
UNCLASSIFIED

AD NUMBER
AD367583

CLASSIFICATION CHANGES

TO: unclassified

FROM: confidential

LIMITATION CHANGES

TO:

Approved for public release, distribution
unlimited

FROM:

Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational use; Nov 1965.
Other requests shall be referred to Air
Force Rocket Propulsion Lab, Edwards AFB,
CA.

AUTHORITY
Nov 1977, Group 4, DoDD 5200.10, 26 July
1962; AFRPL ltr 7 May 1973

THIS PAGE IS UNCLASSIFIED



AFRPL-TR-65NO25 NO. C57-5C8.

rFCONFIDENTIAL5DOCUMENT CONTROL

co4

S•C0 (U) DEMONSTRATION OF AN ADVANCED

SOLID PROPELLANT

REPORT NO. AFRPL-TR-65-225

NOVEMBER 1965

Prepared by

O.A. DEWHIRST, UTC

T.N. SCORTIA, UTC

for

AIR FORCE ROCKEY PROPULSION LABORATORY
RESEARCH AND TECHNOLOGY DIVISION

AIR FORCE SYSTEMS COMMAND

UNITED STATES AIR FORCE

EDWARDS AIR FORCE BASE, CALIFORNIA

Gmp 4
DOWNGRADED AT 3 Y,° R INTERVALSCONFIDENEAL DECLASSIFIED AFAER 12 YEARS

I.. _ __ _ __ _ _ _



I
CONFIDENTIAL ....

_United Technology Certer ...... t21

I
I

15 November 1965

BKF-2125-65-F j
Air Force Flight Test Center
Edwards Air Force Base,
California 93523

Attention: FTMKR-4/M. Racovich

Subject: Written Progress Report,
AFRPL-TR-65-225 (UTC 2146 QPR2)

5 Reference: Contract AF 04(611)-10812, DD 1423, Line Item No. 6

Gentlemen:

United Technolcgy Center submits one (1) copy of the subject report in
accordance with the referenced contract.

This report covers the period of I August 1965 through 31 October 1965.

Very truly yours,

* UNITED TECHNOLOGY CENTER
A Division of United Aircraft Corporation

B K. om n *, nge r

Contract Management
I

BKF:erb

Enclosure

cc: AFRPL, Edwards AFB, Calif. 93523 I
: .?rtn: RPMC (w/3 encls.) This letter downgraded to

AFPRO, UTC, Sunnyvale, Calif. 94088 unclassified if detached
"Attu: CMRQK (w/l encl) from accompanying material.

Plus Distribution Provided by
Contracting Officer

SUNNYVALE, CALIFORNIA "O85 Phone 739-4850

CONFIDENTIAL
S. .. • .lll•,• m ,•N.,I



DOCUMENT CONTROL

(Title Unclassified)

DEMONSTRATION OF AN ADVANCED

SOLID PROPELLANT

Prepared by

0. A. Dewhirst, UTC

T. N. Scortia, UTC

4l

9I

1~1

CONFIDENTIAL

- !



CONFIDENTIAL

FOREWORD

(U) The work performed under this projectis in response to requirements
of AFFTC Project 3059, Program Structure No. 750G, BPSN 623059. The
approving authority is Richard C. Miller, 2d Lt, USAF/RPMC, A.FFTC,
EIdwards Air Force Base, California.

(C) The present report is the second of three quarterly reports on Con-
tract No. AF04(61i).-10812 under which United Technology Center (UTC) is
conducting a program to continue the development of an advanced solid pro-
pellant based on aluminum hydride, anrnmoniurn perrchlorate, md nitrato-
plasticizedpolyester and having a theoretical specific impulse (lsp) in excess
of 2Z0 lb-sec/lb at standard conditi ns.

/, (U) This report covers experimental work conducted at UTC's Sunnyvale,
California, research laboratories and at UTC's San Jose, California, proc-
essing laboratories during the period of I 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. Allea W. E. Robertson

J. D. Beazeale R. I. Sutton
G. J. Casaletto J. K. West
E. C. Frncis

(U) This report contairLn classified information extracted from "Dernon-
stration of an Advanctid •olid Propellant (U)," Report No. AFRPL-TR-65 - 195,
August 1965.

(U) Publication of this report does not constitute Air Force approval of
the reports, f£ndings, or conclusions. It is published only for the exchange
and stimulation of ideas.

Richard C. Miller, 2d Lt, USAF/RPMIC, Project Officer
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ABSTRACT

(U) An evaluation of surfactants for reducing propellant mix viscosity has
re"',tedin the selection ofAtlasG-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 with a consequent improvement in thooretical performance and density.

(C) A series of 4-lb motors have been tested containing aluminun', hydride/

aluminum combinations representing th.• most dense formulations• with a
theoretical pe'rformance in excess of 280 sec and the most dense formula-

tion with a theoretical performance in excess of 274 sec. Propellant UTP 6825
has a theoretical Isp of 280. ±sec and atheoretica-ldensity of 0.0604 lb/in.

Propellant U-P 6826 has a ticorctical lsp of 275. 0 sec and a theoretical

density of 0. 0627 lb/in.3

(U) A study todeterminc the effect elf propellant formulation parameters
on burning rates has been essentially completed. An end-burning micro-

motor was utilized for these tests. It was fouild that the oxidizer-to-fuel

(0/F) ratio, Al) concentration, and AP particle size distribution were the
" I ~most critical parsametuis. Binder concentration and p~lasticizer level were

found to be less significant.

(C) Efforts to minimize the handling hazards of aluminumn hydride by
increasing the electrica) conductivity of thq particles have been partially

successful, A 1% coating of an antistatic agent reduced the electrical resist-
ance of a 1 in. by 1 in. by 1/4 in. bed of particles from 1000 nmegohms for

uncoated hydride to 40 to 70 megohms for the treated material.

(C) Propellant density studies indicate that in addition to the extensive
drying of ingredients, propellant density can also be increased by sustained

vibration and vacuum applied to the cast propellant. Surface" treatment of
'i ~the aluminum hydride with quinones , .,lizarin, or ali-,arin red S results in

substantial improvements in propellant densit,.y, Testing with free-radical

inhibitors has resulted in no noticeable iinprovc tents in propellant densities.

(U) The most promising curative systems evaluated to date are MAPO/

Zpuui-812, MVAPO/NTPB/Epon 812, and MAPO/Tl3M/Epon 812. Propellants
containing these curative systems are in accelerated storage. Polyesters

of increased molecular weight have been tested ant appear to yield improved

mechanical properties. Utilization ofa molecular still for stripping mois-
ture and light ends from the HX 735 polymer also results in sonm improve-
ment in mech nical properties.

ill/iv
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I. INTRODUCTION

1.1 PROGRAM SCOPE

(C) Under Contract No. AF 04(611)-10812 with the Air Force Rocket P:'o-

pulsion [0aboratory, 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 alunminum hydride, ammonium per-
chlorate, and nitrito-plasticized polyester and having a theoretical specific
impulse in excess of 280 lb-sec/lb at standard conditions. This program
continues the efforts initiated under Contracts No, AF' 04((1 t)-81 H1 and
AF 04(611)-9470. It will provide data on the important propellant paranm-
oters required to produce a family of usable propcll.tn;.i containing alurnfi nunl

hydride.

(U) The program is divided into two pha nes : Phase I, formnulationl
iniprovcniunt and tailoring uxp1rimTnHlts, and Pha"e 11, opt.imuni fornmua-

Lion characterizaLion.

1. . PHASE I: FORMULATION IMPIROVEMENT AND TAILORING

EX.IERIMLN TS

(U) Phase 1 is divided into six tasks. These Lasks, dcscribcd in the follow-
ing paragraphs , are int,'rrclated and are being l)e,'for med concurrCntly.

1.2. 1 Task AI0: Maxinium Is] and Solids Loading

(U) Taek I has as its obj(ectivt, the achUevemlent of the highesI possible
de(livered isp consistent with tie normal constraints on such a systern.
'I Is objective will be accomplished by a study of pIrrs .' sing piranietcrs

to achieve maxi:num solids loading and by foirmulati,,n studies to optimize
the concentration and type of oxygenat ed plasticiz -r. Results will be de-mon-
strated in tO-lb niotors

1. 2. 2 Task AZO: Burning Rate 6tudies

(C;) Task 2 has as its objective the development of a wide range of burning
rates for this propellant system. Target burning rates of 0. 25 in. /se:c and
1. 0 in. /sec at 1000 psi have been established. The following foinulatitm

parameters will be investigated: particle size, distribution of solid ingre!-

dients, plasticizer levels, use of burning-rate catalysts, flame -retardant
coatings, O/F ratios, and the use of gassing agents. Vour formulations

'ONFIDENTIAL
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will be denonstrated in 4-lb 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-lb motors.

1.2. 3 Task P.30: Density-lsp'.radeoffs

(U) Tzi'k 3 involves a sttdy of density-Isp tradcoffs to achieve substan-
tially in, eased propellant densities with miiniinuin dugradation of Jap. A
theoretical calczulation effort wi.il explore th, influence of various param-
eters on density impulsc. The two most prmising formulations will be
tested in 4-lb motors, and the best formnulation will be demonstrated in
10-lb motor.-.

1. 2. 4 Tasi" A40: linprovcnic".' of Safety Propellants

(U) T ask 4 will have th- cbjec tive of iiniprovitig propellant saflety proper-
ties, Propellant sersitivity will be reducod by the use of coatings and by
chaingas in tornmulatioii paraniiuters. Results will be meiasured by chang(cn
"in imp.tt sensitivity, diflerential thermal analysi s (D'IA), and -spark
sen sitivity.

1. 2. 5 Task Ab50: Aging and T'mpratLuru Limits

(U) Task 5 will be a substantial cefort devoted to defining Uhl LgiLg charac-
tcriaLics and the storage temnpcprature linxitatiuns for this systeza,. Tech-
niqveus for impjroving storagc 1 mits will roceive considerable attention.
This work will includU static anod dynamic DTA studius, gas evolution studius
as a function of temperature and humidity, gam dilfusion through variuus
wub thicknusses, and thU effects of constant strain on sturability. The tout
prog ram will includu the use of an-.ug motors U ad a propellanmt ,egugioint inI
a largo m•tr, lii addition, eighteen 10- 11) motors anLld othier .. uccillelas will
be shipped to the Air Force fur survoillance at their faciliLicm.

1. g. 6 Task A60: Inijjroveinunt Of Mechalnical Properties

(U) lhnproved nicihAluical properties will be developed under tas k 6. The
propullant curative systenm will be optimized for muichazical propertut m,
new curatives will be evaluated, and Lesting will be plif0l [led at two strain
rates over a rang•t of t•mperiatures iromi -60' to ý-1 W0" F. Ansalog' motor
Lests wil. also be pv-eiormed.

CONFIDENTIAL
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1. 3 PHASE II: OPTIMUM FORMULATION CHARACTERIZATION AND
DEMONSTRATION

(U) Phase II involve. a complete characterization of tLhe propellant fur-
rmulation 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 theg Air Force for scaleup testing.

1.4 REPOR"I STATUS

(U) The presont report covers the experirnf:ntal woi k performed during
the second quarter, t August 1965 through 31 October 1965. The reporting
status for the programn is presented graphically in figure 1.

_-1. .4•!i ... . ....... . . i,•ii i : il[l.•I'1'I• I?•I• ~ I!•1]_•

SM-- - --I I' A S I J V hi A D

IULPORTS

i i.'igu,'at .t, ,ly,,ai1,,ate

""App .. v I a3i/

il':...i ____-.. .... ..- I~ 16

Figure 1. Report Status
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II. TECHNICAL DISCUSSION

2. 1 MAXIMUM 1 AND SOLIDS LOADING (Ai1)

(C) Thih. task has as its objective the formulation of a propellant system

"with the highest possible delivered specific inmpulse in a practical system.
This objective is being accomplis;hed by a study of procee,;sing parameters
to achieve maximumn solids loadin..; and by formulation studies to optimize
the concentration and type of oxygenated p)lasticizLr, In addition, the effect

of aluminum hydride concentration on specific impelsv (t'ficieflcy will be
reexamined briefly at high O/Y ratios (1.2 to 1, 4),

12. . 1 Development of a Fuel Processing , iulant

(C) To allow the rapid evaiuation of various 1)roceasing paranwicters such

as higher solids luading, particle mize d imtribution, alid irucusuing fimle

and temperaturo studicL:, a processing simulant for alurnitium hydride was
developed. Its utilization resulted i;i reduced cO:fr. of i)rocUssi3g shidioM
and minimnized remote handlirl% requiroen,'tit (dUring the preliminary stag ep
u1 propellant J)rocesbing sMtudiCs. The mnaterial selectcd am the lueli sinulant
is ammouinium oxalatu. T'hle evaluation of this mniturial is desk-ribed in thit

first quarterly report (k P"RHI I-'iR - Ob -1 )9 ).

4. 1.Z Surlactant Studies

(U) A sLrius of surfac ivectve ag(ents were evaluated for their Olfuct Ocm

propellant viscosity. Thi8 evaluation was conduc.ted to deturmine which

e,. l,,ctant would providt' the grraten t reduction in xnix viscosity so that a
maximnn suolids luading could hi at 1cvhyd in a t astable asystmn.

(U) A aunmber of dlffurent surfactai.ls were evaluatud during the first
,u,*.rter with turnmulatomn UTIP (6i6 14ren K (bimlder and oxidizer only) at tile

laboratory scale at a concentration of iv. lResults of the laboratory inves-

tigation indicated that the tollowing sutr tact ant s yielded significant procte-sing

i Iprovernenmto and wtire se•lected f()r studies at the I .-gal inix level:

Twoet' 2 0
Tween 2 1
Atlas G-2684.
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These surfactants were investigated using UTP 6822, with ammoniurn

oxalate as thu control formulation.g

UTP 682Z

Ingredients Wt 0o

I PEP-150 binder 18.9
1451 simul.int 23.0
Oxidizer 58.0
Surfactant 0.1

100.0

(U) Of the three candidate surfactants, Atlas G-2684 was the most effec-
tive in reducing the vipicosity of thu simulatud p,'opellant mnix. The dis-
charge ra,ttc through a 0. 25 in, by 1. 00 iii rhouonicter orifice for raixos
with the ca'vdidawu surfactants are shuwn in figuret 2. All mixes .t the
i-Sal mix scale now utilize Atlas G-2084 at a concentration uf 0. 1 wt 'Yo
of the total propullant formnulttiun.

2. . 3 Particlu Size Distribution Studioti

(C) An experimental proc•ssing irog'ra-n was conducted to opu tiize
particle size distribution. 'To reduce the number of pousiblc particle size
cuonmbnations, it was decidd to utilizu thu alumninuni hydride in the pjrticlo

size iii which it is rUceived and to vary the ratio of "coaruse" oxidizer to
"finu" oxidazer. 'The aluniiuni hydride partich' H are geonerally cowimidurud
to have azi average particlc size of about 100 p althlulghl thec rI Luzulidurable
variability fruon lot to lit. lhowuvcr, sincej largor nimxus ruquiro blends

of several lots, the mix-to-mix viariations of aluiiiinuz hydride plarticle
distributions are iiiiiniiiz ud. The aixnioniiuiii p,,rchlorate size tractiona
which have been lound to result in mininmuni xiix viscosities in uthur pro,-
pellaut mystems Lit UT'I' are the 300- -. (4-48 mnesl) size *iid the "fine"
8 to 1Z-[ size.

(U) A series of inixes were processed utilizing amnmfonhiuil ouaj!te as a
airnulant fur Dowanu 1451. The propullant utilized a PI-P- 150 binder at
25 vul % binder and a constant Z5 wt 'Vu DowazUe 145 1 sinulant. The follow-

ingi ratios of cuarsu/tine oxidizer fractions were evaluated: 16/84, Z3/77,
30/70, 50/50, and 60/40. 'The oxidizer size ratio which resultud in thu

nuxximnumn propollant fluidity was 50/50. The prip•ellatit fluidity as meeas-
ured by its discharge rate through a 0. 25 in. by 3. 00 in. oifiiCU at given

rhaonetur pressures is shown at the various oxidizer size ratios in figur' 3.

6
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(U) An additional variable which is considered significant to prropellant

processabihity is the particle shape of the oxidi-,,er. The line oxidizer
iracticns utilized oii Contract No. AF 04(611i)-9570 consisted of round.-d
particles proc-3ssed in a jet pulverizer and classifier. This proatict.
obtained from an outsidc vendlor, became unavailable. As a result the
fine fraction was obtained from in-plant grinding. '[he( in-pidut material
is procetised in ain impact mill and a nire jagged, irreguilar particle is
obtained. However, comparative mixes indicated no nmeasurable difference
in propellant processability when one material shape wza, suibstituted for
the other, The sjimilarity in lprrwesSillg Characteris tics foi these two
materials is illusti atud in figure 3.

2. 1. 4 Plasticizer Evaluation

(C) Iii the previous qliarterly report (AjF'Rl'L-Trjz-6h- 19'i ), .1n extensliive
thooreticail treatmient of the afiuct ot othecr nitrati; plam ticizur s on the pnr -

iurinanuc of the AI'-uxidizud alurnaiiuni ly iride systemi w.ýs pruseinted Itr
propellants formnulated at the 55 wt %/c plasticizer level. The plaisticizers
inves tigo ted as rullocrt~ir trizitediyololtiianet: rinitrato (T l'4TN)
have been 1, 2, 4, -but~anetriol trinitrate (13T TN), 2, 2 -diniltro pi-opylni t rat e
(UNPN) , az' rlnehlliratal triiitraLt3 (TMN\TN or N113-iuitr()

glyce rizie). Thle te rnatry pe rio rllialu didM roi is ul tlh.e sy5 ui at 11 Lre
shown in figurltis 7, 8~, mid 9 of A1'iRlL-TR-65-.195.

(C) Fcr p1.11ur O pus eisc zLmparizig thle Ufite is Wi the(. thrOe ne0W p1)tci] e

thu intersection ci the 25 vul % binide r linc with Uthe 25 Wt 'i% 'uiuiluizuii hlydride:
line wall aellcted oii oachi oi the apjiropr ji.L~cternaridy diagra llis. Tlhe resfults
were dis cussed xin Ai'R1L-TR~-65 - t95 and ar aimesimaiarized ill table 1.

(C) Ili view ul thek s iglul Icant uefiuL oi pi.i mti tiz i le Icvel oil 1ph ysicial rpe
tie11, as LUiitriasted to thc r-elat~ively nidour uliect of plaisticizer level oil
speecific it iiptialm it has boen decided tLo ia.iuitai ii a 1.1 ;t i ci ie iIcy It-ul of

50 wt % uratlier than Ohe 5S wt % us ud inl the prev iteas prig rani,.Frhr
proces sing atuditis have resulted ini a capabil ity~ot reduic lg Owe binutter lev:--!
to Z3 vul % with cuni~uequoint modesIt i nip PfV(Miietitý ini thl~eurt~cal jjurfoimki c ii

and duls ity. As a remL Ofi diuth H chianges. a Lu. trticr the,,i eLi cal coned-ua

SenL was iiiade -)I thu fituc La of tilme so Lt~inti izt. ci* kiln purfor aflaflc: it 5) WI wL

pIt st ic iz oi r , 2 3 vo u %/ b inida u r , aniid Z 5 w t "Ioa aLL i inun it h iIiyd r id e. Thell rui e L
are comnparedl inl table 11. Am an additional pouiu efi ( ullip.r risen, the (!lf !L t
of nitroglycerine is also pre senit id.

(1-1) Pi-elir..ina ry labuivatory a vaiu.ttiluzi teSts have bkju1 encodjcl[U tc 'Awithl ill;

uf the candidate nitr-ate plast1ciZerS. The data accumlnuated un ISTIA wa.4
rep-.orted previotislIy in the first quiart enly rep~ort. Althieugn I 11-F~N wa~s notL

* ila~~iscibi' with I-IX- 735 polymer .,Lbovu 5C. wt % ci phistici'e r , soliau labocratoiry-
scale mixes haLve been prOLCesu LL) t further evaltiate thisj plasti cizur,CO IENIA
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CONFI DENTIAL
(U) Tht. plasticizer TMNTN is apparently iniscible with HX-73ý polymner
inl all proportions. -However, several small-scale mixes torm-ulitted. with
I MNTN at the 50 wt %/ plasticizer level did not cure. 'rhiK. implc of
TMNTN may have a high zcid analysis (0. 002%/ according to the vendor).

Additional TMNTN will be obtained froin ;,' ifferent vendor.

(U) A DT \ miade on 1)NPN is reproduced in figure 4. An exotherrm pcalt

was o ,bserved at 1815. 3" C, but the trace rei urned to its original hast. lin'

alter this exothe rn-. The trace then becan !irre'v l~ir , in1-diCatLing sonie

vaporization, and then boiling occurred at ý 13. 4' C(-. No ignition occurred,

Thu DNPN wa3 subsequently mixed witli IIX-735 .ind Cura~tive ill a poly-
othylenc buaier. Thu polyethylent- container wa '; de stroyd.d by heat gen-
crated from the nii xtia' ; I-'ithiil L few mnlU jute altol mi lxing. Sonlic fu rthier
tasting is required~ to estachis it the mouirc. e of i his pr oh] emil

2. 2 DL±NSITY-l 5 'l'AIDVIl.S

(G) Thili task is1 dcVvotceu to t he imnproveniont t.l botli Spec!'itic ni1ul s e and

duna ity in aluuintinui hydride s yttu mus . As L p)arl of thin ltIask, two ci rmitila -

tions will be chuo sn for evaluation ini six 4-1lb rtikotor8 s hu mios t duense

forrnuiauual~)-i N a thicorutical purfurinfaiice in uxceu s of 274 sec anid the!

.0 I tItU t ~-BOILING

120 140 160 180 200 21?4)260

Figure 4. (UM lJ'A of 2, 1-D3initroprupyl Nitrate

CONFI DENTIAL



CONFI DENTIAL
instdensic ti r niuilai Loi w~i Lb tijuorL'it-1 al pei*fo rlninl cc of 28(C) SC C or i boVe.

OneL of thus l c rlIilulat iulnij will Lb ci bt!cv~ilia ted ill th r(! 10-lb inotor s

(C) During thec proviiV ntl qua rt r , ilwit' L)k for inc rfias ing the denis ity anld
Spocitic illiptllst' )t allifninuin I.ydridc r))d~ni weve explored( thoureti -

C11lly. Mc thuds thiat inight bc ki sed ti jiiicreas diLc LlheoruLi eal specific

inmpulse of aliiiniiitilimi hydride' iu mitsar'c: (1) thic' U.SC Of hgt iiii

luni hydricde loadings. (-1) thei o idvam ed biuidcr~i stch as~ the N1'
binidurs , (i) lilt illiprivtuiit lit (A I lie )xygeinat ion of Lilt! 6110N blindur,
(4) the, inicrease Af solids loadifnIg, 111d (i) tHeC it!me Of adV.IILCed txidiz~crs

of grc-Atcr (iXygen Lumlltciil ,dujIIinity n oo 1'().i tAUI',hi1e 110,t iii litriiiati0Il.

(C~ Thi c uiis-ity (Aliiiitii llymlir the pl- lliltilo inlty bj( ill, :reatieh b~y

.6nCh lIl0IcSIurUi IS: (1)Ijt-Eilik-tiu'i (A tiiiiiii hiyti~iih k:lItLilit, (2ý) thev Ius

Of J. :einitutlt.iry lilicL.ihl me himill .i mitixt'd hal S ystuIIl, ( i) thlic i-cihictitiii oh

(C) The- U.se il iiii Yv usekd ultimm111(iiini llyduhriuiu fitr imiur(-iseUd pu'rhumrimi.LimCu

t ~~~Is liimiitmol by tlIU. ()I itliltimI()I ctitiiii~ ii l eLuiukiiy .1i1d tWii-lllIIS(- thy

I 0t5ti e . h-',xtcilsivu pitiiit- cihIt iutmiiy Sttdiuhiui uIlidui ',;ouitrtV.C

t4ij. A!-' 0-1(mm I )-9')70i inii.lu at Illi h. Iv'ls .m1,)th~c... -") N lu iuiia limit

deSlIrablje. C~alk uIat innsl timitiec C-ili -t I No. Al- 010A( 1). 105,10, ''EV.Aluu-L

t1UI UL ulla Advauiu ud bulti, l I' J1t at. tilutintum ) file thu -I'l j1iesit , il

iindikatu that It'll~i~,L INn1  im ~ it . Ill IJ' i lct' 11t,111 V iLill he .aklit'ved by

time u. Lilt! 1'1tA1 diitlaiu L kiiliit) b iled-l i.l a;Itty IUc tii *Ldv.nIjk vd o xidiz~ers

8U~ij. iam liydiroxyl~aminint hiimi bitur.it- (I IAl). I itiwvv-I-, m'XpecineIhIIt.Iutmi0 Uan

thu present prtugvaini s Ijinihud Ul unitrat u-pI ..-. fit' izci I~iidthts -i Ililile cull-

veut~iuiual auial4ymlii .. 1( id t -o tuVmIltioial. l)XidilZe mS. Ill H yst.VI1iu oJXIidized With

AImuIIuIIIAIIIIlII puci.lIihtir.ktt, thei Iuei- at l' jr.v'mti i i dcii:; ity res-ult fruilli

thu time oi Ilixiixd luydi-mld.-/ Ilwt m faiols.

(C ) IThu t r. ;ideu Lsi betwe cit iinc vc v.t ilig dcnmi it y aind d cc: r c-as iiig per [tar unamilc u

we're eXaLIi6I1itul ilk Ny~lit-iii4 ti 0t1iuiniig mnixtit reom illA ill iiniuLII hiydridu ;!lilt

Ailuiuumiitull liict~at and ill myStiLLts11 Lomil..imiiitig iiiiXtitretr~i )i ailiiiiiiitiiii hiyuritic

,tind zir~inmitiii tijital. Geeitr-tily, jietoimiwitiut loniiauu with liltcre-aing

denisity were geu.1teii ill thet zirittiiltiiuil- thia~ii illUl thil .&tiIIIIIuiiii-c iiitaiiiiig

8i y s i iii
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CONFIDENTI AL
(C) The effect of aluminum addition on Isp and density is seen in fig-
ure, 5 and 6 where alurninum analysis in the composition is held to 18. 0%

and to 22. 5116, respectively. Two lines are shown for 25 vol %bYinder and
30 vol %binder to include the areas of maximumn processability. Jn the
composiitions containing 18% metal, the first target impulse of 28C sec

cannot be achieved. However, the second target of 274 scc can be achieved

at between 4.0 and 5. 0% alumninum metal with a resulting density between
0. 0502 and 0.0613 lb/in.3

(C) In the compositions in figure 6 where the aluminum analysis is 22. 5%,
the 280-sce target can be achieved at 2. 75 and 3. 75% metal with a resulting
density between 0. 0590 and 0. 0597 lb/in. The secondary target of 274 sec
can be achieved at a metal content of approxiinately I 1.0% to yield a density
of between 0. 0620 and 0. 0635 lb/in? Fronm t is it is apparent that th2
secondary target impulse in the 22. 5% aluminttrn aalysis systen. will have
the best density.

'low (C) Lxamination of the effect of zirconium in the AlH-3 /AP/PEP-155 sys-

tern shows loss favorable compositions. While the O/F ratios are more
favorable than in the aluminum systeni by virtue of the lower number of
equivalent weights of zirconium used, the pcrformnance appears to drop
much faster with increasing density, This is borne out in the presentation
in figure 7 in which specific impulse and density are plotted against the
porcliLt of zirconium in a system whose metal analysis is 2Z. 5'/,4 The
pricary target of. Z80 sec is achieved at 0. 9 to 1. 20% zirconium at a tdensity
of from 0. 0589 to 0. 0598 lb/in. Tae secondary targct oi 274 sec at achieved

at a zirconium content of from 3.5 to 3. 7% with a resulting density ut troin
0. 0605 to 0. 061" lb/in. la each instaLnce the densities aChieivtMd at LhC tar-
get inrApulse ar, loss than the densities achieved in the "iluminulA/alulninuni

hydride system. For this reason, nu experimnetal work with zirconiunri
is planned.

(G) Processing studies have demonstrated that Pk£lP/AP/AlI 3 propellant
systems can bu processed at 25 vol % binder. Therefore, two propellant

formuLttionw containing aluminum hydride/alurninuni combinations were

selected on the basis of figure: 6 to yield xnaxiniuni densities at theoretical

Isp values of 280 and 275 sec. These formulations aru:

lY'ornnilation UTP 6825 UJTP 682b

1--ZP-155 binder 18. iz 18. 00
Nt4GC0 4  56.63 58.00
Al 3. 65 9.
Alli 3  21.00 14. Z5

Theoretical Ip, sec 280. 1 275.0

Theoretical Density, I1 in. 0. 0604 0. 0627

13
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(This pL.gu is unclLssified)

280 0,070

278 -. -6a

J, - 76 -- , o0.066

I - 274 -- 0.064

S210 ,0.00:

268 ,O.Ob
I.)

266 _- _, 0.06
---- 30 Vol-.% 0ir del

_2..5 VoI -'X, B -,0de .

264 L 0.0A4
C 5.0 10.0 15.0

A :.IJMINUM MLTAL. %

Figure 5. (U) Prformnance-Density Tradcoffm at Various Mutal Loading"
for ci Consntant 18. 0 Wt %Aluminumn Analysis
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284 O.;171

2132 10.069

280. 0.061

2/6 00.3 . .

~' 2/4 
O

2/(

268 .!050 10.0 15.0

ALUMINUM MLIAL, '

Figure 6. (U)) Pc rforzidlllcc.-.Dellisity TrijdcofIt al. Viarioutj Mutdl Luadiiigt
1~va Cons~tant 21 5 W t % Alutiiiiziuni Anal ysis



286 13 

u-vý l~~ o

284 25 VoI-'ý, B3indat-0,6

2132 
00

L. 2/8 
-L

2/6

2/2 
0U'A

2/0

ZIRCONIUM MLIAL,

l'igurti 7. (U) lPurfurinii, ý-Ducizmity '1raduuif8 ini
Arconiuni-A1113 Mixtod Fuels
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A total of four 4-lb motors of each formulation have been tested. The test
results arc prese~nt~ed ;it table 111. The densities for thesej motors were

below normal. Some What rnore gassink was evident in these motors.
apparently because the aluiiinuni p',wdte r 1,.:ýI not been previously dried.

Such a procedure would not normially. be requircd except in cases where
the aluminum and the aluminumn hydrido are. prok-emped i )gethter.

2. 3 13URNlNG RATE STUDIES

(G) To mnake thiti propellant sy~ oini adaptable to a wide range. W potential

nassilij syetemns, a study has beeni miti Iatd to doveo.1p ai spectrunt of avail-
able burning rates. Turget burning rates ot 0. Z5i 4n. /scc and 1. 0 in. /soc

-it 1000 psia have beenu establishcd. Gene ralli z'peakinj;, the higher burning
rates ill thc r.ange of About 0. 4 to ilbout I. 0 in. /xsoc at 1000 psia offer no
serious probloziis since a number of aLle~t.ive bturnizmg rate adcativ~x are
Aavllable which call be varied in concentration xuu±Lclciculy to achijeve ally
burninig rates in tl.ipi range.

(G~) Undur C, iL ract No. AlF 04(0 11) -9i,70, propel]n bhIurning rates
tyjzicaliv L anged ircnt about 0. 50 to abouti 0. 7 it%, / se L br propollants; con-
taining tzo burning rate aidditives. Therefore, it wArn assunid that burnming
rates inl the lower r.tlgnge. say U. A ito U. d-0 Ill. /mvk -it IUOU psiA wouLld be
somellwha~t moreA- dificuLt it., adhieva. A nystcmnb.:ic study WAs conducted tu
deto rinuis th0 effect of the nor kn.l prope Ilant i ormiulamtzoz p.z rllitiete s onl
burniiiig rate prior' to devoting any suba otaiiial 'tilurt ito a st~udy of burning
rate Catalysats or burning iriti r-i( .Lr( m0lt.

((.) In the propvllan, sy ate ii uaidei study, the pl zza.11-y I ha-i julatioza poarai
ators available fur study include1 4ulidzor (Altm) eoaejramaL'P binder
cozicontratioi, '1'MLTN p1ilaticize r i.unozzetratmuza ii tilt- bikider, and alulmni-
nuin hydride t.ont.eaitriaLiouI. For puirposw A0 dfini burninga riltl dlivostigat iota,
U148 particle nsi.4 dis tribution of thu Ltvo mulid i:igruauhz cuts, i. U . , aaailaauizzuiaa

perch] orate and aiuiaaizuai haydaid4e, tt- addeep r ier Since the effect
of Lticue laut LtW. parameters (par ti&cli' UireS) CiAn1 AMzor~Ally bU pIeVdicted
quialitatively, thay do nlot otter aany uninanoal 1 jrilenion ;i n([ it remainis niiivrely
tW nmoasrur quAzat' tativalv the effect ot Al' and .ilvciniiuii hydride pairticle
sAizes inl t1i2 particular syseteza.

(C) The four primanary torii.ulat iOn p~ara auotvrm s, A P, AII j, binidue. anld
PýAaticizcr level, are imoat conveniently treated ill terms of biiidui .'oliuzn

eoxzent.'atien, O/Y ratio, and plirati-ciý air Lluvul. The 0/1' ratio esseztioAlly

17
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CONFi DENTIAL

repre.•ests a tradcoff between aluminum hydride and anmmonium perchloratc
at it given binder volume level. The following experimental plan was
designed to explore these parameters in 1-in. MiLron'.,tor tests:

BURNING RATE S UD1ES EX1PEIUMENTAL PLAN

Variables

13inder volume levels: 25, 30, 32. 5

I 0/F' ratios: i. 0, 1. 2, 1.4
-l-•asticizor levels: 30, 40, 50, 60

AP grind ratio; lFour ratios
- LMlI-I size: Two iractions

Constants V;Lriablus No. Mixes$

30%bindur (1El--I50) 0/1: 1.0, 1.2, 1.4
50:50 AP ratio

30U'gbinder, 1.2 O/'" ratio, l'lautiucier: J0, 40, 4
"50:50 AP ratio 50. 60

i "PEP-I1!, I. 2 0/. ratio, Binder vuluie: 3
50;50 AP ratio Z5, 3o, 32. 5'%,

30% binder (PEP1-I50), Al- ratio (coarsc/iLnu): 4

1.2 0/F ratio 60/40, 50/50, 3ý/6!,
20/80

30%bia~dor (PEL'-I50), Screen LMII -I to 2
1. "2 0/ ratio two i1-actioen

11
lb

S(C) Moat ul thets m~ixes requird for thib experiitwni have be~cn pro eUd

and tested with the cx,'cptioi of ithe two design•,d to tXjh)reT lIar eluiet Of
alumxiinum hydride particle size, One inix (UTX 6847) .,I the 60% pl1.sti-
cizer level was not castablu and is being repteated. ln addititou, the toeat
results for UT'X 6846 at the 40% plauticizwý level appe.ar to be .1nuiiialouu
and this mix will also ba rupeated. Tablu iV suniznarizes the. ;rnmulatiolls
tested anti the test results.

19
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CONFIDENTI AL
(U) The effect of binder conkcen~tration on burning rate in termis of volumo-
percent binder in illustrated in figure S3. The binder concentration within

the range of interest appears to have essentially no effect on burning rate.
The effect of 01F~ ratio is significant as indicated by figure 8. An increase
in 0/F ratio frumn 1. 0 to 1. 4 results in an increase in burning rate of
over 251%.

(C) Figure 8 presents the available data on the effect ol plasticizer loading
at constant 0/1? ratio. The low burning rate at 40%TMETN is apparently-
in error since it also f, substantially out of tho curves in figure 9 in

which~burning r~te is trai vid as a function of weight percent AV? and weight
*percent aluminum hydrids On the basis of the lim-ited data available lor

this parameter, it appears that burning rake decreases as t u 'loading of

TM1ETN increases at & constant 0/F? ratio.

(C) This interpretaioik is consistent with the data presented in figure 9,
in which all 'of the formulations (at the same AP? grind rat~io) are treated
withoutL regard for 0/F ratio, plasticizer loading, or binder conc.ertratiull.
There is a strong trend toward higher burning rates at inicreased Ali con-
L'entratalon or reduced r.tos at increasing Alumin un hydride concentration.
There is obviously some interati'ion between the effects of Al'. conicentration,

*per so, and the offoect t., 0/1?' ratio. The separato 0l1OLts of theso two
paranieters niay bu somiewhat easier Lu separate after the rost uf t1 o .X nisx
txeatinK TMULTN level ip~ a constant 0/1' xa~tiu have beeni testud.1*(C) These findhings offer an appro 'ach to ineeting tme ol 01in ubjUctiVoh of
the. study, ix buruing rate of 0. Z5 in.-/bnot at A1000 ps ia. 11 Wie burninig rate

is primarily a. function of AlP COncontrLIALA.nIX, it 8iwu~ld be possible to reduce
A,-' and increa3e the TMhilTN luvi%.l at & conist..mtO/F" ra'Lis) (say 1. Z).and

Acleveredcei burnziig rates witlhno sagnifM-.&zt loss in purlorzulAncu

(C) l'iguire 10 illustrates the effect ol oxidizer particle sizo dintribution.
-The ci &fraction ui uxidizor hasd an averAge particle diamiuLcr above

*300 1,t Tite line lr~ction hall an~ avorixe p..rtit In duiaiicter U1 8 to 10 1'.

Within th-., rauge ,4t coarsei/fine ratuiuL tested, thu burning ratu v ried i huim

U . 31, in. /occ to 0. 40 in. /sec. Soniic tdditiunal tusting in plaiuled te expl.oitl
die effect of isicreased cojmcenLrations of coarse oxidizotr on burning11 rate.

ILAppears fro theu whapu o0l th19 Cyv ii Q JU~at-a-~lurdlr rtclucLumM.A... .

ini fine AP-'bo~oLo~hat. reprosentud wililxiidLrm'sult ii i urthoL-, substantial
redvaciujis inl burning ratL. Furtithi i.ncreases in the "finsie" fraction of
AP would no doubt result in increasedr burning rates.simico MIuch an approac~h

has been Amply demionstrated in othier propellant .ýytciiis In the proj14 elpnt1

syst-kni being d~velopohd on the prcrebnt pi ograni ih owovex, .&ny mubnti±LL~tnl .a

incr ase in the "fine" AP' fraction would a eiiuuwly je~opardiz.e ife 1j1uCuvJing
cipabilities Af the syste; m and, to a luesser LxtLnt, the lntjchaniý;dl proportime~

*also. Z
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(Thi- 'Ag ý Inr'1issified)

ALUMINUM HYDRIP' CONCkNTRATION. ,

0.0 21 22 D- 23 74 25 26 21 1.2 28

VAV%

>0.35---

Al 4Y so 51 525J 54 55 56

N 4 o 4A L~ -I NRATION, R 611.

Fijirtir 9. (I)LlIuct u' N1 4 C'10 4 and Alli 3 ConcuntraLioxi

Ull 13uxliiiii Ra.Lo

I'Ll 1.50 PIIOPILLL4NT .

30 VOL % DINULIII

0 10 * 40 6c0 100
f KAClILON 01- I INL I'AKIIICLLS IN I QIAL AV, %

F'igure 10. (u) L'AtecL of Al' P-ai LLicl Sizu Distributiou
un b3urnings Hate,

r. . CONFIDENTIAL
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burning rate haivc been defined, the necxt ste p in this study will involve

defining the iipp roxima~tvt upper- and~ lowe~r limits of Lthu burning rate spcc -

trum. On the babi a of the tLest data obtained ijo far and thic range of foriu -

Ia tioii paramtifetrs i1 being studied, it appe~irs th dl all of the burning rate

objec~tives canl be mot without reducing the theoretical spocific imzipulse

below 2.80 mec.

(G ) Some Ptlldliu halVe alsHo bo011 conducted. to determine Uie offect of
grinding aluminmiui hydride. 1hle hydride wall ground fur different Iilie

jieriodim iii a ball nuill to roduce piarticle scm1.H anid miixe'd in UTX 6814
for numdai bomis . The i muluediato goal was to ce tormine Lim cffect of grinding
Onl proc-oN ab il, Ly .411d cured propollanit dluneit y. The ultimuate ,oal is It)

inlcro.Lso the fraction of coairsou A P .and reduce the fractIUSn cf 11i11. oiidil.cr
for tho purpose ul ac huevimig reduced 1Jurnimig r~i-tu a

(G) Thin experi mUmll#ll.It d~mtak are 8u lllmdrizud ill table V. Thu propellant
* via cusiticls werc; directly propertlumial to grinding tininc. Am grinding times
* ~incroaaed, higher jiropullaiit viacit. u eutd lrpl~m I dens11itjug

ill which1 Ulu alum mumiuaii hlyd. ide wall 'wet groumial' inl as r ylomiitril had dcii -

BiLICe; LcorrUspoiJldinJ (() timie of treatixicnt ami time hydride w.ar not further
auu-LAcu tre.&tud alter gvxmmdimmg. Time hydride ill b.Ltkehum IZU and 121 was

" dry gruloiid' anmd thenm acryioiiiti ile Ire atcd ior 17 hrL p 1 is 0. drying. T llv
lit is itic a Ali thouse two imixe a wui e prosportionail to gri limdng t hemill. The
lommgtmir thL, rimlidimig poi, 'od, t0mc lowclr the propllandlt density.

*TAIIIE- V

(C) ~llC101 il(IN DING VAMlAliLL.S ON PROP1,±LANT MIX
VlI;C0SlY AND DENS11Y-

U ýx. 61rind Tlin VibcewmLy Doasaity %/ Tliuuoeti.;..A

68 14 mill m~ imH ~ /c Doitaiu

116 0 1800 1. 4Z0 89.5

117 15 inl AN laUL) 1. 402 68. 3

Li8 W) ili AN 55010 1. 1116 89. 2

119 60) ini AN 940U0 1. 1695

lao 15 dry lZ00 1. 4b7 9

Lit 30A dry 4Z00 1. 4401 90.7

Dowaite 1453 1 miiixcid ini lormmulatiomia UTX 68 14I
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(C) Considerable difficulty was experienced on prcvious programs in

obtaining reliable strand burning rate data becau.se of the problhinrt asso-
ciated with obtaining a s.atisfactory coating on the strands. Many of the

coating materials either reacted with the aluminum • ydride or could not
be cured at the low temperaturos required. An -3nd-burning rmicroniotor
has been designed and constracted for measurirg propellant burning rates
on this program. On the basis of ,nicrornotor tests aid 4-lb mrotor test.-
from the same mixcs, there is no measurable difference in burning rates

obtained fromn micromotors or 4-lb motors. The inicron-otor design is
illustrated in tigures 11 and 12.

2. 4 IMPROVEM1ENT OF SAFETY PRIOPlERTILS

2. 4. 1 Conductivity Experiments

(G) Efforts wore continued this priod to develop muthods for minimizing

the hazards inhe runt in handling aluminum hydride. The prim.try -,pproat:h
being investigated at this time is to increase the eiectrical conductivity of

the Dowano 145 1 particles. Previous attempts Lo coat the pa.rt•clos with
graphite by nmuchaiical tumbling tnd by solv,-nt displurion did not result
in a successful coating; that is, the measured uhectricirsistamce of a

bed of Dowane 145 1 particles was not reduced as a rms ult of the ,tttInpIfld

coating.

(U) Two othor materials have b00n inv0StigatV4 fur theuir ulect in increas-

ing the electrical conductivity ut the Dowane 14'l lpar'tl•les. On mnateUIial

is a commerc.uial antistaL.ic spray with the trade n1uuc bLatikill. Tih uither
material is Catanac SN antistatic agent (stoaranxidoprtl ylditilethyl - DI -
hydroxothylamnioniuni nitrate) niamiufacLurud by Alau&ri4cani Cyanuanid.

Theme materials were evaluated as lu!0 coaLtiig on the Duwane 145 1. The
coated particles were tested in an electrical LonductLvity cell which conl-
sists of two 1-in, brass plates held 0. 25 in. apart by a plexiglaISm spac-r.

The call is shown in figure 13. A vacuum tube vlt-ohuoeter (RCA Senior
Volt Oihrnst) was used to read the electrical resistance of the SamIplC.

The following results wore obtained ,.n the materials tested:

Eleuctrical
lRe s is tance

Samplu It!sm is

Pure Dowane 1451 1000
Dowano 1451, 1%/graphite coating 1000
Dowane 1451, I%Statikill coating 40 to 70

Dowane 1451, t% Catantc SN coating 750

25
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ATS• GLAP•IHITE

NOZZLE

IGNION
ASSEW•LY

PROPLLLANT

1

Figure I2. (U) Micromotor Chamber
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CONFI DENTIAL
POWDER SAMPLE 7-...... BRASS ELECTRODL ,'LATES

TLSI U4605S

PLEXIG LASS SPACER

F"igure 13. (U) ILluuLricaii Conlductivity Cull

'J) So far, the Statikili is 0h0 only m-1aturial b~lfiCiulnLly ulfijcivu to

" arrant furthui' study, 1t is plaimud to evaluato suvural tiur"Lac.utnt which
have been shiown Lu bu uffi4;tivt ill 21111prUVilg [2rULU5 dbillt y 01 tIM p~rptltll .ll

2. 4. 2 lnm)ict Suiisitivity Tostiiig

(C) In cotnnuction with the burniiing rate StUdiUS JUS Cril)Ud ill suctiua1 .', 3,
a series of imipact tustb wuru cuitductud oni uncurud propull1.iit 14 UmpU94

which reprusisenud v.xari..maon inl 0/1-' ratio, bindur lovel, ;mnd plai1t ic iU
leve~l. Tho daiLai aro jprtauilted inl tablu Vl. 1)LnLp.It.t H(!IIlqitvity v;LluuM ii) lo

the uncured spucimurns raiigod trom 7. 3 to 9. 4 kg-cni. Thu iiuutsd zmjiti'~tj
Spt~icil e~i inl this SorioS (UTX 6848) reoprciuntud thu luweir bindor lcuvl,
25 vol 0/,x Nuithier tht. cuacentrdium1 of 'Mi~LTN in th, biiidur nior thu 0/1-1
ratio of the propellant ;ippuared to hiiva any ulluct mi proptillain qel114itivity

within the~ rallgos tustud. Thure is ;Alao. no appa).rUet eII~ct dtiu t) th
indi-idual iingrdioaits, ammunim-2 pterchluratu or Dowano 14'51.

£ 28
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5. AGINC ANDT'EMPERATURE LIMITS

2. 5. 1 orniuulatiun Impovemenct Studies

. .1. 1 lE1 Iect ol Purifi cation ofhingre-d ite nt 0-i k~ropol a nt Densaity and
Agiiig Propertiesi

(G) One ol t he lundamniena 1 p robi cm 8 atiHoc ated with tilte use ot
alum inuni hydr ide %:untaiining propel lants tin operatimidl motor s ys tems ill
thle limiit at i. ;)it stkiragc t imes and storaige ten pt-ratores. Another prnoblemR
amm Nociatcd with iiý, ut ilizationi 01 Alum inum hyd ridu iur biigh -vnertgy pV Ope I-
lant,. is the lot -to - lot variation inl tie ther-mal and klhennical sabiladity (A thle
ma~terial. Thve !~ct cit o the rmial stabhilIity onl the p rupt'l lnit p) r ,'iert ic has
NhV,'1il ý4' asi g.11416zkg during Clark. 1 , realting inl t I w-tinsity propehllant.

Tht! J) ilild kr Ciec I 01 thlt k hem cikal red et IVit y h.as 11e en s howni in the goassing
reac:tiviis that uck.u r dun iig LUic', A gain resultilig inl it low -denisity pr opt' I a ut.

(G) 111.18 inuc Iit .1& 111111 I mill IIIydti U lt iN kni~own to it'dat tWith 111015ton t

U110 'Appruo).t 1 to Uelillilllattng lilt- galHing prohIItl lhat lievn Lith- evaluation ol

a rigorLJtlh prjok etill I oI dJ ryjIng aki il~t
1

Jil-fyltlg kIj rpilal inlgrodvlh'to piori

to the ii util izialo~ll ill tile T Ii'IL i 1hLe IiX -7 S'pt jUye N L a WAN 14.-sIr VI (Ac

az 1A 1c acid1 atid mii. 'bLu le iti Al oulect lar stil it 2'5 * L; dILL
1 

lit AbmuNlutev

PrUNUc 8 01( oh aI)f UXiil.Al(I y 10 tu o Ii ~. TIhe MAP waxvis vac ll Itilm ditilled.
The Lpon H 14 was diluted til mclthiy lene thluride , LiFICL t)VI'l MUC110 1 - M~il AV'VUU

kur 48 Ill , dml tOwn tilL mlipet'l ll.lant lit4imi w~I its duLat(2d kill m tile1 mu1'~lv~it
VAL UU11I mtriipped. Thiit All wam drie jeti aO niiiiu u1111101 ot4 Il- il AI v.L V.utitan

ovenl iAt 1 90) Y. All maateii als Alter poV~l L t ttionk Werte IUpIl Ill .1 dry boX W ith

a I-clativk L deW poli ()1 - 30 CL U1 orbelow. All we ighi 1gm We et dLJtit ill tilet, dry

bux alid aoubs Squoll. ýXpIljfftlrt to tile .11111uu ihe ic-lt wa ii kep~t ito La 111hll1111111.

Ill tfible ViI, a L 01111I)11 rlUIm oIII b.&(t. i Ii1 , wijik 1 iiL wa~tlj) UiA let by tilte taltlA.a rt

pUt CLI~lre p I eViotUNll tilled. with bal.It I hi Zi, ~in wh.i it ll ilig u'udit ilts ha ye

basll purif iedt, mdi LLC.K, 5dII all f V'll illii dene ity irn H11 ? ). YYQ LU P). (YU% &1

tho~ thiuore icA I value. A ioy steim atik so bmstuitwtloll i~vdvi if oIl~r~Illtne01 by one-

WAS RIIkittlt, UtA1ltil WiNtih b~tk II tti toh detui-l~lillil Whit 1, ul tilt, ifigiI'Iiiellt H

w~m iAi ot crl~it i4l. 01u1
1
1.U itait Aon ~i L a I imc wa Us usd mi h Lim i A- 1*t*IiIv uk

1

C ulILtditio aild a m*t)il U1tLieIlt prVopJLtIilitm dells ity LL't 13 l . ill thii 8 8L! i(2

U1 Iaaixcli. a blund ol muoyeral l ots oL a lua liitiuih Iidr i It! was util iz d Lt.) S 1 Imt-

laite tilt, C oad it ioiie I.XIStiAug ill tilt mt a1le - up ta iliiti N. 1T1is pait it kiih i

blaided jIiaite i14i c 011ititied 1lots ul lDowazi lIVA14) whi cii cII c 01151deletd

lkltArgmal. Ill thin Lost sailtim, tile delsivity ot batch 108 .iidicatutl that tile

utiligtiun i ol ptn ` 11& "a. - retcived'' had thu musot deleterio~us eLtect oil tilt-

pro1Lpel ~itR dulls ity . Iliklowev er when titlie L-tiec t.0 olj' Epo H1.! 2wa exantll ied
With a lot ol veriy good hydr-idev, DL- 48Z, 110 adlild On tile int'pellalnt detlaity

WAN nocled, as ill i;lUWil ill batchel I"14 And 138 ill table V11. Treatment, Li

TMVLTIN IiAd the leaut L filtt:t oil propellI ant ticlis ity. Thie ether ext IaA tioll
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TA13LE VII

(U) PURIEI"D INGREDIENT DATA
1L 28 UTC AN

Cure
U TX Time Dtnvity Theoretical
(814 Furmulation Variable Shore A days g/cc Dansity

IOu) ILX-735 A. R. , remainider

purified 56 4 1.41H6 93.b

107 MAPO A. I. , rcioindcr

purified h'O 4 1. 504 94. 8

108 lPON 814 AIt. , rcmainder
puritied f0 4 1. 4l6d 92. 0

109 TMLTN A. It, rvni, er

puriied ! U, 3 1. 535 98.0

110 TMLTN 4 M.S., remainder
ptirillod •,-3 1. S 'b

III TMIETN 1 1% E. C., remamder
['tI rili,'I ('0 1 1. )- 90. 1

113 A, uvc n driud, re-Iniaidur

purilied 50 3 1..07 914.9

1( A. H. binder, Ali uvwn driod,

13L-28 UTC AN 4 6 1. 42 81, 1)

IIZ All izi¥redi its pUrili ,d (% untar l) 41) I l. I 15 9 6.

12') A. I. bInder, 13L 28, 3-day

bOX EtLz0, oveni dried Ali 8 '1 1.414 14. U

124 l-Puriliad isigradicuxL, (DL-482) b9 4 1. 5(;H 98.8

138 LPON 812 A. It. , (DL-484)

reanainder purified 72 4 1. 574 99. z
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procedure (using a boxhlict exctra( tor ) was again evaluated .to 'a stabilization
technique for alurminuin hydride in mix 129. A significant inmprovemnent in

pro elant density was obtained utilizing "as -received" binder over AP with
the. tsýhlet ether-treated Aluminum hydride as compared to that treated with
ac ryl o,,it ril1e. F*urithe r work is planned onl this p~rocLdu rs utiliz ing all puri -
Lied in~gredients to bee it a further density inip~roven-ielit can be obtAinled by
tAiing puritied ingredient~s with tioxhiet-treAted Dowane 14t? 1.

2. 5. 1. 2 Vacuuni Cure Eftects

(C) '[hc must sev, re gasmizii ot thie prope llant occurs during the. first
Z4 hr of cure. Accordingly, a ouri~e of experiments were conducted to
determinea tho afftect ui curing the pi ope hlant wider vacuum or of subje cting
the mixed propellant to A vacuum prior to cure. I'i rL'sulurI of this study
are Hhownl ill tAWle V111. Batch l123 is thle control for thin study. A lopej~l-
lant. dannity ul 98. Z4%1 ot thieoretical1 wan obtainud in tile control. Aluminum
hydride lot D)L-482, which hAd been treated by Dow with wet acryluiiitrilt!
(0. 311, Wate r), Was use .i ill this tvst serius, In batch 135, duplicatu soalimplem

wart) daigAused At 1, Z, 3, And 4 days, rempectively, under stAtic Vacuum
"Lt I4 ZO'. I'he( Lanie degjising p~uokwere used with batch 1311 unly At

ambien Lu tmimipcatu re, All samples1C weVL 4L.e.urud fo' it tutAl ul 4 dayu at
it I' 1. forl UXAluplL, uamiplc I iSA vian curod under mtAtic v.acuuzii at

40* V' Lor I day Itullowud by 3 days ambient lprt n ure and curud. &-in~ihl-
I 3tA wiS cured undo i anzbiunit, tnimau-rzt ure And static vacuuwn for I day
I ulluwud by 4 daym cured At azibivii't pri e~ utre. A mlIight ittp rIov(i il' uit ill
dmimity, was Lubiained with the I- aind Z-day vaCUUm1 ticatnierit at 140 * F, but

a red(ue tiozl inl deli it y ock u r zed Oil the third and fourthi dJay. This im not
sur-prising WinceU thV Uft4Jt 101 vacuum during 4gelAtiozi Shou~ld rolsult ill A
swu liug ol. the pr opu~laiii t. The vac uumu c omiditionimig oL am ibieuut temupe ratnie
samples, however, gjave rcp reduciAbility h1igh deansities. Oil all tour "alliple",
dlensitiess Lromm T). 9 tu I 00. 3%/ of thouretical were obtained. It is appa rvnt

that at aimbicnt tipcd uisno c uriu occurs iii thle U814 Lurmiulat ion ill tlis
1.1111C pe i t)(1. TherielUera, whenl tile sample1 Was j A-edC~ iti thle IZ40* F oVVen
furl cure alltu r almubac ut eg Vigtbtl PI op~ell Ant ic tamiled enough I In idit y
tO retContI oidate itsell.

(U3) Sinice tile inlitial study 1zýi-e had beuti with a lot of Dowazze 14S I
that already exhzihited good proptertir-i, a check was mniadei on thle ifuLet of
this tec:hnique with blend~ 28. A mocdiiicatiin aiiiade to the procedure herie,
however, was to leave the mixed propellant inl thle luiXLr uinder vacuum for
approximately 17 hr followed by a I i'2-111 liia cycle Aind then casting. It

uami be se en that with this lot of hiydr-ide and this partic ulari tec hniqjue, no
gjain in dQumsity was obtained.
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TABLE VIII

(U) VACUUM CURE DATA; DL-482 (AN TREATED 11Y DOW)

UTX Density Theuretical
6814 Variable _jL/c__ Deuavity

122 A.R. ingrvdient I. '29 96. 3

123 Purified ingredi-nt, control 1.5559 98.2

135A One day 120 ' F + vdcuum l uritifd

ingredient 1. 54)" 98.7

13513 Two days 120 1,' i vacuun-, piriili-dl

ingredient i z.71 99.0

135C Three dys 120I ' F 4 vacuun purified
ingredient 1. N4t 9 ". I

135D uour days 120° Y I vacuum puriiied
iigredient. 1. SZ• 1 111.

Ib3A Ono day ainbint -. vacuuma piitrivi
i gir ed AI It I . A 99. 1)

13U13 Two day. ambienlt I vacuuzM tJpili ed

Ingredient 1. S89 100. 1

136C Throve days amibienit i vaiLuuzu puirll'ed

ingr,.edient 1. SdV) 100. 1

13bD Four days ambient 4 vaLuU111 JAIJIilitfld

ingr'dioutt 1. S)2 100. 1

140 Purified ijgrodiaeut 1. sz, 9I1. 9

1IL-28 UTC AN

ILeft in mixor 17 hr, 80j* F under vacuwv•

112 Purified ingrcdiciit(ComItrul tor batch 140) 1. 5 18 95.

13L-28 UTC AN
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Z. pthlyoauiu ha. be. 3~d SufceTytiet

M.5 i Aitigth ia ny techniques to nirvii the stability and

that oi a srae. pass iva t in abtained by ionin'irs ing the hydride inl a in odiurn

adding I ractiuns of a pe' rc-tit ot water to tile ac ryl onit~rile. The tecith.iquiL
Lavured by Ac rojet-Gene ral is thle truatmnent, of tile hydride with hlot, niciuet
air. Currently it is believed that this paasivati'ýn, is occurring tlirtnsih thi'

surface oxidation of the hyd ride, Dow Chiuni' al Comipany has dein cnitrat('d

thia!. tho Taliani stability of altaininuanm hydr Ldc in u ignitic-anly iiiiiii uvt'd by
reacting alunjiinuian hydriide direc tly With Watern. Surl-act- oxidaticlaN of tht.
ordu r oi 0(1 to 117 y ie'ldaid uz ignifik-ant i n;' rovran atit in lac riai u ibllity.

(G) The bawl"~ reacti cii ac currin g il t ht waiter1 t 'atnici int ono
cixidatiuii And rediul tioza. A itechnxitjn a. or iginalily iltud ned Litidu r Cciii.r .. c*
No. AF U4(61 11)-9570) by UTl' icr anvtAnurialg the degrei-e til reactivity of

alum ainulnn hyd ride was v~a ILidtted an it surftace oxidatiocc tat laiitjaai' 11-1, ian; ;* v -

111g thle Stability JAIld (0iaap.It nlinlity Wi aluivinnaiak Iayd'idv. Th'lis ;iapj-o~a%

inivolvies reat L ing (hie Vo~waiil, v 14% 1~ sii*tair ~ with thne qu a atani't al iz.arin
(1, Z- dihlyd V' UXY.AI It In I- Mill I. Mti) aind Al izarmin ir'd S, tLe anudiumni al iza riii stnit untiA'4

Salt. Tea litat n ai was di ssol ved iii benz Oils' awd Utov'anki 145~1 was Adduld to
the uinixtu me. No ianinkediiAte our suci'tliaigv wam ii i(i c u, but, ailt.'r no vetiA

hcvu i a rud vo lor wear ohlei 'siVta oil tile his Iyd mide'.1 MS uat is. ThV iiMAt. t no aAk

tiuan p sudiat I areC inch Lill' int lly kia own, It is Aaiiislunid that aI %.hul~att' Wws

turillud calumijug I he -44 ks~ ktub atiuion cc the Vowant it 145~1 suii'liki i. 'labl v IX
isl a SUililbitI y of tliet exlt. r il .anvilil~l 0, AW. Thne difitle ne iCO 60tW9veuai hAt hem11
1I UAind I .11) Was that thhu ejx, VNI aliZAt'iin W641 nUUMauvd Ill bAth1 13'). It IS

anile osiii m (4) iig ''ii ' that thll llytrd uid with ikc itst to sil.liaurini hAd a red c c tWied
AIUniace.k li. T M NunlA-, IN' 1is J tac slUblV Ill bumnseaiae] AnA c.uld mnt& his ruinnuvud
fi-tin the iay diidua. It in ptumibrnie, the ic lure, di at ani orgnit.ii t o.iting cIl the

redut tod Ai Altii has be tsii Lux-inaud by 4, leatu curtania oin with alumna ianuia . Toa
obtui ii this 111axilan uiln sitilt Lt In cii t hu al iza rin ritahanniAit iln bL.Li.ums 1 11 aiiti

13Z2, tile aluiniainuini hydride (lot L)L-45~8) w~am giounid ian beunzsiin wil ii dii -

sthedpr sibilritycn U.Aizantcnheread s Illit. Svui' nIri'tittmistuit agnn l ~ilu

r U) 11-014(C) s 'i~ce sprto& t-A-inel W1,1tt xdzlgelitmt i bssuic sidThen obtinedux by,

Seqi e.jwty wasi ci ion i ie ld cana o with t hleIZIil 'i te-idi Luat.! u Tiisi Atiut (lidt
haviie, 2a sit ldibrvcn u~wvr qamin.n ovii rciide by ai lw ihore A viitAtind. ' isnailt as iii I

ShOUld racat withouut any nubsetjintat slide reActions u611C11 US theV cgUlAte I.annn

t~icin obtaianed with tile ahizarina.
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TAB JJE IX

(11) A1LIZARIr4 DATA

UTX Dcinaiity Theoretical
68 14 g 'ýc Density Short, A

142 13 L -28 A. It. ,A. It. inigrudicint 1. 398 87. 5 43

Io II L-28 UTG AN, A. It. ingrei-clnit 1. 1120 b 9. 5 4 b

130 13 L- 28 1. d)03 94. 7

1 1% alizariil, A. It. ing udimiat

139 13L-28 treat~jd with alizarini with
e~xcessf aliza ran 1.0matvct p~litrif(ie

89 131-456, A.R1. iuag redi.elut 1) .

11 lJ-4tl 1'~alllzaria, g4111

1', mm,11 A. R mizigueuiviat -1.41) S94. 1 t

* I 11 I)L-45t1 1% alazarmu ~I-ofl
gruuand IS mmit A. RL. aingrtdivnil I %9 98. 5'

(C) To ubtaim Llilte uA iximaum -LIatcLs tle atht 141lut I, t Ia Ii'ht I iL mit t id It'm,

all thanti, Ioaat ituama alld nA ai' u wul- 1-ii' u widl "Ais~- a', avnv d''Itga'.4 i

CUaaaip.-irialua I'iatchas of I Ita ata 142 iliuwi tlkI*ll ailltij)I'iVrttrll-i (it milly

ini ticii 114ity wasn ubliziad bj ait ly I uj tila ii e Ua vatiig I lit- blvl.~ik 48' wa el-a tld
ill I q I cuva ICIItsetlUup Lo ai Iloiaaltlium uta 911'Y0 tita thieua.it .41 dtiltt&,ijL %v'i've otaLLilicii

Li roughl Lila tiliza ana astudie.a a. l-th LI aan tudicu will1, tit t.n or vt lt, %. u, L Lo
Lu Lilurouglly e valumite Lila use. tit theme iaagacidivilt am watabilizilauag.giall~s IN
Wail &Ni U1011- 141L tOi Lilia ltagt Mri ltblulity A.itd U11 M,' % ia~t Vit tulif tIt" ot f

alutla ituml hydr ide prutpolIhlait.

4. . 1. 4 Frov -hladical Inhlibitauai

(C) A thirid apjar uilt AtLu hal r loamotac lit aaprotpu liatit tiuliksity w'i t hut

ul a aul 110a0t - rad dtia I ihlibitljO s . Oln-Mtlui ai att Dojw Uteil.alit.Al GU1 na141 kil

hIAVV b01011 paale~til With Z-tltit~ijrtIia~ttid~t (Mlis) .iki~l jlit-1,1iil-

Lthiaz 1114 (PTHA). I'licy hayve added tile ab~uve?111 I iiatt IhiMril du .11 tl it li. r
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I foran4tivn u alumhinumi hydridet and propose that the following MI3T-

A. IniitiatLion: All- H MI-Z'I . H.

C -I. c S. +H

I i. Tv~ ran anlat alla

iS
-NN

(C) TheL Lu in iaatioaa vcAc L in would pirt-va-it. the Lurtlic r dec oump c-itiuii
oi a Dlw~anu 14' 1 pis yin aai- ha win withi a aaiiaai wn l hydr ogca gam in volved.

£ ~~~It wab p allta 1.i pal t hat it thin iii cchIaa libia wvas u ~ I tile agiaijý c:ha rac t".2f-

*iticLA Ut .ilaaamajiataai hlydrid Iript.11.111t koh be ni panve111) d.

(G) Table X auumaraianv1i.ize thec tuijwvriiiaajt~al Li.t~a o both PTA - anld

IVIIAT-cuat.&Lu Low~aaa 1451~ upr'iyela nt. Thie Iiaq. i with lowe i wc Migh c Otiiigs

(1/20/) htad highe1r diumi'Lium Lualu 1% %coatud imate rih.a I i tile hydride wau
g roailad filid t rgated u ilawaiultae u"ly, I aiarginaid ov lit) damiN ity iaaip rovealicictiI ~Weia u )btjiaiid. AikvLtae 1 pd Ii1 ol thalb ~LtUdy W.iH It) tAdd Mlii directly to the
bilidur iaaotuad tiii otiuAtkn the hayth a iv. 1JAtch141 'l ColatAjil added M13T "lid

&th. 1a £2Z4 iCoait~Lill 110 AdditlioAaal lug iC dicuzt~m. Altiaiiaiuaia hydride lot DL.-4 82
wau at. ry limitiile treated. A dclialiti di up iii alcivii"y (4"I%) occurred whena

Mlii' wall aadded to tile an iy. a: oaatj Aaiaaing il lot.

o ~~~~(U) Althiougha N oaaa ia pr vuvvL mat i dcainity mAay lie obtainea.d £ roan

~ u thw uve wl Oleu two tru - rAd~icAl tiiihibitorn tented, thecir use in all tile propel -
lanmts tuft . d &ruuultcd iii dis coloratioaa anid poor curem. It is pu.)mmible that
OthAv i VVI rc'MidiCal ialiib itol 1114 ba e toL- ild that Will gVC ye a migilifitiaiit

ii~m iovuiaaaet to thai, stlability ol the pvc-pe* l ant wit haout alit: ct i ag I he p i-ope llaat.t

1. 1uuretu-iv

(U) A aiaiiiui pha~t v tat thin t tudy wati tou v,-.AluAt the cilect ol i:~ I C

aaid Lawtui t.a ontlit uaii. The rus~ult~b ui Ali- cur iii ver u ti nitiofgeai cir- rac

that: e f1c il t tiht V i.'At-I tall a iwinag ca~titing av ii, Nit O iii table XI. Cu ring uiujc r
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TAB LE X

(U) FREE-RADICAL INHIBITOR DATA

UTX Density Theoretical
6814 Formulation Variable s/cc Density

142 BL-28 A. R.. A. R. binder 1. 388 17. 5

125 1/2% PTA +BL 28 AR, A.R. binder 1.461 92.0

126 I% PTA + BI, 28 AR, A. R. binder 1.420 89.5

127 1/2%/ M1T + BL 28 AR, A. R. binder 1.472 92.7

128 1% MDT + BL 28 AR, A. R. binder 1.420 89. S

89 DL-458,A.R. binder 9z

133 DL-458 -!, 1% PTA ground 15 min,

A.R. binder 1.z80 93.2

134 DL-456 4 1% MBT ground 1 min,
A.R. binder 1.384 87. 1

137 DL-458 +Sv. dried An. ground 15 miin
A.R. binder 1.464 91. z

141 DL-482, MI3T added to purified binder
(11/6 of binder) 1.495 94. 2

124 DL-482, purified binder, control 1.568 98. 8

TABLE Xl

(U) EFFECT OF PIROCESSING VARIABLES
ON PROPELLANT DENSIV Y

Cure %
UTX Shore Temperature Density Theoretical

14 Variablu -A days g/:c c Density

112 All ingredients
purified (control) 45 3 1. 52 95.6

114A Air cure, purified
ingredients 46 3 1.53 96. 1

114B N 2 cure, purified
ingredientb 48 3 1.58 99. 4

I15A No vibration, purified

ingredients 45 3 1. 4 96. 2

37
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nitrogen resuilts in a significari. density improvement. The data shown for
batch I 15B are questionabl.e as the bamrple foamed over during the vacuum

degaissing step.

2. '-. Z Testing and Evaluation

2. 5. 2. 1 Static DT'\ Experiment

(U) Three iiiicrc-motors of UTP 6814 composition were placed in
Uutrage at 50' C at relative humidity levels of 0, 50, and 907o, respectively.
There was no thermal euvent recorded up to 1000 hr.

1 (U) The static DTA experiment iti designed to detect any thermal
evenit occurring wtflin thc propt-ilant which might lead to spontaneous cook-

ufl in wtur,ýd mnot~ors. In the UTP %,814 formulation, such an event would
b.- most likely to be caused by an accumulation of oxides of nitrogen pro-

duk~ed Ly wlu'v decumryosition of the TMETN plasticizer in the binder.

(U) The samples tested in controlled humidity environmencs were

I (H) The riumplehi wtire Ntort- ' t temperatureh: ranging from 50' to

''C for 1000 hr. Although d~elrioiratiun of the propellant was evident,
h,~ owas no' the rmnal event recorded.

t(;) Thu lL k ol c; thermal event at thecse elevated temnpieratures does
iW -1 )~JjjV, clt n.OICLiisVi' evid(.ntce that an exutherin might not take place on

.*cngc, -Iiijagv , ai lower temperature, BiuILe theV visible deterioration at

111ý 1-4141, teile iS~ Pri-bdbly due to decunipos i~ion oh. the hydride.
11 .*j ,rsiwe 'it be repeated at 350 C, a temiperature at which the.

I yevii wj'-i the * u¼c tur a lunger period of time.

* .~ . I ~u! Webi 1"ickaeus en Stability

V(U) m1.~i U'l P 6~814 wcre cast in glass tu' es of various lentgths,

.111d btured ot "W G30. Tlwi. xpr rineivit did not y.i I1d mecaningful data because
*L Ia ci -wlIm~J.e ~pnc il~t ~I r c ari ed within the first week.

xi 4' t .u -t will be i. 3" 1) a el at 11 I 'wc r tellipe, ature.

* Is ii.Lti'.~iCriticail 1%joit-ii VklS. III

CONFI DENT! AL
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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 satisfactory bond was formed between the propellant and clean glass.
The first saziples cast in glass tubes were stored at 50' C. Decomposition
was rapid at this temperature!, and the 2- and 3-in. samples showed bond

failure due to excessive swelling within I wk. This experiment is being
repeated at k<,wer temperatures.

2. 5. 2. 3 Effect of Temperature and Humidity

(U) Samples of UTP 6814 in the form of 2-in. cubes ;ire being stored
at various temperatures and humidities. The cube iamples presently in

storage are summarized in table XII.

(U) These samples have been in storage I wk at the pr.sont .vriting.

Measurements will be made at weekly intervals.

TAI3LL XII

(U) TWO-IN. CUIE SAMPLES IN ST'ORIAGE

Relative TcUZUM' r Ito re
Humidity

% 250 C 3 5" C 45 m

0 3 cubes' 3 cubls , cus,:

50 2 cUbes

90 1 cube 1)-

: All samples over ')0% density, LrX• k p wh.r 1, ,ar kid (" it) I i4th.'at.

one sample over •0% (iensity.
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2. 6 IMPPQVEMENT OF PHYSICAL PROPERTIES

(U) The objective of this task is to imnprovc the mechanical prop-
erties of the propellant and to im-prove the stabili~y of the muchanical
properties. The miechanical properties of UT)) 6814 developed under Conl-

tract No. AF 04(611)-9570 werc in the range of 72-piii matxiinuin load and

16. 5% at maximumn load. T he objective of the current utudy is to obtain
measured values of 100-psi nmaxin-uiri stress and Z0%4 Ftrain at maximuni

2. 6. 1 Evaluation of Guratis'e Systems

(U) In the pre-tvious report re,,ultu of an :valU-Ationl Of CAlldidAte cuIra-
tive systeniv with a terminally carboxylated polyester (IIX-735) inl anl uinilled
binder system were prcesetetd. In addition, data were preel. eted onl Ilutruii
tLsting of aluminizcd propellants niadeu witi, thuse curaLtivus considered

most promising as a result Wf the unfiillud binder tests. Al! of the curativem
tested were t riflunctiunll1 mimeli typcv nate rials which wurc Wltestd gen' aally

at four or more equivalvnt ratio fuvelti and also in; -omibiia~aiun wati thuolcr
curativeti. 'Thosue materials eva~luatud were NTLU3, NT1-'13, HIMA1', NC 1U.54,1

NC; IO26L, M.AM, MALS, 11X-808, IIX-858, l1X-874, DGA1J, anid MAlPO/

Lp oi 8 12. It was concludud thaL nono .it the Lcurativus avaluated wvtiou As

effective as the MAlIO/Lpon b 12 combination. Tile bust mooiasei. , al prop

arties were obtained ton a .MAIJUO/Lidaa H1,' cuied Weoll Llataiun, X 7902.4
CromsheAd data obtiined onl mpet miueia of this toriniulatiaun %4ezj i- b2psi4
and uCl 2%

(U) It IWO beenl WUund t14t ciAlciwia ayd~roXidV ASccelerAt' cure of

the U TX 7902 binder. A series Wf mixws wearc made ti. detari the ealvct'
of Ulu udditiun W oti calumu hydroxide uti thaL maut~aisaical prupt- W o the
propullint. A aumnaaaary ot thkevu data is preucaited anl tabit X I t was

iounid tha~t U. 5 t, W% LalLIUMa IlydruuadeL gavteWa IMIJIVS i litula:::s;Li

C-1 0. U5 wt %/ are used, thL tCl~iU.IJtAI'I o the prpt-Ilaii~t in alletutod avre

(U) Nitrilutriuthyl -4 propjiyluzaainoiiibuLr'ya~tt (N f1'1) was Lasted in two
&IluaaaanatJed JPl.)l.15S Jrtpl IJ~.J¶int torainal..atious to eva.luate the vitett U1 ill.a

4imcna tcurativw iii Luonabiiiatiau with MA1PO atd Lipus 8 12. Tesit results are-
prosentud ill taolu Xlii. GoodI tensile stranllai atid Celu11aag~ion valuesk We Ic

obser-ved. Sitice previouri touts h1AVe GiMWnI cure revers Ia okwhusi NTlJli
wan uncd alone, additional U TX 7942 proj..hlait wah prepa red idis aiccit i.-

atdagings tests.

4U
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TAM1I: XIII

(C) f'l.,•T C()V VAR1UOUS U'IA'1'IVEI:S ON
ll';l'- 15') PI'IOl)I'kL .AN '~I'""

5iq,... ,N dStrain at

" u iltiiol nl (cu ra ive and Md k n ilii Max lii umi
U TX -I j- vdl eyt 'i PINI _ i• ... •

790.} MAI'O (1. 9) 0 Z

El ON 8i 12 (0. 7)

79 M• M\ PO~f 1 1. )l) 97 i

ELON H12 (0. 1)

NIIO(. WI I IC)
l.a(O..li) , . 0 i• wl %794') MAl'u (1. 5) 1"" oi,

ý.I': .) N I (01, 1)

.A(Ul I) (o. } 0 wt %

7,)4Al MAI. (1. S) I I' 17
tl(W O]1), 1. lii "I.,

79N- MA A I I )

LPON 4I" (0. 7)

7943 M AI) P0 ) '.l,

NIT'PIlt (). )

7914 lix Mi1 (1.41 II

791 I IX-"�,"I 1.'

79 lo, IIX .814 (I. t)') 'iMl I

14t1 fl tW I! (0. 14

791( IIX -*1, ( I. 1-.1i) I , t.
l.'tiUN 8I2 (0, 1¢'P4

Ito. 11% IPEI' t'l

16. 0% Al
47, S% t urucI Al' (1 Ii)

20. 5% hzmv Al' (,. ti)
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(U) 1- auatunii~tl wi'yfe uiadt with a proprititar-i aziridine curative

(11X -874) obained I rnun 3MV Goi'.lmav, /A sumuna ry ol Jihe me chianical prop-
erty dai-a in p icbtviitcd Ili taible Mii. Thie addition of Epun 81-' to the c~urc

syu tea~ tlt ima~prw mc h t -un ilet properieti. H owevyer, t hc tes ted furilula -

tio d~lA(id tnol. givile z-.tmia iVA rtt vlongamiaton values obnb.er ved Iin otlmker p ropc lidnt

()Am t ic- i it't int I at quia m ve ti i at Ly (Ill M) is a t rilum1Ic tiomial
ai..ij Idtfil, tI Ill - (? ~-utlay laz. I'rdinyl )-41 -it- iasiai. Thais curat ave was tested by
itsfr: .1 maid at p k' ill, ~'di wit~h othe~r t iii-ativem. A m41,umiianari 0'1o thelle testsL

14 pei'ruvtod Ill table "61V. TIli imov ul TLM ill t uminatiomi with MAI'0 amnd
kptmin Si.,! r'i.quitlt itai il lpp~ire'lt iaal 1Jlt)Veliiilit ill aIolia,.mhliacil propeirties.

TheVO (u. )1411 a -ii't it' OWm uild he aijiemiabi tu lu itlav improv emnl-2t by uphtill izlg
c v'~ t' raationa. Fkurithermiiorei, tu i'd ulni plv tiiit U TX 7S~i74 atid UT'X 7N79i'

have tb1.eggi Sti .ei1 wto Wk i bO V" ;4114 lit) r-ve a a. jun ha. bilt ai obmtj avod.

(11) A1 I evivw Lt thoii dAt~a ham en liviiaadu oa all ut Llitil (,liec l1aamit

proteittia.ed vn.thi ( lie nevw u itrtit my' in .d Ill thu kliii tn1t pr ui a&.1an. Tlhei bvlt
iitlmi.hllii. alIi tpa iji'ilkCgg ll.ivv liv'en lanai, VIA P190., U'1'X PH,!. aiid 'LJX 7Y').i.

'lhti. oiitag iAtiotiUin art, omiciiad un thm,' Itihlowmp , var um %tiaun tl t-uiativv'a.

MAVUt/1pk Iliuli i1A 1'0/ Ljpmi / NTls~I, aiaid lV1AP0't/ Lptaai1/'F 1311. F'lit' %, Uli'alkvk

my-titi Ilila '1i4 64e111M itented Ikj deitvaimiaia' Ntia.4& i m~*a~ttllity. Il''ttimiailatoiomii

wi~e me t'ued At. tlli t'ai tit I witk time %, .4 .'0* V .Aid 010emi am'm Vd tAt 1'll0 . I.
11iii' shmidlauuIaiL lait-iM1 "ziamiplit't at weeailly tinteivll.A itir sta14aw Alia

'111 mi p pllt i

(C) Sila~itt thamil W0.1% 11i' uaic ah' &m titM mt hl vtduakic p. mtiiiemil aiduil
ulka i. thu 11'hmamlilalay puai~palialitt tIvt.as biti.' aiida tuitemit w'a. adjunsted tto

Z-1 vul % lur all tint 0141~'piluii shlaii.ralgeiut ilalk"14. Thed Adjaimatled fuilaim
I 4iq .llim Ago ItalLitili 'd hy ik Iti.dwmlummatkuluma ITX 7 Ut), WiIX 71/01, AndL U TX T104.

fu luaaulatitmil alt. 8aaaii tir a u U 'IX PAZ , VT'X ')9U., anid U IX POO'9.
T~'ab... XV p1iumvaiLm in li Lli. a a I UImLam t1 iUn Ihdat AI' mIlkt tha' M ALV~IVIjALud Allilma
p ")jIAI1 aaaalid OWi ma, imi i pa0tA11M 1aj1 011a-1 aItls ~aLa~l OSI~be Ath 0111iia41,aa , Ille I, A v

&Li'i~aiiiitt opa tlmi~haalN, Vl'luwimig miaiatal u'vAluuatami ii th Lim L P Al -A yntemai

11ihad a Iotavakiti~tloil of 'I 1vtlam Ill m& aum ilinaluli htyala Itilt oyn toea miwas 11liatit iad.

Thmit dlat.A Alit pa t-ileaaId tit tablu XVI. Ua upetil~an U'IX tili 14 a'sasiwaatiAlly

I upa lilieaima~ What will pmt .alaa4hly be tlma. timial jamaajutillaaat mo,1.' Laai lal IIIM thmai ta

gAUMli .1 trilm tit o tuttil untalids tuaadtil mild lit tvmiaaa" o aiatit 11.ml zt'm level Ila

11i11 1) W1di a. M46sAstia d VUI41 ASIllu ut 114 pll~ 41ida 1, M (a. H% Imii1tiltAtI

thxa&t tj.mtitei t.11(J1t 11 Au 4 th e tii,' ii ive 11yatamm ani plk m 1,111iatp tile 1111ly111ai' a t

441
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TAB LL XIV

(G) EFV1ECT OF T'1M AND MIXTURES ON MLCIIANICAI,
PROPI-RTIES OF PEP- 15' P1ROQ"-L1. NT*'

Strces at Strain i.t
Formiulatiou Curativc and Maximum Maxiniunl

UTX .;gCui va lenta L! __ I__

7577 TnM (1. q 40 13

7T7 "r M ( I. INh) 1.) 14)
E IO:-(N H I Z (0. 7)

7S71) TIIM (1. 3) 1,7 Li,

EPON 81.Z' (0 55)

758,0 "I'M (1. ,.) '17

IIX-87.7 (0. 7)

1•81 'I' 1NO, .(iO I~

T i1s7m (I1. I 1)

UNXI-7 (0. ýS

, 71)H4 '1I'sM { 1, ý ) I I

Nri'll o.0 .70)

7514hi I Ism (I. )0 il I
N'1'1111 (0. SJ,)

75Hfa T 1ONM (I. D N)AL 17
UNO.X Z01 (0.7t0)

'I' ui- (i1 -u) i M -1-

U NUX "o 1 (0.U

758H .II1M (o}. 'io) H•4 1

LAI' ION "li o

75 14 1)N 8 £ (0. 60 )

MAPO. (0. o0I)

1:110N 81 .1 (0.7 )

Ib/{ ' 0 I'IM (u., 4 0) , '

MAIlu (v'. No))

k;I ION H i (0. 7 0)

7s _4 1 1- .; h IU..)4

'vM MA I I,) (0. 9
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TABH', XIV

(CG EFFE.CT O" I LM AND) MIXTURES UPON MECHANICAL

PROPERTIES OF" I -150 PlROPELLANT* (Continued)

C ro s head

-Streo~m at Strain at,
kJ'urnuauht Curative wnd Mvaxim um maximum

U TX l'-'tjiuvahvntm %t _

7594 'Tl6M (0. 7) 83 41
MA1ii (0. 1)
k; I'UN 8 1Z (0. 7)

759 T I 3M (0. 6) 4) 4.1

M8I' ((0, %))

IV t 110 (0 .6 %)

,k I.;1 0.N 81,' (0, 7)

'1 ) 4 'rilm (o. 8) 71 , o-M MA 1'0 %0. 4)

LIJOIN 8;4 (0. 7)

j159) TII {0. 9) 7 8ii
ZVIA'1 (0. S)
1,. 1 'ON 8 1 Al (0. 7)

sb 96| -1- LsM (o. S1))i Im

M l'A IV -( ) 1 0 )

CO I )N KENZ (0. 7)A

KI

7S91• Tl'mlv ( 1.,o t 1 l

I•F')N 8 2 N. Z's)

11 40 zI t (I. UU) L14 I '

EL UN H 1! (o, 7 h)

I~ k' I% I L I ,& t L t I tI:•

e,~ ~ ~ ~ ~ l Sb ln~ • % TMIL'INI
S~21% Al

J2. 4 Guwis'-m Al' ( 1901li)
S~~~~Zi. U' 1' w, Ail (, ,

• 44
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TABrE XV

(C) EVALUATION 01 PROSPLCXTIVE IMPROVE) PEP- 1'( BINDER~S

UTX) 7700 UTX 7701 U1'X 7702~

Mvate rial Equ iv.a I nt EIljU valE' lft L i ý vW Ie

IIX-735 1.0 1.0 1.0

MAPO 0. %1L

TBiM 0, 7

LPON H 11 0. 7 0, 7 0. 7

Alum tIiu I o. 00

All (am re%. ivr vd) 4'). 78

Al'(lul')I. 2

E.thyl Golits'Alik; 1 Ut

I lljt It~t t ki IA'll I dI.& at . 1 0 V

Sts v'lE at M.A1i Il~lsI I''
m

I

jaaj' k 1t 4 0I V

0 4 1 IIH

SL4.&Iii at M0.A l' i si t L I .~'
Sto &hiv, wk at 140' V

U 1/ ~ I 1

1 18 e.

2 I) .1 1*1

4')
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(U) Two maew nImynv s have beeii t es~ted an pruspvo lierem' iic

tui Llic tLurVretitly use d IIX -735. Them e pm miymme rm arc liem unM eid il ill effor tov

it) impt-twae tile piujieIlaidt me,42 hanii.al I j) IijW '(iv('.

(IT) 111"th tl'c pif)ymi(rm are' urWojfltyI glyt ul azeilaitill. III pidyly't('rm

s uppl ied b~y Emie ry Iniduarc s C. The )im' Ii ut Cthese'II in iki litiiiii'i as

Limlraoy 102 5 -9 H amid hap a iii oCLe kalar wr'igilt ul I900) h'le me amid is

Emery I OA¶ -94 -I whichli max a molet-ular weight iml 29W0. Table XVII pVi-4

* omits a a umimmiary ut tile foramimlat iniNI Ntented amid thev mc auklt imig Iitii v la,lik"
pr upo t.eu . IEat..Ii Wt the pý)Iymeia s apjvarmu IU 0111)w amolimme iimi rtav~ill e mats ill
tile mlle; Iliali#,ýAl pro'mpfe -i'to . The Iimp roe O VCIJ vI uMAII (om f 1114 h igh im a I Iii Ilela a
Weight pm'1I iiier (Emme my It0,'5-94-10 amid Lite 14imod t emma le srithmigth ioat 10 liNImw

mm llollaul-1 arWe ight Iumml ymm me (k Em1iir y I011(19-jJ) t c a mu otimd Ot Mmet lm1mim AII

proppl m'y ta ilum-Imiw boy hm1le mdimig thil't! (WU liol ymCI me. I 'a. 0 Il.1A mIt IiXVJ' hAV63
bjlem' ma&tjuj to evalua~te till .1 Lu t i 6nmad111i ti lie I wt) Emiii emy ml ymierms

Z. 0m. 1 It.Il~m %if um tAY11wmm' TImeinimmiut till Nimlaiw ) 'mp'ma

(U 'The IIX-'iS, wdyllymiea u0Vp lk Owm P~.'lIA, pemitllf-iniit limuultrm uYnt'ivi

im tar4'min'mmtly I 'eatmid ilk a mmmmlat mla. still tilm t1m,' pi 'plmil '01 m~m

1mmmmlftue gmild u111"Im )Uw~ imiulemitila I/mpighlillmatem~lm 18 'ii" Whi mit 11pil lf11live it)
lie m-41116 tIVE With Alaamm'lmmUmmm liydxidtc'. It IlAs b~lm'emmost'l-.~aveil diAt Al' ak mm'ammlt

ul tLiIU ri-wAatumim thile aqtmmvalr'mmt wchiil~l#It i (ll. 1,,lymcmI'll m ia aiaully I .tmmcm'i

&l.imti 1t11%. slid plyallm al Ill Appiel ties aim', 4 umiatidmim aIIy ImmaIl mmV4111.

(U) A 11umimm141Yilla (t Imi 011411 t ilt 01WI-aa.mmM1 vmia maa ibem m1vill~t'mI ill ''i'e a a

t1(1mm mit t114 mulemml)0 jA 10il mlii um IX- P) vqtmimiviu'i~t wtighsINm La lmmmiwmiilit tiupitim XVIII.

T1119 *Ilsm I -,ii pimysa ii A i I'pmm t)Iw~m' mAt pim 4114lmm'l~mL mrnmuidr 11,1mii jmmmlymmim'l Stjib.1vt tmii

ILI (lie ma'.mt litm .1m6il tieatimic-.It Is alimwmit Ili tableI XiX. Ammmmi mit ilrastu tmm timmails.

smmd Simum.. A It, dmmmas we.m %A~aitomd w'itlm them limlmm'pini milily 1himlyImII I. U t i. mlmmit -

dilly muluam in thit11 imitmmui$mr IN thail' it) timt, Ili, m val'dmm'. 6im11110 a 11mmt~ tlt; ll il Ihlammm.

(L.) 'I'lmi anlimict )Ii ACmimIW ta t ~i it thin. dif.r'lmli Nimn 141 It)014 oiml~em Iii I IX IN

ohmuwmi imk mmix U IlX ()H id- A. A diii I mm44ll' (1,111111miiy Wall SAAtaImm'm 1111l14 Sitimkil

Cmit Iittalat tbuml 10et1%'m'eŽ'tilt liii' lumiuiittm imyulitlm' tmill Tlie iiýýrflaim ai 1 I.

A. 0. 4i Life, I tint '1luElN l.,umthikmu mmi'm PijmmýLýLsmit Mci Imaim, '11 I 'm1jmi~

1.1) A mciiiai ivi utmixism warn tvastod liii tilt- litmmmpuum' mit evualo mimiali (hiu

suilwit-m uivas..11 la ol vill m thu 61111101' Wta IlWmm hmlImIt 11im'L Im.amu1i Al ilm mIPs- mAImrl.

Th lii a uits uL thos ed i mtmu li ent pir iil-i Ii tm abltn XX l imit lit ii ivm m. 14.

IL ir0 Appaiemmt1 IimAt Iii)lOJU11aimt lItiVA miiVmlmItIu 41m4' tiimtm Ht11iiitlktt- It) imhImltml uI-in

Ifivel wiloninmk time 1cIimiaumv 1 am tiuuim kcpmihiulity With ilmt mrlikilimm jmahint Ii i,tI

47

CONFI DENTI AL



CONFI DENT! AL
TABALE XVP

(C) E~VALUJATIION 01- OTlj.IF;( J'OLYMEI(S (ALUMINIZ1D
PROP1P:ILANT, -24 VOL % BIINDESR)

Gro)ushed Data

St,. at Sitrain ait

kEiit' 'y I U.!i- 91 (L. 0) 91 19

I-;I'NM IZ(0. 7)

8..?Lim, i-y I U.!ii -94R((i 0) 6631'

TA11i,1; XVIII
(C) IJ I- VCT OF. NMI.LtAu I.Al sr TI. 1,1, MTI III ; ON

I Ix 1 %10 .QU1IV A 1.1.N'T W IAk;I I

Am ICJL43~IV41 
147-1f ~ mul u, 141I -& S&4It~..a., V .tl I~iII. lIm W I¶I .I I W

No Lia %ta ti' 8711

Coldi I I .41 IIN Gil H s~

4 88

CONFI1DEN'-TI AL



rC' I~r- [krrITA I1.I ILIN I UAL

a' G' a'0c co

00 co 1

'Ul

z cu 0

r~ OII 'd'~

(4) u. 
'

* "44
'U U- i

rN 
u

"J ai

-3 :v -4 t
0

$.: X 0 ~ i

U) 0~u
>v t u1

u4'.

U, 0)
l lu >~

d) U t

1-49

CONFI DENTIAL



CONFIDENTIAL

TABLE XX

(C,) EFIECT OFW TMETN ON PEP PROPELLANT

MECHANICAL PROPERTIES

St 'rss at Strlin at

Formulation 'I'METN Maximum MZx in1uin

UTX wt% tpsi
I

7703 0 194 16

7704 to 165 14

7705 20 15 1 I8

770 6 •0 1 A4 t ,

7707 [0 97 19

7701 50 86 22

Forpu lation

Material Equivalent Wt %

HX-735 1. 0

MAPO !. 17. bU

EPON '"12 0.

;ITMILI'N As noted

Aluminum 16. 00

AP (as reccived) -15. 78

AP (ground) 1). ,2

Ethyl Ctntralite 1.00
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contenl is r-inin-ta.. It is because of this effect that the plasticizer l evel i5
being 'haintained at 50% ratlier than being inLt eased to 55 or 00% to g;ain
modest performnance increast.

2. 6. 5 Liner Evaluation

(U) l'hc liner de veloprnent and iniprovement program has bee-n based

on thu re sults of binder tests u.sed in the propellant .valiations. Ten basic

forniulations were chosen as prospective randidates. Each was mixed with I
carbon black (Elftex-5) and wollastonite (Cab-O-Lite) as fill, rs. Small cup

salvrjples were prepared and cured J6 hr at 140' 1F. Propellant UTX 7702

waas cast over the liner and cured 168 hr at 120' F. Qualitative analysis of
t-hc interfacial bond showed L200-36-4, L200-38-10, and L200-41-1 liners

to be the best of the series. Shear tests are now being Prepared to evaluate

each of these liners with UTX 7700, UTX 7701, and UTX 7702. Quantitative-
data will be available from these tests.

* i
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II. .FUTU±.E WORK

(C) The most promising formulzitions in the PEP-150/AlJi3 /AP system
at 23 vol % binder will be scaled up to 10-lb motors ind tested to obtain
maximum delivered specific i-pulse. The compound BTTN will be scaled

up to 10-lb motor 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 evaluatibo.

(U) Burning rat, studies currently in progress on the micromotor scale
will be completec and promising formulations will bh, evaluated throujh the
10-lb motor scale during the next quarter.

(C) "fudies to reduce the hazards 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 he completed.

(C) Studies to improve the aging and temperatLiure limits of aluminum
hydride propellants will emphasize the evaluation of several promising
alumninum hydride treatim-nts in 2-in. cubes and l'1aliani tests.

(U) The evaluation of reactive curative systems and of variations in
polymer molecular weights will be cnmpleted early in the next quarter.

An improved liner system will also be evaluated.

(U) Activities on Phase II, to characterize an improved propellant formu-
lation, will begin on about I Decenmber I1965.

a
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i3. Atstract

(C) Efforts to minimize the handling hazards of aluminum hyeride by

increasing the electrical conductivity of the particles have been partially
successful. A 1016 coating of an antistatic agent reduced the electrical

"resistance of a I in. by i in. by 1/4 in. bed of particles from 1000megohms
for uncoated hydride to A0 to 70 megohms for the treated material.

(C) Propellant density studies indicate that in addition to the extensive

drying of 4.ngredients, pý-op'2l1ant density can also be increased by sus-
tained vibration and vacuum applied to the cast propellant. Surface treat-

ment of the aluminum h'ydride with quinones, alizarin, or alizarin red S

results in -ubstantial irnrovements in propellant density. Testing with

free-radical inh.hitors lias resulted in no noticeable improvements in
propellant densities.

(U) The most promising curative systems evaluated to date are MAPO/

Epon 812, MAPO/NTPB]Epon 812, and MAPO]TBM]Epon 812- Propel-

lants containing these curative systems are in accelerated 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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