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FORE WORD

This report was prepared by Thiokol Chemical Corporation, Reaction

[ Motors Division under U.S. Army Contract No. DA-llI-070-AMC-852(W).

It covers work done in the fifth quarter of the program durinrg the period

£ 19 February through 18 May 1966. Mr. Z. T. Ossefort of Rock Island Arsenal

is the Project Engineer. Contributor., at Thiokol are: Mr. Nathan Mayes

I (Principal Scientist) and Mr. Alan Jackson. The program is under the general

3 direction of Dr. M. S. Cohen and Mr. Joseph Green.
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ABSTRACT

Th-e c arbo-z 6se Wiane monomers, bi4 .1 -chlorodizneth-ylsi lvl-o -carb- oran-

Z-yU, ?roprne and bs I f-merhoxydisnethylsi-tvi--o-carboran-,t. -y propanet. were

synthesized and copalyImeriztd to a carborane polvsiloxane. Tbermat ch-arac-

terization 42>& polymer by TGA and DTA in air and nitrogen indicated thermnal

stability to 35G -C with no -oxidation evwident until over 4000 C. Thet.ze-rz.-

data illustrate the "prntective, action!! of carborane and its ability to stab.iize-

neighboring groups to the r.nal oxidative degradation.
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L L LNTRODUCTION

L The objective of this program is the s. _'.s of thernaly stable carborane

siloxane elastomers. T17he initial approach toward this objective was the prepara-

tion of polymer structure I whe-e x= C 1. and 2.

1H 3  1H3I{CH3}

I I
CH 3  CH ,

I

i During the first two quarters of the program, this approach led to the preparation

of several precursors and monozers including

Cq--E

C 3  CH3

both of which were poinn-erized to polymers of fhe desired struc-mres. The

& poyer$ were obtained as gumss of molecular weights 50S0-8500 and higher.

fThe higher polymers dd not dissolve and molecular weights are nt inown,
but :hese materials were tough elastomeric gums of app " h mle

a a-e-ly Ligh trioiecalar

U weight and demnonstratid the flexibilty of the polymner cbain.

* -.CBf~lSyC - denotes I, 7-dicarbac-lovododecaborane co-mordv callledrn-.cabo rane
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Evaluation of poivrntr structure I (jx= 0) fSr thermnal an-d therrmal-oxidative

stability indicated stabt! na;ietamopeeto!,CfJ00F but de -

composition in air at 2400*C (465 0;;Fi-. Th -ese results indicz .ted that carborane

acted to retard rte thermal rear range ts~s that polysiloxane chains ordinariiv

undergo, -but it did not appreciably ian I. oxidarive attack on the silvi mnethyl

groups. With this knowle' le, it becwaw 4,icessarv to reexamne fte approach

that had been taken and to cnsdralw". mgg th.-e course of the progra..

The reason for the lacxg of tntrina -oxidative stabi i1ty in the polymrer under

discussion became apparent upon, examination of sonine recentiy pubiished work

concerning cacbcaranp niloxane polymers of somewhat different structure (Ref

I). These povnrners. with structuares I, MAW I, and V, contained carborane

adjacent to sutcon.

CU, Cr:_..
-SiC B-OPUMSO -S

CE3  - -,

IF
11 SiCB 3 HCsio-st10-

%r.tCr CH

C3  c"!, cii C;4
LWV
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I

ICH3 C043 CR3 CR3 CHI
I I I I I

SiCBIoCR O-SiOSiOiOSiO -,-- I I I I I
CH3 CH3 CH3 CII, CH3

V
F

The polymer of structure H, with caruorane adjacent to ever;- si-con. exhibited

stability to 500C in an inert atmosphere and to 4500C in air. The polymers

of structures IL, IV, and V erxibited progressively lower thermal oxidative

3 stabilities. The data indicated that carbcrane stabilizes adjacent silyl methyl

groups and protects them from oxidative attack. S.methyl groups farther

3 removed from carborane, as in polymers U, IV, and V, were not prctected,

and lower thermal-oxidative stabilities were observed for these polymers.

Thus, it was apparent that polymers of structure I were not stable to tnerrna -

3 oxidative attack because in tese structures the carborane group it too far

from the silyi methyl groaps to protect them.

3 It is evident then that to obtain carborane siloxane polymers of hig. thrhrma-

oxidative stability, the carborane must be positioned adjacent to silicon as in

structure 3L Structure IL however, is a high meltinj resin aip 200C0) a

[ to obtain elasticity, it is necessary to incorporate fRexible linking groups into

the polymer chain. The i--king groups nmay not -be dinethylsi-oxanes as in I

I IV, and V because the methyl groups are not stabilized by carborane ana are

susceptible to oxidation. The Ainking groups then- must also be adjacent to

Icarborane and in order to be *ithn t--e known nrc-tective sphere of &he carb rane.

3 the linking groups sho-d con-tain no carbon atom -2bnat ts mo-re than one atom re-

moved from carborane. Stracure Vi meets all of th ese requirements..I
a|
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CH1  CHq 3
1 1

- OSiCB H-.OCCHzCHzCHzCHzCBIOHIoCSi -
I I

CH3  -

VI

The third and fourth quarters of the program were devoted primary -

the synthesis of precursors and monomers toward the eventual preparation of

structure VI or related structures. A dichlor',s-ilane monomer that could tean

to such structures was synthesized: however, it was not directly polymeriza-le

and it has beer necessary to prepare a diaikoxvsilane monomer in order to

effect pol)-merization.

-4
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IL TECHNICAL PROGRESS

A-.MNOE SYNTHESIS

31. BistI I- 1 oisnethylsilyi-o-carboran-2-y!)propare

The original synthesis of his i-chlorodinethylsilyl-o-carboran-2-y)-

propene was reported in the previous quarterly report (Ref 2). The synthesis

has been repeated on a larger scale and a higher yield of the product has been

obaie& Specifically. 32. 8 gn of product (7Z% yield) was obtained from

30.2 &a (0. 092 mole) of 1. 3-di-o-carboranylpropane, treated with 0. 184

mole of n-btyllishiwn and 1. 84 moles of dichlorodimethylsilane. The produict

crystallized from the reaction mixture to crystals ofmp 210-211C. The

g r has been ideaifled by infrared spectroscopy. Positive identification

&afts a ceffmplefte lm a analysis.

L Ni I -metboxydznefhysiiyl--carboran-2-yl)propane

The methmn derivative was prepared by the acid (hydrochloic ory2-toluene-

Scatalyzed reaction of trimethoxymethane and bis(l -chloroeimethyl-

silrlz-o-carboran-2 '-rljpropane (Equation I

I

CH\O Cli

CMC-l~ff3C-M - a,3C3 -- *H0

Report RMD 5065-Q5
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A preparation conducted with 20 gmn of the chioro compound and an excess of

trimethoxymethane yielded 12 gmn of recrystallized product for a 60%1 yield.

The Product, once recrystallized fromrn nnethanol,melted at 156-1580 C. A

sample recrystallized from pentane melted at 159. 5-1600C.

This methoxy compound has been identified by infrared spectroscopy

(F'gure 1). A complete elemental analysis is pending.

B. POLYMER SYNTHESIS

An attempt to polymerize bis( I -chlorodimethylsilyl-o-carboran-2 -yl)

propane by hydrelysis/condensation resulted in hydrolytic cleavage of the

silicon carborane bond. To ascertain whether this behavior was peculiar to

the chloro compour'1, where hydrolytic cleavage could be catalyzed by re-

leased hydrochloric acid, hydrolysis/condensation of the methoxy derivative

was also aenpted. Hydrolytic cleavage also occurred in the methoxy com-

pound showing the necessity for a rnonhydrolysis type poly-merization.

Polymerization was effected by the ferric chloride cataiyzed condensation

of the chi.--o and methoxy derivatives (Equation 2).

H3 CH 3  CH3  C 3

I V/eW I
CH3'? CH3  (3 'I

B30 Hj* ifO1 B10H10 011

ICd IH - I4Si-C-C(CH) 3 CCSi 1+ (a)3

LCH3 \1 /O H3  + HC
n

-6-
Report R.M'D 5065-Q5
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The reaction was conducted initially with 2 mole percent ferric chloride cataly-fit

but subsequent additions of catalyst were necessary to complete the reaction.

$ FThe reaction, conducted at 200-2400 C, evolved gas over a 10-hour per-ind whiczh

Uamounted to 122. 3 percent of theoretical methyl chloride. Irifrare. w 4 a u 5 ia

spectral analyses of the evolved gas indicated the presence of rriethyA ether ne4i

t methanol, in addition to methyl chloride.

The polymer product was obtained as a tt own brittkc solid ai'.1~tin-Q raf"

170-1850 C. It is soluble in hot xylene Za..ed Precipitntes on cooing. tt is &!&,I

soluble in acw-_tov. a iiifraretc_ spictrurn o t.e polyrrejr 1k figur-e CA lxibitedi

the absorptin p-Laks exp:!c4ed of the pr -3osufd structure.

C. THERMAL STABILITY CHARACTERZATIONI

u Thermal characterization of the carborane oiloxana polymer by DTA and

TGA in both air and nitrogen shlv~e it to ' n therma'ly staL!'- to 360,-C w..h no

J oxidation evident until over 4000 C. The TGA's to both air and nitrogen (Figures

3 and 4) show first significant veight los-b at 3500 C. The TGA in air shows a

Idrastic weighlt loss at ibout 410'C which is not apparent in nitrogen and is ul-

doubtedly due to oxidative degradation, DTA's in air and nitrogen (Figures

5 and 6) show an exotherm, which is attributable to thermal degradation, start-

ing at about 375 C. The IT A in ai-i exhibits an additional sharp and large exotherir

starting at 4 2OcC which -&s duo to o-fidation. The small eraotherms seen in

£both air and nit*%4oan &t abo-at 1100 air.4 185"C apparently indicate transitions.

g The 1100 C endothertit could be the %econd order transition or it could be the

evaporation of W-dventitious moisture. The 185 0 C endotherm is undoubtedly a

Report RMD 5065-Q5
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J transition, probably the first order transition, since this is in tie ran-ge of

I p the observed polymer melting temperatu-e. Following the first order transi-

tion there is a continuous gradual rise which, since it is not accom- pnied by

r any substantial weight los. as shown by the TGA-s. may be due to additional

polymerization in the molten state or instrune it drifting.

-'3
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H1L DISCUSSION

The noimrer that has been prepared is a relatively htgh mnelting mraterla

t 7SC) and probably also has a high glass transition temperature, possibly

I 10 0C. This is evidently a result of chain inflexibility which is caused oY the

bulky o-carborane moieties. In :!'is -o ner, the carboranes are separated by

only three carbons and steric interaction of the carborane vroups with resultant

restrictions on chain bending and coiling mar he exnecteA. Such restrictions

may be expected in any case where such bulky groups are present in the chain,

but the restrictions may be minimize when the groups are adequately separated.

The polymers to be prepared which will have as many as five carbons between

carboranes are expected to be more flexible and consequently- lower melting.

Polymers to be prepared which wil contain meta- rather than ortho-carorane

may also be lower melting. It may be advisable to consider investigating

structures that contain link.ages between carboranes that are more filexible

than methylene chains. Ecamples of those that could be investigated for thetr

effect on physical properties, their therm, a! stability and their possible sta-

bilization by carborane are ether, thioether and disulfide linkages.

The concept which has been investigated here (that carborane can stabilize

proximate silyl met-hyl groups tc thermal oxidation) has been supported by the

thermal character of the polymer most recently prepared. This polymer,

which contains carborane adjacent to every silyl methyl group, exhibits first

R14 -

Q5 Report RMD 5065-Q5
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I
thermal oxidation at 410C. This is in contrast to the carborane siloxane

polymer previously prepared on this program in which the carboranes were

three carbon atoms removed from every silvl methyl group. This polyrzer

Sexiibited thermal oxidative degradation at 2400( si-ilar to polvdh'ne-thyivisdoxane).

The site of the degradation is presumably the simy methyl groups. Relocation

of the carboranes to place them next to all silyl methyyl gro ups has increased

thermal oxidative statiity from 2400 to 41 00 C ar has demonstrated the

'"protective action-" of the carborane.

I Both carborane siloxane polymers have exhibited a nonoxidative thermal

3degradation at about 3504C. A reasonable explanation for the degradation of

-the first polymer prepared was that it degraded to a cyclic siloxane which was

known to exist. The similar thermal degradation of the second polymer at

about 3500 C may indicate that cyclization also occurs here and that the cyclic

I of structure VII can exist.

I
CH3  CH3
I

Si--O- Si*

C C C

I CHZ- OH 3 - OH2

15 -
Report Ri4D 5065-Q5
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it uuona f*urther investigation it ias ascertained thfml degrtcctl n -r

tii-.s ni~ethe udtizn-Mate thermal s tabilt Diis a e susbs-aninfI ttres

ed by stractural changes inh inc oir-n-tr ftat, w I prerenz rciain Oe

example of such a change is the S iDSiiusif c! a ea~ a ~ ~ et t eti-

c arbor ane
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Comparison of the thermal oxidative stability of this polymer with that of

a polyner o1 Q.imilar structure (but which has carborane in a different

position Zn the backbone relative to silicon) shows that carborane does

stabi:nze nearby silmethyl'- groups toward thermal oxidation.

Report RMD 5065-Q5
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IS- ABSTRACT

The carborane silane monomers, bis(l -chlorodimethylsilyl-o-carboran-
2-yl) propane and bis(l-methoxydimethylsilyl-o-carboran-2-yi)pr'opane, were
synthesized and copolymerized to a carborane'polysiloxane. Thermal charac-
terization of the polymer by TGA and DTA in air and nitrogen indicated thermal
stability to 350°C with no oxidation evident until over 4000C. The thermal
data illustrate the "protective action" of carborane and its ability to stabilize
neighboring groups to thermal oxidative degradation.
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