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ABSTRACT (C)

The investigatior and characterisation of tiae saturated hydrocarbon
binder developed under Contract AF 04(6)1)-10386 for uss in sclid rocket pro-
poilants wsre continued. Fortv-five pounds of a secondary hydroxy terminated
Telagen S were cdelivered -5 aerojet and characterized., Funciionality dater-
minad from tl.e croueslink density of a biader (1.9) is higher than tha® doter-
mned *-um the molecular weight to equivalent weight ratio (1.65), The giffer-
erce xay be dus to nonfunctional units i1 the prepolymsr., Aluminum mstal does
not interfers with cure stoichiomatry of "workhorse" propellants, but the
interference of certain plaeticizers was further demorstrated, Binders wire
rade fron the Telagen S prepolymsrs and characterii.d by uniaxial tensils
behavior at 77°F, stress relaxation at 77° and 1S0°F, compresei... after
swelling in toluene, gel and sol tructions, and Hoomy-Rivlin constants,
Linear relations ware demonsurated betiveen the gel fraction, the Moonay-
Rivlin G, constant, the crosslink densiiy, and the logarithr of the initial
unia.xul tensile modalus, Swselling etudies in a large number of solvents
indicate a C.E.D. value of ab%out RO for the binder. Propellants were rzde on
a LOC-gn sczle and vere characterized, The presaure exponant for burning r=ate
was 0,7 for these propsllants (83 wtf solids)., The rela ive viscosity of
NH,C10,-Oronits 6 slurries vas at a minimum for an oxidizer blend of 35.80%,
32, 101 and 32,10f by weight of particles averaging 6, 1.8, and L19,, mspact-
ively., This blend was selected to prepare a high aolids loaded propellant.

Compatibility studiss were extended tc include epoxide and aziridine
ruring agents as well as isocyarates and the oxidizer hydroxylamine perchlorate.
Hydroxy and olefinic functional groups are compatible with "as received" MH-1

d -2 and chroms coated Be, but carboxy groupe were not, All these functional
groupe were compatible with hydroxylamine perchlorats. Isocyanate was the only
curing agent which is practical in the hydroxylamins perchlorate srstem,
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THE DEVELOPMENT AND EVALUATION OF A HYDROCARBOM BIXDER
TR HICH ENERGY SOLID FROPELIANTS

I.  IMTRCCUCTION

Thie 1s the sscond Quarterly Technical Report submitted in partial ful-
fillment of the requirements of Contract AF 04(611)-11419. The report covers
the period 1 June through 13 September 1966,

1. CBJICTIVE

The objectivs of thie program is to further develop and evaluate a eolid
propellant binder system epeciiically to meet the most rigid demands of advanced,
hizh performance eolid rocket motors, Tho solid propsllant binder system con-
elsts of an isocyanate-cured, saturated hydrocarton prepolymir developed and
evaluated under Contract A¥ 04(611)-10336, Further development and evaluation
will involve propellani optimization, maximising solide loading, adaptation to
advanced oxidizers and fuels, and study of the environmental stadility of *lLe
provellant,

III. SUQURY

A, Forty-five pounds of a secondary-hydroxy terminated Telagen S were
prepared by The Censral Tire and Rubber Company and delivered to Aercjet-GCe:wral
Corporation, Ths unsaturated analog (5 1b) and a carboxy-terminated polybuta-
diens (5 1b) with similar carbon backbors were mads available for study., These
were characterized,

B, CTI (1.2 kg) vas made, but soms of it had a low NCG assay and will
require recrystallization,

C. The functionality of the Telagen S was not resolved. The expected
functionality (molecular we’,.. to equivalent woight ratio) was about 1,7 and
lower than the effective functionality (from croeelink drwsity of bindere) which
ie 1.9. Evide:ce was obtainsd that the difference was the reeult of non-func-
tionel units,

D. Aluminum metal did not cause a loes of isocyanate functionality
when in contact with HDI., This indicated little or no inter ":rence of aluainuam
with the cure stoichiomstry of Telagen S prepellants,

E. The cure interference index of a plasticizer vas defined as
[1-(1socyanste remaining in a standard test eolution/isocyarate remaining in
a control soluticn)] x 100,

.1-
(Thie pece 15 lnclassified)
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F. The cure interference index of squalene was lowered appreciatly
(from 60 to 9) by vacuum aistillition, A redistilled IDP (Kmsry Industries)
wvhich inhibited the ture of a Telugen S dinder had a measured cure interfsr-
ence index of LO, Armeel M, oleyl mitrile, eeriocusly inmter’tsrad with the
ouring of Toclagen S-lsocyanrte dinders, but the cure interfarenca was re-
duced by pasaing the plasticizer through a column of silica gel,

0. Armeel (D showed interfererce with curing of asiridine-cured
binders. Thie indicnted that the problsm of cure interference was a gensral
ons that had g~.m unnoticed becauee the effscts or the interfersnce had been
confussd with plasticising acticn,

H. A consideradls number of binders was prepared and charscterised
by uniaxial tensile tehavior at 77°F, strese relaxation, compreseion after
swelling, gel and ol fractions and Moongy-iivlin constants.

I. Linear corrslations were demonstrated betwesn the gel fraction
and the Mooney-Rivlin C, constant, between the gel fraction and the croselink
deareity, and between the Mooney-Fivlin C, constant and the creselink deneity,
The croeslink densitise derived from binder sirees rolsxaticn and from com-
preasion of tolusne ew:llen btinders were not ths sawm but were related in an
approximately linear manner, The log B (Bo = injtlal unisx:al tensils moduius)
was linsarly related to the gel fraction of plast.cized binder,

Jo The ewvelling of Telagen S-isocyanate hinders was studied in 12
additional nolventa, The scatter of the data prevented eraoct dsductions, but
the dinder CED valus was in the vicinity of 80,

K, Propellante wer~ .. udied at the LOO-gm batch eize, Hydrocarbon
plasticizers in propellasits ied to nigher initial mnduli than did ester type
plasticisere, For the propellante, an NCO to OH ratic of 1.0 and an HDI toc °TI
ratio of U.0 were Ddest,

L. Although propellants wesrs proceeesd at 125°F and cured at 135°F,
some were tuccessfully processed at 110°F, When C-1 wae used as a bonding
agent, CodA was nct as satie’actory a catalyst as when DEA wae used. Dotlife
was a problem at 125°F but not «t 110°F,

M. Preliminary burning rate studise with 83% eolids lcaded propellant
showed a preesure exponent of G.7. Tbis was & usable pressure exponent, but
on the high side,

N, The effect of fillars on the relative viacositiss of NH,Cl0,-
Oronite 6 elurries wam netermired for goms B4~ and irimodal MH,L10, particle
blends, A blend consisting of 35.80%, 32,10% and 32,10%f by wzght of particles
averazing 6, 148, and L419,, respectively was selacted Lo bs used for a high
solide propellant,

0. Competibility studies ware exterdsd to include spoxide and
aziridine curing sgemts 23 well as isocyanates and the oxidizer hydroxyirmine
parchlorsta. For this purpose the nodsl compourds, n-bntyl ieonyanate, 1,7«
apoxycycicherans, lohenuayi-l-ethyiaziridine, proplonsc aclid, and hexanoic
acid were utilized,

.2‘
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P. Compatibility etudise made with the model compounds for the pre-
polymer indicated little or no interference of unsaturatien or hydroxy functisas
with “as recaived" IMi.l, UH.2, or cnrome-coated baryllium, However, all treoe
fusls cause the loss of carboxy groups,

A V. XN,

Q. DNodel compourds with hydroxy, carboxy or ungaturated frvaciicnal
groups were stabis in the presence cf hydroxylamine perchlorats, dul further
etudies with ccabinaticns of functional groups wers begun,

R, Asiridines and epoxy model compcunde were compstible with LMH-1,
USi-2 and chrome-costed beryllium, but both were incompatible with HAP,

S, The tompatidility of a model isocyamste curing srutem wae studied
with beryllium, LMi{-2, HAP snd mixturee of HAP and the advarced fusle. HAP
vas a catalyst for urethans formation, loss urethans product was detected in
the presence of HAP and l-buty) isccyanite was loat to side reacticne in the
presence of beryllium and IMH-2,

T. Isccyanates show considerable loss of functicnality with doith the
advarced fuels ano oxidizers, Small amounts of watar present in Se anc Ii-2 |
were the cause ¢f i3ocyanate loss through side recction, §

U, Small sanplas of propellant wsre prepared using the cariidate
binder and advanced fuels,

v, TECHNICAL PROGRESS

A, MATERIALS

1. Saturated Hydrocarbern Prepolymer

The work reported in this Quarterly Progress Report was duns
with the prepolymer developed undsr Contract AF 0L(611)-10356, Tha prepolymar
was made by The General Tire and Rubber Company according to the tentative
requiremants in Table I.}

Table I
CRARACTERISIICS CF CANDIDAT® iEPOLYMER (TELAGEN S)
Backoone Saturatad nolybutsdisns with

about 35% 1,2-addition

Functional Groups Secondary-CH
Molscular Woight About 1500
Fanctionality A8 clcze to 2 as possible
Viscosity lase than 1CG0 poises at 50°C

A —

‘D. B. Jehazon and A, J. D1 dilo, "The Devsloyment and Evaluation of a Hydro- |
carbon Binder for Hirh Erargy Solid Propellants", Report No, AFRPL-TA-CO;0, |
Aerojet-Ganeral Corporation, Sacramynto, California, Contract AF OL(511;-10386,
Fetruary 176,
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'hnntyagmum 2f this candidate Prepolywsr were mrepared under
Contrect AP 0li(6i1)-10388, and forty-five pounds were prepered and delirwred
under the pressat contrest, These mterisls have besn usnd in the work reported
hare, The properties of these Frepolymers are shown in Tadls II.

Additional saturated prepolymers s both with carbaxy and hydroxy
functioral groupe, have been ordered for this projsct, The Oeneral Tire amd

Rubber Company {s ncr: Mupplying these prepolyms »¢ come’eially under the regls-
tered trads nase Telagen 3,

Tadle II
FROPERTIES OF HYDROXT-TERMINATED TELAGEN $ PREPOLIMER

Batch No,
8507-147,18 2L 2414 8A°

UMIEWQY‘CK Katu.ut.oa

Moleculer Weignt

Thecretical 1766 - 3
Solution Viacosity 11380 - -
VPO 1620 16764 175¢°
Rydroxyl, meq/g 1.049 1.020 0.51
Functionality® 1.70 1.7 1.6:%
Unsaturation, m/g 171 0.28 0.78
cis 27.6 - 39.7° .
trans 38.3 - 27.3°
vinyl 3.1 - 33.0°
Ash, £ - 0.03 0.015
Antiexidant 226, 0.5 - -
Brookfield Viscosity, 28 190 169
roise at 25°C
Volatiles, %

STverty-two pound batch
b!"ort.y-fim pound vatch
“Eafore hydrogenat!on
dﬁatimted from VPO molecular weight of the Prepelyer and charge
in unsaturation,
tR.ntio of VFO molecular weight to v uivalent weipht,

Assuming & hydrogenatad solymer of 1780 molecular we ighe,

"h' .
(Tmi- Fa{za 18 1Inc ansified)
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2.  Tnsatureted Presolvmers

. In addition to Telagen S, two unsatursted Polytutadiencs,

. 8cid end hydroxy terminated, wvere received from Tba Coneral Tire and Rubber
Compary, The two maverials Are unsaturated aralogs of the Telagen S Binders,
and will bo used to mke unsaturated dinders comparavle to those being studied
on this program, The propertiss of these prepolyrars are shown in Tuble III,

Batch 1L8AY of Table II 4a & hydscgenation product of Batch

L,
Tadble ITI
FROFPERTIES ¥ POLYBUTADIRNZ FRESGLYMERS
Baten Ko, 2l 2AM-
B pm
Functional Oroup e-CH CoH
Molscular Weight (VPD) 1750 1600
Byodvalent Heighk 962 1017
Functionality 1,78 1,72
Unsaturation
i trans, 27.3 29,2
cin, ¥ 39.7 ke.y
. vingl, £ 33.0 29.%
Ash, % 0.004 2.003%
Antioxidant, £ - 2.09
Brookfield Yiscosity, 29 2
Poiges at 25°C
Water, £ 0.04 0.01
Volatiles, £ 0.77 0.ks
3. ¢cr1

Additional batches of the triisocymtc, CTI, ware prepared
and data concerning them ere shown in Tatls IV, Eatch No, 8 turvad ocut poorly,
and will require recrystallizsiion, With thg exceplicn of Baten No, 8, the
purities of thoss materisls razgs froa %6 to 97%,

By

BIRINE 2 Amseven,
Leie Uil wairh shd
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Table IV
AQUIVALENT WRICHTS OF MEM BAIC {ES (F CTI

Equivalent®
Weight

n
17
88

Dston Yo,

5
§§§§E

° ® w9 o
>

Sheoretical value 69.

B, PHASE I
1, Intreduction

Phase I involves a study of the exact cure stoichiometry of
the prepolymer, the effccts of various plasticisers on propsllant propertiss,
and the maximua achievedls solide loading with MH,C10, and aluminum, The
propell "t with the highest specific impulse will be completely characterized
with rospect to mschanical behavior and will be evaluated ballistically at the
1-1% 1avel, The specifications of the prepolymer will be establisghed,

2, Prepolymer
a. Munctionality

The functionality of a prepolymer has always been of
«ulost importance and functionality dstarminations by various msthods have
given widely varying results. It is nscessary to know the functionality becauss
it is perhaps the most importanmt single factor which determines the nature of
the polymsr nstwork in binders and progellants,.

The expected functionality of Pramolymer 07.7.57.1 2ria
=clscular weigni (vapor phavs osmometry) divided by equivalant weight (end-group
titration) was 1,65, Theoretically a bindsr of this prepoiymer rescted with
al tol equivalents mixture of HDI aid CTI should not curs but actually well
cured binders were obtsined (Table 6, Binders 5 and 27), Using the crosslink
densitiss determined from compression moduli of the swollsn Binders £ and 20
(Table VI), and the equation for crosslink dsnsity

ien (fi - 2)‘!i
i= -131

(molss of crosslinks/gm of binder)

b= .
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where the tinder ingredient

the number of bdinder ingrediente

the functionality of the ingredient
the weight fraziion of the irgredient

the equivalent eight of ths ingredient

LR S B Moy
s 0 82 8

orn derived an effective functionality of 1,90, This agreed well with the
effective functiornality of 1.88 determined for the same prepolymer from the
equilidbriun moduli durirg the previous p--;ram (Contract AF 0L(611)-10388),

Two tinasry with a calculated crosslink density of zero
were prupered ’rom Prepolyrer LS07-I-4i7.1. Ones was based on the sxpocted
functionality of 1,55 (Binder uli, Table VI)and the othor on the effective
functionality of 1.38 (Bindsr L5, TabdblaVI), Both of the binders were swnllen
in toluene; tho gel fractions of Binders LL and LS5 were 0,1808 anra 0.07! ,
respectively. This favors the effective functionality valus in the range 1,85
to ).90; especially, inasmuch as the gsl fraction of Bindar LS was msarer to
zero.

In these experirents, the amounts of extractables wave
sirilar, This may indicate the presence of nonfunctional material >r low
molecular weight prepolymer which was not tied into either of the mstworks,

The HDI to CTI ratio used in these binders also indicates
a prepolymesr f:nctionality of approximately 1.90, A prevolyme: wathi a func-
ti-nality of 1.5, requires a trifunctional curing agent to achieve initial
crosslinking, while a prepolymsr with a funstionality of 2,00 requires only a
trace of trifunctional curing agsnt to achieve crosslinking, At a function-
ality of 1,65, 70 parts of the trifunctional curing agent and 30 parts of the
difunctional curing agent are nseded, and at a functionality of 1,50, 20 parts
of the tri- and 80 perts of the difunciional agent are required for crosslinking,
In these experiments, a 4 to 1 ratio of HDI to CT1 was used to achiave a soft.
(low crosslink density) binder, At an HDI to CTI ratios of 30 to 70, ons obtairs
a very hard (high crosslink density) binder.

On the basis that the extractable materials were mainly
nonfunctional and the prepolymer tied into the network contained all of the -CH
groups, a calculatior predicted a functionality of about 2,1 for the functional
units, This was an encouraging result when the approximations involved were
considered.

For the formulation of bindsrs and propellants, the
effective functionality was more usaful than the expected functionality. The
differsnces between the two can be explained by the presence of ncnfunctional
material in the prepolymer, While asscciation of chains, hydrogen bonding,
entanglements, etc,, will effect tne value of functionality determined from the
meciranical behavior of a binder, ‘hese «ff{ects were minimized by macing measure-
ments on a rvollen bindar,

b, Comparison ¢f Prepolymsrs

Two lots cf propolyner wore used for the experiments
reportad hers, Their proportias ais summarized in Table II. Lot 2L2AM-1L8AH,

-7-
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the largest (LS 1b) and most recent ba:ch of Telagan 3 delivered to Asrolet

to date, wvas more reddish and ¢uxed faster than ‘he older ot LU07-1-47.1.

One binder made with Lot 2Li2AM-1L3AH, containing Light Circo 011, cured with-
in 7 days without additional -atalyst; however, it had a soft syrface, The
propellants made with thess mrepoiymers were similar, Further charzcterization
is bdeing done.

3. T2fect of Aluminux Mecal on socyanate Curlig Arants

The loss of leocyanate functiorality was measured for tolusns
eolutions of HDI (0.5 gm in S ga) both in the abeence and presence of aiuminum
povder (1 gm in 5 gm of solution), With aluminum (30-LOy sphe-ical par®icles)
present, solutions both with and without FeAA catalyst did not shcw grea*-r
lose of isocyanzte than vhen the metal was abeent. This demons. rated that
alumimm had littls or no effect upon the cure etoichiomstry o1 Telajen 3
propellants,

L. Plasticizer Studiss

A, Effect of Plasticizers on Curing Agents

The effect of the plasticizers onn the curing 1°+nts was
detarmined {ram solutions containing & plaeticizer (5 gm), 'WI ar phenyl
inocyanate (0.5 gr) and a drop of catalyst (Niax D-22 or U.Y ga FeaAl in 10 mi
tolusns). The disappsarance of tha isocyanats was followad ty conventional 1
titraticn methods, A surmary of the reeults wae showr. in a previcua report,
The quantity [1-(isocyanate remaining in test solution/isocyan e remainirg in
control eolution)] x 100 was deeignatad the cure interferance index, but {t
must be noted that this index wae not adopted in the report just cited, This
index or the isocyanate remaining for each plasticizer was correlated with the
mechanical behavior of bindsrs and propsllants containiny the plasticizer,

b, Cure-Interfererce Index for Purified Squalsna

Squalene wae purified and the lose of isocyanate dissolved
in it determined., One portion of the squalens was purified by passage through
a column of silica gel and another porvion wae redist:lled undar vacuum, These
results shown in Table V indicataed that impuritiee in the squalane ware affecting
the isocyanates, These impuritiee were rot further identified,

I% was shown ihat purifying the pl-sticizers generally
gives bettar binder propartiee, The use of vacuum redistilled squalens im-
proved the binder prep:rvies (Table VI, Moe, 11 ard 32) but squilers-plasti-
cized binders still had poorer properties than other hydrocarbon pliasticizad
binders,

lD. E. Johnson and A, J, Di Milo, "The Dovelorment ard Fvaluation of a
Hydrocarbon Binder for High Energy Solid Propellants (U)", First Quartarly
Report No. AFRPL-TR-66-159, Aerojet-Cemaral Corporation, Sacramanto,
Califurnia, July 1%6 (Confidential).

-8-
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Table V
s EFFECT OF PURIFIED SQUALEME 0¥ ISOCYANsTES®
Isocyanate Cure

» Ranining,c Ym.n-fagm
Purificat.on Isccyarate £ Inde

None HDI 37 éc
MmNCO 50

Through Silica HDZ 76 18

Gel PhNCO 62

Eedistilled, edy 2 9.3

Vacuum PNCC 82

‘r.u added as a catalyst

“examathylsiw diisoryanate and rhenyl isocyanate
Four days at azbiant tamperature

(l-(IaocyaJut.e Remaining 52,6, x 100

<

¢, Cure-Interfsreice of Redistilled iDP

s A sanple of radistilled INP {(Emsry Indutries) caused a
Tepid loss in the {socy.nate when tested with HDI. This plasticiser was used
in Birder 31 /™abie V1) and the poa cure confirned that 1t did ‘nterfare wit

. the cure reacti:-n, Ooviously the distillation served Lo concentrate yathar
than to remnve the offanding contaminants, Thess rmaults alan desonatvated
ths effectiveness of the test to predict at laast quelitatively ths mechanica
behavior of bindars containing the plasti-iser,

d. Cure Intarference of Arneed D

Arnsel D, oleyl nitrile, was investi,stei am & plasti.

]

1

ciser for Telagen S binders. The bindsr (Table VY, No, Ld) dis not ciiw in 2,
days at 135°F, Arneel (D “ad been used in other programs with propeliants cen-
tainirg MATO and BISA (a24r1¢ine) curing agents. Thess propellants had poorer

#echanical proparties and aring stebility than provellants containing the
piasticizes IDF, FPassing armeel through & column of silica gel Laprovod
the propellant promerties which, homver, were 8t111 {nferior to those IDP
plasticirec binders, These results jemonstrated that prohlams of »lamticize=
interfe-ence with curing reactions misht be conmon to all curing Jystems and
had por.; unnoticed because taae interrerence nad been confused with plasti-
cizing »ctioen,

. . L8
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5. Binder Studies

8. Introdustion

Binders wers prepured to study plasticisers and their
effects on the mchanical proparties and cure stoichiometry. All of the currenmt
results are shown in Table VI, vhich includes binders prepared from two batches
of Telegan S (8407-1-47.1 and 24 CAM-148AH) and an unsaturated prepolyrsr {Lot
2L2aM-1481) of approximately ths same equivalent weight, The table presents
crosslink densities by compreseion moduli of swollan binders and by equilibrium
moduli, gel fractiom, sol fractions, uniaxial mechanical properties at 77°F and
the Moonsy-Rivlin constants. The mechanical propertias of the bindars containing
equal volumss of plasticiser are in fable VII,

b, Effect of Plasiicizers on Binder Propsrties

The Iydrocarbon nils, Light Circo 0il, Mujol and Oronite-b6
have shown the least . mourt of imterfereace with cure both in tests with HDI and
in binders. The plasticizer; S-1L1, Ansul Sther 181, Undecyl Cysnide and Arneel
(D have shcwn the most interrcrence, The esters DOZ, IDP, and DOS are inter-
maciste in this respect. The n-undecyl cyanide and the Ansul Ether 181 were not
improved by passage through a column of silica gel, although cther purification
techniques were not tried,

While vacuum dirtilleation improved the squalene, the
improvement has not beenr sufficient to make the squalens 23 inert a plasticiser
for Telagen 3 binders as tie hydrocarbon, ¥ujol amd Light Circo 041,

6, Compatibility of Flasti.isers with Telagen 3 Binders

Soms visual observations of plssticizer compatibility
with the Telagen 3-CTI-HDI bindars were mads, The binders containsed 26 vol .
of plasticiser, 3-lhil-plasticized binders tended to exude; the exudate was pre-
sumad to be plasticiser, The binder containing Oronite-6 was cloudyr, whereas
the binders with Rujol and Circo 0il were slightly hazy. The claarest binder
was one with IDF,

d, Correlstivn of Crosslink Density Msasurements

Moonsy-Rivlin C, constants, crosslink densities from the
comrression modull of toluane swollen bindars and the gel fraction, Tys AIe
rziated by line functions (Figurms 1 to 1), The erseslirk dznsitiss frua
compression moduli of toluens swollen binders and ths crosslink densitiass
froa stress relaxation msasurements at 1SC°F ars compared in Figue 4k, The
ctress relaxation data at 1SCPF gave lower crosslink densities than theso at
T7°F. The tinders msy not have reached compiste equilibrium relaxation at
T7°F and m1* not at 150°F either because crossiink densities from rejaxation
data are higher than those from cokpression modull studies., Swslling of the
binders for the compression moduli determination elimimated the effects of
crystallinity and hydrogen bondirg ani minimized the effect of mntunglermnts,

*10=
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: GEL FRACTIONS vs. THE MOONEY-RIVLIN
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. lable VIT _ .
| GRL FRACTION, UNTAXTAL TRISIIX EERAVIGR X
PLASTICIZED TRIAGEN S-C11-HDI BINDERS
Reference Interfarence s Tas o Fraction
Ko, Plasticizer Index Pei X pei x 10°
b3 l_udel 0.3 - - - 7.3
b2 Oronite-6 b - - - 7.3
20 Light Circo 011 6 W 566 n 7.4
2a n-Undecyl 9 S k82 19 5.2
Crunide RIS
32 Squalens 9 W 5 18 kb
17C b 1) 2 18 % k50 19 6,0
19 bz 19 8 Sy 2 6.2
22 S-141 26 17T 7179 6 2.7

*Plasticiser content 25 vol %; binder composition, Tadle VI,

8. Initial Tensils Modulus and Gel Fraction
of Bindays

The plot log B (initial uniaxial tensile modulis) vs,
Vs Vas apparently a straight line (*¥gures 5 and 6), indicating the relation-
ship v, = a + n 1og Ey. For hydrocarbor oils (n = 14.8) n was slightly less
than for the esters (n = 17.4). Tsnsile stress data fitted this gensral
relationship, but the points were more scattered because the msasured tensile
stresses wvere more dependent upon random binder flavs,

Two series of dinders were nrepared using IDP (purifi»d
vith 810,) and Circo 01l as representatives of the two main classes of plasi.-
cizsrs. Plotting sither initial tensile moduli, lx or the gel fractions, \
¥ve. the volums frection af Plasticiser, sng found the Ciivo Gii interfered less
with the cure reactions (Figures 7 and 8).

In general, hydrocarbon Plasticizers interfered less with
the cure resction in bindsrs than did the ester plasticisers., This was con-
8istent with the results obtained from 1socyanate loss of HDI-plasticiser
eixtures, Preliminary binder studigs indicated that prep.iywer 242iM-1L5aH
gave binder with lower crosslink densities than those of prepolymer 8507-I-47.1
binders

f. Swelling of Binders

Swellirg of binder sanplss with the cyanide-type plasti.
clizers gave srromously high gsl frzetions because the extracted plasticiser was
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esvraporating with the swelling solvent (tolusne) during inolation of ths extract-
ablss. Ths waigh’ aof extractables was therefore determined from tas diffarence
in the weights of .e ariginal sampls and the daswollen saxpls (solvemt removed
in vacuo)., This method gave xore relisble valnes for the extractablss in the
cysnide-plasticised binders. Several of the swollen binders with other tyves

af plasticisers were deswollsn and the mmounts of extractablse determined by
tris method, In most cases, the amount af extractsbles by thie method agreed
within 55 or less with that dstermined by weight of non-volatiles in the swel-
ling aoclvents,

Samples of a non plasticised binder of known crosslink
denaity were placed in several plasticisers and their swelling characteristics
are curTently being determined, Of these plasticizers IDP, n-undecyl cyanids
and squalens causs the more rapid swelling; the other plasticizers being etudied
includs, DS, Light Circo Oil, Oronite-5 and Eujnl. The data from the experi-
ment will be used to calculate the Flory-Huvggins intersction parsmeter for the
Plasticiser.

Telagen S-CTI-ADI bindars were mwollen in a large mwber
of solvents (see previous Quarterly Report) of which %etrahy rofuran and car-on
tetrachloride vera the best, A plot of maxi num swelling vs tne coharive erercy
density of ths swellinz solvent showed two peaks, at CED = 73,5 ard 6,3, wit!
a minirmun at atout CiD = 81,6, Some adlitional solvents wersa studied, and ths
swelling data are reported in Table VIIs along with data from tha previous
quarter,

The data were very inconsistant and the idea of a twin
maximum 1n the maximum ewelling - CED curve was difficult to substantiate,
There was definitely a peak CED = 70 to 90, but the data did not locave it
more exactly,

g. Catalysts

The recently acquired propnlymer, Telagen S Lot 1LAAH,
i3 being used to determinms ths efficiency of the isocyamate cure catalysts,
CoAA, FeAA, Niax D-22, ari Feaa and Niax D-22 in combination with alded acetyl-
acetons, CodA was elower than the otner catalyste and produced a binder with
a tacky eurface. Ths binders are beirg swollen to determine the extant of the
Cures,

6., Propsllant 3tudies

Propellunts (50 gm) wers made to study the effacts of CTI to
HIT ratio, NCO to (H ratio, plasticizsrs and catalyst levels, and replacemeint
of LEA by C-1. The best formulations were used to make 1-1b batches, The
date are summarized in Tahle VIII, A1l rpropsllants contained 38 wti solide,

Both the new prepolymsr and the old prepolymsr were tested,
Scre paneral obsarvaticns are preserted helmw,

a. Use of JS and IDP gave sbout the same [ropertiss in
these “ormulaticnas,

=22-
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. Maxiwuz Swelling t
Solvent e Al _solvert/p Poriix i
Kethanol 209 0.cf2 .
Mitrome thane 159 o1l :
Dime thylf ornamd de U7 0,149 f
. dcotonitrile 139 c.0s ‘
Isopropancl 132 0.178 .
Pyridine 12,5 0.678 ’ !
Fitrobensems 108,3 0.261 ! 3
Ethylens Dichloride 98.1 0.92 }
Methylers Chloride 7.6 1.62 !
Dioxane 9.6 0.8 t :\
Acetons 23:3 0,18 i i
Chlorobensene 90,2 2.9 :
. Tetrahydrofuran 86.8 k.70 ? ‘j
Chlorofors 5.3 3. | é
. Benzene 83.6 3.2 ’ A
Methyl Ethyl Ketons 81.7 0.55 o
Fth7l Acetate 81,6 0.50 ’ ‘j
To :ne 79.3 h.12 i
Mesitylens 7.4 3.06 o
Xylene .4 2.8 i |
Carbon Tetrachloride 73.6 L.68 .
Cyclohexans 66,8 3.68 ' f
ELtFl Biher 5.8 1.52 |
n-deptare 55.0 2,38
r-A8 rana g2l 2.32 ‘
b
i
i
o]
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b, Light Circo 0i! gave a higher modulus propellant gt the
u-mucnrmmwmmd‘nta eithe.* DCB or IDP,

e. Propellaris with the NCO to O ratio of 1.00 had higher
mximm or brear tensiles and initial modull than those at a ratio of 1.05,

This reflacted the highly etoichiomstris nature of the cure resctions even ir
the mopsllant,

d, The HDI to CTI ratio of L,0 appearsd to zive propellarts
of lower initia)l modull and greatar maxizum elongation than thoss at a ratio
of 3.5, This greater alongatiun was deeirabls,

¢, The stress-strain curves ehowed that the 7 and the v,
nlu. sere nearly ths same; hence, oxidiser dewetting was nm.ml

f. These propellants could Le mixed at 110°F, and poesidly
they conld be made at lower temperstures, Although these prupellants werse
cured at 135°F7, small samplee have been cured at 110°F,

€+ CoAd was not as satinfactcry as the other catalysta in
the formulatione which contained C-1 as the bonding ogenmt,

The pot life was relatively shert with propellanis pro:essed
at 125°F, but was extsnded by processing at 110°F, A propellant sixilar to
Bo, 10 (Table VIII) but containing 0,0013% FeAd and 0,007% HAA, was divided

and saxples were cured st 11C°F ard 135°F. Plastimeter readinzs for tre
samples tavan over o psriod of aever hours are shown in Table IX,

Table IX
PLASTDO YFR READTMIS (F PROFALLAXT CURING AT 110°F AND 1135°F

_U'ime (houre) Alter Casting
Teuperatmre 0.2 A 2% Li 6D
110°7 3 23.5 20 18.5 16,5
135°¢ 21,5 15

Woile there was 2oisidecably more potlife st the lower tswpsrature, both pro-
psllamn >ured normally.

7. Propeliant Burning Ratas

A prelininery strand bwuing rate ztudy was sads for an
™, CIO - projallant (88 wtX solids) similar to No, L in Tehls VITI, The
bmning rates 2% L0O and 700 peia were 0,20 and 0.27 in,/sec, respectivaly at
80°F. Over the range L0O to 1570 paia, the preassure exponsnt of hvrning was
0,70, The predavre sipovant was igh Compiiva 40 unsaturated aydiocarben
binders with tha sau so0llds, ami would requir. further study %o lower it
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when required, 7Tds burning studise are swearized in Pigure 9.
8. Loaded 11 azh
a.  B2ide Leading and Packing
1) Ratio of Solida to Binder Volums

- [
e L

One of the advantages of a propellant bindsr with &
highly sfficisnt network structure is its abilily to retain good msch-zical
propertiss wuen loscad with a greater amount of ballistic solids. Notwith-
standing this advamtage, the prodlem of ackieving a higher solids loading vith-
out loss of mechanical propertiss is a difficalt one, This is desmoastir=*<1 by
the ratic of the snlids volume to the bdinder volume (including the plasticiser)
and the volume fraction of solids for a musber of actual and projected systems
with a satursted hydrocarbon binder (Table X).

As the solids loading increases beyond the strie-
of -art valus of 88 wtS, the ratio of the sclids volums to binder volums ircreases
greatly. Tais ratio becom:.s even greater at lcw tempsrature since the voluxe
ol the binder decreases more rapidly than that of the filler,

Table X

THE RATIO OF SOLIDS TO BINIER VOLUMES AND VOLUME FRACTICN
OF SCLIDS FOR YARIOUS PROPELLANT SYSTEMS

L33 Volume Fraction  Volume of Solics
Propellant Solids of Solids Yolume of Sincer
Polaris ™ 62.4 1,6
Mimiteman Wing II 82.2 69.0 2.2
{2nd Stage)
Tartar (sus:airer) 82 70.0 2.3
Minwteman Wi: 88 75.6 3.3
(2nd Smx
System 1* 90 80.2 k.1
Syster 2° 92 8.0 5.2

3ystem 1. 808 Wi Cl0,, 108 AL; Syetom 2: BLE WG, M A

2) Importance of Tarticle Packing

The importawce of puuxirg of solid particlea s
well known s sxenplified by the exierylivs ure of bi- and triwmcdad paecticis

-26-
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blends in solid propellants to obtain improved mechanical behavior, The

ballistic requirements will normally eetablish an average particle size for

the fillers of a solid propellant, but there are limitless ::mbers of particle .
size distributions which will h2ve the samé <..rags particls size., 4s a

result, the task of detsrmining which blend of particle sise distributions

will achieve the highest solids loading in a propellant with reasonabls

mechanical properties is a tedious one,

b, Effect of Packing on Viscosity of Filled Liquids

A convenient method for determining the effectivenees
of particls packing is by measuring the effect of particle packing on the
viscosity of a liquid. The Eilers equation! shown below relatee the rulative
viscosity (1, ) of a suspension to particls packing and loading.

LS Sl ER < ]

whers 7 and 7_ are the viscoc.ties of the filled and unfilled liquids, @ is
the volume fraction of solids, and . is the maximum volums fraction snlids
(at which T, = @), The parameter @, is a function of the particle packing,
and for orm sized spheres is O.fIh by theory.

Measurements of the viscosities of monodispersed sus-
pensions fit an equation of the form proposed by Eils-s with ﬁf » 0,605 vhich 2
is approximately the theoretical for orthorhombic pecking.

¢, Similarity of Viscoeity and Modulus of Filled Systems -

The use of Eilers relation with the viscosity (m)
replaced by Young's modulus (B)? has been proposed for the analogous elastic
problem of rubbers containing fillers. Soma success was achieved by T. Smith®
in application of an equation of the Eilers type to solid propellants,

Therefore, the best packing of particles of different
sizee will give a slurry with the lowest viscosity and for a given solids con-
tent will give a propellant with the lowest modulus, The maximm loading that
such a packing would allow must, of course, be determined by its effect in a
propellant system.

d, Effect of Particle Size Distribution on Viscosity

The use of particles o’ different size allows much more
officiert packing of particles. Horsfileld* calculated that a suspansion with
a solids concentration of 85.1% by volume is possible by use of particlee of
five different, sizes, :

H. kilers, Kolloid, Zeit, 107, 165 (19%Li.
3J, Rehner, J, Appl, Fhys., 1, 638 (19u3).
’T. L. Saith, Trars, Soc, of lheology, 3, (1959).
*H. Horsfieid, J, Soc., Chem, Ind,, 5, 3C? (193L).

-28-
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A mmber of investigators have expsrimentally mtudied
suspension of bimodal distridutions of solids wp te 7hE by volume, These
studies show that the viscosity of concenirated suspensioms could dedrease
markedly if the particle sise ratio and relative amcunts of small te large
spheres were chosen properly,

e, Approach

The approach te mers highly loaded solid propellants
consists of two distinct steps. The first involvaa the determinaticn of the
blends of available axidizer particle sirzes which give a alurry with a minimmm
viscosity (best packing ol particles)., The second step is the determimatiom
of the maximm solide loading which may be achieved with the blend determined
in the first step, The work reported here is the first step of this approach,

£, Particle Sizes

Some available particls sises of ME,C10, with the
exception of 3-9, partizlise which were used as received, were screensd to a
narrower rangs of particle sises for a study of the effect of particle size
on the relative viscosity of a slurry. The oxidiszers used wers 3-9y, 43-104,,
104-250,,, and 250-L95;. These will be referred toe as moromodal systems,

The particls sise distridution by sieve analysis and
the average particls size for each monomodal system is given in Tabls XI,
The particle sisze distribution of the fine grind is 3-9, with an average of

by

8. Viscoeity Measurements with the Haake Rotari{to
Viscomster

The viscoeity measuremsnts made with a Haake Rotovisko
(Type RV) viscometer squipped with a multipls measuring head (50-500) and the
Haake Circulator (Type RBD) at 30°C were consistent up to a volume fraction
of solids loading of approximately 0,45 depending on the oxiaizer system, At
higher solids loadings the measured viscosities were lowar than the values
which would be sxpected from the sxtranolated curve of relative viscosity (tL)
va volume fraction of solids loading (g).

h, Viscosity Measurements wi'h the Brookfield
Synchro-lectric Viscometsr

Viscosities wers determined with a Brookfield Synchro-
Lectric Viscomster ‘Type HEF) in an effaort to obtain accurite measurements at
the higher solids loading and as a check on the valuss obta.ned using the Hazke
Rotovisks viscomster, The Broekfield wmeasuremeants were consistantly higher
than those cbtained using the Haake Rotovisko viscomster (Figurs 10), With the
standard Brookfield spindles ths viscosities fell below the extrapclated values

at about 0.5S volums frastion solids dus to the thixotropic nature of the slurry

(Pigures 11-11). More accurate measurements were mada in the highsar ranges
uning the Brookfield Heliopath Stand and the T-shaped spindle, W.ih the higher
viscosity measure—ents the determination of the maximum solida loading at

a29-
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infinite viscosity for each blsnd by extrapolation of the plot 1/( Ll) ve

1/# became more accurate. Ihe Haake oirculation bath (Typs RED) was used to

maintain a standard tempersture of 30°C, : "
Tabls XI

PARTICLE SIZE DISTRIBUTION AND AVEPAGE PARTICIE SIZE
OF Ni,C10, USED FOR SLURRY VISCCSITY STUDIES

Sieve Average
Opening Particle
313}.50 3130. w Distribution Sise » B
32 498 k1
35 k20 32 L19
L2 3%0 29
L8 297 5
65 210 29
100 )L ) :
150 105 15 W8 .
200 4] b §
325 s 9 ,
765 - 5 )
150 105 27
200 ™ 36 1.2
325 Lk 36

i, Viecosity of Cxidizer Blsnds

The monomodal MH,C10, systems were blended and the rela-
tive viscosities of slurries in Oronite-6 werc determined., The blend compo-
sitions are swmmarised in Tabls XII, and the viscosity date ave show: ¢a Table
IIII and Figuree 11-23,

Blends 1-6, compositions of which are given in Table r1I,
were A seriss of bimodal and trimodal blend~ selscted at random, the viscoaitiss
of which were msasured to determine the viscosity differsrres betwsen blends and
the accuracy with which the viscosity could be msasurad. Ths data were couaistans,
and the viscosity of the blends wmre essily distinguishsble witn the excaption
of Blends 1 snd 2, the viscositiss of which were very close. .

-30-
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At

RELATIVE VISCOSITIES OF NH4c104-omnnt 6 SLURRIES MEASURED
WITH BROOKFIELD VISCOMETER AND HAAKE ROTOVISKO VISCOMETER
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[EFFECT OF PARTICLE SIZE AND SOLIDS ON THE RELATIVE [
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- APPLICATION OF EILERS EQUATION TO T
VISCOSITY OF NH45l04-0R0N|TE 6 SLURRIES
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EFFECT OF PARTICLE SIZE AND SOLIDS CONTENT
ON THE RELATIVE VISCOSITIES OF NH
GRONITE 6 SLURRIES
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Tabls XIT

COUPITION LXD LVERAGR MRTICIR SIR OF MH,C10, RLSWDS
USED FOR SLIRRY VISCWSITY Stoored

€

Cemposition, % of

N Average ;.. ;
OETRTRD A e
1 - - 50.00 50,00 28) 1%
2 - 50.00 - 50.00 &5 173
3 50,00 - - 50.00 a 220
] - 3.3 33.33 3.3 a3 L9
5 33.33 - 33,33 3.9 150 159
6 33.33 3.3 - 33. 165 168
7 - - .16 15.L8 180 8.7
8 - 68,72 - 31.28 180 18
9 57.87 - - b2,23 180 2w
10 - 56,54 W3 28,.n 180 w
n L5.37 - 1.2 36,42 180 176
12 W3 19,52 - 9.0 190 106
13 35.80 - R0 32,0 180 157
U Ls.12 = 12.72 38,16 180 18y
15 2%, - 5L.8 25,93 1%0 130
16 13,00 - 6.2 2,1 180 112

]

Mhie indicetes the sjcwed of the blend, but has litile Fadaling for
these ncn-Gaussian diatributious
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1e X111
VISOOSITIR} OF WM, C10,-CRONITE 6 SLURRIES AT )0°C

. 1
»-y s
¢ Zxo v ad qha T E
0.647 0.8684 1.6 k.65 3.65 0.274
2.36 59.0 7.68 6.68 0.150
6.8 170.0 13.03 12.03 0,081
20,2 Sok.0 22,6 2146 0.0466
4.3 608.0 24,62 23,62 0.042)
00&9 olm a‘la h.’a 3098 00251
2.18 sk.k 7.3 6.35 0.157
7.26 181.5 13.47 12.47 0.0803
2.0 62,0 25,00 24,00 0.0416
L8.3 1208,0 3,78 33.78  0.029
0.602 2.28 7.0 7.6 6.6 0.1%%
S,%% 148, 12,19 11,19  0.n8%4
21.1 $29,0 22,9 21,9 0.0L56
86.7 68,0 6,60 LS5.60 D.0219
00725 105’4 : )oh 6.19 5019 00193
k.68 117.0 10.81 oM o1
19.4 Loy, 8 22,00 21,00 O.0u77
k3.2 1080.0 32,85 31.85 0,001
128 J200.0 56,2 55.52 0.018
0.641 1.96 k9.0 1.0 6.0 0.167
5.38 13k 11.60 10.60 0.0
4.5 361,6 19,02 18,02 0,0656
75.2 1830.,0 L3,.Lo L2.,40 0.0236
0.641  L.Sh 113.6 10.63 9.63 0,104
13,5 3,7.6 18,38 17,38 0,0576
35.2 880.0 29.62 28,62 0.0349
212 5100.0 72.70 T1.70 0.0hO
0,658 2.800 70 8.38 1.38  0.136
19.3 L6 22,30 21.30 0.0470
7.4 936 30.60 29,60 0.0337
21,0 6000 77.60 76,60 0.0131
320 3000 89.50 88,50 0.011)
0.637 9.2 230 15.2 1.2 0.077%
29.4 736 27,2 26,2 0.0382
.4 2160 LA.6 LS.6 7.0019
L3S 107900 104.4  103.4 0.709:7
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Tadle XITT (Cont)

R U Y

A
[
Y

L
o

0.667 5.20 130 1.4k  10.4
11.5 288 17.0 16.0
27.2 €80 6.1 25,1
83.2 2080 S.6  lh.b
204 51000 225.8 224.8
0.662 5.ko 126 11.23 10.23
25.9 &40 25.50  2L.50
65,6 1640 40.50 39.50
W7 3¥675.5 60,61 59.61
352 8800.0 93.80 92.80
2 0.671 9.76 2L 15.61  1,.61
2 23.7 592 .40  23.L0
1 57.6 1LLo 37.90 26,90
1 176 LlLoo 86,40 65,40
12 0.L5 2,22 0.645 7.20 180 13,42 12,52
0.50 2,00 18,2 Lsé 2.0 20.40
0.55 1.82 L9.6 1240 35.20 34,20
0.60 1.67 230 5760 75.90  7h4.90
13 0.45 2,22 0,686 8.16 204 W28 13,28
0.50 2,00 21.1 528 22,96 21,9
0.5% 1.82 32.0 820 28,30 27.30
0.60 1.67 9,0 21,00 49.00 48,00
0,63 1.59 205 5120 71.60 170.60
U 0.4% 2,22 0.542 9.92 248 15.7% .75
0.50 2,00 3.4 58y .04 23.04
0.55 1.82 60,8 1520 39,00 38,00
0.60 1.67 uUs 8640 93.10 92,10
15 0.k45 2,22 0,676 2.80 70 R.A 7.8
0.50 2,00 11,8 296 17.2h  16.24
0.55 1,82 27.2 680 26,15 25,15
0.60 1.67 67.2 1680 b1,00 40,00
0.63 1.5¢ 99.2 2L8%0 L9.30 LB,Rq
16 0.u5 2,22 0,662 2.64 &6 8,1 7.13
0.50 .00 11.0 276 16,62 15.62
0.5% 1,82 25.6 Lo S.Lo o 2hLho
0.60 1.67 86.4 2150 L6.59  LY.50
0.63 1.59 131 3280 $7.27 6,27
«38-
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An sverage particle size of 130, was maintained in
formulating Blends 7-16 in order to maintain & uoeful burning rate rangs,.
Blends 7-12 were made un uciiw varioue rarticle siuwe Lo give the 130, aver- .
age, Blend 11, with a 2 to 1 ratio of the L19, to 1L8, particle size Ni,Cl0O,,
gave Oronite 5 slurries with ¢hs lciaat celative viscosity.

Blends 13-16 were then prepared to produce variants of
Blend 11 witn different ratios of the L19, to 1L8, particle size MNi,C10,, main-
taining the 180, particle size average,

A plot of ¢f vs ratio of L19, to LB, particle sizes in
the blend is given in Figure 2U inhcluding tha: for Blend 11, Blend 13 (1 to
1 ratio) had the highest ¢f and will be used fo propellant studies, It is
expected that some additicnal minor modificatiors in the blends will have to
be made in the cou=se of the propellant studies,

C. PASE 1I
1, 1. reduction
Phase II will involve preliminary study of the compatibility
of the candidate prepolymer, curing agents, or 9uitahle medels with zdvanced
oxidizers and fuels, Materials which are compatible will be tested in pro-
pellants,

2, Use of Modal Systems

The use of moael compounds to study the chemical interaction
between binder components aid oxidizers or fuels has proven to ne a powerful
tool, The model compound allows the cnemist to carry out analyses which are -
difficul%t or impossible to achieve with the prepolymers ard curing agents used
to prepare propellants, The result is that not oniy are incompatibilities
uncovered, but information concerning the nature 5f the incompatibility is also
cbtained.

The model compound or compounds should be a low molecular
weight replica of soms atructural or chemical characteristic of the prepolymer
or curing agent, It is not always nacazeary that a single medel show all the
characteristics of its counterpart, In some cases it is expsdient and con-
venient to use several models each shcwing ~nly one characteristic of the
material of interest, This approach has bean used in this prcoram where 3
model compounds are used to describe tha chemical behavior of Telagen S,

A useful characteristic of the model compound ies its vola-
tility so that analysis by gas-lijuid chromatography (GLC) is poseibls, GIC
is a ve.y useful method for discovering and studying unexnmected cheamical
interactions, All the mcdels used in this program have this property.

3. Model Compounds

Three compounds were used as models for the hydroxy terminated
Telagen S, These ware 2-octr.i0l (J, T. Baker Chemical Co., 99% pure by GIC), -
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l-decansl (Eastman Kodak Cc., white label, purs by GLC) and 1,7-octadicne
(Columbiin Carben Company, used as received), The first two compounds repre-
sent the primary and secondary hydroxy rproups of the potential prezolymer
while the olefin is characteristic of the residual unsaturation, In a similar
fashion the carboxy terminatad Telaren S was represanted by l-nonanoic acid
(Zrmery Industries Inc., redistilled, b.p. 125°C,S mm; pure by GIC), 2-athyl-
hexanoic acid (Union Casuile Corp.; pure by GIC and used as received) and 1,7~
octadiens,

Phenyl isocyanate (Eastman Kodak Co., white label; redistilled
b.p. 166°C; pure by GIC) was used as a model isocvanate and the snlverts,
n-hexane (Fisher Scientific Ce,, spectroanalyzed grade) and toluens (J, T. Baker,
Reagent prade; distilled from sodium) were used to represent the hydrocarbon
portions of Telagen S Bitenzyl, toluena and phemylcyclohexans were used as
internal markers for the GIC studies,

In addition :o these mcdels which were previously reportcd‘
1-butyl isccranate (Zastmaa Kodak Co., sractical erade, redistilled, b.p. 111~
112°C) a model isonyanate, l-tenzoyl-l-ethvlaziridine, a model aziridire,
1,2-epoxycyclonnxare (Resesrch Crpanic Chemicals Co., C.P.) 1 model epoxide
and propionic (J, T. Baker Chemical Co., reagent grade) and hexarolc (Matheson,
Coleman, and Bell, practical grade) acids, model carboxylic acids, were used in
the continued studies of the effects of advanced fuals and oxidizers on binder
ingredients, The aziridine was prepared iy the reaction of benzoyli chlcride
with 2-ethylaziridine and distilled, h,p. 402-85°C at 0,2 mm,

L. Method for Studying Compatibility of Fuels with
Model Compounas

The samples were prepared in a tared 1 dram shell vial within
& weighing bottle, The tared bottle and vial were put intc a dry nitrogen
atrmospheric box wnere the fuel sample was put into the rchell vial., The waighing
bottle was sealed, removed from the dry box ipn order to weigh the fuel and then
returned to the dry box. The shell vial was fitted with a rubber serum cap
after introducticn of 0.5 ml of a solution containing a model compound, and
removed from the box for gas chromatographic analrsis, Chromatograms for some
Zg the model compounds are shown in the previous quarterly rapert (AFRPL-TR-

-159 ) .

Storad or heated, samples wera gealed into 2-ml ampuies pre-
pared essentially by the method described above.

The gas chromatographic analyses were performed on an F & M
¥odel 500 Gas Chrow ograph equipped with a katharometer detector, A sample
size of 10, 1 was u.:d for each analysis, Tadble XIV sh-ws the colurn condicions
used for the saparations., Typlcal chromatograms are shown in Fipures 25-27,

. B, Johnson and A, J. Di Milo, First Qusrterly Report N3, AFRPL-TR-56-159,
Contract AF 0L(611)-11L19, July 1565

~50-

UNCLASSIFIED

- A Y ol e AV L Sl




-y

UNCLASSIFIZD

djeuiequedjAing -N 1A)30-2

i

am)

jouejaQ-2 ajeueAlost |Aing-u

|

audjeyyyden 8X

auazuag

INIZN32 NI TONVLDO0-Z aNY
ALVNVADOSI TAING-U 40 J4NLXIW NOILOVIYN Hl 40 WYHIILIWVINOLHD aINdIT-SY9

Figure 25

«5le




e

UNELASSIFILD

INIZN38 NI

. WL s A e “ DR T T v A T i & A T e

|
]

]
Fiure 26

8X

oUNo? uiAuya-p-|Audyy-z

8uljozexojhuye-¢- |Auayq-g

\ 3udzuag

augpg;gzey“.q;a-z-l,{ozuag-[

|

LU CI TR TISTETTN

INIQIIIZVIAHL3-2 TA0ZNT3-1 10 WYYOOLVWCYH) GIndIT-Sv9




7;!
| J \ m
X
)
-
¥X .m
] SUITUdG | g =1
=g -l
% ! i B
& 6 =
= B =
S ! {
c aueXaYCIAAxody 2 ‘1 m :

POV IOUBXH 5 exauopfarkuayg

INIZN3 NI 010V DIORNVXIH QNY
INVXIHOTIAIAX0dI-Z'T 40 RNIXIW ¥ 40 WYHICLYWOYHD QIndIT-sY9

Rl L R PR




.

-

e T i Y gy ey 2 RN vl

CONFIDENTIAL

Table XIV
CHROMATOGRAFHIC CONDITIONS FOR ANALYSIS or
MODEL SYSTEMS BY GIC

Materials Analysed
Alconele Aziridine~ Epoxide-

Isocyanate Acid Acid_
Coluan Material L 2 1°
Temperature, °C 75 - 225 11s 100 - 225¢
Heating Rate, °C/min 21 - -
Gas Flow, al/min 100 100 60
Injection Port Temp., °C 200 178 200
Block Temp., °C 300 300 300
Bridge Current, m,a, 150 150 150
221 ¢ 1/L" stainless steel; 20% DC 705 on 80-100 meeh Diatoport S,
213 x 1/U" stainlece steel; 5% Carbovax 6000 - 80-100 mesh Diatoport §,
L' x 14" stainless steel; 10X carbowax 20M on 60-80 mesh Diatoport S. s
Steprise hating: 100°/3 min; 150°C/10 min; 225°C to eng,

S. Log Term Cmutibilitz Studies cf Model Acid,
[ rsaturated and socyanate ompounds
dvance uels

Long term Compatibility studies indicated that over a period of
3 days st 50°C alcohols and unsaturated compounds were stable in the presence
of IMi-1 (untreated), chrome passivated beryllium and IMH-2 (untreated) » but
carboxylic acids were quite unstable (Table X7), A sanpls of phenyl ieocyanate

A1 IMH-1 evolved sufficient €80 pressure to rupturs the cample vial when it was
opered .

6. Compatibility >f Model Irocyanite Compounds with
Aavanced Fuels a~i Oxldizers

n-Butyl isocvanate wvas unatable in the presence of the three
fuels (as received) shen held at 50°C for 18 hours (Tatle IVI). Ta orver of
loss of isocyanate was IMH-2 > Be > IM{-1., The type of inocyanate, aromatic or
a'kyl, made little diffarence in stability with the fuels (Table IvVII),
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Table X
LO8S (%) GF BINDER COMPONENTS IN CONTACT WITH ADVANCED FUELS
(UNTREATED)
(34 days ar 50°(C)

Fuel/Componant
Componant, Weighi Ratio MH-] Be IMH.2
n-Nonanoic Acid 2 £5.5 L8.5 100
2-Bthylhexanoic Acid 2 L2.s 3.0 100
1-Decanol Py 0 7.5 1.0
2-0ntanol 2 0 5.5 1.0
1,7-&‘-&118" 8 Soo 2.0 L]

Table XVI

LOSS (%) OF n-BUTYL ISOCYANATE IN CONTACT WITH
ADVANCED FUELS (UNTREATED)

Fusl

IMH-1

IMH=2

(18 hours)

Fuel/Component,

Weight Ratio

1?
13
9

Temp, °C
23 0
5 12
23 31

- Lo

LoSS (%) OF ISOCYANATE IN CONTACT wrTH
ADVANCED FUELS AND CXIDIZERS

(18 hours at 50°C)

Fuel or

Oxidizer

IMH-1

M2
HAP

R s vy ns

C,Hy N0 0-C H, NCO
8.4 12
26,0 n
- Lo
- 18

CONTISEXTIAL

T s 4 2 e e o o Ve At -y

Y SRS




BBt e o s Doaalr A Ao Sh s e At a

M

oo s s pootil]

CONFIDEXNTIML

7. Compatihilitv ~7 ¥ade] Bindzr Corpunents with UAD

The study of model binder components with the oxidizer HAP
indicated that alcchols, carboxylic acids and unsaturated ccmpounds wers stable
in the presence of FAP but n-butyl 4‘socyanate showed some irstability (ses
T~hle XVIZI), It should be noted that thaese results would not necessarily be
trus for combirations of thess functional groups, It has desn reported that
allyllic alcohols are incompatible with HAP,

Table XViII

LOSS (%) CF BINDER COMPONENTS N HAP
(after 18 hours)

HAP/Component , :
Compone nt Weight Ratio 23°C  50°C
n-Nonanoic Acid 11 0 0
2-Ethylhexanoic Acid 1) o] 0
1-Decanol 0 0
2-0Octanol 0 J
1,7-Octadiens 28 3 L
n-Butyl Isocyanate 28 1S 18

8. Compatitility of a Model Isocyanate Curing Systenm
with Advanced Fusls, Oxidizer, and Mixtures of
Fusls and Oxidizer

A nmousl isocyanate curing system was studied in the presence
of beryllium, IMi-2, HAP, and mixturss of HAP ard sdvanced fuels, A comparison
with a control experiment of the resaction between 1-butyl isocysnste and 2-
octanol indicated that the presence of beryllium or LMH-2 had no affsct on the
rate of formation or the amount of the urethane product (Table XIX), It was
als> noted that there was an initial loss of 6% and 128, respectively, of
isocyanata when beryllium or LMH-2 was present, Poasibly the isocysnate was
reacting with a small amount of water present on the surface of the untreated
advanced fuels, As indicated previously the isocyanatss were not completely
unreactive in the prasancm nf advanced fusls {(Tablss XVI ami XviI), Losses
of isocyanate up to L,OX were observed in the prasonce of the untreated
advanced fusl when no alcohol was present, The grsater loss of isocyanate
could be ascribed to homopolymarization of the isocyanate ara the reaction
of isocyanate with water to form carbawic acid, The subsequent thermal
dacomposition of the carbamic acid coula prnducs an amine, which would »eact
further with the isocyamate to form a ures desrivative, and carbon dioxids,
The latter possibility was rubstantiated by the fact that in &1l previous
compatitility stndies of lscoyanates with advanced fuels pas formaticn was
observsd,
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The or‘dher, HAP, waz an excallent catniyet for the 2orostlsm
of urethanes, The reaction of lobntyl isocyarate and 2-octanol at 5C°C in tae
presence of HAP was essentially cclplou aftsr 4 hours {(Table XX), wharsas the
sars reasticn without BEAP was orly 1°% coorlate (Tatla X750, The dsoriaals
reaction in the prasence ¢f HAF was complcie «ftar 150 aictien at & Litjaratusy
of 23°C indicating that the reaction at 50°C vas considerably fastsr (Talls IXI),

Table 17X

RATE F HZACTION (F neZUTTL ISOCYANATE AND 2-OCTANCL
I¥ CCNTACT WITT. ADVANCED FUZLS AT 50°C8

Control (no allitivaes)

Tine, R-NCO R-GH Prod £(R-CH+Proc.)
e 5 . L M.
0 100 100 9 100
4 2y 86 10 )
8 74 KN 21 9s
18 51 5S 7 92
24 L2 LL Lo 93
48 19 2 12 93

b
L 80 86 15 101
8 65 70 21 91
16 L8 57 36 93
2 % 37 &7 8}
L8 16 23 67 90
Un.2®

8 70 8. 21 102
18 38 51 h3 ol
2 27 3 50 87
Wi 10 23 8y %2

grm to CH & 1t]l equivalent ratin,
fusl to componert weight razic is 2,2:1,
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Table XX

RATE (F REACTION OF n.BUTYL ISOCTANATE AND 2-OCTANOL
IN CCRTACT WITH HAP AND WITH As)o(;l'; X (111) OF HAP AND Be
AT C

Hap®

Time, R-ICO R-CH Urethane L(R-(H+Urethane)
hr . £ 3 £

4 7 9 N 73
8 6 9 60 69
18 s 8 63 n
2 4 12 61 73
) 4 10 60 70
HAP-Be Mixture®
b 4 15 56 n
8 5 20 Wy &
18 b 28 L7 69
2h - 18 37 ss
L8 - 18 3k 52

3O to OH = 111 smuivalant ratias for 2cmirc) sss Ta
°Solids to conpomnt. ratio is 2,2:1,
3011ds to componant ratio is 11},

o2V a VTV
.U'.“.
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Table I

RITE OF RRACTION OF n-BUTYL ISOCTANATE AND 2-OCTANOL WITH HAP
AND WITH A MIYTUSZ (1:1) OF HAF ARD Be CR IMH-2 AT 23°¢*

Hap®

T——

.9 R-HCO R-CH Urethane IZ(RCH+Urethans )
(uni £ £

3 S
0 100 100 n 100
30 52 52 33 35
60 27 32 52 84
90 19 23 52 86
150 12 14 58 72
210 pI 1 59 73
1610 13 12 50 62

HAP-Be Mirture®

30 77 80 1% )
60 é0 T2 3 107
%0 32 32 bs 78
150 U 21 k7 68
210 % 27 bl n
1610 21 32 Lo 72

HAP-DMGi-2 Kixture®

30 72 19 8 87
60 52 70 15 &
90 50 65 17 82
hLts 27 u3 20 83
210 i5 37 20 57
1610 13 31 17 L8

SN0 Lo (H * 1:1 equivalent ratio,
:Boud %6 ccmponent weight ratio is 2.2,
Jolid to component walght ratio 12 131,

~59=
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The main difference, bes!idee catalysis, in the reaction of
isocyanate with alcohol in the presence and abeence of HAP was the mmount of
urethane tha2! was found in solvtion. In both casss, with and withoul HAP,
the respective consumption of isocyanats and alcchol were approximataly egual
indicating a etoichiomstric reaction, The cbservation of lees ursihane than
expected for the sxtent of reaction vhen HAP was present (Tables XX and XXI
might be caused by adsorption -” the urethane on the surface of HAP,

The combination of an advarced fual and HAP decreaesi thrs
rate of the isocyanate-alcchol reacticn, As a result thers was an increassed
lors of isocyanate to side reacticns ard a corsiderable decrease in ihe detect-
able amount of urethane product (Tablss XX and XXI).

9. The Lffect of Drying Be and IMH-Z on Compatibility
with a Hodel Isocyanate -urirng Systenm

Initial loss of n-butyl isocyanate in ihe isocyanats-alcohol
reaction in the presence of chroms pas-ivated Be and IM1.2 was ascribed to the
side reaction of isocyammte with wate~, The amount of isocyarnate lost to this
eide reaction was small hut compariscn with dried samaples of chrnze mazaivated
Be and IMH-2 showed a complete reduction of this loss of isocyanete on %e ard a
€ reducticn of the loss on IMH-2 {(Table XXII),

10, Commatibility of Mada) Szirigine and Epoxy Corncunds
with Advanced -usls and Oxicdizers

Solutions of the various mcdel compounds were adZcd to the
solid fuel, oxidizer or mixture of the two and periodically =znalyzed by gas
chromatography for concentration changee,

1.Banzoyl-2-sthylaziridine and 1,2 apoxyhexans were compat-
ible with IMH-1, chrome paesivatad Be and IMi-2 at 50°C for 18 hours /Table
XXiIT}, Both compounde ware incompatible with HAP at 23° for 18 hours, Thse
reaction of the aziridire and epoxide with an appropriate cartoxylic acid was
very slow at 23°; thus, the loss of both compounds was probably due to a HAP
catalyzed homopolymerization (Table XXIV),

Binder systems utilizing aziridinee and spcxidas of the model
types used in thie study would not be practical when used wvith the oxidizer HAP,

11, Compatibility of Telsgen S and Curing Agente
with Advanced Fus.a

A rixture of hydroxyl terminated Telagen S and untreated
IMH-1 showed gas bubbles when kept at 135°F for four days, Xco tubbles or
other reactions were observed in mixtures of the prepclymer wiih chrowe coated
Ee or of the prepolymer and untreated HH-? after 20 deys at 135°F, Slawilar
resulte were obtained in mixtures of the i1socyanses mri advancaed fuels, A
mixture of DI, CT1 and IMH-) showed gas hubbles whan stored et 135°F for 14
days, Similer rixtuves using chroms coated be am) [MH-2 gave no evidence of
gas evolution urdar the samm cordilione,

60~
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b Table IXTI

. THE EFFECT OF DRYIMG® Be AND IM7-2 OF COMPATIBILITY WITH
n-BUTTL ISOCYANATE AXD 2-0CTANOL AT 50°C

» b ]
Time, Chromatographic Areas R0 ';:':;'tcn
Run No, hr RNCO ROH Totsl 2 Control
1 8 Comrol 869 1240 2109 b1.2 -
Be 687 1060 177 39.3 1.9
.2 629 1072 1701 37,0 b.2
2 L Control 787 §20 1607 k9.0 -
be 138 784 1519 L8.4 0.6
DH.2 65), 791 1h4S i5.3 3.7
Be (dried) 729 747 76 Lg.3 -0.3
1e-2 657 178 U472 ur.h 1.6

(dried)

o ‘Be and DB-2 ¢riud over P,0, at 80°C and 1 mm vacuun for 72 hours,

Table IXITI

COMPATIBILITY (¥ 1,2-BPOXYHEXANE AND 1-BENZOYL-2-ETHYLAZIRIDIN® WITH
ADVANCED FUELS AND OXIDJZERS

(18 nours at 50°C)

e P
»

T by~

Epoxide Azl idine

L 4
Control 49.3 67.5
] L9o.8 AR
m“l 5006 69
IME-2 49.3 68
Bs + HAP 0 -
1.2 + BAP o] = s
HAP - 2,77°

;'Pcrcmta based on sum of marker and compound listed,
63% of this was oxasolines,

At 23°C, 412 ssiciding of which LE% was oxazollines,

. -61‘
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Table IXIV

COMPATIBILITY (F 1,2-EPOXYHEXANE ¢ HEIANCIC ACID AXD
1-BENZOT1~2-ETHYLAZIRIDIKE + PROFPIONIC ACID WITH

Aziridine Acid Epoxide Acic

Temy, °C S 3 .3
cOﬂtrOl 23 Saoh 3908 3506 5908
50 =i e 33-0 59-5
HAP 23 13.6° %.2  21.8 59.8
S0 - - 3.6 56.5

;Perconta oased on agwm of marke:' and gompound liated,
2-Phenyl-L-ethyloxazoline.

While ensrgetic placticizers TMETN (CH,C[CH,0NO,],) and
NEOC (O,N(BH,CH.OCCI(NO,EH,) inhibdit the cure of binders, they did not
prevent the curs of propellants formulated with them,

Binder samples containiny IMH.1l gave evidence of foaming
during a 135°F cure. Samples with chrome coated Be and IMH-2 did not foam
and cured within 5 days at 135°F, Impact sensitivities uf the above samples
were greater than 100 cm/2 kg weight, the limit of the apparatus used,

Propellant rdxtures wers prepared using the candidate binder
and the advanced fusls. TI'TN, NEMNC cr IDP were used as the plasticizers,
along with N{,C1C, as the oxidizer, All propsllants cured arter three days
at 135°F, No foaming was observed in the small (0,5 gm) samples,
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