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ABSTRACT (C) 

Tht investigation and eharacteri:ation of tie saturated hydrocarbon 
binder developed under Contract AF Ou(6Jl)-10386 for us« in solid rocket pro- 
ps Hants were continued.   Fort*-five pounds of a secondary hydroxy terminated 
Telagen S were deliver*"! "5 aerojet and diaructerized.    Functionality dst«r- 
nined fro« tl.e crosslink density of a bidder (1.9) io higher than that dotrr- 
mined frw* the molecular weight to equivalent weight ratio (1.65).    The differ- 
ence xay be due to nonfunctional unite i.i the prepolymer.    Aluminum instal does 
not interfere with cure stoichiomatry of "workhorse" propellents, but the 
interference of certain plasticizers was further denonstrated.    Binders w*re 
made fron the Telagen S prepolymers and characterised by uniaxial tensil* 
behavior et 77°F> stress relaxation at 77° and 150°F, coapresew. after 
swelling in toluene, gel and sol tractions, and Moorwy-Rivlln constants. 
Linear relations wem demonstrated between the gel fraction, the Mooney- 
Rivlin Cj constant, the crosslink densi\y, and the logarithm of the initial 
uniaxial tensile modulus.    Swelling studies in a large number of solvents 
indicate a C E.D. value of about ftO for the binder.    Propellants were rtde on 
a UCC-gra scele and vere characterised.    The pressure exponent t^r burning rate 
was 0.7 for these propellants (88 wtjS solids).    The rela ive viscosity of 
NH4C104-0ronits 6 slurries was at a minimum for an oxidizer blend of 35.80S, 
32.10* and 32.1051 by weight of particles averaging 6, lii8, and u!9u, respect- 
ively.   This blend was selected to prepare a high solids loaded propellent. 

Compatibility studies were extended tr include epoxJ.de and aziridine 
'.wing agents as well as isocya'.ates and the oxidize* hydroxylamine perchlorate. 
aydroxy and olefinic functional group« are compatible with "as received" I>M-1 
and -2 and chrome coated Be, but carboxy groups were not.   AU these functional 
groups were compatible with hydroxylamine perchlorate.    Isocyanate was the only 
curing agent which is practical in the hydroxylamine perchlorate system. 

1'   -^ 



UNCLASSIFIED 
AfftFL-IX-66-257 

TABLS CF carrnffs 

I. INTRODUCTION 

II. CBJECTIVB 

nx.     SUMMARX 

17»       TK^IuAL PROGRESS 

A. Materials 

1. Saturated Hydrocarbon Prepolymar 

2. Unflaturatad Pr« polymers 

3. CTI 

B. Fnase I 

1.     Introduction 

Prepoly»r 

C 

2. 

3. Effaot of Aluminum Metal on Isocyanete Curini; 
Agents 

h. 

5. 

6. 

7. 

8. 

Piaaticizer Studies 

Binder Studies 

Propallant Studies 

Propallant Burning Rates 

Maximum Solids Loaded Propallant 

Phase II 

1. Introduction 

2. Use of Model System 

3. Model Compounds 

U.     Method for Studying Compatibility cf F>uils 
with Modtl Compounds 

hBt 

5 

6 

8 

8 

10 

22 

25 

26 

U8 

liS 

1»8 

W 

50 

a 

UNCLASSIFIED 



ÜKCUSSIFIED 

TABUS or comma (Cont) 

5.  Long Ter» CempatibllJ '.y Studiee of Modal Acid, 
Hydroxy, Unsaturatea and laocyanata Compounds 
with Adranesd Fuel« 

ill 

6. Compatibility of Modal Isocyanate Compounds 5b 
with Advanced Fuels and Qxiditers 

7. Compatibility of Modal Binder Components with HAP 56 

8. Compatibility of a Modal Isocyanate Curing Systsa 56 
with Advanced Fuels,, Qjd.cU.ier, and Mixtures of 
Fuels and Oxidiier 

9. The Effect of Drying Se and IMH-2 on Corapatibility 60 
with a Model Isocyanate Curing System 

10. Compatibility of Model Azlrldlne and Epoxy Compounds       60 
with Advanced Fuels ->nd Oxidlxers 

11. Compatibility of Telagcn S and Curing Agents 60 
with Advanced Fuels 

UNCLASSIFIED 



XI 

XII 

XIII 

XIV 

XV 

XVI 

UNCLASSIFIED 
AFRPL-TR-66-257 

TABLES Number 

Characteristic« of Candidate Prerolysicr (Teiagen S) 

Properties of Hydroxy-Terminated T^Lsgen S Prepolywr 

Properties of Polybutadiene Prepolymers 

Äquivalent Weights of Hew Batc'ie.-» of CTI 

Effect of Purified Squalene on Isocyanates 

Effect of Plaaticiiers and Stoichiowrtry on the 
Mechanical Behavior of Teiagen S Binders Cored 
«t 135°F 

Gel Fraction, Uniazial Tensile Behavior of Flastidzed 
Talagen S-CTI-tfDI Binders 

Maximum Swelling and the Cohesive Energy Densities 
of Solvents 

Mechanical Behavior of Teiagen S Propellants at 77*7 

Plastimeter Readings of Propellant Curing at 110*7 
and 135°7 

The T.«tio of Solids to Binder Volumes and Voloae 26 
Fraction of Solids for Vs    JUS Pronellant Systems 

Particle Size Distribution and Average Particle Size 30 
of NH4C104 Used for Slurry Viscosity Studie* 

Composition and Average Particle Sis« of HH4C104 
Blends Used for Slurry Viscosity Studies 

Viscosities of HH4C104-Oronite 6 Slurria« at 30°C 

Chromatographie Conditions for Analysis of Model 
Systems by GLC 

Loss (%) of Binder Components in Contact with Advanced 
Fuels (r   reated) 

Loss {%) of n-Butyl Isocyanate in Contact with Advanced 
Fuols (Untreated) 

I 

II 

III 

IV 

V 

VI 

VII 

Vila 

VIII 

DC 

ir 

JÖSS 

3 

k 

5 

6 

9 

11 

17 

23 

2h 

2$ 

36 

37 

5U 

55 

55 

UNCLASSIFIED 



rhmbtr 

ITU 

UNCLASSIFIED 

TABI£S  (Cont) 

IfMCUSSfFIED 

56 
XVIII Los»  ($) of Binder Component« on HAP 

XIX Rat« of Reaction of n-Butyl l3ocyan»t« and 2-Qctanol 57 
in Contact with Advanced Fuel« at 50°C 

XX Rat« of Reaction of n-3atyl Isocytnate and 2-0ctanol 58 
in Contact with RAP and with a Mixtur« (1:1) of HAP 
and Be at 50°C 

XXI Rat« of Reaction of n-Butyl leocyanate and 2-0ctanol 59 
with HAP and with a Mixtur« (1:1) of HAP and Be or 
IM!-? at 23°C 

nil The Effect cf Drying Be and LMH-2 on Compatibility 6l 
with n-Butyl Iaocyamte and 2-0ctanol at 50°C 

XXIII Compatibility of 1,2-Epoxynexane and l-Benzoyl-2-£thyl- 6l 
axiridine with Advanced Fuels ard Oxidixer 

XXIV Compatibility of 1,2-BfAjj^hsxsr» • Hexanoic Acid and 62 
l-B«n*oyl-2-athylaziridin« • Propionic Acid with hAP 



2 

3 

5 

6 

7 

8 

9 

10 

U 

12 

13 

UNCLASSIFIED 

AFR PL-TR -66-257 

FIGURES 

Gel Fractions vs t-e Mooney-Rivlin Ct  Constants 
for Telagen 5 Binder"; 

Gel Fractions vs Crosal^rk Density from Compression Hi 
Moduli of Swollen Telagen S Binders 

Mooney-Rivlin Cj Constant vs Crosslink fcenaity fror- 15 
Compression Moduli of Swollen Telagen S Hindurs 

li Crosslink Densities from Cotnnression Moduli of 16 
Toluene -Swollen Binders ind from Equilibrium Moduli 
at 150°F (Hir^r Stress Relaxation) 

Initial Moduli vs the Gel Fractions of Telapen 3 Binder*.1 

Initial Moduli vs the Gel Fractions of Telapen 3 Binders 

Initial Moduli vs Plasticlzer Content for Talaf~»n 3 
Binders  (NC0:0H - 1) 

Gel Fractions vs Plastisizer Content for Telagen S 
Binde 's 

Variation of Burning Rate with Pressure for Telapen S 
Propellant  (88$ St Solids) 

Relative Viscosities of «H4C104-5rorite 6 Slurries M^aaured       31 
with Brookfield Visconeter and Hiake Rctoviiko Viscoriete.- 

Effect of Particle Si^e and Solids on the Relative 32 
Viscosities of NH4C104-CTonite 6 Slurries 

Application of Eilers Equation to the Viscoaity of 33 
NH4'J104-0roni ,e 6 Slurries 

13 Effect of Particle Size -and Solids Content on the 3k 
Relative Viscosities of MH4C104-:)ronite 6 Slurries 

111 Application of Eilers Equation to the Viscosity of 35 
NH4C104-0ronite 6 Slurrlua 

15 Effect of Particle Size and 3o?lds on the Relative 3? 
Viscosities of NH4C104-0ronite 6 flurries 

1? 

19 

?0 

?1 

?? 

IKJCLASSIfiLD 



Nunbar 

16 

18 

19 

20 

21 

23 

2U 

25 

2* 

27 

UNCIASS1FIE0 

«CURES (Cent) 

lbs 
rf^'Si0"/^ J^^^tion *• tbt Tiacoaitia, hQ or *H4C104-Oronita I Slurrltt 

17 Effect af Farticla Six« and S.-lida oa tha Ralatira 
•iflcosltiaa of MH4C1C4 -Oronita 6 Slurrita 

22 Apn]ic»tion of Kilara Equation to tha ";   soaitiaa of 
tfH4C104-Or<-;üt« 6 Slurriaa 

Effac* ul  Particla Siaa and Solid« en tha fialatira 
Viacoaitiaa of «H4C104-Oronita 6 Slurriaa 

•li 

ü,\'CUSSJn£D 

la 

mH**b?' £ 'Fif- ^«tion to tha 7iacoaitia,. nf U2 «liCl04-Oronita S Slurriaa 

Effect of Fmticla Si*a and Solid« on tha RalatiTa ka 
Vi«co«itia« of NH4CiM4-Qior«*a 6 Slarria« W,1*WT* W 

M^n*^ ff 'ft? *^Uoa to tha Tiwoaiti«« of U» «4C104-Oronita 6 Slurriaa 

Effect of Particla ilsa and Solids on the Ralatiia 
Vl-cosltlaa of NH4C104-OrcniU 6 Slurria* U5 

ii6 

1*7 

tt n tha Ratio of Two Partial« f iiaa of MH4C104 in « U9 
Triaodal Bl*nd cf 180^ Ararat» Particl« Si*« 

Oaa-Liquid Ctiroaatofraa ox' tha Raacti on Mixtur« of $1 
n-Butyl'jsocyanata and 2-Jcta*»! in Banzena 

laa-Liquid Chroaatogra» of l-Bansoyl-2-Äthylas iridirw 52 
in B«n«ana 

"aii-Liqttid Chromatograa of a Kixtura oi' 1,2-Epoxycy'*''"       «na     53 
and Kaxaooic Acid in Banrana 

""'   '   ".' •'•      •-"      —' 



^^^^T^^il   ——— in—— 

UNCLASSIFIED 

OL08SART OF TERMS 

Ansul Ith«r 161 Tetraethylene glycol dimsthyl ether 

Amtal CD Oleylnitrils, product of the Armour and Compaq 

Be Beryllium 

BISA 2-Jthylasiridine adduet of sebacic acid 

b.p. Boiling point 

C-l H(N-di-(2-c7anotth7l)-2#3Hlih7drox7-prop7laaiM 

Cj and C, Moontj-ÄiTlin Constants 

Carbowuc 6000 Solid poly(ethylene glycol), product of the 
Carbovax 20M Cnioa Carbide Company 

Cohesive Energy Density 

Ccbalt acetylacjtonate 

e.p. Centipols« 

Triisocyanate, proprietary item of the 
Aerojet-General Corporation 

Silicon oil, product of Dow Chemical Company 

Dlithanolamine 

Dietomaceous earth used for Chromatograph support, 
product of F A M Scientific Corporation 

Oloctyl sebacat« 

Dioctyl ««elate 

Initial luiiaxial tensile modulus 

Ferric icetylaeetonat« 

Ota-liquid chromatography 

Aoatylacetorn 

CED 

CoAA 

CTI 

DC 705 

DEA 

Di«toport S 

DOS 

DOZ 

S 
o 

FeAA 

HAA 

nil ! 

UKCUSSIFIED 



UNCLASSIFIED 

0LQB8ARI Of TB» (COK) 

HDI 

IBP 

Light Clreo Oil 

KA.PO 

••q 

HS 

Max D-22 

iujol 

Oronito-6 

PhNCO 

s-iu 

s.. 

Telag«n 3 

THETK 

Haxasathylene diiflocyanete 

Isodecyl Margonate, product of 
Cur/ Industries, Inc. 

Oeneral porpoM naphthenie typ« softener for 
Moprtaa and natural rubber, product of tht 
SUB CU Company 

2,Jt,6-Tri-(2Ha«thyl-l^iridinyl)phoaphine oxide 

BilliequiTalants 

MiUlasters 

Killiaolas psr graa 

Molecular siere, kA, product of the Hal« Co. 

2-Mitratoethyl     I-nitro-M-a*)thylcarba»et« 

Dibutyltin dilaurate, product of tat 
taion Carbide Co. 

Mineral oil (registered trad« au»), product of 
Plough, Inc. 

Liquid polyisotmtylene, product of th« 
California Cheadeal Co. 

Paenyl isocyanate 

Pounds psr squars inch 

Octyl dlphenyl phoschat«. product *f th« 
Monsanto Chemical Co. 

loadnal uniaxial break tensile stress 

Moainal .«axisnia uniaxial tensile «tress 

Functionally-terminated hydrogenated polybutadien», 
product of The General Tire and Hubber Co. 

Trtnethylolothane trinitrat«, l,l,l-tri-(nitrato« 
•ethyl)-«than« 

OHCLASSIFIEO 
r— 



tmrnammmmmmmmmam —MI I — m •  mmmmmmm i wmmmmmt \mmttumi«mkMm*mtm* 

UNCUSSIFO 

oLossAwr m mm (cow; 

•t 0*1 fraction 

TOO Tapor $*uf oanomUr 

Ig Crosslink density 

Y* talaxial strain at brsak 

T» UtatJJWi uniaxial «train 

It Yiseosity, spsetfioaljy far slarriss 

1^ T^scosity, •pacifically for liquid* 

\ RtlatiYo riBcotlty, ratio cf i\ to 1» 

U Kicron 

0 Tola» fraction 

0f Maxims Tola» fraction 

r 
[^CLASSIFIED 

Mm<mm*im*m*m*mmmmmvp*'***mmm0t0m(Mrwim i IM««S*^^T^^V*^»^'»'-M^-IW"-^^W^ 



I CONFIDENTIAL 

irePL-TR-66-257 

THE B5TKMFMJNT A» mißATIW GP A HYDROCARBON BDOSR 
FOR HIGH ENERGY 30UD JROKLUKTS 

I. IWROCICTIO« 

Thi» ia th« second Quarterly Technical Report submitted in partial ful- 
fillment of th« requirements of Contract AF 0U(611 )-lUl9.   Th« report co»«r« 
th« pariod lit Jon« thresh 13 S«pt«ab«r 1966. 

II. CBJSCTI7I 

Tb« objective of thi« program is to farther develop and evaluate a «olid 
propellent binder system spsciileally to wet the most rigid denands of advanced, 
hd,jh performance «olid rociwt motor«.   Tho «olid p^psllant binder system eon- 
siute of an ieocyanate-cured, saturated hydrocarbon prepolymr dereloped and 
eraluated under Contract AT Oli(6ll)-l0386.    further development and evaluation 
will involve propellent optimisation, maximising solide loading, adaptation to 
adraneed oxidizers and fuels, and study of the environmental stability of t'.»e 
propallant. 

III. SOCttRI 

1.     Forty-fire pounds of a secondary-hydroxy terminated Telagen 3 were 
prepared by The General Tire and Rubber Company and delivered to Aercjet-Ceneral 
Corporation.    The unsaturated analog (5 lb) and a carboxy-terminated polybuta- 
diene (5 lb) with similar carbon backbone war« made available for study.    These 
were characterised, 

B. CTI (1.2 kg) was made, but some of it had a low NCG assay tnd will 
require «crystallisation. 

C. The functionality of the Telagen S was not resolved.   The expected 
functionality (molecular wei,/.. to equivalent weight ratio) was about 1.7 and 
lower than the effective functionality (from croealink dnsity of binder«) which 
is 1.9*   Ividex« waa obtained that th« difference waa the result of non-func- 
tional units. 

D. aluminum metal did not cause a lose of lsocyanate functionality 
when in contact with HDI.   This indicated little or no inte) France of aluminum 
with the cure stoichiosmtry of Telagen S prcpsllants. 

I.     The cure interference index of a plasticiser was defined aa 
p..(lsocyanate renaining in a standard teat solution/ijocyanete remaining in 
a control solution)] x 100. 

-1- 
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F.     The cure interference index of aqualane was lev»red apprec<ex7/ 
(from 60 to 9) by vacuum oietillAtion.   A redistilled ZDP (Retry Industries) 
which inhibited the cur« of * Telegen S binder had a measured sura interfer- 
ence index of iiO.   Aroeel CD, oleyl nitrile, seriously interfered «1th the 
owing of Telaxen S-ieooyamte bindert, but the cure interfarenoe wax re- 
duced by passing the plasticiser through a column of eilica gel. 

0,     Arneel CD showed interference with curing of axiridine-cured 
bindere.   Thie indicated that the problea of cure interfarence vae a fanaral 
one that had gone unnoticed bacauae the effacta of the interference had bean 
confuajd wit*, plasticising action. 

H,     A considerable number of binders vae prepared and characterieed 
by uniaxial tensile beharior at 77*P, etreaa relaxation, coapreaaion after 
»welling, gel and «ol fractions and Moonay-Äivlin conatante. 

I.     Linear correlation* were demonstrated between the gel fraction 
and the Mooney-Älrlin Cx conatant, between the gel fraction and the crosslink 
density, and between the Mooney-Rirlin C    constant and the crosslink density. 
The crosslink densitin derived fron binder etree.-j relaxation and fro« com- 
pression of toluens evcllen binders were not th« S4wt but ware related in an 
approximately linear manner.    Th« log S    (E    - initial uniucal tansila modulus) 
was linearly related to the gal fraction of plast.cised binder, 

J.     The swelling of T«lagen S-iiocyanata binders was studied In 12 
additional i'olventa.    Th« scatter of the data prsrented sract deductions, but 
the binder CSD value was in the vicinity of 80. 

K,      Propellents wer*  .uudied at the UOO-ga batch site.    Hydrocarbon 
plasticizers in propellants led to higher initial m-xi.ili than did ester typa 
plasticiaara.   for the propellents, an ICO to OH ratio of 1.0 and an HDI to 3TI 
ratio of U.O were best. 

L.      Although propellants were processed at 12$°F and cured at 135°F, 
some were ruccessfully processed at U0°F.    Wien C-l was used an a bonding 
agent, Co/LA was net as satisfactory a cat.ilyet as when DEA was used.    Pot life 
was a problem at 125°F but not at 110°F. 

N.     Preliminary burning rate studies with 83$ solids loaded propellent 
showed a pressure exponent of 0.7.   This was • usable pressure exponent, but 
on the high side. 

S. The effect of fillers on the relatite viscosities of NH4C104- 
Oronlte 6 slurriea wn« owtersined for scss bi- arid trimodal «H.Cj.o4 particle 
blends.   A blend consisting of 35.8<#, 32.10$ and 32.10JK by weight of particles 
averaging 6, lii8, and hl9u, respectirely was selected to be used for a high 
solids propellant. 

0.     Compatibility studies wer« extendud to include epoxids «jid 
azlridine curing agents as well as isocyanaies and the oxidiier hydroxyirmine 
parehlorat«^    For this purpose t'm «ode! compounds, n-bntyl isocyanate. 1,2- 
•poxycycluheyajtw,  l-berasyl-^-etiiylaxiridine, propiorüc acid, and haxanoic 
acid were utilised. 
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P.     Compatibility studies «ad« with th* nodal coapounda for th« pre- 
peljratr indicated littl« oar no int*rf«r«no« of «nastuntl ea or hydrojy funetisnt 
with "as rac«i*»d* UH-1, IHU?, or cnro»e-co«ted berylli'ui.   Hov*r«r, «11 then« 
foe Is cam« th« lose of carboxy grcupe. 

Q.     Modal ooapoucds with hydroxy, e«rboxy or anajturat««* ftaeMcnal 
Croup« war« stable in th« presence cf hydroxylanin« rtreMcr**«, bui further 
studies with combinations of function«! groups vere bo^un. 

R.     Atiridines and »poxy nodal oonpcund« v«r« conpatible with LMH-1, 
UVL-2 and ehrom-«o«t«d b«ryllla», but both war« incompatible with HAP. 

3.     Th« troaipatibilit/ of « nodel isocyanaU curing «r^tea via studied 
with berylliu«, IÄf-2, KAP and nixturae of HAP and th« adyanced fuel».    HAP 
was • catalyst for urethan« foraation.    La«« ur«tnane product was d«t«et«d in 
th« pr«9«nc« of HAP and 1-butyJ. isocyaaat« was lost to aid« roaotima in th« 
presence of berylliu» and LHH-2. 

T. Isccyanates show considerable loss of functionality with both th« 
advanced fuel a ana oxidizers. Snail amounts of watar present in 3a anc L^i-2 
wwre th« causa cf t3ocyanata loss through side reaction. 

U.     Snail sanples of propellant w*r« prepared using th« candidate 
binder and advanced fuels. 

IV.        TECHNICAL PROGRESS 

A.      JUTERIALS 

1.     Saturated Hydrocarbon Prepolywar 

Th« work r«port«d in this Quarterly Progress P.eport was dun« 
with the prepolyner developed under Contract AP Oii(6ll)-103S6.    Ttw prepolywr 
was aada by The General Tire and Rubber Company according to the tentative 
requirements in Table I.1 

Table I 

CHARACTERS.riC'i CF CANDIDATE «7.EP0IHBR (TEIACEN S) 

Backbone Saturated polybutadicns -»ith 
about, y-,% 1,2-addition 

Functional Group« Secondary-OH 
Molecular Woight About 2500 
Functionality A« close to 2 as possible 
Viscosity Less than 100 poise« at 50°C 

l 
D. 5, Johnson and A.  J. Di Kilo,  "The Dovelopraent and Evaluation of a Hydro- 
carbon Blix'er Tor Hir.h Erjtrgy Solid Propellents % Report So. AFRPL-TR-66-iiO, 
Aerojet-Gansral Corporation, Sacramsnto, California, Contract AF Ob('ill)-10386» 
February l?b6,, 
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Tvanty pound« tt thlt cwidldat« propolyatr wir« nropamd und«r 
Contract AT 0U(6il)-10386, and forty-fiv» pound« wrt prtpwrod sad doli'orod 
unoar th« proMOt contraot.   Thaa« aat«ri«l* luv« b««n u*o4 in th« work rtporUd 
luirt,   Th« proper tia« of th««« pr«polynar« «r« «howa in Tabl« XI. 

Additional «aturatad prapolyaart, both with carboxy «nd hydroay 
funotlorAl group«, h*v« b««n ord*r«<i for this projaet.   Th« 0«n»r«l Tiro end 
Jabber Company 1« net; »upplyin« th««« prtpolymvi oanatveialljr under th« rtfia» 
tared trada nu« T«l«(an 3, 

Tabljjg 

monsrns OP mman-TERMixATSD TEUOSN S PRSPOUMR 

Batch Wo, 

TT           
8507' 

Unaaturatad 

Hol«oultp W«ight 

Th«cratic«l 1766 
Solution Viacooity UdO 
TPO 1620 

Hydroxyl, aeq/g 1.01*9 
Functionality* 1.70 
O:waturation, m/g 17.1 

el« 27.6 
trana 38.3 
•inyl 3U.1 

A*h, % . 

Antiexidant 221*6, % 0.5 
Breokfiald Viacooity, 28 
**ia« at 25»C 

Tolatilea, % 

"gaturatad 
2l»21K-U4aiHb 

I676d 175oo 

1.020 0.91 

1.71 1.6^ 

°-2fl 0.78 
39.7C 

27.3C 

33.0C 

°-03 0.015 

1W 16? 

*Tv»nty-tvo pound batch 
T"orty-fiT3 pound uatch 
Bafor« hydrog«nation 
Estimated fro« VPO noiacular Might of the pr^pcly-aer and cha/vg* 
in unaaturation. 
~ ' " »'^ts 

ular weight. 
Sill« nt ri9CUlar M"i«ht to •f.alT«l«Bt waipht 
Aaaufiin« a hydrogenatad polyaar of 1730 «oleeul' 

(Tbi'  pap« 1B fine Laaaified) 

CWiRPpiriAL 

»W-jr«**.*,**** . I *>*ij r«Mi^| 
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2.      fataturattd fropolyaora 

la «Mitlest to Talajtn 3, tiw unaatur*t«d polybutadi«noa, 
•aid and hydroxy torainatod, nr< rtcairod fro« 7h* Conor»! Tiro and R'ibber 
Cowpany.    Tbo Vvo maiarUIa aro unaaturatad analogi of tho Tolagaa S Bindara, 
aad «111 fea oaod to ank* un#atarat«d bindora eoRpaxabla to thost bolaf atodlod 
on Uli procraa.   Tha proportla» of tbaaa prapolynara aro ahowo la Tablo III. 

Batch litSAH of T&bio II ia a hydrceenatlcn product of Batch US*. 

Tabla III 

mOPSRTIES OT PGiJBUTADISKS FSETOIDßSS 

UiflA }k*Q 
Functional Group •-CH COCH 
Kolaculax Weight (7P0) 1750 1600 
?q-^iril«.Tt *.'si;st 962 1017 
Functionality 

1.78 1.72 
Unsaturatlon 

*• f m 

trana, % 
27.3 29.2 

cia, % 
39.7 ltC.9 

rinyl, % 33.0 29.9 Ash, % 
0.00b 0.0035 

Antioxidant, % 

Brookfield Viacoaity, 
Poiaoo at 25°C 

* 

29 
-.09 
2 

W*tar, t 0.0b ( 0.01 
Tolatllea, % 0.77 

— MT- 0.1i5 
3.     CTI 

and will raqulro rocryataliiia'ion     v *i»v *0' 9  '*Jr^d °,jt Poor IT. 

puritie. of thcao «SrlSf ^^5 toY*?^• °f fctch *»• 3' & 
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Table ZV 

•Qülf ALOtr MK0BT3 <W SV BATC «1 OF Cf I 

Batch Mo. *ltf>tlf 

Äquivalent* 
Vcifht 

6 200 71 

7 260 72 

8 560 86 

* 200 71 

*Theoretical value 69. 

B.     FHASB I 

1, Introduction 

Phase I involves a study of th« «x*ct cur* etoichiomstry of 
the prtpolymer, th« offset« of various plasticisers on propellent properties, 
and the maximum achievable solids loading with MH4C104 and aluminum. Tho 
propsll "t with tho highest spsoifie impulse will bo completely characteriied 
with mspeet to mechanical behavior and will bo evaluated balliaticaliy at th« 
1-lb liivel. Th* specification« of tho prepolymer will bo established. 

2. Propolymor 

a«     Functionality 

The functionality of a prepolymer has always been of 
•'.•oat importance and functionality determinations by various methods have 
given widely varying results.   It is necessary to know the functionality because 
it is ptrhaps the most important single factor ifcicb determines the nature of 
the polymer network in binders and prop«Hants. 

The expected functionality of Pr*»pnlys»r 07«I4;7.1 from 
sclscui&r v«ighi (vapor phase osmometry) divided by equivalent weight (end-group 
titration) was 1.65.   Theoretically a binder of this prepojynar reacted with 
a U to 1 equivalents mixture of HDI aisd CTI should not cure but actually well 
cured binders wsre obtained (Table 6, Binders 5 and 27).    Using the crosslink 
densities determined from compression moduli of the swollen Binders ? and 20 
(Table VI), and the equation for crosslink density 

i-n   (f   - 2^ 
JL •   r      - •  • (moles of crosslinks/gm of bindsr) 

i- IA 
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where i • the binder ingredient 
n • the matwr of binder lngrediente 
f • the functionality of the ingredient 
w" • th« weight fraction of the ingredient 
S • the equivalent weight of the ingredient 

am derived en effective functionality of 1.90.   Thi« agreed well with the 
effective functionality of 1.58 determined for the same prepolymer fro« the 
equilibrium moduli during the previous p."«-;r»» (Contract A/ Cu(bll)-10386). 

Two binaarv with a calculated crosslink density of sero 
were prepared fro» Prepolymer U507-I-u7.1.    One was based on the sxpocUJ 
functionality of 1.65 (Binder Uk, Table VI) and the other on the effective 
functionality of 1.88 (Binder US, Table 71).    Both of the binders were swollen 
in toluene) the gel fractions of Binders UU and U5 were O.I808 and 0.07!   , 
respectively.   This favors the effective functionality value in the range 1.85 
to 1.90; especially, inasmuch as the gel fraction of Binder US was nearer to 
sere. 

In these experiments, the amounts of extractableo we«*« 
similar.    This may indicate the presence of nonfunctional material sr low 
molecular «eight prepolymer which was not tied into either of the networks. 

The HDI to CTI ratio used in these binders also indicates 
a prepolyaer functionality of approximately 1.90.    a pre:x>lymrr with a func- 
ti >nality of 1.5» requires a trifunctional curing agent to achieve initial 
crosslinking, while a prepolymer with a functionality of 2.00 requires only a 
trace of trifunctional curing agent to achieve erosslinking.    At a function- 
ality of 1.65» 70 parts of the trifunctional curing agent and 30 parts of the 
difunctionsl curing agent are needed, and at a functionality of 1.90, 20 parts 
of the tri- and 80 parts of the difunctional agent are required for erosslinking. 
In these experiments,, a u to 1 ratio of HD I to CTI was used to achieve a soft 
(low crosslink density) binder.   At an HDI to CTI ratio of 30 to 70, one obtains 
a very hard (high crosslink density) binde»*. 

On the basis that the ertractable materials were mainly 
nonfunctional and the prepolyaer tied into the network contained all of the -OH 
groups, a calculation predicted a functionality of about 2.1 for the functional 
units.   This was an encouraging result when the approximations involved were 
considered. 

For the formuiution of binders and propellents, the 
effective functionality was more useful than the expected functionality.    The 
differences between the two can be explained by the presence of nonfunctional 
material in the prepolymer.   While association of chaina, hydrogen bonding, 
entanglements, etc., will effect tne value of functionality determined from the 
mechanical behavior of a binder, ',hese effects wore minimized by masing measure- 
ments ou a 'vollen binder. 

b.     Comparison cf Prepolymers 

Two lots cf prcpolyiier wore used for the experL-aerrtr 
reported here.    Their properties an sumsiarized in Table II.    Lot 2l42AH-lii8AH, 
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the largest (US lb) and moet reeeTt ba;ch of Telatren 3 delivered to Aero.4et 
to date, was »ore reddish ind cared faster than the older Lot Ijf07-I4i7.1. 
Or* binder made with Lot 2l\iAH-lkilKH, containing Light Circo Oil, cured mith- 
in 7 day» without Additional tatalystj however, it had a soft surface.    The 
propellants made vith these jrepoiywrs were similar.    Further characterization 
is being done. 

3. ?fect of Alur.lr.uy. Metal on  ;oocv«nate Curing A, 

The) loss of isocyanate functionality was measured for toluene 
solutions of HDI (0.5 gm in 5 g») both in the absence aiA presence of aiumlnam 
powder  (1 ga in $ ga of solution).    With aluBlnua (30-iiOu ?phe-ic»l particles) 
present, solutions both with and without FeAA catalyst did not shew grea-^r 
loss of isocyanate than when the metal was absent.    This demons, rated that 
aluminum had little or no effect upon the cure stoichiomatry oi Tela+en 3 
propellents. 

k.      Plastlclzwr Studies 

a. Effect of Plasticisers on Curing A?ents 

The effect of the plasticizers on the curirv i^ents was 
determined from solutions containing a plastlcizer (5 ga), IJil or phenyl 
lnocyanate (0.5 git) and a drop of catalyst (Max D-22 or Ob' ga FeAi. la 10 ml 
toluene).    The disappearance of the isocyanate was followed by conventional t 
tltraticn methode.    A summary of the results was shown in a previous report. 
The quantity fl-(isocyanate remaining In test solution/lsocyan'te remaining In 
control solution)] x 100 was designated the cure interference  Index,  but it 
muet be noted that this index was not adopted in the report just cited.    This 
index or the isocyanate remaining for each plastlcizer was correlated with the 
mechanical behavior of binders and propellents containing the pl&sticizar. 

b. Cure-Interference Index for Purified Squalane 

Squelene was purified and the IOJS of isocyanate dissolved 
la it determined.    One portion of the squelene was purified by passage through 
a column of silica gel and another portion was redist: lied undsr vacuum.    These 
results shown In Table V indicated that inpurlties In tho squelene were affecting 
the isocyanates.    These impurities were not further identified. 

It »iö onown that purifying the plrsticlzers generally 
gives bett*r binder properties.   The use of vacuum redistilled squalene im- 
proved the binder propjrr.ies (Table VI, Noe,  11 arid  )2) but squ*lerje-plast.i- 
cleed binders still had poorer properties than other hydrocarbon plastlcized 
binders. 

D. E.  Johnson and A. J. Di Kilo,  "The Development and Evaluation of a 
Hydrocarbon Binder for Hi^h Energy Solid Prop-Hants  (L')% First Quarterly 
Report No. AFHPL-T71-6A-1^'9, Aerojet-General Corporation, Sacrajnanto, 

California, July 1#6 (Confidential). 
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Table V 

EFFECT CF PiaiTIED SQUUSMK 0« JSCCIAJMTK3* 

Isocyanats Cur» 
.        Regaining,0       Interference) 

Purification Isocyafte % Index" 

None KDI 37 60 
PhNCO 50 

Through Silica HDI 76 18 
Gel PhNCO 60 

fiediatilled, .£i 
HiMCC 82 

rfaAA added aa a catalyst 
Tiaxaajathyxs»*» dliso^ranata and rhsnyl isoc-ranete 
Four days at a&bient temperature 
Cl-(Isocyanats Remaining/S2.6J ? x 100 

c.      Cure-Interfereuce of Redistilled IDP 

A sample of red irM lied IDP (Ümary Industries) caused a 
rapid loss in the  isocy-tnate vhen tasted with HDI.    This plaöticiaer was used 
in Binder 31  ''able VI) and the poor cure couf-imed that it did Interfere with 
the cure reactirn.    Ooriously the distillation eerred to concantrata  rather 
than to reewre the offend!np contaminants.    These results a la« demonstrated 
the effectiveness  of th*  test to predict at lsast qualitatively the wchanical 
behavior of binders containing the  plarti-dser. 

d.      Cure  Int.arfarence of Arnsed •X 

Arneel 0D,  oleyl nitrile,  was inTesttf-,*Wi AS a plasti- 
ciser for Telagen S binders.    Tl»e binder (Table VI, Mo. Uo) did not era in 2U 
days at 135°F.    Arneel CO had been used in other program« with proptlJants con 
taining MATO and BISA (aalriijirw) curing agents.    Thess props Hants had poorer 
dwclianieal properties and aping stability than prouellants containing the 
plastic luv H3r.    Passing *rr»el CD through a column of silica gnl laprerod 
the propellent properties which, höherer, wer* «till Inferior to those  IDP 
plasticiieu binders.    Theo» results demonstrated that problems of plastlcise* 
interference with curing reactions aright be common to ail curing systems and 
had gonj unnoticed because  tna  InterJ'srence nad been confused with plasti- 
ciiing net4en. 
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Sl.     Binder Studie» 

a. Introduction 

Binders were prspnrwd to study plastlcissrs and their 
effects on the asohanical properties and euro stoichlometry.   All of the currant 
result« art 1)101« in Tabla VI, which includaa bindara praparad fron two batehaa 
uf Telegan S (82(07-1-147.1 and 2UZAM-iu8arf) and an unsaturated prepolyiur (Lot 
2ii2AM-lli6A) of approximately tha saita aqulralent weight.    The tabla present« 
crosslink densities by corprooion moduli of awollan bindara and by equilibrium 
moduli, gel fraction, aol fractions, uniaxLal mechanical properties at 77°F and 
the Moonay-KlTlln Constanta.   The mechanical properties of the binders oontaininf 
equal volumes of plaatlciaer are in fable VII. 

b. Effect of Plasticizers on Binder Propertlas 

The hydrocarbon oils, Light Circo Oil, Rujol and Oronite-6 
hare shown the least t aourt of intevf e.-ance with cure both in testa with HDI and 
In binder*. The plaaticiieri 3-lia, Ansul Sther 131, Undecyl Cyanide and Arneel 
CO hare shewn the most intarx'trence. The estere DOE, IDP, and DOS are inter- 
mediate in this respect. The n-undeeyl cyanide and the Ansul Ether 181 ware not 
improved by passage through a column of silica go], although ether purification 
techniques ware not tried. 

While racuum distillation lmprored the squalane, the 
improvement has not been bofficiant to make the squalane as inert a plasticiser 
for TeLagen S binders as U* hydrocarbon, Sujol and Light Circo Oil. 

e*     Compatibility rf Plasti^isers with Telegen 3 Binders 

Some visual observations of plasticiser compatibility 
with the Telegen 3-CTI-BDI binders were made.   The binders contained 26 TOI * 
of plasticiser.    S-llil-plasticlsed binders tended to exude; the exudate was pre- 
sumed to be plasticiser.   The binder containing Oronite-6 was clouo^, whereas 
the hinders with Rujol and Circo Oil were slightly haxy.    The clearest binder 
was one with IDP. 

d.     Correlation of Crosslink Density Measurement« 

Jtooney-Rivlin Ct constants, crosslink densities from the 
compression moduli of toluene swollen binders and the gel fraction, •,, are 
related by line functions (FLmrmm \ to 3).    The Crosslin densities horn 
compression moduli of toluene swollen binders and the crosslink densities 
from stress relaxation measurement« at 1$C°F are compared in Figure It,   The 
etrese ralaxation data at 150°F gave lower crosslink denaiti«»i than thos* at 
77*F.    The lindem may not hare reached complete equilibrium relaxation it 
77*F and *v not at 150*F either because crosslink densities from ralaxation 
data ara higher than those from compression moduli studies.    Swelling cd the 
binders for the compret>Bion moduli determination eliminated the effects of 
crystallinity and hydrogen bondirg and minimised the effect of entonglenenta. 
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Table 711 

on, FRACTIOH, tommi »«in BKHAVHS cr 
PIA3TICIZED TSUGEN S-C1I-HDI BIKDKRS* 

1*3 
h2 
20 

a 

17C 

19 
22 

Plastic!ser 
Bujol 

Oronite-6 

Light Circo Oil 
n-Oadeoyl 
Cyinide 

Sqaalene 
ZDP 

DOZ 

s-ua 

Cur« 
Interfarence 

Index 

0»3 
k 
6 

9 

9 
18 

19 
26 

8..     T„     I0 

JKi   X   ai 

1>8 566 

25 W2 

40 775 
26 b5o 

28 Wli 

17 779 

31 

19 

18 

19 
20 
6 

0«1 
Fraction 
x 10* 

7.3 
7.3 
7.1» 

5.* 

k.k 
6,0 
6,2 

2.7 

*Plaeticiaer contest 26 rel %\ binder cosrpeeition, Table 71. 

«.     Initial Tensile Modulus and Oel Traction 
of Bindara 

The plot log I   (initial uniaxial tanaila aodulua) ra. 
T, was apparently a straight Una (Figures 5 and 6), indicating the relation- 
ship T, - a • n log BQ.   For hydrocarbon oila (n - lit.8) n was slightly leas 
than for the esters (n - 17.lt).   Tsnaile stress data fitted this general 
relationship, but the points were acre scattered because the aeaaured tensile 
stresses were acre dependent upon random binder flawa. 

Two series of binders were prepared using IDP (purif. »d 
with S10a) and Circo Oil as representetiiee of the two main clauses of plasv^- 
clsera.   Plotting either initial tensile moduli, I-, or the gel fractions, ra, 
TO. the volume fraction of plasticiser, ess iszxA wä Circo Oil interfered less 
with the cure reactions (Figures 7 and 8). 

In general, hydrocarbon plasticieers interfered lese with 
the cure reaction in binders than did the eater plastic*«ers.    This waa con- 
sistent with the results obtained frost isocyanat* leaa of HDI-plasticiaer 
mixtures.    Preliminary binder studies indicated that prep>I/wr 2lt2A*f-l]t3uUl 
gave binder with lower crosslink densities than those of prepolyaer 8$0?-I-lt7.1 binders 

f.     Swelling of Binders 

Swelling of binder saaplas with the cyanide-type plaati- 
cJUers gars erroneously high gel fractions because the extracted plasticiser vas 
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evaporating with the »veiling solvent (toluene) during iiolatioo of the extract- 
able«.   The weigh'  af uctractAb.Ua tu therefore determined froa to« difference 
in th« weight* of     ie original saffpla and th« d*«voll«n sajrpl*  (solvent reavwed 
In vacuo).    This «ethod fave nor* reliable values for th« attractablea la th« 
cyanide-plaaticlaed bindere.    Several of th« inllin binior* with other tjrpee 
af plasticiiera were desvollan and th* arount«   of extractablaa determined by 
tMa method.    In most eaaea, th« amount of extractsbles by thia method agreed 
within 5* or laaa with that determined by weight 0f non-volatilea in th* avai- 
ling aolTanta. 

Samples of * non pleaticised binder of known crosslink 
density wara plae«d in sereral plasticiiera and their availing characteristic« 
ara currently being determined.    Of thaae plasttcliera TUP, n-und«cyl cyanide 
and equalen* caua« tha aora rapid availing; tha other plastieixers being atudied 
include, DCS, Light Circo OH, Oronita^S and lujol.    Th« data fron th* experi- 
ment will b« used to calculata the Flory-Haggin* interaction parameter for the 
plaatlciaer. 

Telagen S-CTI-KDI binders ware swollen in a large nvmber 
of solvente (aee preTioua quarterly Raport) of which tetrahy-lrofuran and c*r*on 
tetrachlnride wen» the beat,    A plot of moil wo» swelling vs tne eoh^.-ive er#rcy 
density of tha  swelling solvent showed two peaks, at CLD • 73.6 and  ^o.l, with 
a ainlirua at about CZD • 81.6.    Some  adJitional solvents wara studied,  and tha 
swelling data ara reported in Table Vila along with data froa tha preTioua 
quarter. 

The data were rery inconsistent and the idea of a twin 
aaxiÄua in tha maximum availing - CED curve wa* difficult to substantiate. 
fhare was definitely a peak CED - 70 to 90, but the data did not locate it 
«ore exactly. 

g.     Catalysts 

The recently acquired prapolyraar, Telagen S  I,ot LL9.AH, 
is being oaed to determine  tha  efficiency of the iaocyanete cur« catalysts, 
CoJU, Fe/U, Miax D-?2, ar.i TnXA and Niax D-2<? in coabination with abided acetyl- 
acetone.    CoAA was alovar than tha otner catalysta and produced a binder with 
a tacky surface.    Th« binder« ara being «wollen to determine th« extent of tha 
cures, 

6.      Propellent 3tudiea 

Propellants (50 gm) were aade to atudy the effects of CTI to 
KDI  ratio,  ft"CQ to uH ratio,  plasti^liar« and catalyst  levels,  and replacement 
of MÄA by C-l.    Tha bast formulation* were  used to make 1-lb batches,    The 
data are suaaariied in Table Till,    111 prcpsilants Contained  S3 vt% eoiide. 

Both tha new prepolymer and tha old prepolymer wara toatad. 
SoJ!«* wrrnril ofcj«p»ationa are presented helm/. 

a.      Use of DLS and IDP gave about tha saiae properties  in 
these formulation*. 
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table VI2* 

fcUXDOl SUtLLZM AJO TW CQHBIV1 E1RR0T HUBTTIP Ot SOETETTS 

Solrtnt CID 
HKCLTO« ?w*lür* 

•1 »olntPt/g ^«r.J:- 

litrosmUiane 

DiMttqrlfanMHtlfe 

209 

15? 

11.7 

0.c£2 

0.11 

0.1i9 
lc9tonitrllii 139 c,o5 
Iiopropanol 

MitrobtnMw 

BthyLen« Dichlorick 

132 

112.5 

108.3 

98.1 

0.178 

0.678 

o.m 
0.92 

Mtthyl«** Chlorid« 

Dioxin« 

Action» 

Chlorohwnsen« 

T»trahjrdrofuriui 

97.6 

9U.6 

93.3 
90.2 

86.8 

1.62 

0.85 
0.168 

2.91 

i».?0 
Chloroform 

BenMw 

Attliyl ithyl Jbtom 

85.3 
83.6 

81.7 

3.3* 

3.1i2 

0.55 
'thvl Ac«t«t« 81.6 0.50 
To    :ae 

JWsitylent 
79.3 

77.U 
U.12 

3.06 
Xyl«B« 

C*rbon Tttrachlerid« 
77.1t 

73.6 
2.86 

U.68 
Cycloh«xant 66.8 3.68 

59.8 1.52 
n-tfnpt.ii* 55.0 2.38 
r.-H« LuaiM 52.1* 2.32 
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KMOASSinni 

b.     Light Clree 012 gar» a higher •odul«* propsllant at th» 
3DI to CTI ratio than obtained with aithe." DCS or IBP. 

e.     PropoUanW with Ute ICO to CH ratio of 1.00 had higher 
or break taoolles and initial aodull than those at a ratio of 1.05* 

thia reflected the highly etolehlonetrl* nature of the oaro reactions even ir. 
the) prepetlant. 

d.     The HDI to Oil ratio of U.O appeared to /IT» propelltrts 
of lower Initial aodull and greater aaxixua elongation than those at a ratio 
of 3.5*   Thia greater elongation waa deeirabla. 

wall 
••     The etreae-atrain curre» «bowed that the y, snd th« r» 

«era nearly the asm; hence, oxldiasr dewatting waa adninal. 

f. Tbeee propellanta eoald be adxed at 110*7, and possibly 
thay could be aada at lower temperatures.   Although these prupellants war« 
eared at 135*7, eaall aaaplae have been cored at 110*7. 

g. CoAA wae not aa satisfactory as the other eatalyeta in 
the formulation* which contained C-l aa the bonding agent. 

The pot life was relatively short with propeilanv« processed 
at 125°?, but was extended by processing at 110*7.    1 propellant similar to 
•o. 10 (Table VIII) but containing 0.0013* Fail and 0.007% HAA, waa divided 
and aaanlee ware cured at 110*7 and l'i5*7.    Plastinetar readings for tte 

iplee tv»n over a period of .»ever? hours are shown in Table IX. 

Table g 

rustmrm HRABüHS cr momjAXS ruam AT UO°F AHD 135°F 

TerjperatTire 

U0*F 

135-F 

Via»  (hourr) After Casting 

*3 23.5 

21.5 

20 

15 

lt.5 

18.5 16.5 

wail« tb*rs WAS considerably sore potllfs at the lower Vswperature, both pro- 
ps llant« ;ured noraally. 

7.      Prop» llant. 9uming Rates 

... a preliminary strand buruing rate etudj waa ««da for an 
«T4C104-A1 proMllant («8 v»Jf solids) «Uilar to Mo. h in Table Till.    The 
burning rat«» %•, 1*00 and 700 pela were 0.20 arid 0.?7 in./»•«*, r»«pectir«Jy at 
80*F.    Over the range !j00 to 15-00 pala, th* erasure exponent of burning was 
0.70.   The praansr« axpor*nt w*s high co»jf.ur*ci to unsaturated iaydioearfcon 
binders with th« an* solids, ana would requir. fsu-tne*" «tudj to lover it 
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when raquirid.   T»s burning studiee are sj»warii*d in Figure ?. 

••   isääB £s&g£ Ssaäaä fegg^aft 
a.     früU* leading and Packing 

1)     Utic of SgUd» to Binder Volute 

On» of th« adTant*f;es of a prSpellant binder with a 
highly efficient network structure Is it* *M.Uiy to retain good atchrxic«! 
properties v.ipa loscasi with a gr**t*r aaovat of Ballistic »oiJ.d#»    Notwith- 
standing this •dranrUct, th* problem of «cMering * higher solids loading with- 
out loss of aechaiujal properties is s difficalt ans.   This is d*swastr»tf 1 by 
th» ratio of th« solids Tolu*» to th» binder TQITBM (including th» plasticli»r) 
«ad th» TOITJB» frsetioa of solids for a nuaber of actual and projected systeas 
with a saturated hydrocarbon binder (Table Z). 

as th» solids loading increases beyond th« state» 
of-art Talus of 88 vt£, th« ratio of the solids volua» to binder roluas increase* 
greatly.   This ratio beccw,* eren greater at lew teaperatur» eine» th* Tolas» 
of th« binder decrees«« sore rapidly than that of the filler. 

Table I 

THB RATIO OF SOLIDS TO BIRDER 70LUXES AID TOM» IRiCIZCI 
OP SOLIDS FOR YaJtlOtB PRQPRUANT STSTEHS 

Propellant 
Wt* 

Solids 

75 

TOIUMS Fraction 
of Solids 

Volua» of Solids 
toluwe of Sinder 

Polaris 62.li 1.6 

Minuteaan King II 
(2nd Stag«) 

82.2 69.0 2.2 

Tartar (*u»**ir-«r) 82 70.0 2.3 
MimUaan WLig 71 

(2nd Stag») 
88 75.6 3.3 

Systss) 1 90 80.2 k.l 
Systs» 2* 92 8».o $.2 

•Syste« li    80* W4C104, IC* alj    Syttea 2t    8^jS »^"«V» W a. 

*)      SSgTÜS&S fff ^trtiole  P*£kinjr 

The iaportam* of p»e«d.:,g of »olid parti else is 
well knwn st» exemplified by the «xtansl*» m* of hi- and txlaedal partial« 
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bleada in solid propellants to obtain improved mechanical behavior.    Th* 
ballistic requirements vlll normlly sstcblish an average particle six« far 
the fillers of a solid propellant, but there art limitless numbers of particle 
sit« distributions which will have the sane «.«rage partiels size.    As a 
result, the task of ö>*«rmining which blend of particle sise distribution« 
will achieve the highest solids loading in a propellent with reasonable 
mechanical properties is a tedious one. 

b.     Effect of Packing on Viscosity of Filled Liquids 

A convenient method for determining the effectiveness 
of particle packing is by measuring the effect of particle packing on the 
viscosity of a liquid.   The Eilers equation1 shewn below relates th« relativ« 
viscosity (t^) of a suspension to particle pecking and loading. 

••i-b* iTg> 0 T^7, P. r 
rT 

where T) and TL &n the visco«j.ties of the filled and unfilled liquids, 0 is 
the volume fraction of solids, and 0« ia the maximum volume fraction solids 
(at which T> <• •). The parameter 0. is a function of the particle packing, 
and for uniform sized spheres is 0.71» by theory. 

Measurements of th« viscosities of monodispersed bus- 
pensions fit an equation of the form proposed by Eile *s with 0- * 0.605 which 
is approximately the theoretical for orthorhombic packing. 

c. Similarity cf Viscosity and Modulus of Filled Systems 

Th« us« of Eilers relation with th« viscosity (n) 
replacsd bj Toung's modulus (E)* has been proposed for th« analogous elastic 
problem of lubbers containing fillers.    Some success was achieved by T. Smith* 
in application of an equation of the Eilers type to solid propsllants. 

Therefor«, th« best packing of particles of different 
sixes will give a slurry with the lowest viscosity and for a given solids con- 
tent will giv« a propellant with the lowest modulus.   The maximum loading that 
such a racking would allow must, of course, be determined by its «ffect in a 
propellant system. 

d. Effect of Particle Sise Distribution on Viscosity 

Th« us« of particles of different sixe allows much nor« 
efficient packing of particles.    Horsfield* calculated that a suspension with 
a solids concentration of 85.l£ by volume is possible by use of particles of 
five different siee«. 

H. Liiere, Kolloid, Zeit. 10?, 165 (1?5U). 
aJ. Renner, J. Appl. fhy»., IJf, 638 (l?iö). 
•T. L. Smith, Trers. Soc. of Rheology, JS,  (1959). 
*H. Horsfield, J. Soc. Chan. Ind., £, 10?  (1934). 
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k amber of inveetigatore hurt experimentally «tadied 
enspension of blaodal lietributions of lolld» «p to 7W by volume.   These 
studies »how tlut the viscosity of concentrated suspension« could decrease 
markedly If tbo particle else ratio «ad relative aaownts of email to largo 
spheres ware ehoaan properly. 

a«     Approach 

Tfaa approach to aero highly loaded aolld propellents 
consists of two distinct atapa. The first involves the deteraination of the 
blends of available oxidizer particle sites which give a «lorry with a •ir'lP'W 
riscosity (bast packing of particles). The second step is the deteraiaatioa 
of the aaxlana solids loading which aay be achieved with the blend deteraioad 
la the firat step. The work reported here la the first step of this approach. 

f. Particle Sises 

Sea» aTailable particle alsea of MB4C104 with the 
exception of 3-°u particle? which were used as received, wars screened to a 
narrower range of particle sises for a study of the effect of particle size 
on the relative Tiscceit.y of a slurry. The oxidiaers used were 3-°u, b3-10bu* 
10u-2$0u, and 250-li95u. These will be referred to as aoroaodal systems. 

The particle aiae distribution by slere analysis and 
the average particle size for each aonoaodal systea is given in Table XI. 
The particle else distribution of the fine grind is 3-9»» vith an average of 
o*> 

g. Viscosity Measuraaents with the Haake Rotovisko 
Viscometer ^ 

The viscosity aeaaureaants aade with a Haake Rotovisko 
(Type RV) viacoaeter equipped with a multiple Measuring head (50-500) and the 
Haake Circulator (Type RBD) at 30°C were consistent up to a volum fraction 
of solids loading of approximately 0.1*5 depending on the oxiaiier systea. It 
higher solids loadings the measured viscosities were lower than the values 
which would be expected froa the extrapolated curve of relative viscosity (i^) 
vs volume fraction of solids loading (0). 

h.  Viscosity Measurements wi'ih the Brookfleid 
Synchro-Laotrlc ViscoaeUr 

Viscosities were determined with a BVookfleld Synchro« 
Lsctric Viscometer (Type HEP) in an effort to obtain accurate measurements at 
the higher solids loading and aa a check on the values obtained using the Haake 
Rotovisko visoaeter. The Brookfield measurements were consistently higher 
than those obtained ueing the Haake Rotovisko viscometer (Figure 10). With the 
standard Brookfiald spindles the viscosities fell below the extrapolated values 
at «bout 0.£,'5 volume fraction solids due to the thixotropic nature of the slurry 
(Figures 11-Hi). More accurate measurements were aade in the higher ranges 
usin* the Brookfiald Heliopath Stand and the T-«hap»d epiodle. Vith the higher 
Viscosity measure—»«ts the determination of the maximum aolids loading- at 
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Infinit« viacoeity for each bland by extrapolation of the plot l/(%*-l) •» 
1/0 boeaja« «or« accurat«.   Th* Maato circulation bath (Typo RED) waa aa«d to 
—lntal* * standard toaasratax» of 30*0. 

Table II 

MRTICIS SIZE DISTRIBUTION AMD AVERAGE PARTICLE SIZS 
OF KH4C104 USED FCR SLURRI VISCOSITY STUDIES 

Tylar 
Slav« No. 

Si«T« 
Opining 
Sis«, ,» Distribution 

* 

AT«rag» 
Farticl* 
Si««, u 

32 U95 3J> 
35 
k2 

U20 

350 
32 
29 

U19 

U8 297 5 

65 210 29 
100 JJi9 31 
150 

200 
105 

75 
15- 
11 

m 
325 1* 9 
765 - 5 

150 105 27 
200 75 36 71.2 

325 lib 36 

i.     Viscosity of Oxidiscr Bland« 

Th« aonoaodal NH4C104 syat««« war« blendad and tha rala- 
tira Tlaeoaities of slurriaa in OroniU-^ ware daterained.    Tha blend ooapo- 
aitiona ar» aujaaarised in Tabla XII, and tha viscosity data ar« shown la Tabla 
nil and Figures 11-23. 

Bland« 1-6, composition« of which ara givan in Tabla XII, 
wars a seriaa of biaodal and triaodal bland" selected at randoa, tha Tlaeoaities 
of which war« «««aurad to dateraine th« viscosity differences betwaan blenda arrf 
tha accuracy with which tha viscosity could b« rwaaurad.    Tha data wora eoasiatant, 
and tha viscosity of tha bland« ware aaaily distinguishable witn tha exception 
of Bland« 1 and 2, th« viscosities of which were vary cloa«. 
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REiXilVE  VISCOSITIES   OF  N^CIO^ORONITE  6   SLURRIES   MEASURED 
WtTH   BROOKFIELD  VISCOMETER   AND   hAAKE  ROTOVISKO  VISCOME7ER 
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Relative Viscosity (Rcrtovisko Viscometer) 

Figure 10 

•31- 

UNCLASSIFIED 
yw-wfvw WW t*w* 



UKCUSSinZD 

0.20 0.30 0.40 0.50 
Volume Fraction cf Solids if) 

UNCLASSIFIED 



\ ÜKCUSSlrlH! 

I % 

V 

0.15 

7 0.01 
CM 

0.05 

APPLICATION  OF  CILERS   EQUATION   TO  T4: 
VISCOSITY   OF   NH4CI04-CR0NITI   6   SLURRIES 

1'* 

figure 12 

UNCLASSIFIED 



mmmmmmmmm 

UNCUSStrlED 

i 
i 

» 

o. 10       a 20 0 50          0. JO         Ü. 50 0.00 
Volume F 3(.':on o! SoJids $> Figur« 13 

UNüftssiFIED 



• «... >, •-•.*.   I It %*.   . «t 

MKUSSTRÜ 

ai5 

«»• 

APPLICATION   OF  EftfRS  EQUATION   TO  Tf£ 
VISCOSITY   Of  NH4C;04 - ORONITE  d   SLURRIES 

•35- 

Figurs 14 

UKCUSSIHED 
^T: ••#" "#*•••* sfcsfcf^iv^ •»* M ^jr-*•».>•** 



Wit** 

WfOASSIHED 

****** 

cotroiznoi iXD MMMM funcn SEI or «LCML EIU 
OSS) rOR SIOST VISCjSCT 8TI9ZB 

Bland 
Cmfoatt 

Arartg» f*r 
6           71, ? 

Ion, Vt5 «f 
ticl* 81M. » 

P&rUol« 
Si»*, it 

I 

JCj_ 3Jt6 
mm 

DelJit Ion 

- - 50.00 50.00 2«3 136 

- 50.00 • 5o,oo «5 1T3 
50.00 - m 50.00 211 220 

m 33.33 33.33 33.33 213 139 
33.33 « 33.33 33.33 190 159 
33.33 33.33 - 33.33 165 168 

* a» «4.16 15.18 180 96.7 
m 68,72 - 31.28 180 m 

57.87 - - W.23 180 201 
10 ^ 56.A U».35 28.71 180 iy 
n 15.37 «* 18.21 36.^2 160 176 
12 UL.ii3 19.52 - 39.05 ieo 186 
13 35.60 A 32.10 32.10 160 157 
uu Ü9.12 - 12.72 38.16 180 lf'4 
15 n,2i .. 51.66 25.93 180 130 
16 13.00 65.25 21.75 180 113 

*Thlt lndic*ut th« avr«*d of Uv, bl*^, but h*. 11U1« RMUM for 
th«*« ftcn-0su8«i»ii dlatrlbyti out 
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T*M» mi 

TDOOSRH} OP *#cio4-oRorm 6 SUKUM a JO*C 

81»nl Tol. 
Ho. Tt*. W .10 

1 O.U5         5 f.22 
o.5o      ; J.00 
0.55      : L.82 
0.60        ] L.6? 
0.65        3 1.* 

2 o.k5      : S.22 
0.50       J J.00 
0.55      : L.82 
0.60         3 L.67 
0.65        ] 1.51» 

3. 0.1*5         ! ».22 
o.5o '.00 
0.55        3 L.32 
O.&O         ] k.67 

It o.U5 J.22 
o.5o       J J.00 
A   <<                 ' 

k.S2 
0.60        3 L.67 
0.65         3 U5U 

5 o.i»s      ; !.22 
0.50        \ J.00 
0.55       3 L.82 
0.60         ] 1.67 

6 o.l»5       J J.22 
0.50         5 J.00 
0.55       3 L.82 
0.60         ] L.67 

7 0.U5       J ».22 
o.5o       J ».00 
0.55         3 ..32 
0.60         3 ..67 
0.63        .3 

8 0.1*5         2 ».22 
0.50       i \0O 
Q.S5 .82 
0.60          1 ..67 

0.667 

0.61*9 

0.602 

0.725 

0.61*1 

0.6IU 

0.658 

0.637 

W& \ _ii \*-\ 
1 

0.861* 
2.36 
6.80 

20.2 
2U.3 

21.6 
59.0 

170.0 
50b.0 
608.0 

l*.65 
7.68 

13.03 
22.1i6 
2t».62 

3.65 
6.68 

12.03 
21.1*6 
23.62 

0.271* 
0.150 
0.0831 
0.01*66 
0.01*23 

0.992 
2.18 
7.26 

25.0 
1*8.3 

21». 8 
51i.b 

181.6 
621*. 0 

1208.0 

U.98 
7.35 

13.b7 
25.00 
31*.78 

3.98 
6.35 

12.1*7 
2l*,00 
33.78 

0.251 
0.157 
0.0803 
0.01*16 
0.0296 

2.28 
5,91* 

21.1 
86.7 

57.0 
11*8.1* 
529.0 

2168.0 

7.1*6 
12.19 
2?.96 
1*6.60 

6.1*6 
11.19 
21.96 
1*5.60 

0.15-5 
0.0891* 
0.0156 
0.0219 

1.51» 
li.68 

19.ii 
1*3.2 

128 

3J.U 
U7.0 
UÖli.8 

1080.0 
3200.0 

6.19 
10.81 
22.00 
32.85 
56. <2 

5.19 

21.00 
31.85 
55.52 

0.193 
0.102 
S!oU77 
0.0311» 
0.018 

1.96 
5.38 

H*.5 
75.2 

1*9.0 
13li.li 
361.6 

1880.0 

7.0 
11.60 
19.02 
1*3.1*0 

6,0 
10.60 
18.02 
1*2.1*0 

0.167 
0.091* 
o.o^55 
0.0236 

1*.51* 
13.5 
35.2 

212 

113.6 
31.7.6 
880.0 

5300.0 

10.63 
18.38 
29.62 
7?. 70 

9.63 
17.38 
28.62 
71,70 

0.101* 
0.0576 
0.031*9 
o.nilio 

2.800 
19.3 
37.1* 

2i40 
320 

70 
1*96 
936 

6000 
dooo 

8.38 
22.30 
30.60 
77.60 
89.50 

7.38 
21.30 
29.60 
76.60 
88.50 

0.136 
0.01(70 
0.0337 
0.0131 
0.0113 

9.20 
29.1* 
06.1» 

1*35 

210 
736 

2160 
i>r>oo 

15.2 
27.2 
1*6.6 

101*.1» 

li*.2 
?6.2 
15.6 

103.1* 

0.0701* 
0.0392 

0.00^)7 
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Bltnd Tol. 
»0. *«*, w Ja 

9 0.U5 2.22 
0.50 2.00 
0.55 1.82 
o.6o 1.67 
0.65 1.51* 

10 oJ*S t.22 
0.50 2.00 
0.55 1.82 
0.60 1.67 
<\62 1.61 

11 0.15 2.22 
0.50 2.00 
0.55 1.82 
0.60 1.67 

12 0.1*5 2,22 
o.5o 
0.55 1.82 
0.60 1.67 

13 0.1*5 2.22 
o.5o 2.00 
0.55 1.82 
0.60 1.67 
0.63 1.59 

u» o.l»5 2.22 
o.5o 2.CJ0 
0.55 1.82 
0.60 1.67 

15 o.l*5 2.22 
0.50 2.00 
0.55 1.82 
0.60 1.67 
0.63 1.55 

16 0,1*5 2.22 
o.5o c.OO 
0.55 1.82 
0.60 1.6? 
0.63 1.59 

UKOASSiFiEB 

Trtli mi (Cont) 

0.667 

0.662 

0.671 

0.61*5 

0.686 

0.61.2 

0.676 

0.662 

1 

5.20 130 Uj* 10.1» 0.0962 
11.5 288 17.0 16.0 0.0625 
27.2 680 26.1 25.1 0.0398 
83.2 2060 1*5.6 1*1* .6 0.0221* 

201* 51000 225.8 221*.8 o.ool*i»5 

5.1*0 126 11.23 10.23 0.098 
25.9 61*8 25.50 21.50 0.01*8 
65.6 161*0 1*0.50 39.50 0.0253 

U*7 3675.5 60.61 59.61 0.0168 
352 8800.0 93.80 92.80 0.0103 

9.76 21*1* 15.61 H*.6l 0.0683 
23.7 592 2li.i*0 23.2*0 0.01*28 
57.6 UJ*o 37.90 36.90 0.0272 

176 1*1*00 66.1*0 65.1*0 0.0153 

7.20 180 13. h? 1*»    *.*• O.Ocü» 
18.2 1*56 21.1*0 20.1*0 0.01*91 
1*9.6 121*0 35.20 31*.20 0.0293 

230 5760 75.90 71*.90 0.0131} 

8.16 201* 11*.28 13.28 0.0751* 
21.1 528 22.96 21.96 0.01*56 
32.0 800 28.30 27.30 0.0366 
96.0 2u 00 1*9.00 1*8.00 0.0208 

205 5120 71.60 70.60 0.011*2 

9.92 21*8 15.75 U*.75 0.0678 
23.1* 58u 21*. 01* 23.01* 0.01*33 
60.8 1520 39.00 38.00 0.0263 

31*6 861*0 93.10 92.10 0.0109 

2.80 70 A  ->A 7.35 0 n1 '6 
11.8 296 17Ü1» 16 ^ü o!o6l3 
27.2 680 26.15 25.15 0.03S2 
67.2 1680 1*1.00 1*0.00 0.0250 
99.2 21*90 1*9.30 1*8.80 0.0205 

2.61* 66 8.13 7.13 0.11*0 
11.0 276 16.62 15.62 0.06ÜO 
25.6 610 .5.1*0 21*. 1*0 o.o)* 10 
86.1* 2160 1*6.5') lr:.50 0.0220 

131 32*0 57.27 56.27 0.0177 
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An av*ra,~9  particle size of 130U was maintained in 
formulating Blend« 7-16 In order to jairtain a Uoeful burning rate range. 
Blends 7-12 were made up ufiiii? virious particle si±«io  to give the läOtt aver- 
age.    Blend 11, with a 2 to Tratio of the U°u 

t5 lli3u panicle size NH4C104, 
gare 'Yonite 6 slurries vith the lowat »el=li.e viscosity. 

Blends 13-16 were then prepared to produce variant» of 
Blend 11 witn different ratios of the iil°u to liiöy particle size NH4C104, nain- 
taining the lSou particle aize average. 

A plot of 0f ra ratio of lil°n to lu8u particle sizes in 
the blend is given in Figure 2k including thai for Blend 11.    Blend 13 (1 to 
1 ratio) had the highest 0, and will be used for propellant studies.    It is 
expected that some additional minor modifications in the blends will have to 
be made in the course of the propellant studies. 

C.      PHASE II 

1. 1   reduction 

Phase II will involve preliminary study of the compatibility 
ot the candidate prepolymer, curing agents, or S'iitable models with advanced 
oxidizers and fuels.    Materials which are compatible will be tested in pro- 
ps Hants. 

2. Use of Modal Systems 

The use of moael compounds to study the chemical interaction 
between binder components and oxidizers or fuels has proven to De a powerful 
tool.    The model compound allows the cnemist to carry out analyses which are 
difficult or impossible to achieve with the prepolyrmrs and curing agents used 
to prepare propellants.    The result Is that not only are incompatibilities 
uncovered, but information concerning the nature of the incompatibility is also 
obtained. 

The model compound or compounds should be a low molecular 
weight replica of some structural or chemical characteristic of the prepolymer 
or curing agent.    It is not always n*c«Ht«»ry that ?. sir.gls model show all the 
characteristics of its counterpart.    In some cases it is expedient and con- 
venient to use several models each shc^n^ *r,ly one characteristic of the 
material of interest.    This approach has been used in this  program where 3 
model compounds are used to describe the chemical behavior of Telagen S. 

A useful characteristic of the model compound is its vola- 
tility so that analysis by gas-liquid chromatography  (GLC) is possible.    GLC 
is a veiy useful method for discovering and studying unex-Dected chemical 
interactions.    All tna medals used in this program have tnia property, 

3. Model Compounds 

Three compounds were used as models for the hydroxy terminated 
Telagen S.    These were 2-octr.iol (J. T. Balcor Chemical Co., 99$ pure by GLC), 
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1-decanol  (Eastman Kodak Cc, whit» label,  pure by Cl£) and 1,7-octadiene 
(Columbian Carbon Company, used as received).    The first two compounds repre- 
sent the primary and secondary hydroxy groups of the  potential prepolyraer 
while the olefin is characteristic of th« residual ur.saturation.    In a similar 
fashion the carboxy terminated Teiaren S was represented by 1-nonanoic acid 
(2nery Industries  Inc., redistilled, b.p.   129°C/5 an;  pure by GLC},  2-flthy.l- 
hexanoic acid (Union CaiLiü« Corp., pure by GLC and used as received) and 1,7- 
octadione. 

Phenyl isocyanate  (Eastman Kodak Co., white label; redistilled 
b.p. l66°C;  pure by GLC) was used as a model isocyanate and the solvents, 
n-hexane (Fisher Scientific Co., spectroanalyzed grade) and toluene (J. T. Baker, 
Reagent grade; distilled from sodium) were used to represent the hydrocarbon 
portions of Telagen S, Bibenzyl, toluene and phenylcyclohexane were used as 
internal markers  for the GLC studies. 

l 
In addition to these models which were previously reported 

1-butyl isocyanate  (Sastma.i Kodak Co.,  practical prade,  redistilled, b.p.  111- 
112°C) a model isocyanate, l-benzoyl-2-ethylaziridine, a model aziridine, 
2,2-epcxycyclor.exane  (Research Organic Chemicals Co., C.p.)  i model epoxide 
and propionic  (J. T. Baker Chemical Co., reagent grade) and hexar.oic  (Matheson, 
Coleman, and Bell, practical grade) acids, model carboxylic acids, were used in 
the coritinued studies of the effects of advanced fuals and oxidizers on binder 
ingredients.    The aziridine was prepared \ry the  reaction of benzoyl chloride 
with 2-ethylaziridine and distilled, b.p.  «32-65°C at 0.2 ram. 

k.      Method for Studying Compatibility of Fuels with 
Model Compounas 

The samples were prepared in a tared 1 dram shell vial within 
a weighing bottle.    The tared bottle and vial were put intc a dry nitrogen 
atmospheric box wr.ere the fuel sample VdS put into the Fhell vial.    The weighing 
bottle was sealed, removed from the  dry box in order to weigh   the  fuel and then 
returned to the dry box.    The shell vial was fitted with a rubber serum cap 
after introduction of 0.5 ml of a solution containing a model compound, and 
removed from the box for gas Chromatographie analysis.    Chromatograms for some 
of the model compounds are shown in the nrevious quarterly report (AFRPL-TR- 
66-159). 

Stored or heated, samples we-* sealed into 2-ml ampules pre- 
pared essentially by the method described above. 

The gas Chromatographie analyses were  Derformed on an F 4 M 
Kodel 500 Gas Chrow    ograph equipped with a katharometer detector.    A sample 
size of 10^ 1 was u.jd for each analysis,    Tabl« XIV ah'vs the column cond^oions 
used for the separations.    Typical chromatograms are shown in Figures 25-27. 

D. E. Johnson and A. J. Dl Mllo, First Quarterly Report Kj. AFRFL-TR-66-159, 
rinnf.rar-t.   AF  nJi (611 )-111,1 0.   .Inlv   IQ^S Contract AF 0U(6ll)-lllU<3, July 1966 
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Table n? 

CHROMATOGRAJHIC CONDITIONS FOR AKALTSZS GF 
MODEL SYSTEMS BT GLC 

MaU rials Analy»«d 

Alconol-       Aziridine-     Epoxide- 
Isocyanate Acid Acid 

woluan Material 1** 2b lc 

Temperatur«, °C 75 - 225 115 100 - ; 

Heating Rat«, °C/min 21 m 

Q*a Flow, ml/kin 100 100 60 
Injection Port Temp., °C 200 175 200 
Block Temp., »C 300 300 300 
Bridge Current, ra.a. 150 150 150 

£?' x 1/V stainless eteelj 20* DC 705 on 80-100 neeh Diatoport S. 
If x 1/li" stainless steelj 5* Carbowax 6000 on 80-100 mesh Diatoport S, 

%' x l/l" stalnleea steel) 1JÜ carbovax 20M on 60-80 mesh Diatoport S. 
''stapwis« heating»    100*/3 minj 150°C/10 minj 225*C to end. 

5.      Long Term Compatibility Studies cf Model Acid, 
Hydroxy, Jraaturated and Isocyanate Compounds 
with Advanced Fuela 

Long term compatibility studies indicated that over a period of 
3i* days at 50°C alcohols and unaaturated compounds were stable in the presence 
of LMH-1 (untreated), chrome passivated berylliu« and LMU-2 (untreated), but 
carboxylic acids wer« quit« unstable (Tab?.e 17).   A sample of phenyl Isocyanat« 
~1 LMH-1 evolved sufficient gae pressure to rupturs the cample vial when it was opened. 

6.      Compatibility ot Model Igocyar.ite Compounds with 
Advanced Fuels 'JM Oxidizers     ""  ""'"' 

n-Butyl lsocyanate was unstable in the presence of the three 
fuels (as received) when held at 50*C for 18 hours (Table XVI).    T\e orc»er of 
IOB* of isocyanate was LMH-2 > B« > LMH-1.    The type of iiocyanate, aromatic or 
alkyl, made little difference in stability with the fuels (Table XVII). 
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Table IV 

LOSS (%) OF BINDER COMPOMElffS Dt CONTACT WITH ADVAHCED FUELS 
(UNTREATED) 

(2U day« at 5n»c) 

Component 

n-Nonanoic Acid 

2-£thylhexanoic Acid 

1-Oeeaxiol 

2-Ovtanol 

1,7-Octadiene 

FiMl/Iomponant 
_W«lght Ratio 

2 

2 

2 

8 

LMH-1 

55.5 
U2.5 

0 

0 

5.0 

Be 

U8.5 
3U.0 

7.5 
5.5 
2.0 

LHH-2 

100 

100 

1.0 

1.0 

Table XVI 

LOSS  (*) OF n-BUTTL ISCCYANATE IN CONTACT WITH 
ADVANCED FUELS (UNTREATED) 

(18 hour«) 

Fuel 

LHH-1 

Be 

LMH-2 

Fuel/Component 
Weight Ratio 

13 

9 

Temp, ac 
n 12 

5 12 
23 31 

* 1*0 

Table rVII 

LOSS (%)  OF ISCCYANATE I» CONTACT wrr.H 
ADVANCED FUELS AND CXIDI2ERS 

(10 hour» at 50°C) 

Fuel or 
Oxidizer C9HBNC0 n-C4H,NC0 

LMH-1 8.4 12 
Be 

LMH-2 

HAP 

?6.o 31 

10 

18 

il 
-55- 
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7.      Compatlhimy ~' »-yd«! Binder Coirponsr.ts with HAP 

Ths study of model binder components vith the oxidieer HAP 
indicated that alcohols, carboxyllc acid« and unsaturated compounds wer« stable 
in the preaence of HAP but n-butyl «socyanat« shoved some instability (see 
T*>le I7III).    It ahould be noted that these results would not necessarily be 
true for combinations of these functional groups.    It ha« been reported that 
allyllic alcohols are incompatible with HAP. 

Table X7III 

LOSS  (Jl) CF BINDER COMPONENTS CW HAP 

(after 18 hours) 

Component 
HAP/Component, 
Weight Ratio 23°C m 

n-Nonanoic Acid 11 0 0 

2-Ethylhexanolc Acid 11 0 0 
1-Decanol 8 0 0 

2-0ctanol 8 0 0 

1,7-Octadiene 28 3 h 
n-Butyl Isocyanate 28 15 18 

8.      Compatibility of a Model Iaocyanate Curing System 
with Advanced Fuels, Oxldlter, and Mixtures of 
Fuels and Oxidizer 

A raocal isocyanate curing system was studied in the presence 
of beryllium, LMH-2, HAP, and mixtures of HAP and advanced fuels.    A comparison 
with a control experiment of the reaction between 1-butyl isocyanate end 2- 
octanol indicated that the presence of beryllium or LMH-2 had no sffact on the 
rate of formation or the amount of the urothane product (Table III).    It waa 
als-i noted that there was an initial loss of 6% and 12%, respectively, of 
isocyanate when beryllium or LMH-2 was present.    Possibly the isocyanate was 
reacting with a small amount of water present on the surface of the untreated 
advanced fuels.    As indicated previously the isocyanates were not completely 
unreactive in the pres«no» nf advanced fuels (Tables XVI «tu X»II).    Losses 
of isocyanate up to UOl were observed in the presence of the untreated 
advanced fuel when no alcohol was present.    The greater loss of i&ocyanats 
could be ascribed to homopoiymarization of the isocyanate and the reaction 
of isocyanate with water  to   form carbawlc acid.    The subsequent thermal 
decomposition of the carbaaic acid coula prfKluca an amine, which would -eact 
further with the isocyanate to form a urea derivative,  and carbon dloxid*. 
Ths latt«r possibility was substantiated by the fact that in all previous 
compatibility studies 
observed. 

lsocyajnatea with advanced fuels gas  formaticn w»a 
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The ex4<Uter, KAP, 4tf an fx'^'Jfnt  catnV*** for the forriatim 
of urethaaei,   Tbt reaction oi 1-bntyl laocr&rat» and 2-oeta.nol at $0°C in t.i« 
praaence of HAP was eewntially coaplet« aftar I* howi (Tablr XI), vs*>a~-9.s th* 
SAT» reaction without HAP was sr^r 15$ --.--Is',«  (Tatla I?A),    The  1».:•<-.;---.at« 
reaction in the pr»eenca cT HAF vaa couplet« itfter HO a~rn:teit tt a ta-tperatnre 
of 23*C indieatinf/ thtt th« reaction at 50°C va» considerably fa#ter (Tabla IXI\ 

Table X "I 

RATS OF RÄACTIO» OF n-BuTTL ISOCTAXATE AND 2-OCTAHOL 
Df cchTAcr virn ADVANCED FUELS AT sec» 

Control t.no Xulitlvm) 

TlMf R-NCO R-OH Prod E(R-0H*Proc) 
J2£— i 

100 100 n 

% 

0 100 
h 8U 86 10 96 
8 7ii 71» 21 95 

13 51 55 37 92 
2U 1x2 Ul IQ 93 
»8 19 21 72 93 

tt 80 86 15 101 
8 65 70 21 91 

18 U8 57 36 V3 
2U 36 37 U7 ah 
U8 16 23 

L»H-2b 

67 90 

8 70 81 21 102 
18 38 51 l»3 9k 
2ti 27 37 50 87 
11 «tu 10 23 6y 92 

?KC0 to OH - 1»1 equivalent ratio. 
foal to component weight ra*sic io ?.2?1. 
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T»bl« U .    J 

[   { RATS cr «ACTIOI or n-BOTTL ISCCTAHATE AID 2-0CTAI0I. 
1» CCJffACT WITH HAP AND WITH A HERURS (111) OF HAP AMD Bt 

AT SC^C*1 

TlM, 
hr 

H.UC0 

7 

R-OH 

X. 
9 

Urtthai» 
> 

6i» 

E(R-CR*Urtth*m) 
% 

U 73 
6 6 9 60 69 

18 5 8 63 71 
2U ii 12 61 73 
bfl Si 10 60 70 

b 

HAP-B« Mixtur«'* 

1* 15 56 71 
8 5 20 1* 6k 

18 1» 28 k? 69 
a» - 18 37 55 
1*8 13 31» 52 

TMCO to  OH   »  If!   ««nl^r«l»nk  nHai   #«• »-«-»--n   ssa 

^Solids to oo«pon«nt rttio is 2.2il. 
Solid« to eoapootnt rstlo is lil. 
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Tab!» tu 

ÄATI CP RRACTIC» CT n-BWTL 2BCCIAÄTS AMD 2-OCTAUOL WITH HAP 
AHD WITH A KLITUPJt (1:1) (T KAF AID 3« CR LMH-2 IT 23°C* 

IAS1.JL.JL. I  L 
0 100 100 

$ 5? 52 3i 
90 1? 23 52 

0 100 
3 35 

? 52 * 
* ,£ tl *? 5? 86 

72 
150 12 u. 58 

210 lh 1Ü 59 7, 

KAP-B« Ulrtara6 

•      .                                30 77 80 16 
i                                    60 60 72 35 
»                                      W 32 32 ^ 
S                                       150 U» 21 P 
?      #                                210 26 27 K 

1610 21 3? UO 

HAMKi.2 Wxtjr«e 

30 72 79 
60 52 70 
90 50 65 •\cr\ nm 

**m*  •» &r u3 
210 15 37 

1610 13 31 

Jfr-0 to OH - 1J1 •qaivalint ratio. 
^olid to exponent weight ratio 1» 2.2 
Soli<J to ooapoistnt w*ight r*Uo la lil 
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96 
107 

78 
68 
71 
72 

8 87 
15 85 
17 82 
zo 53 
20 57 
17 U3 
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Th« main difference, besides catalyaia, in th« reaction of 
iaocyanata with alcohol in th« prssanea and sbaencs of HAP "as the amount of 
urethan« that was found In aolvtion.    In both oasa«, with ar»d without HAP, 
the respective consumption of Iaocyanata and alcohol ware approximately ecual 
Indicating a stoichiometric reaction.    The observation of lees ortthan« than 
expected foi  th« extant of reaction vhen KA? was present (Tablai II and HI 
Klght b« caused by adsorption    " the urethan« oa thai surface of HAP. 

Th« combination of an advanced fuel and HAP decres?si th» 
rate of the  isocyanate-alcchol resctien.    As a result there was an irxrfla.icd 
lors of isocyaoate to side  reactions ard a ccaiJerabl« decrease in the detect- 
able amount of urethanc product (Tablsa XI and HI). 

9.      Tha Effect of Drying Be and IXR-2 on Compatibility 
with a Hodel Isocyanate during System 

Initial loss of n-butyl iaocyanata In tha isocyanate-alcohol 
reaction in tha presence of chrom pa*  ivated Be and LMH-2 was ascribed to tha 
aid« reaction of Iaocyanata with wate-.    The amount of Isocyanate loot to this 
side reaction was small but comparison with dried samples of cnroi* puseirated 
Ba and IJSf-2 showed a complete reflection of this loss of lsocyarwt« on Be and a 
59* reduction of IU loss'on LMH-; (Table XIII). 

10. Compatibility of Modal Aziriaine and SPOTV Corrc\:rAs 
.«   .       •   «   u.- • ..-...<    »     —». . 

with Advanced £uala zr.d Cxicl'ers 

Solutions of the various aodel compounds were added to the 
solid fuel, oxidirer or mixture of the two and periodically «malyied by gas 
chromatography for concentration changes. 

l-B«nsoyl-2-ethylaziridine and 1,2 epoxyhexane ware compat- 
ible with LMH-1, chrome passivatad Be and LMH-2 at 5'JSC for 18 hours (?*bla 
XXIII).    Both compounds war« incompatible with HAP at 23° for 18 hours.    Th« 
reaction of *hc aziridins and epoxide with an appropriate carboxylic acid was 
very slow at 23°j thus, the loss of both compounds was probably due to a HAP 
catalyzed horacpolymerization (Table HIV). 

Binder systems utilizing aziridinaa and epoxirtae of th« model 
typos used in Ulis study would not b« practical when used with the oxidlser HAP. 

11, Compatibility of Telagen S and Curing Agents 
with Advanced TüäTä" .  I 

A mixture of hydroxyl terminated Telagen 3 and untreated j 
LMH-1 showed gas bubbles when kept at 135°? for four days.    Mo bubbl«s or 
other reactions ware observed in mixtures of th« prepeJywsr with chroma coated . 
Ee or of the prenolyaer and untreated LM~2 after 20 days at 135nF.    Similar 
results were obtained in mixturas of the iaocyanates and advinrad fuels,    A { 
mixture of HD I, CTI and LMH-1 showed gas  bubbles when stored a^   135°F for lii ' 
days.    Similar mixtui*ea using chroraa coatod Be ami LHH-2 gave  no evidence of 
gas evolution undar the stuü« conditions. 
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T»M> nn 
THE EfraCT OP DRTINO* B« AID ZJW-2 OK CCMPATIBIUTI WITH 

»-BUTIL BCCTAMTB A*D 2-OCTAMOL AT 50°C 

Run Mo. 

1 

Time, 
1_ _ 

Chromatographie Ar« a« 
RSCO 

Deviation 
fro« hr 

Control 

RKCQ 

86? 

ROB 

121*0 

Total 

2109 1*1.2 

Control 

8 
So 687 1060 17U7 39.3 1.9 LMH-2 62? 1072 1701 37.0 It.2 

It Control 787 620 1607 1*9.0 * 
6« 735 781» 1519 1I8.1I 0.6 
LMH-2 65U 791 11*1*5 1*5.3 3.7 B« (drl«d) 729 7U7 U*76 1*9.3 -0.3 
UH-2 657 775 11*72 1*7.1* 1.6 

*Be and DH-2 dr i«d oror P,09 at 8o*C and 1 an raeuoa for 72 hover«. 

Tablt Hill 

COHPATIBILITT Of 1,2-ÄPOIYHEJUIB AMD l-B8NZ0TL-2-l!THTLA2IRIDIlE WITH 
AD7ANCSD FUELS AMD OUDIZER* 

(18 houra at 50°C) 

Kpaxidc 

Control 1*9.3 
It 1*9.8 
LHH-1 50.6 
IMJ-2 1*9.3 
Bo • HAP 0 
LHH-2 • HAP 0 
RAP 

Axiridino 
% 

67.5 
68 
69 
68 

22.7 b,o 

. Porosnts basod on SUM of narktr and compound listed. 
633C of thin was oxaaolino». 
At 23% hlS aiii-idine of which 1*8$ was oxazolinsa. 
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Tabjla III7 

COMPATIBILITY CF 1,2-KP0XIH2LiNS • HEtANOIC ACD) AMD 
l-BPgqn^-2-grHTiizrRmint • PP.OFIONIC ACID WITH HAP* 

To »p, °C 
Axiridine 

% 
Acid Ipoxide 

% 
Acid 

% 

Control 23 58,0 39.8 35.6 59.8 
50 - «• 33.0 59.5 

HAP 23 13.6b 36.2 27.5 59.8 
50 m «• 3.6 56.5 

. Percent» based on am of marker and ooapound listed. 
2-Phenyl4i-ethyloxaeoline. 

While energetic plastlcize» TMKTM (CHsC[CHa0N0s^) and 
NEfOC (O^OCHtCH,OCCWfllO,)CHt) inhibit the cure of binders, they did not 
prerent the cure of propellants formulated with the«. 

Binder samples containing LMH-1 gar« evidence of foaming 
during a 135°P cure.   Samples with chrome coated Be and XAH-2 did not foam 
and cured within 5 days at 135*7.    Impact senaitiTities uf the above samples 
were greater than 100 cm/2 kg weight, the limit of the apparatus used. 

Propellant Fixtures were prepared using the candidate binder 
and the advanced fuels.   T>TTJf, HEM8C cr IDP were used ma th<j plaaticiaera, 
along with KH4C1G4 as the oxldlser,    AU propellants cured arter three days 
at 135°?.    Mo foaming was observed in the small (0.5 gm) samples. 
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cure atoicniomotry of "workhorse" prcpellar.ta, but the interference of certain 
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ation at 77" ajid lS0°F, compression after swelling in toluene, ge? »nd sol 
fractions, and Mooney-R.\vlir'. cons+anta.    Linear relations ware demonstrated be- 
tween the gel fraction, the Mooney-Riflin C.  constant, the crosslink density, and 
the logarithm cf the Initial uniaxial tensile modulm.    Swelling studies in a 
l*rgs nuaber of solvents indicate a C£D 7%1U« ol about 2o for the binder.    Pro- 
pallants wsre mada >>n a 1.00-gm scale and wro characterized.    The p**os9ure expo- 
lent for burning raT3 was 0.7 for these prjpe Hants (68 wt% solids).    The relative* 
viscosity cf MH^ClO.'Oronite 6 slurries was at a asinirtua for ^T oxMiii«r blend of 
ii.S'Ji, 32.10% and }i,lOH> by weight of particles avera^i.,.; 6, li.8, and U19Ul 

respectively.    This blend was selected to prepare a high =*oUda loaded propel!*,- ». 
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be unlrru« to thU repeat. 

96. OTHER REJ-ORT NUMBF.Rf?): If the report ha« bee. 
aaalgned any other r«v?rt nui.U'ire I «liner by Ih» orlgtnttor 
or hy th* opontot), alao enter thia -remberf»), 

tO.   AVAa-ABU-rrY/LfMlTATION NOTICE*   Enter any lim- 
ilatione un futlnrr diaaemmatico of th» report, oder than thoar 

•mpoeed by eecuri'y ciraalflcatiop., ut.ne. atarjard i:atemeate 
luca aa: 

"Qr^lifled requester« may obtain i.opie« or thia 
-pot fro» DDC" 

"For jign a     lunceeaent and diaatmiaatiaa of thia 
report by Lix" la not -jthorlied." 

"lt. S. Government egenciea may obtain copiea of 
thia report directly from DDC 
uaera ehail retjueat through 

Other -ruali.'ied DDC 

"U. S. military ageticiea may obtain copies of thia 
report di-ecly f.-en DDC   Oth« quauf. « uaera 
ahall request through 

"All distribution of thia report la controlled» 
ified DDC uaera ahall requeat through 

Oual- 

If the report haa been furnlal.ed tc the O'fice cf Tet,hnlcai 
Service«, Department of Catwaivct, for aaie to the public, iadi- 
cate thia fact and enter the price, if known 

1L SUPPLIHENTARY NOTES: Uae for additional explana- 
tory note«. 

12. SPONSORING MILITARY ACTTViTY: Era n the name of 
the departmental project office or laboratory eponaoring (pmf 
tnf lor) the research and development.   Include eddreaa. 

I?     *.P?TR-*.CT    K---trr i= its:.-sct girte* - U.. .' ...J faviuai 
• urrn JT of the do^umert indicative of the report   even itx .gh 
it :nay alao appear elaewhere in the body of the technical r •- 
port    If additional apace la required   a con.inua>ion t!.eet «hall 
he attached. 

it ta h.ghly dedrable that the abatract of claaaifled rernrta 
be unclaauified.   Each pirag-aph of tbe abttiact ahall end with 
a., indication of the military aecunty rlaaaiiication of the in- 
forrcation in the paregmpn,  «prearntrd m (Tf>. fail   (C), •»» (Vi 

There la no limitation en the length rf the abatract.   How- 
ever, the aug^earerf '-ngUi i« from 1-0 to 225 word». 

14     KEY ^ORDS:    *C*y word» are tachu'calty meaninrful tcrara 
oi «hort wtraaea that charactrrutc a report an! m *y or ü-'-D aa 
indei r-.itnea for cataloging *.he report.    Key worOi mjat be 
urlecte-d ao that no tecuriTy claafc.ficatioo ia required.    Mrnti 
fiera, auch aa rautpuent model H^sifpuition, trade -same, uilitary 
probet code Eiimr. geographic iocrtson, rtay be ua#o aa k*y 
woidt but »ill be followed by ar indication of technical ton- 
teat.   The aaaignment of 1. s%. lulea, end weight* ''- « ptitmal 
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