulse efficiency will be
reexamined briefly at high O/V ratios (1.2 to 1, 4),

2.1.1 Development of a Fuel Procussing v aualant

(C}) To allow the rapid evaiuation of various processing paraimeters such
as higher solida loading, particle size distribution, and processing time

and temporature studics, a processing simulant tor aluminum hydride was
developed, Its utilization resulted 1n reduced cost of procossing studies

and minimized remote handling requirements during the preliminary stages
ol propellant processing studics.  The muaterial sclected as the fuel simulant
is ammonium oxalaty. The cevaluation of this maturial is described in the
first quarterly report (AFRPL-TR-065-19%),

2.1.2 Surtactant Studies

(U) A scrius of surface active agents were evaluated for their oifoct on
propellant viscosity, This evaluation was conducted to deturmine which
sarfoctant would provide the groatest reduclion in miix viscosity so that a4
maximum solids luading could be achicved in a castable system,

(U) A number of ditferent surfactan's were evaluated during the first
quarter with tormulation UTE 6514 premix (binder and oxidizer only)at the
laborztory scale at a conceutration of 1%,  Results of the laboratory inves-
tigation indicated that the tollowing surfactants yielded significant processing
improvements and were selected for studica at the 1-gal mix level:

Tween 20

Tween 21
Atlas G-2634.

5
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These surfactants were investigated using UTP 4822, with ammonium
oxalate as the control formulation,

UTP 6822
Ingredients Wt %
PEP-150 binder 18.9
1451 simulant 23.0
Oxidizer 58.0
Surfactant 0.1
100.0

(U) Qf the three candidate surfactants, Atlas G-2684 was the most cffec~
tive in reducing the viscosity of the simulated propellant mix,  The dis-
charyge rates through a 0.2% in, by 3. 00 in, rhoometer orilice for mixos
with the candidate surfactants are shown in figure 2, All mixes ot the
1-gal mix scale now utilize Atlas G-2084 al a concentration uf 0.1 wt %

of the total propellant formulation,

2. '.3 Particle Si1ze Distribution Studies

(C) An evxporimental processing program was conducted to optiniize
particle size distribution. ‘l'v reduca the number of pussible particle sizc
combanations, it was decided to utilize tho aluniinum hydride in the particle
#ize in which it is received and to vary the ratio of "coarse'" oxidizor to
"fine" oxidizur. ‘The aluminum hydride particles are gonervally considered
to have an average particle size of about 100 p although there 18 cunsiderable
variability from lot to lot, lHowever, sinco lavger mixes roquire blends

of several lots, the mix-to-mix variations of alununula hydride particle
distributivns are minitizoed. The amunionium perchlorate size tractions
which have beoen tound to result in minimum nix viscosities in other pro-
pellant systemes at UTC are thoe 300-p (+48 mwesh) size and the 'fine”

8 to 12-p sizo.

{U) A series ol mixes were provessed utilizing ammonium oxalate as a
simulant for Dowane 1451, The propullant utilized a FEP-150 binder al

25 vol % binder and a constant 25 wt % Dowane 1451 simulant, The follow-
ing rativs of coarse/f{ine oxidizer fractions were evaluated: 16/84, 23/77,
30/70, 50/50, and 60/40. The uxidizer sizce ratio which resulted in the
maximuin propellant fluidity was 50/50, The propellant fluidity as mess -
ured by its discharge rate through a 0,25 in, by 3,00 in, orifice at given
rheometor pressures is shown at the various oxidizer size ratios infigure 3,

6
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{U) An additional variable which is considered significant to propellant
processability is the particle shape of the oxidizer, The fine oxidizer
fracticns utilized on Contract No, AF 04(611)-9570 consisted of roundaed
particles procassed in a jet pulverizer and classifier, This product,
obtained from an outside vendor, becamce unavailable, As a resull the
fine fraction was obtained from in-plant grinding. 'The in-plant material
is processed in an impact mill and a more jagged, irregualar particle is
obtained. However, comparative mixes indicated no measurable difference
in propellant processability when one material shape was substituted for
the other, The similarity in processing characteristics fo1 these two
matcerials is illustrated in figure 3.

2. 1.4 Plasticizor Evaluation

(C) In the previous quarterly report (AFRPL-TR-65-199), an extensive
theorcetical treatmoent of the affcct of other nitrate plasticizers on the por-
formance of the AP -oxidized alunmiinum hyiride system wes prosoated for
propellants formulated at the 55 wt %% plasticizer level, Thoe plasticizers
investigoted as replacements for trimethylolethane trinitrate (TMIETN)
hava beon 1,2, 4, -butanetriol trinitrate (BTTN), 2,2-dinitre propylnitrate
{(DNPN), ard trimethylolnitromothane trinitrato {TMNTN ur NI -nitro-
plycoeringe), Thoe ternary porformance diagrams of these sys‘ems aro
shown in figuroes 7, 8, and 9 of AFRPL-TR-065-195,

(C}  Tor purpousas of comparing the effects of the throe new plosticisers,
thu intorsoction ol the 25 vol % binder line with the 2% wt % alununum hydride
lino was selocted on vach ol the appropriiate ternary diagrams.  The rosults
worce discussod in AFRPL-TR-65-195 and are sumamarizoed in table 1,

(C)  In view of Ltha significant effoce ol plasticizer level on physical proper -
tivs, aw contrasted to the relatively minor citect of plasticizer level on
spocitic impulde, it has boen decidoed to muantain a plasticizer level of

50 wt % rather than the 55 wt % usod in the previous program,  Further,
pracessing studies have rosulted 1n a capability ot veducang the binder leve!
tu 23 vol % with consequent modest naprovements an theorctical porformanee
and density. As a resull of theso changes, a further theoretical conmari-
son was made of the effects of these plasticizers on performance at 50 wt %
plasticizer, 23 vul % bindar, and 25 wt % aluminum hydride. The resclis
are compared in table 1, As an additional point oi compuarison, the etfzct
ol nitroglycerine is also presentod,

(U)  Prelitinary laboratory svaluation tests have been conducted with ali

of the candidate nitrate plasticizers.  The data accumulated un BTTN was
reported proviously in the first quarterly report,  Althougn BUTN was not
miscible with HX-735 polymer above 5C wt % of plasticizer, some laboratory-
scale nuxus have been processod to further evaluate this plasticizer,

Y
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(U) The plasticizer TMNTN is apparently miscible with HX-73% polymer
in all pruporiions., However, several small-scale mixes formulited with
TMNTN at the 50 wt % plasticizer level did not cure. This sample of
TMNTN may have a high wcid analysis (0, 002% according to the vendor),
Additional TMNTN will be obtained from » Yifferent vendor,

(U) A DT\ made on DNPN is reproduced in figure 4, An exotherm peoik
was obgcerved at 185, 3° C, but the trace reiurned to its original base linn
after this exotherm, The trace then becan @irresular, indicating some
vaporization, and then boiling occurred at 233,47 €., No ignition occurred,
Thoe DNPN was subscquently mixed with 11X-735 and curative in a poly-
othylene beaker. The polyoathylens container was destroyed by hoat gen-
crated fronm the maxiurc within a fow minutes atter mixing.  Some further
tosting is roquired to establish the source of this problem,

2.2 DENSITY-lg, TRADWFOLI LS
(C)  This task is devoted to the improvement of both spueeific impulse and
dengity in alunanmun hydride systemis,  As o part of this task, two formuala-

tions will Le chosen for cvaluation in six 4-10 motors: tho most dense
formulatioa with a theorcetical performance in excess of 274 sec and the

- BOIING

EXCTHEWM

ENDOTHERM

l | l 1 | | |

120 140 160 180 200 A 240 260

TEMPLRATURL, ¥ C W sianu

Figure 4. (U DTA of 2,2-Dinitropropyl Nitrate
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most densce tormulation with o theoretical performance of 280 sec or above,
One of these formulations will then be evaluated in three 10-1b motors,

(C) During the previous quarter, methods for increasing the density and
specitfic impulse of aluminum bydride propellants were explored theoreti-
cally.  Methouds that might be used to increase the theoretival specific
imapulse of aluminum bhydride propellants are: (1) the usce of higher alumi-
num hydride loadings, (2) the use of advanced vinders such as the NI7p
binders, (3) the improvemont of the oxygenation of the CHON binder,

(4) the increasce of solids loading, and (5) the use of advanced oxidizers

ol greater oxygen content, density, or more tavorable heat ol formeation,

(C)  The density ot alwmnum hydrerde propellants may be incrceased by
such mceasures as: (1) reduction ol aluminum hydride content, (2) the use
ol a secondary motallee fuel ina nuxed tucl system, (3) the reduction of
binder content and «« currvent solids loading increase, and (4) the use of

more dense oxidizer:  resulting in Sacreased solids loading,

(C) The use of increasaed alununum hydeide for incarcased performance
15 hinated by the problem of combustion ctticiency and two-phase How
Josses,  Piatensive porlormance etlicrency studies ander Contract

Nu, 040 1)-9570 andicate that levels above 25wt e probably not
desirable, Calvulations under Coatgact Noo AF D461 1) 10540, "Evalaa.

and calculatious o the present prograan

tivn ol an Advanced Binder,
indicate that substanual aprovements in pertorimane e can be achieved by
use ul the P BER ditluoranine binder and by use ol advanced oxidizers
such as hydroxylamine perchlovate (HAD), However, experimentation on
the present progeam s Lindted to aitrato-plosticized binders of more con-
ventivial analydis cad 1o conventional oxidizers,  Insystems oxidized with
amumomuin perchlorate, the geeatest improvements in densaty result from

the use of mixed hydrede/metal tuels,

(C)} The tradeotls between increaning density and decreasing pertormance
were examined in gysicms containing mxtures ot aluminum hydride cud
aluminum metal and in systemy containing mixtures of aluminum hydride
and zirconiun wetal,  Generally, perforniance losses with ancreasing
density were greater in the zirconnun- than in the aluimnuni-contiaining
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(C) The effect of aluminum addition on Isp and density is seen in fig-
ures 5 and 6 where aluminum analysis in the composition is held to 18. 9%
and to 22, 5%, respectively. Two lines are shown for 25 vol % binder and
30 vol % binder to include the areas of maximum processability, In the
compositions containing 18% metal, tne first target impulse of 28C sec
cannot be achieved. However, the sccond target of 274 sec can be achieved
at between 4.0 and 5, 0% aluminum metal with a resulting density between
0.0502 and 0. 0613 1b/in2

(C) In the compositions in figure 6 where the aluminum analysis is 22, 5%,
the 280-sec target can be achieved at 2. 75 and 3. 75% metal with a resulting
density between 0. 0590 and 9. 0597 1b/in} The sccondary targel of 274 sec
can be achieved at a metal content of approxiivately 11.0%to yicld a density
of between 0. 0620 and 0. 0635 1b/in? From this it is apparent that th.
secondary target impulse in the 22, 5% aluminum aralysis systemn will have
the best density.

f
(C) Examination of the cffect of zirconiuna in the AlH3/AP/PEP-155 sys -
tem shows less favorable compositionys, While the O/ Y ratios arce more
favorable than in the aluminum system by virtuc of the lower number of
equivalent woights of zirconium used, the performance appears to drop
much faster with increasing density, This is borne out in the preesentation
in figure 7 in which specific impulse and density are plotted against the
perceut of zixcondum in a system whose motal analysis is 22,5% The
primary target of 280 scc is achivved at 0,9 to 1. 20% zirconium at a density

of from 0, 0589 to 0.0598 1b/in} Tac secondary target o1 274 scc is achieved

at a zirconium content of from 3,5 to 3. 7% with a resuiting density of 1trom
0. 0605 to 0.0612 1b/in® Ia cach instance the densities achicved at the tar-
get impulse are less than the dunsities achiceved in the Aluminuia/aluminum
hydride system, For this reason, no experimental work with zirconium
18 planned,

(C) Processing studies have demonstrated that PIEP/AP/AIH  propellant
systesus can be processced at 25 vol % binder., Thercefore, two propellant
formul.tions containing aluminum hydride/aluminum combinations were
selected on the basis of figurce 6 to yield maximum deasities at theoretical
Lsp values of 280 and 275 sec. These tormulations arc:

Fornwlation UTP 6825 UTP 6820
FitP-155 binder iB. 72 18.00
NI{4ClOg4 56,63 58, g0
Al 3,65 9. 7%
AlHj3 21,00 14.25
Theoretical I, sec 280, ¢ 275,40
Theoratical Density, 1hlin, 0. 0604 0.0627
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A total of four 4-1b inotors of sach formulation have been tested, The test
resulls are presented in table 11, The densities for thesu motors were
below normal. Somcwhat more gassing was evident in these motors,
apparently becausce the aluminum pswder hoad not been previously dried.
Such a procedure would not normallv be required except in cases where
the aluminum and the aluminum hydride are precessed ogether,

2.3 BURNING RATE STUDIES

(C) To make this propellant system adaptable to a wide range of polentia)
missily systemas, a study has been initiated to dovelop a spactrum of avail-
able burning rates. Turgot burning rates ot U, 25 in, /sce and 1,0 in, /sec
at 1000 psia havo boon ustablished. Generally epeaking, the higher burning
ratos in the rangu of about 0,4 to about 1.0 in, /acc at 1000 paia offer no
serious problems since a number of elfectlive vurning rate additives aro
availablae which can bo varied in concentration suilsiciently to achiove any
burniny ratea in this range,

(C) Undor Coatract No, A 04(611)-970, propellany burning rales
typacally canged from about 0,50 to about 0, 7 1, /sco tor propollants con-
tatning ne burning rato additives. Theralore, it was assuined that burning
rates in the lower rangos, say 0. 30 to 0. 20 . /rec at 100U psi1a would be
somewhat mure ditficult to achiova. A systemaizc study was couducted to
deternune the ofivcet of the normal propellant formulation paraiotars on
burning ratoe prior to devoung any substantial yiort to o saludy of burming
rato catalysts or burniag rate ratardnts,

(C) W the propellans systomn under study, tho prinary turniulation parame-
ators available for study include oaidizer (ADY) concontraaon, PEDR binder
concentration, TMUETN plasticizor concandration o the binder, and alumi-
num hydride concontiation, For purposos of ths burning rite nvostigation,
the particle size dastrabution ot the tve volid ingrodicuts, 1, ¢., anunuimum
perchlorate and aiumuinum hydrido, ave added parameters,  Since the effoct
of theuo lasl Lwe paramotors (particle sizus) can gennrally bo predicted
qualitatively, thay do not offer any unusual problems and 1t remnaing merely
to muwasure quaiititativelv the eilect of AI* and aluminum hydride particle
sizes in this particular system,

{€C) The four primary formwlation parameters, AP, AlEy bindee. and

prasticizor level, are moat convemlently treatod in torims of binder voluime
concent oation, QfF ratio, and plastici: av lovel,  The O/ ratio essoenbially
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represeats a tradeoff between aluminum hydride and ammoniuin perchlorate
at a given binder volume level. The following experimontal plan was

PR e wwipr

B T N

. BrErroe-

e

e Y. Y

designed to explore these parameters in 1-in, micromw stor tests:
BURNING RATE S1UDIES EXPERIMENTAL PLAN
Variables
Binder volume levels: 2%, 30, 32.5
O/} ratios: 1.0, 1.2, 1.4
Plasticizor levels: 30, 40, 50, 60
AP grind ratio; Four ratios
LMlii-1 siza: Two {fractions
Constants Variables No. Mixes
30% bindur (FPEI’-150) Oo/F: 1,0, 1.2, 1.4 3
50:50 AP ratio
30% bander, 1,2 O/Y ratio, Plasticizer: 30, 40, 4
50:50 AP ratio 50, 6O
PEP<{50, 1,2 O/l ratiu, Binder volumae: 3
50:50 AP ratio 25, 30, 32.5% J
30% bindar (FPEI’-150), Al- ratio (coarsc/iino): 4
1.2 O/} ratio 60/40, 50/90, 35/0bH,
20/80
30% Landar (PPEB1'-150), Scroen LMH- 1§ into 2
1.2 O/¥ ratio two {ractions
16
{C) Most vl the mixes roquiraed for this experiment have been prm.ceuu-d
and tested with the exception of the two desiyned to explore the eftoct of
aluminum hydride particle sizo, One mix (UTX 6847) ot the $0% plasta:
cizer level was not castable and is being repuited.  In addition, the teat
results for ULTX 6846 at the 40% plasticizar level appear to be unomalous
and this mix will also be rupeated. Tablu IV sununarizes the. tormulations
tested and the test roesults, »
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) all.hough at a lauruue in mechanicitl proportios,

has been .unply dumonstrau.d in othey propulldnl systlenms, :In the propeliant

e ——

CONFiDENTIAL

(U) The effect of binder concentration on burning rate in terms of voluma
percent binder is illustrated in figure 8. The binder concentration within
the range of interest appears to have essentially no effect on burning rate.
The effoct of O/F ratio is significant as indicated by figure §. An incrocase
in O/F ratio from 1.0 to 1,4 results in an increase in burning ratc of

over 257,

(C) Figure 8 presents the available data on the effect of plasticizer loading
at constant O/F ratio. The low burning rate at 40% TMITN is appareutly

in error since it also f. - substantially out of the curves in figure 9 in
which burning rato is trei :d as a function of waight pexcent Al and weight
percent aluminum hydride On the basis of the limited data available for
this parameter, it appears that burning rac.e decreasos as t' o loading of
TMETN increases at a constant O/F ratio, .

(C) This intorpretation is consistent with the data presented in figurc 9,
in which all of tha formwulations (at tho same AP yriad ratio) are troated
without regard for O/F ratio, plasticizer loading, or binder concentration,
There is & stvong trend toward highor burning rates at incroased AP con-
ventration ur reduced rples al increasing r;lummum ‘hydride coucentration,
There is obviously some interagiion betwsen the "effocts of AP concentration,
per se, and the sftect ol O/ ratio. The.separato vifocts of theso two
parameters may be somoewhat sasier to separate aftor tha rest ol the mixcs
treating TMILTN leveol at a constant O/1 ratio have boen testod,

(C) Thosu {indings offor an approach to meeting one of the vbjectivaa ol
the study, a barvang rate of 0.25 in, /aeoc at 1000 psia. U the burning rate
is prumarily a function of AP concentratign, it should be pussible to reduce
AP and increase tha TMETN luvel at a constant O/F ratwo (say 1. <) and
achieve reduced burning rates with no signific ant loss in pnxluxnuxuu

(C) Figure 10 illustrates the effect of oxidizer particle sizo distribution,
‘The ‘coaisé fraction ol uxidizer has an average particle diameter above’

300 . The fine traction has an aver age perticle diamcter 0 8 to 10 @,

Within ‘the ranuge ot coarss/fine ratiov tusted, the buruing rato v ried izuin

0. 31 in. /sec to 0,40 in, /sec.  Somwo additional testing is planned e uxplnm
the effect of incroasaed concentrations ol coarse oxadizer on buxmng rate, .
It appears from the shapu of thy” Curve dn hg\nu 10 that a. further 1aduLLu»_cv

in fine AP, beloﬁthat represontud will ndt.result in lu; thor subst..nhal
reductions in burning rate. Fur ther ifcreases in the “ine" {fraction of !
AP would no doubt result in increasod burping rates since such an approach

syst~m being developéd on-the presont pr ogram however, .my substantial

incr.ase in the "fine'' AP fraction would neuuusly Jvopdrdl,cc'l,h‘t., grocoessing
c..’np.tbxlluel of the synwn\ and, to a lesser extent, the muchanigul proparties
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{C)  Since the effect of the various formulation parameiers o propellant
burning rate have becea defined, the next step in this study will involve
definiag the approximate upper and lower limits ot the burning rate spoc-
trum. On the basis of the test data obtained 50 far and the range of formu-
lation paramctetrs being studied, it appears that all of the burning rate
ubjectives can be met without reducing the theorctical specific impulsce
below 280 scec.

(C) Some studies have also boen conducted to detormine the offoct of
grinding aluminmn hydride. The hydride was ground tor ditferent time
periods 1n a ball mill to reduce particle sizes and mixed in UTX 6814
formulations, The inunodiate goal was to delermine tho cifect of grinding
on procaeraabilily and cured propollant denaity, The ultimate oal is to
incroase the fracuon of coarso AP and roduco the fraction of tine oxadizer
for the purpose ol achioving reduced burning ratos.

(X} The experimontal data are sununarigod in table V. The propollant
viscusities were directly proportivaal to grinding time, As grinding timos
incradsod, highor propollant viscositics resultod, Mropoellantdonsitics

in which the alununuim hydoade was ""wet ground" an acrylomtrile had den-
sities corresponding to time of treatinent as the hydrido was not further
surface treated atter granding.  Thoe hydride in batchion 120 and 121 was
"dry gronad' and then acrylouitrile treated tor 17 he priov to drying, ‘The
donsitios an these two mixes were proportional to griuding them,  The
longav the grinding poriod, the lower thu propellant donasaty,

TADBLILV

(C) BFFECT O GRINDING VARIALLES ON FPROIELLANT MIX
VISCOSITY AND DENSITY™

urx Grind Tuno Viscuewity Dousity % Thaorotical
GH14 nmin ____lﬂlf_'_“_’_'i_ 7 /e Dongity
116 v 1800 1.420 8Y.5

117 15 in AN 1300 1.402 88. 3

118 30 in AN 5500 1. 4106 89.2

11y 60 in AN 9400 1, 116 4h. 5

120 15 dry 1200 1,457 91.8

121 30 dry 4200 {. 440 90,7

0
Dowane 1451 mixoed: in formulation UTX 68141
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(C) Congiderable difficulty was experienced on provious programs in .
obtaining reliable strand burning rate data becavae of the probleme asso- l
ciated with obtaining a satisfactory coating on the strands. Many of the
coating materials ecither reacted with the aluminum bydride or ¢ould not _
L4
IE

be cured at the low temperaturcs required. An end-burning micromotor
has been designed and construacted for measuring propellant burning rates _
on this program. On the basis of micromotor tests and 4-1b moter tesiz !
from the same mixes, there is no measurable difference in burning rates
obtained {from micromotors or 4-1b motors. The imicromwotor design is
illustratod in figures 11 and 12,

2.4 IMPROVEMENT OF SAFETY PROPERTIES

2.4.1 Gonductivity Experiments

{(C) Lfforts wore continued this period to develop mcthods for minimazing
the hazards inheront in handling aluminum hydride, Thoe primary approach
baeing investigated at this time is to increase the clectrical conductivity ot
tho Dowane 1451 particles. Proavious attempts Lo coat the particles with
graphite by mochanical tumbling and by solvent dispersion did not result
in a successiul coating; that is, the mcasured cloctrical rosistance of &
bed of Dowanue 1451 particles wis not reduced as a result of the attemptad
coating,

! ! [}
(U) Two other matcerials have beun invustig.nu-d for their offect in incroas -
ing the gloctrical conductivity of the Dowane 1451 partieles, Ono matorial
s a conunercial antistaiic spray with the trade name Swatikall,  The other
matoerial is Catanac SN antistatic agent (stoaramidopropyldimethyl-B-
hydroxecthylaniraenium aitrate) mavufactured by American Cyanamid,
These materials were avaluated as 1% coating on the Dowane 1458,  The
coated particles ware tested in an olectrical conductivity coll which con-
sists of two 1-in, brass plates hold 0,25 in, apart by a plexiglasys spacar,
The cell is shown in figure 13, A vacuum tube volt-ohiueter (RCA Senior
Volt Ohmvst) was used v read the clectrical resistance of the sumpleo,
The following results were oblained on the materials tosted:

Illectrical
Resistance

Sample _mwogohms

Pure Dowanc 1451 ' 1000
Dowane 1451, 1% graphite coating 100D
Dowane 1451, 1% Statikill coating 10 to 70
Dowane 1451, 1% Catanic SN coaling 750
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POWDER SAMPLE ————___

BRASS ELECTRODL FLATES
1X1X0.25IN.

kY

/-—Tl:ST LEADS
PLEXIGLASS SPACER—/

L

R 51T

Figure 13, (U) Blectrical Conductivilty Cull

")) So far, the Statikill is the only material sutficiently oltoctive to
warrant further study, 1L is plannod to evaluale sevuoral surfactants which

have been shown tu be cffective in 1mproving processability ot tho propollant,

2.4.2 lmpact Sunsilivily Tosting

(C) 1n connection with the burning rate studics described i soction 2, 3,
a seriss of imupact tests wore conducted on uncured propullant sunptes
which represcented variations in O/ ratio, bindur level, and pladticizer
level, The data are presented in table VI, Imipact sensit’vity viluoes forv
the uncured spocimons rangoed from 7, 3 w 9.4 kg-cm.  Thu most sansitihvo
spucirien in this serivs (UTX 6848) represontud the Tower binder levol,

25 vol % Neither the concentration of TMETN in the binder nor the O/ 1
ratio of the propellint appeared to have any cffect on propoellaat sensilivity
within the ranges tusted. Thore is also no apparent ctiecet due w the
individual ingredionts, anununium perchlorate or Dowane 1451,
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2.5 AGINC AND TEMPERATURE LIMITS

2.5, ¢ Ennulation Linprovement Studics

S 5. 1.1 Effect of Puritication of Ingredients oa HMropellant Density and
Aging Propertics

(C) One of the lundamental problems associated with the use of
aluminum hydride contuining propelliants in operational motor systems 1s
the limitatic  on storage tuines and storage temperatures.  Another problem
associated with we utilization of aluminum hydride tor high-cenerygy propel-
lants 18 the lot-to-lot varation in the thermal and chemical stability ot the
material,  The etfect of thermal stability on the propellant propertics has
Bhuwn up 48 gassing during cure, resulting in a4 low-density propellant.

The primary ctfect of the chemical redactivity has been shown in the gassing

reactions that occur during vure, again resulling 1 a low=density propellant,

{(C) Inasmuch as alwmimum hydride is known to react with mmasture,
one approach tu climmating the gassing problem has been the evaluation ot
a rigurvus prucedine ol drying and puritying ol propellant ingroedieats prior
to their utilization  the propellant. The HX-735 polycster was stripped ol
agelaic acid and maisture in a molecular still at 125° C and an absolute
pressure of approxanately 10 to 20 p. The MADI'O was vacuuwn distilled,

The Lpon 812 was diluted inmcethylene chluride, dried over molecular vieves

for 48 ha, and then the supeinatant liguid was decanted ott and the solvent
vacuu atripped.  The Al waw duoied tor aomiinunwm vl 24 hre in g vacuum
oven at 1907 1. All matoriale after puvification were kopt in a dry box with
a relative dow pomnt ot -30% C or below.  All weighings were done in the dry
box and subsequent axposure to the atimosphere was kept to a minnnum,

o table VI, a comparison of Lateh 110, which was propared by the standard
protedure previously wsed, with Latch 1id, 1o whidh all lagraedicnts have
baen purilied, wmdicates an nuprovement an dengaty tram 89.5% (o 959, 0% ol
the theorctical value., A systcinatic substitution of ingredicnts une by oac
wan nade, starting with batch 106, to determinge whicic wr the dagredicnty
was pont erilical, One dngredient an o thine was usced o the as-received
condition aud a subsequent propellant deasaity determined, o thue series

ol mixes, & blend of soveral lots ol aluminum hydri le was utilized to sunu-
lute the conditions existing in the scale-up tacvilities.  This particular
Llended material contained lots ot Dowane 1451 which  ore considered
marginal., lo thos test series, the density of batch 108 mdicated that the
utihization of Epen 812 "as-recetved' had the most deleterious cettect on the
propellant density, However, when the eifect of Epon 812 was examined
with a lot vl very good hydride, DL-482, no etfoct un the propellant density
was noted, as is shown in batches 124 and 138 in table V1. Treatmment of
TMETN had the leawt elfect on propellant density,  The ether extraction
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TABLE VII
v . (U) PURIFIED INGREDIENT DATA
BL 28 UTC AN
Curec %
uTXx Time Density Theoretical
6814 Formulation Variable Shore A days g/cc Density
106 1HX-735% A. R., remainder
purified S0 4 1. 4486 93.0
107 MAPO A.RR., remainder
' puritied »Q 4 1,504 94. &
' 108 LIPON 812 A, R., remainder
purified 00 4 1. 401 92.0
109 TMETN A, L., remainder
: purified 3 1.53% 98, 0
110 TMETN + M. S., remainder
. purifaod he ) 1.h 13 75. 3
111 TMETN 1% E. C., remainder
puritierd L0 3 1,520 Y0, 1
113 AP oven dried, remaindoer
puritied 0 3 1,507 Y4, 9
v 116 A. R, binder, A}’ uven dried,
BL-28UTC AN 46 Y 1.420 84,9
112 All ingrediouts puritied {(vontrol) 4% ) 1.518 9H. 0
129  A. K. binder, BL 28, 3-day
SOX kt,0, oven dried A}’ Y B 1.492 24.0
124 Purifiad ingredient, (D1l.-482) LY 4 1.56H Y8, 8
138 EPON 812 A. K., (DL-482)
remainder purified 72 4 1.574 949, 2
!
-
!
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procedure {(using a soxhlet extractor) was again evaluated as a stabilization
technique for aluminum hydride in mix 129. A significant improvement in
projellant density was obtained utilizing "as-rcceived” binder over AP with
the suxhlet ether-treated aluminum hydride as compared to that treated with
acrylorvitrile. Further work is plannced on this procedure utilizing all puari-
fied ingredients to sece if a turther density improvement can Le obtained by
uaing purified ingredients with soxhlet-treated Dowane 14541,

2.5.1.2 Vacuum Curc Eftcects

(C) 'The must seve ro gassing of the propellant occurs during the first
24 hr of cure. Accordingly, 4 series of experiments were conducted to
determine the eftect of curing the propellant under vacuum or of subjecting
the mixed propellant to a vacuum prior to cure. The resultn of this study
are shown in table VI Batch 123 is the control for this study, A propel-
lant dansitly ol 94. 2% ol theoretical waw obtained in the control. Aluminum
hydride lot DL-482, which had been treated by Dow with wet acrylonityile
(0. 3% water), was usold in this test series.  In batch £135, duplicate samples
were degassed at 1, £, 3, and 1 days, respectively, under static vacaun
at 120° I The same dogassing periods were usdod with bateh 136 only at
ambiont taunperature.  All samiples were curaed for a total of 4 days at
120° 1'. 1or oxample, samiple 139A wad cured under static vacuuni at
1207 1 tor § day tullowed by 3 days ambiont pressure and curad,. Shaple
130A was cured under ambicnt tempeviature and static vacaum for | day
tollowed by 4 days cured at ambient prenmrure. A slight amprovemcenat an
dunaity was vbiained with the 1= and 2-day vacuum treatment at 120° 19, but
a reduction in donsity occurred oa the third and fourth day.  This is uot
surprising vincu the eltect ol vacuum duriay guelation should raosult in a
swalling ot the propellant., The vacaum conditioning of ambiont tenperature
samiplus, howevor, gave reproducibility lugh densitice.  On all four saauples,
Jensitios Lrow Y, Y tu 100, 3% of thaoretical were obtained., 1t is appareat
that at ambient tomperature, no cure occurs in the 814 turmulation in this
tilme period,  Therciore, whea the sample waw placed in the 120° 1 oven
for cure atler ambient degavsing, the propellant retained enough tluidity
to reconsolidate Jiscelt.

(U) Since the initial study bere had been with a lot of Dowane L1451
that already exhibitod good propertivs, a check was made on the etfedt ol
this technique with blend 28, A moditication made to the procedure here,
however, was to lecave the mixed propellant in the mixer under vacuum fox
approximately £7 hr followed by a 1/2-hyr mix cvycle and then casting. It
can be seon that with this lot of hydride and this particular technique, no
gain in dunsity was obtained.
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122

123

135A

1358

135C

135D

130A

1o

136C

130D

140
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TABLE VIl

(U) VACUUM CURE DATA; DL-482 (AN TREATIED BY DOW)

Variablt.:_

A.R. ingredient
Purificd ingredient, control

One day 120° I + vacuum puritied
ingredient

Two days 120° 1 ) vacuun puvitied
ingrodient

Three days 120° I + vacuum purilied
ingredient

Four days 120° I’ | vacuum purilied
ingredient

Ong day ambicent 4 vacuam puritied
ingredient

Two days ambient { vacuum purilied
mgrediont

Three days ambiont + vacuum purified
ingredient

Four days ambient + vacuum puritied
ingrodient

Purified ingredient

BL-28 UTC AN

Left in mixer $7 hr, 80° ¥ under vacuwmn
Purified ingredient{contral for batch 140)

BL-28 UTC AN

%
Density Theouretical
g/cc Deusnity
1.529 96. 3
1.559 98. 2
1.567 98.7
i.871 99.0
1. ‘,4(! 9 P
1,544 Y4h., Y9
1.54Y 7.9
1. 54Y 100, 1
1. 549 100. 1
1. h9e 100, 4
1.h2e 95.9
1. 518 95, b
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2.5.1.3 Surtface Treatments

(C) Among the many techniques for improving the stability and
compatibility ot aluminum hydride, perhaps the movt commonly used is
that of a surtace passivation obtained by immersing the hydride in a medium
such as acrylonitrile. Advancements in this technigque have been amade hy
adding traciious of a percent ot water to the acrylonitrile. The techuique
favored by Aerojet=General is the treatment of the hydride with hot, moist
air. Currently 1t is believed that this passivatios is occurring through the
suriace oxidation ot the hydride, Dow Chem'ial Comipany has demonstrated
that the Taliani stability of aluminum hydrude is significantly improved by
reacting aluminum hydride dircectly with water. Surtace orxidations of the
order of 0 1 to 1% yieldad significant nnprovements in theriai stabilaty.

(C) The badic reactaon vccurring in the water treatiwent is one of
oxidatiun and reduction. A techmique originally studied under Contr.act
No. A 04(611)-9570 by UTC Lur ineasuring the degree ol reactavity ol
alunminuin hydride was evaluated as a surtace oxidation technigque tor improve
ing the stability and compatilnlity of alumaiaw hydrvide, This approash
involves reacting the Dowance 1441 surtace with the quinones, alizarin
(1, e-dihydroxyanthroguinone) and alizavin red 5, the sodium alizavin sultonate
salt. The alizavin was dissolved in bonzene and Dovane 1451 was added (o
tho mixture. Nu inunaediate colur change wan noticea, but alter soveral
hours a red color was ohsorvad on the hydride surtacoe.  The exacl ruac -
tion products are not currantly known,  IU s asswined that a Chelate was
ftormad causing the ved voluratiun un the Dowance 1451 surtace,  Table 1X
fo a summary ot the oxperanental data. The datterence Lotwaeen batchoes
130 and 139 was that the oxious alizarin was ranoved in batch 139, 1t s
wtervsting to note that the hydride waith to oxcoss wligarin had a vod coated
suriace. This surtacuy 18 not soluble i bunzune and could wot Le ranoved
{yuni the hydiido. It as possible, therelure, that an organlc coating of the
reducod alizarin has boon tlormed by chelate tosnation with aluminum. To
obtain the maxumum ollect trom the alizari troatmoent in batchos 131 and
132, the aluminum hydride (ot DL -458) was ground an bengono with diw-
sulved alizurin vr slisavin red 3 init. Sudh treatinent redults i exposure
w tresh surfacaos tor redution with the oxidizing agentu, The biggost guin
fn ucnmity was ubtained with the alizarin red 8 tCJvated tuol. This batch did
have a wult cure, huwever, as ovidencoed by a low Shore A rating, indicatine
the pussibility of an interigrence with curv wiechaninm,

(C) Tu separate the ettecty of the surface vxidation vbtained by
chelate termation of the quinoine and aluminum hydride trom that of the sub-
sequont reaction ot chelate tormation with the oxidizedd aluminum, another
quinune, 2, 6-dibrumo quinone chloromide. is being evaluated, This material
should react withuut any subseyuent side veactions such as the chelate torma-
tion vblained with the alizarvin,
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TABILE IX
{U) ALIZARIN DATA

%
UuTX Density  Theoretical
6814 g/oc Density Shore A
142 BL-28 A, R., A R. ingredient 1. 388 R7.5 43
116 BL-28 UTC AN, A. R, ingredient 1. 420 89.5 406
130 DL-28 1. 5013 94, 7 52
t 1% alizarin, A.R. ingrediont
139 B L-28 treated with alizarin with
excess alizarin removed puritied
ingredient 1. 470 94. 0 43
89 DL-45d, A.R. ingrediemnt 9é. 0
131 Di-458 + 1% alizari, groand
th min, A, R ingredient 1. 493 4.1 h
132 DL-45t + 1% alizarm rer 8,
ground 1% min AL R angredient L 98. O 3y
Tott
vare

() To vbtan the maximuin eltects of the surtace treatiment stuadhion,
all these reactions and mixes wore run with "as-roecvived' 1ugredicnts,
Cumparisun bYatchos of 116 and 142 shows that an improvemnent ol only 2%
in density was obtamed by adcrylonitiile treating the blead &8, whercas
Bnpruvernnents up to a maxunum ut Y4% ol theorotical donsity wore obtained
through the alizarin studios.  Farther studies will, of courne be condedtod
to thurvughly evaluale the use ul these ingrodionts aw stabiliziug agonts, as
weail as their ottect on the long-term stalnlity and aginy chitracteristica ot
aluminum hydride proupellant.

2.5. 1.4 lrec-Radical lnhibition
{C) A thurd approach to improvamaent 1 propellant donsity was the
ule ol tree-radical inhibiters, Olin-Mathiesuvii aiid Dow Chemical Company

have been experimenting with 2-mercaptobenzothiazole (MIT) and phieaol -
thiazine (I'I'A). They have addad the above materiale during and after
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_formation of aiuminum hydride and proposc that the tollowing MBT-
Dowane 1451 reactions occeur:

A. Initiation: AlH_j-—-—-—-—-—- MHZ. b H.

S .
PN A

C — SH ~————— C S. +H.
~ > O \N//f

N

B, Tewminination:

/s\ /b\
MHz v Cc S. MH ,—S—C\
\N/ N/

{C} The tormination reaction would preveat the further decompesition
of a Dowauce 1441 pulymier chaln with @ nuaaamum uf hydrogen gas involved.
It was spevulated that it this mechanism was correct, the aging character-
istics ot alwminum hydreide propellant could be nnproved,

(C) Tablu X sununarizes the experunental data ot both PTA- and
MUT-codatued Dowane 1451 propellant, Tho tucli wath lower weight coatings
(1/2%) had hagher dons:tiow than 1% coated materiats, U the hydride was
ground and treated siultancously, marginal or no density improvenments
wairu blained,  Anothor part vl this study was to add MB'T divectly to the
bander instoad ol cuating the hydride,  Batch 141 containg added MBT and
bateh 124 cuntaineg no additivnal ingredients,  Aluminum hydride lot DL-482
wuas acrylomtrile troatod, A delinite drop andensity (4%) occurred when
MU'T was addoed to the mnix containing thas lot,

(U} Although swomie nnprouvenent in density snay be obtained trom
the use ol dhie two lroo-radical wmlabitors tested, their use in all the propel-
lauts tested vowulted in discoluration and pour cures, 1l is possible that
other tree-radical inhibitors may be fornd that will give a saignificant
improvemant to the stability of the propellant without attecting the propellant
curu,

2.5. 4.8 Cure Studivs
(U) A inor phase of this study wias to evaluate the etiect ol cure

and casting conditions. The results of alr curingg versus nitrogen cure aad
the eftect of vibration tolloving cadgting are showa in table X1, Curing under
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TABLE X

(U} FREE-RADICAL INHIBITOR DATA

%
Density  Theoretical
Formulation Variable g/cc Density
BL-28 A.R.. A.R. binder 1. 388 37.5
1/2% PTA + BL 28 AR, A.R. bindcer 1. 461 92.0
1% PTA + BI1. 28 AR, A.R. binder 1.420 89.5
1/2% MBT + BL 28 AR, A.R. biader 1.472 92.7
1% MBT + BL 28 AR, A.R. binder 1.420 B9. 5
DL-458, A. R. bindcer 92
DL-458 + 1% PTA ground {5 min,
A.R. binder 1.180 93. 2
DL.-458 + 1% MBT ground 15 min,
A.R. binder 1,384 87. 1
DL.-458 +Sv. dricd An., yground 15 min
A. R. binder 1.464 92. ¢
DIL.-482, MBT added to purificd binder
(1% of binder) 1.495 4. 2
DL-482, purified bindcer, control 1.508 98. 8
TARBRLE XI
(U) EFFECT OF PROCESSING VARIABLLES
ON PROPELLANT DENSIT ¥
Cure Y%
Shore Terpuerature Density Theorcetical
Variable A days g/ec Denwgity
All ingredients
purified {control) 45 3 52 95. 6
Alr cure, purified
ingredients 46 3 .53 96. 1
N, cure, purified
ingredients 48 3 58 99. 4
No vibration, purified
ingredients 45 3 .54 96. 2
37
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nitrogen results in a significan. density improvement. The data shown for
batch §15B are guustionable as the sample foamed over during the vacuum
degassing step.

2.5.2 Testing and Evaluation

2.5.2.1 Static DTA Experiment

(U) Thrce microemotors of UTP 6814 composition were placed in
glorage at 50° C at relative humidity levels of 0, 50, and 90%, respectively.
There was no thermal event recorded up to 1000 hr.

(U) The static DTA experiment is designed to detect any thermal
evenl occurring within the propellant which might lead to spentaneous cook-
off 11 stored motors, In the UTP uvB814 formulation, such an event would
be most likely to be caused by an accumulation of oxides of nitrogen pro-
duced bty slow decomposition of the TMETN plasticizer in the binder.

(U) The samples tested in controlled humidity environmencs were
suspended in 260-ml Devar tlasks over glycerine-water solutions of appro-
priate composition to give the desired humidity level {71 wt % glycerine for
50% relative burn, 29 wt % for 90% relative humidity’). The sample tested
under anuydrous conditions was suspended over Drierite. An iron-Constantan
the=thocouple was imbedded in each sample, and the temperatures were read
daily A tourth thermocouple was inscrted in an empty Dewar flask to scerve
aw 2 “elormce,

(1) The samiples were store? at temperatures ranging from 50° to
“6° C for 1000 hr,  Although deteriorvation of the propellant was cvident,
hery was ne thermal event recorded,

(C) The lack ol & thermal event at these clevated temprratures does
10t +precent conclusive evidence that an exotherin might not take place on
songer vtaage v a lower temperature, since the visible deterioration at
e L. ™y temipers *ave is proebably due to decomposilion of the hydride.
Phas « peviment v i be repeated at 35° C, a temperature at whica the
Fydoiee svitl be » rule for a longev period of time.

bo v 2.0 Faledt v Web Thickaess on Stability

(U} b 0o UTW GBI were cast 1o glass tu' es of various lengths
and stored ot 0% G, Vhe experiment did not yicld meaningful data becausce
rapid swelltug o0 winpanicd oy bond failure occaried within the first week.
Tais exp e e oot will be oo aed at a lower temper ature.,

* 1 rlulll\_!_l_._i!_?iljﬁi»lét;ll_'l 'I‘U'uh_-_n_- Vual. ]I
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(U) Glass tubes of 1-in. ID and lengths of 1/2, 1, 2, and 3 in. were
cast full of UTP 6814, Preliminary samples cast on glass slides showed
that a satisfictory bond was formed between the propellant and clean glass.
The first saraples cuast in glass tubes were stored at 50° C. Decomposition
was rapid at this temperaturye, and the 2- and 3-in. samples showed bond
failure due to excessive swelling within { wk, This experiment is being
repeated at lower temperatures.

2.5,2.3 Effect of Temperature and Humidity
(U) Samples of UTP 6814 in the form of 2-in. cubes are buing stored
at various temperatures and humidities. The cube samples presently in

storage are summarized in table XII.

(U) These samples have been in storage | wk at the present writing.
Measurements will be mads aL weekly intervals.

TABLE XII
{(U) TWO-IN, CUBE SAMPLES IN STORAGE

Relative Temperatus
. 1 Cre Y
Humidity A
%o 25° C 35" C 45° ¢
0 3 cubes' 3 cubest 1 cubes
50 2 cubes
90 1 cube
“ All sBamples over 90% densily, exiopt where marvked (%) o indicate

one gample over KO% density.
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iThis page is unclassified)

2.6 IMPROVEMENT OF PHYSICAL PROPERTIES

{(U) The objective of this task is to improve the mechanical prop-
erties of the propeilant and to improve the stability of the mechanical
propertics, The mechanical properties of UTP 6814 developed under Con-
tract No. AF 04(611)-9570 were in the range of 72-psi maximuin load and
16. 5% at maximum load. The objective of the current study is to obtain
measured values of 100-psi maximum stress and 20% rtrain at maximum
stress.

2. 6.1 Evaluation of Curative Systems

(U) In the previous report resalis of an cvaluation of candidate cura-
tive systems with a terminally carboxylated polyester (HX-735) in an untilled
binder system were prescnted.  In addition, data were prescated on lnutron
teating of aluminized propellants made with these curatives considured
most promising as a result ot the untilled binder tests. Al of the curatives
tested were trifunctional imine type materials which were testoad generally
at four or more equivaleat rativ lovels and also i combiation with othor
curatives. Those materials evaluated were NTLD, NTPD, I1IMAT, NC 1034,
NC 1020L, MAM, MALS, liX-8308, HX-458, 1HX-87V4, DGAL, and MAPRO/
Epon 812, It was concluded that none ot the curatives ovaluated wure aw
effective as the MAPO/Epon 12 combination.  The bost mechar - al prop

urties were obtained vn a MARO/Epon B12 cured furm ilation, X TY0d.
Crosshead data vbteined on specimens of thiy tormulation wer. = L2 pui
and e, s 25Y%.

(U) It has beoun found that calcium hydroxide accelorats ©ocure ol
the UTX 7902 binder. A scries ol iixes were made tu detenn the elloct
of the addition ot caluium hydroxide va the mschanical prope ul the
propelant., A sununary ol thesoe data is presented an table X1 It was

found that Q.05 wt % calcium hydruxide gave what was bolieve: o be & watin-
factory pot life for casting, luadings i oxcoss of Uns amount advermoly
aftectod the propellant castability., The data show that improved tousile
strongth occurs with the use or calciun hydroxide,  When loadings in excons
¢l 0,05 wi % are used, the elongation of the propellant is atlocted adverscly,

(U) Nitrilotriethyl-g propylenaninobutryate (NTPD) was testod in two
aluminized PEDP-15% propellant tormulastions to vvaluate the etlect ot thae
nine curative in combinativn with MAPO and kpun 812, Tewt results arve
presonted iu tacle Rill. Goud tenwileo strongle and olungation values were
observed. Since previous tests have shiown cure reversion when NTI2D
wast uscd alone, additional UTX 7942 propellant was prepaved for acceler-
ated aging teuts.
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TADLYE X1
(C) PFFIOT O VARIOUS SURATIVES ON
Pri>-15y FROPELLANTS™
e Gressbead
Stress an Strain at
Formulation CGurative and Maximum Maxunum
__uUTX Equivalents PR %
7902 MAYTO (i.5) (T ah
EDPON 812 (0.7)
791K MAPRQ (1. %) 97 3
E1'ON 812 (0. 7)
Ca(Ol), 0,05 wit %
7944 MAPO (1. 5) 1o 1
WEON KRid (U, 7)
Ga(ull), 4075 wt %
749 MAYTO (L. %) 11h 17
GA(QI) |, 0010 wt %,
T4 MAL'O (1. 9) 14 P
LIPON K2 (0, 7)
NTI'Y (u, 3)
T943 MAL'O (L. %) Ihy 40
LIMON Hid (0. 7)
N (0049)
7934 HX 874 (1. 4) H M
7945 HX-Kid (1, %) " 7
1930 X K74 {1.0%) K 1t
LPOM 812 (0, 49)
737 HX-B74 (1. 1.0h) (AN 10
ELI'ON H12 (0, 374)
C Rovmaglatiocon
1, 0% 1PPELY 1wh
16, 0% Al
47. 5% conrse ALY (190 )
20, %% hine Al (0.5 )
41
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(U} Yormuwaation tedts were made with a proprietary aziridine curative
(HX -974) obtained trom 3M Cempanv, A summary ot the mechanical prop-
erty data is presented in table X(lI. The addition of Epon 812 to the curc
aystera Jdid unprove the tensile properties. However, the tested tormula-

tions did not give cquivalent clongation valucs observed in other propellant
ayRtemy,

(U} Another vecently acguived curative ((TBM) 18 a trifunctional
asistiding, trin-{2-ethylazinidinyl)-n-triazine. ‘This curative was tested by
ieell and alse in Ylends with other curatives. A summary uf these tests
is preseuted in table XIV. The use of TBM in canbination with MAPO and
Lpon Bil resalta mmoan apparvent unproveniant in moechamcal properties.
These properties should be amenable to turther improvemant by vptimizing
curative ratios, PFurthermore, cured samples of UTX 7578 and UTX 7479
have bean stored 10 wh at 1607 I and no reversion has baen obmserved.

(U) &% review ul the data hans been mmado on all of the propellants
procverned with the new vuratives uned in the current program,. The buost
mechamical propestion have been trom UTX 7908, UTX 7944, and UTX 7698,
The tuamulatione are baned on the tollowing o wbione of vurativoew,
MALVQ/ Lpon, MAVO/Epon/NTER, and MAPO/pon/ TBM. The curative
aystana are bheng tented to detenne atovage wtabiality., These tonnulations
were toegted al the end of T whk cure at 120° 17 and then stored at 140° ),

Fhe stored propellant an bomng sampled at weekly intorvale tor styenn and
MLLaln proapsettien,

(C) Sance there wer e woine differ e on i the voluime pevoent indor
uved in the preluninary propellant teste the bindes content was adjusted to
24 vol % tur all ol the propellant storage specunens,  ‘The adjusted toiniu -
latiouw are dentiliod by the demagnations UVTX 7700, UTX 7701, and UTX 7704,
Maeve tormulations ate sunidar to UTX 7942, WX 7902, and UTX 7Hye,
ebie XV preseuts the thres tusalations that ars in the acieloratod aging
progran and the tnechanival propertios available at this time, Thesn aiwe
alunvunaesd propellants, Following mntial evaluation inthe Pl Al synten,
Lhuabted ovalunation ot TBM e an aluiinuan hydride spyston was initiatod,
Theve data wte presented 1o table XVE Miopellant UTX 6834 oswentially
toprasonts what will probably he the hnal propellant sweledction tor this pro-
grain Lo terms b total solide Juading aud o Lo of plasticizer leval an
the boudos, Moasured vialues ol .':im 104 puy and LT HY, 1ndicate
that turtiw tadoring of the curative aystamn and perhaps the polymer s
requl ced.
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TABLE XIV
o (C) EFFECT OF THM AND MIXTURES ON MECIIANICAL
PROPERTILS OF PEP-15 PROPELLSNT* ;
I
i' Crosshead
i Streses at Strain at
Formulation Curative and Maximum Maximum
__yurx Equivalents phi Yo
™77 TUWM (1. 3) 44 13
1574 THIM (1. 2%) aQ to .
EVHON K2 (0. 7) s
ThT9 THM (1.3) (1% 26
LEFON H12 (0.%%)
T5H0 TBM (1. 2%) 77 H
NX-874 {(0.7)
158 TIWM (1. 0) Ol 10
XH=-BT4 (0. 54)
. Th84 THM (1. 29) ot 11
NTI'H (0, 70) 2
7584 TIM (1. 0) E 14
N (O, 55) :
7580 TIM (1. 2%) ¥ ) :
UNOX 201 (0. T1) ‘
Y THM (1. 00) L4 14
UNOX Ju1 (0, 4%) ‘
T44H TUHM (0. 4Q) hi BN
MAY'Q (0. 70) )
LEPON H12 (0. 7) . "
1549 TIM (V. LO) ] 10 g
MAL'O (0. 6h) 8
ETON 812 (0. 70) o
15490 THM (0. 40) a . A
MAPUO (. 80)

EEPON 82 (0. 70)

7591 TuUM (0. 1) 4 L
MAD'Q (0. )
FHON K12 (. T7)

\
L )‘
A
M
)
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TABLE AIV

(C) EFFECT OF TEM AND MIXTURLES UPON MECHANICAL
PROPERTIES OF P’EP-150 PROPELLANT* (Continucd)

Crosshead

Stress at Strain at
Formulat Curative and Maximum Maxunumn
UTX ) _Eu_x__valunts H__J_)ui _ ?{,____
7592 TuM (0. 7) 83 41
MAL’O (0, )
LIPPON 812 (0, 7)
7593 THM (0, 6) 44 44H
MAO (0. 0)
EPON B2 (0.7)
1594 TLM {0 8) 70 L %4
MAIP'O (V. 4)
LIPON 8.2 (0, 7)
7594 TULM (V. 9) 8 it
MAVO (0. 3)
ERPON #12 (0. 1)
590 TBM (0. 5) I Ve
MAL'Q () U)
LPON H12 (U, 7)
Thy! TIWM (1, 49) {0y i
RBPwid L2 (0.w)
XL TIM (1. 1%) 112 ]
B HEL (0, 2%)
1099 TUM (4. 2) 1] 14
EIPON 812 (0. 7%)
H200 THM (1. W) (Sl il
LAON HLL (U, 7h)
Haot THM (1. LU) 114 ]

KON B12 (0, 7%)

B Lurnalation:
. 1l Y% Polymer
dH% Lhndes l 12. %% TMETN

21% Al

3.4 Coarse AP (190 p)

Z1.0 e ALY (G, Y )
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TABLE XV

(C) EVALUATION OF PROSPECTIVE IMPROVED PEP-150 BINDERS

UTXx 7700 UTX 7701 UTX 7702
: Matcrial Lquivalent Fguivalent  kquivalent Wi %
' HX-735 1.0 1.0 1.0 )
! MAPO 0. 1.5 1.¢
? 8. 80
: TIM 0, -
j LI’ON 812 0, 0,7 0.7
! NTPN - 0.3 )
| TMETN 8. KU
i
I Alunuium 16,00
|
i Al (G\H I'l‘\(‘i\l(‘(l) 44, 18
]
i AV (Grouni) 1Y, ud
.
Ethyl Ceuntealite 1. 00
Propellant cured  dayn at 1200 F
I
’ Stycan AL Mdgunue i, P
' Stovage, wh at 1407 17
[ O 41 LI HY
1 Yl i 1HG
F4 HO H4 b hh
Styain at Maniain, %
'5“,{_‘:““"' whk at ! CLJ_'_L_
0 VY i1 17
1 iy "l 14
! & Ih 21 14
44
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s, 0.2 New Polymers

(U) Two new polymers have been tested as prospective replacements
tur the currvently used HHX-735. These polyniers arc bemg used in an eftort
to improve the propellant mechameal properties,

{(11) Both the polymera arce neopentyl glycol azelaic acid polyenters
supplied by Emery Industries. The tirst of these is identiied as
Eimery 1C25-9-R and has a molecular weoight of 1900, The second is
Emory 1025-94-R which cas a molecular weight of 2990, Table XVII pre-
sents a sununary uf the tormulations teated and the resulting mechancal
prupert.es. Liach ol the polymers appears to show muine fmproveiments in
the mechanical propervtics. The unproved elongation ot the lagh molecular
weight polymer (Linery 1025-94-R) and the good tenaile strength ot the low
molecular waight polymer (Emery 1025-9-1) ofler a method ol mochanmical
property tailoring by blending the two polymers, Propellant mixes have
been made to evaluate the elioct ol blending the two mery pulymers,

2.0.1 Litect ol Polymer Treatinent vt Medhanival Propevtiens

(U} The HX-7¢39 polymer used i the PRI prapeilant binder syatemn
i (vequently tocated in a molecular stull tor the purpows ol temoving
molsture aud other low molecular veight materiale whiich nught prove (o
La readtive with aluncinuim hydride, It ban been obwerved that ar a veaull
ol this upevation the equivalent weight of the polymer iv unually 1aemed
aboul 10K and phystcal propeition a1e conmderably napraved,

(U} A swnamary ul the aftect of opevat.uyg varsables involved in upeaa
tiun of the molecular wtill v HX- 35 equivalent weaght so shown 1n table XVIITL
The eliect o physical propoeities of poopellant imade tram pulymer subjedted
tu the varviatlions in treatimeat 1o shown tn table XiX. An intiaase 1 tonsle
and Shore A b dnoss wan oblaiued with the agher punity polymer. Undoubst -
odly some of Uue increane o due to the tcreased donmty of the propellant,

(C) Tha eliect of adding back the arelatc acid 1o the strippod 1IX
shown i nax UTX 0812-2. A decrvase In densily was obtained indicating

au (nteradtion between the alumidnum hydride and the azelaic acil

2.6,4 Lkitect of TMETN Luudm' o bn opellant Mechanical Properires

(U) A serlon vl niixes was teutod tor the purpose of evaluating the
sliuct vi TMETN level iu the Linder un propellant miedchamical propertien,
The results of these teats dre presented o table XX and n higare 14,
1t am appatent that propellant stivey values are guite seunitive to plasticize

luvel whoreat the lucroase o straiu capability with duc reasing plasticisaen
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TABLLE XV}?

(€C) EVALUATION OF OTHER POLYMERS (ALUMINIZED
PRODPELLANT, 24 VOL % BINDER)

Crosshead Data

Stress at Strain at
Formulation Minder Materials Maxiniuimn Maximum
UTX _ and Lywivatents et %
Bido Linergy 1025.9K (1. 0) 91 19
TDM (1. %)
FVON B2 (0, 7)
Hel? Lanery  102%-94K (1. 0) oLy 32

THhM (1.%)
EPON KES (o, 7))

TABLE XV

() BFFmCT OF MOLEGULAR ST1LI, STRIPPING ON
HX 78 BQUIVALENT WELGHT

HX 719 varviabidoe

,,,,,,,,, brquivalent Weight
Aw 1aceived 874
Mulvculas Sull Operating Vaviablen Pegnevalent Weght
No trap used B
Hat trap yned HYe
Gold trap used KL B
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TABLE XX

(C) EFFECT OF TMETN ON PEP PROPELLANT
MECIHANICAL PROPER'I'IES

Material

HX-73%

MAPO

EPON ©12
TMETN
Aluminum

AR (as received)
AP (ground)

Fthyl Centralite

Formulation TMETN

__UTxX _wt Y%
7703 0
7704 10
7705 20
7706 30
7707 10
7701 50

Stress at
Maximum

psi
194
165
151
114

97

86

Formulation

Equivalent
1.0
1.5
0.7

As noted

CONFIDENTIAL

Wt %

17.60

16,00

45.78

19.62

Strain
Maximum

%
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content is minimal., It is because of this cifect that the plasticizer level is
being muaintained at 50% rather than being incieased to 55 or 60% to gain
modest performance increase.

2.6.5 Lincr Evaluation

(U) The liner development and improvement program has been based
on the results of binder tests used in the propellant evaluations.  Ten basic
forraulations were chosen as prospective candidates. Each was mixed with
carbon bluck {Elftex~5) and wollastonite (Cab-O~Lite) as fillors, Small cup
samples were prepared and cured 16 hr at 140° . Propellant UTX 7702
was cast over the liner and cured 168 hr at 120° F. Qualitative analysis of
the interfacial bond showed 1.200-36-4, 1.200-38-10, and L200-41-1 lincrs
to be the best of the series. Shear tests are now being prepared to evaluate
cach of these liners with UTX 7700, UTX 7701, and UTX 7702. Quantitative
data will be available from thesce tests.
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III. FUTUKE WORK

(C) The most promising formulations in the PEP-150/AllH /AP system
at 23 vol % binder will be scaled up to 10-1b motors : nd tested to obtain
maximum delivered specific imipulse. The compound BTTN will be scaled
up to 10-1b riotor testing if laboratory-scale evaluation indicates that such
scale-up is warranted,

(C) Both formulations from the mixed aluminum/aluminum hydride series
will be tested in 10-1b motors for final evaluatisi,

(U) Burning ratc studies currcently in progress on the micromotor scale
will be completec and promising formulations will be evaluated throu :h the
10-1b motor scale during the next quarter,

(C) ‘ftudies to reduce the harards of static discharge during handling of
aluminum hydride and uncured propellants should be completed.  In addi-
tion, a study to determine the effect of formulation parameters on impact
sensitivity of uncured propellants will be completed.

(C) Studies to improve the aging and temperature limits of aluminum
hydride propellants will emphasize the evaluation of scveral promising
aluminum hydride treatiments in 2-in. cubes and Taliani tests,

(u) The evaluation of reactive cnrative systems and of variations in
polymer molecular weights will be completed early in the next quarter.

An improved liner system will also be cvaluated.

(U) Activitics on Phase 1I, to characterize an improved propellant formu-
lation, will begin on about | December 1965,
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APPENDIX A

FORMULATION INDEXY
ALUMINIZED PR OPELLANTS
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13. Alkstract

{C) Eiforts to minimize the handling hazards of aluminum hydride by
increasing the electrical conductivity of the particles have been partially
successful, A 1% coating of an antistatic agent reduced the electrical
resistance of a 1in. by 1in. by 1/4 in. bed of particles from 1000 megohms
for uncoated hydride to 40 to 70 megohms for the ireated material.

(C) Propellant density studies indicate that in addition to the extensive
drying of ingredients, prop:liant density can also be increased by sus-
tained vibration and vacuurn applied to the cast propellant. Surface treat-
ment of the aluminum hdride with quinones, alizarin, or alizarin red S
results in substantial improvements in propellant density. Testing with

free-radical inkihitors *as resulted in no noticeable improvements in
propellant densities.

{(U) The most promising curative systems evaluated to date are MAPQ/
Epon 812, MAPO/NTPB/Epon 812, and MAPO/TBM/Epon 812. Propel-
lants containing these curative systems are in accelcrated storage. Poly-
esters of increased molecular weight have been tested and appear to yield
improved mechanical properties. Utilization of a molecular stiil for
stripping moisture and light ends from the HX 735 polymer also results

in some improvement in mechanical properties,
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