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FOREWORD

This report was prepared by Thiockol Chemical Corporation, Reaction
Mo-ors Division, under U. S. Army Contract No. DA-11-070-AMC -852{W}.
It covers wo~x done in the second quarter of the program during the period
13 May 1965 through 18 August 1965. Mr. Z. T. Ossefort of Rock Isiand
Arsenal, lilinois is the Project Engineer. Contributors at Thickol are, Mr.
Nathan Mayes {Principal Scientist} and Mr. Alan Jacksoun.
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ABSTRACT

Inve stigaﬁas of caiborane-siloxane polymer synthesis was continued.
Polymeric products with the siructure
r—
i o H;
Qis; (CH, }; CB;oH.oC {CH,
Qﬂr
1\.:2%’

hydrolysis condensation ;}G;vr‘enzat*cr of s vanaizdes, ané bv ring-cpen-
ing polymerization of a cyclos:loxane. Thermal stability of carborane-
si‘mxaae g;-;zigme:s w i s determined by thermogravimetry and molecular
'k
ia

anges in heat treated materials.
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polymerization, alkexysilane-halosilane condensation polymerization and
hydrolysis condensation polymerization. The silylbydride-addition poly-
merization which involved the catalyzed reaction of tetramethyldisiloxane

with 1, 7-dialiyl-m ~carborane yielded low molecular weight products. On

the basis of these results and the inability of a number of other investigators
f{Ref 3, 4 and 5] to achieve high molecular weight products from silylhydride-
addition polymerization, this avenue of investigation has been abandoned. The
cther polymerization methods appeared more promising and their investigation
was continued. One of the products obtained from the hydrolysis condensation
polymerization of 1,7 ——bis{:}‘{ﬂﬁﬁrﬁéime&gisiigi}grcpyg m -carborane was
particularly interesting since it appeared to be a 1 ~carborane cyclosiloxane
that might be capable of ring-opening polymerization. As a result, most of
the synthesis work of the second quarter of the program has been concerned
with the preparation, characterization and polymerization of this suspected

m -carborane cyclosiloxane. In addition, a new carborane-siioxane monomer
was prepared, investigation of alkoxysilane-halosilane polymerization was
continued, and characterization of carborane-siloxane polymer thermal and
thermal-oxidative stability was initiated.

Report RMD 5065-0G2
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II. TECHNICAL PROGRESE

PHASE 1 - MCNOMER AND POLYMER SYNTHESIS
A. Carborane Intermediates and Monomers

i. 1, ?sBisES -4 chiﬁradimethyisiiyi}pmpy}} -m-carborane.

Elemental analyses together with infrared and n.m.r. analyses have con-
firmed the structure of 1,7-bis[3~{chlorodimethylsilyl}propyl}-m-carborane

prepared by addition of two moles of chlorodimethylsilane to one mole of 1.7~
diallyl-m-carborane {Ref 6}.

Ejgfl’§iiﬂl!!!!liiSEESE’;ﬁ!E%!!E‘iE2%Efﬁéiiifﬂlfsliiiisﬁss«ﬁiffleiiﬁilJ.!E;ii{i"ﬁfs1f.;;a':;z;‘,;’;sinisa1q.ﬁ:f;dii:i!ﬁ,’itﬁdsmixfi’rs;iim T

b
¢

% gl

Calculated for Cy,HyB;oCL;Si; C, 34.84; H, 8.29; B, 26.16; Cl, 17.83;
N.E. 206.8 Found: C, 34.18; H, 8.85; B, 25.94; C1, 17.17; N.E. 209.8.

2

g

2. 1,7~ Bis{:} -{methoxydimethylsiiyl} prnpy}:} -m-carborane

A

The preparation of 1 ,?*bis{iﬁ-{me&mym&ybiiﬁ}ﬁéﬁggﬂgfﬁgwm
was attempted by the reaction of § ,?*bkg-{cﬁérﬁdimgﬁhﬁsiiﬁ};éapﬁygégg
carborane with excess methanol after the analgous procedure to prepare 1,7~
bis {methoxydimethylsilyl}-m-carborane {(Ref 7}. Our efforts produced
siloxanes that apparently resulted from reaction of the chiorosilane cr inter-
mediate methoxysilane with water formed from reaction of hydrogen chloride
and methanol {Ref 8}, '

L e e

e - T ]
C1$i(CH, ) ;CBHyC{CH,}5SiCl + CHOH — >
CH; CH,
o, ¢,
H, &n,
a———— 3 Sm—

Report RMD 5065-Q2
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HCl + CH;0H =—> CH,Cl + H,;0

“Hj ¢Hs
H;O + Cl8i(CH,);CBoH,.¢ (CH,)8iCl >
CH, CH;,
CH;, CH,
—tog,i(CHz)Z,CBmHIQC(CHZ)3§i -+ HCI
CH;, CH; |
GH; GH;j
H,0 + CHsOS;{CH2)3(‘BIOHWC(CH2)3510”‘H3 _ >
¢H, &H,
CH, CH,
oslgcp,)3<:}3 3chh::Hl;g,s; + CH,0H
CH3 \JH3

Modification of the reaction conditions to use methyl orthciorma*e ‘;nstead
of methanol resulted in the preparation of |,7- 3::*j- et oaeedine T
propya -m-carborane which was obtained as a coloriess hquid of bp 142- }"“O
at 0.02 mm.

Calculatod “or C 4HB 51,0, C, 41.54; H, 9.96; B, 26.71, Si, 13.88.

- ...« C, 41.00; H, 10.73; B, 26,4, 51, 11.11

Renort RMD 5065-Q2
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CHy CH,
CiS;iCHZ,3CB16HXQC{CHZ}3SIC}. + 2{CH;0},CH
&, EH,
CH, CH,
CH;08i(CH,) ,CB 1oH;oC(CH;);$i0CH; + HCOOCH; + 2CH;Cl
En, CH,

3. «-Cxa-2, 12-disila-2,2,12,12,-tetramethyi-6,7,8-{1,7-m-carbor-
any:ene -cyclododecane

Hydrolysis of l,?-bis[B-(chlorodimethyisiiyi)prcpyl] -m-carborane yielded
a crystalline product which is apparently a 12-membered m-carborane exo-
cycle.

CH, CH, GBigHy oG
czsla CHQ,CB,GH‘QC{CHZES:LCE + H,0 > (CHZ)3 (CH,),
CH, CH,

CH;-5i-C-Si-CH,
CH,; CH,

The crystalline product was obtained in small yield {€10%) on bulk hydrolysis
of the s:lane; however, vields were increased to 45% upon use of acetone as
solvent. The remaining portion of hydrolysis product was linear polymer. The
crystalline n:iterial was isolated by sublimation at 180-230 C/0.04 mm Hgz.
The sublimed product was recry btalhzed from acetone-chloroform to yield
while needle crysials of mp 176. 5°C. A mass spectrographic analysis showed
a m’/e peak at 284 which < _:ld be fo~ the fr.oment, bz{ H;}3CBgH1sC{CH,);.
CH;,
No parent peak was noted. Infrared anoiy si. supports the proposed structure
with absorption peaks at 2930 ¢m “1or th Cils, at 2600 cm ™! for BH, at 1250
¢m”! for SiCH,, at 1175 cm” ! for Si{CH,;;.CB;gH,;,C, and at 1652 cm~! for
S:1-0-5%:. A molecular weight determination by the cryoscopic method supported
the proposed structure. Ann.m.r. analysis yielded an extremely complex
spectrum which did not prove or disprove the structure. An elemental analysis
did not support the structure; however, this analysis will be repeated.

Calculated for Cy,H3B¢0Si,: C, 40.18; H, 9.55; B, 30.14; Si, 15.66;
mol. wt. 358; Found: C, 42.64; H, 10.58; B, 27.66; S5i, 12.27; mol. wt. 377.

Report RMD 5065-0Q2
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B. POLYMERS
1. Alkoxysilane-Halosilane Condensation Polymerization

Previous efforts on this program to prepare carborane-siloxane polymer
by the ferric chloride catalvzed condensation of diethoxvdimethylsilane with
1,7- 513{3 {chioradxmcthyisﬂyi}pra?v:}sm carborane vielded z low molecular
weight liquid polymer {(Ref 6}. A similar polymerizari ion was recently re-
ported to give high molecular weight poly.ner by allowing 1.7 ebgsime&o’xy
dlmethv}sxlgi}-m carborane to reacf with 1,7-bis{chlorodimn.et ;.g}s:hfi}~n’*~
carborane at temperatures up to 230 ®C with ferric chloridse ca.alyst {Ref 9‘
This procedure was used on {is program to ;}inm erize 1,7-hi s{Jﬂmém::*x*:-

éimethylsiiyi}prcpy}.}-ﬁ-ca? boranc and !, bxsfb?: {chlorodimethyisi' 1) propyi] = 7

m~carborane.

CH3 7 CES ;HS &._gi F"Ci

CHSOSI{CH;_ }3§BIQH i:{;}ézsz%i{){;g; + i:i%li::yz}!svglghzac {{Zﬁz fssl\_\-i e—;*al}
g, o,
§i{ i3 130 B pH 1T {TH; §S - + CHC)
CH !Z‘Z
i
E4

In this f:ase, however, aithough the reaction was conducted 2t temperatures up

to 230°C and the fe?}:i chloride catalyst wae added mnc.ementally, relatively
low molecular weight product resuited as determined by inspection of the pro-
duct and by the fact that only 70% o. the theosretical quantity of methyi chloride
was collected. The product was 5 dark colored viscous iiquid. The color, which
was appareutly due to the ferric chloride, c¢ould not ke removed by washing

with water, acetone or chloreform. This type reaction doss not appeur to be
suitable for the preparation of high molecular weight products of the type being
sought here.

2. Hydrolysis/Condensation Polymerization

The polymeric product obfained by .ydroiysis of 1, :-bstﬁ {chlorodi-
methylsilyl Jpropyli-m ~carborane “rom which low molecular weight product
had been removed by bubf;matmn {*’ef 6} had a molecular weight of 5200 as

Report RMD 5065-Q2
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1
e action of sulfuric acid a
21?., buik =fates with 2 mole pez

I“P il

r
an increasingly viscous reaciion mass.

cooied fo room temperature the product was an elastomefic gnm. The gum
was completely scluble at low concentrationz in avomatic solvents such a5
benzens and toiuene, The sulfuric scid catalyst was removed from the g’**n

by washirg 2 toluene solution with wafsr.

A small amound of unreacted start':;g material remain.d in the gun and
was reraoved by sublimatioe at 200%70.084 mm Hg. Sach incom=lzte com srsion

i polymsr is typical of ¢éyclostioxana ring-ape aia poivme~.zatisn, The coa-
el

vergion of ézmgth"‘szg.

The gum produced by ring-opening &
to the gum produced by hydrolysis/condensation. The latter material had
a molecular weight of about 5010 and it may be assumud that the ring-opening

roduact was of similur molecular weight.
p 4

weight obtained by ring-opening may be increased sigaificantly by regulating
the catalyst concentration. It has been shown that polymerization of

cctamethyleoyclotetrasiloxane using conce

produc* of 1§, 000 molecular weight; however, upon dilution of the reaction

mixture with water the molecular weight

cedures as well as investigation of other acid and base catalysts will be in-
restigated fcr the carborane-siloxane ring-opening polymerization.

PHASE Il - EVALUATION OF POLYMERS FOR THERMAL STABILITY

Imtxai thermal evaluaiion of the polymer obtained by hydrolysis of 1,7~

bisi_} {chmrodzmehxylsﬂyi}§rcpyi} ~m ~Ca
aitrogen atmcs;;hf,res {Figures 1 and 2).

commenced at 240°C und continu=d with weight loss to aboat 566°C. A 6069
a weight gain occurred which is undoubtedly due to the oxidation of carborane to

geterminegd by vapor nreszure o -‘;"‘:i}zf'f;’ﬁtf", AR aftamsl Io in. Fease the ;:-in}.‘iiﬁ&’r
¥ Lo &
2a

: €f§’5ﬁ1§§§ﬁ€= Torp Jiz&;z s::; mixedin

the melting femperalaure at 185°C. A reacticn gorwrred ;ms;_{?z;t,t“,‘?;y &7 g’f;g

osiloxanes to ligear polymer d-.ss
The product 2lways contains about 10% of the starting s silox

REACTION MOTORT DIVISION
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1;j!yq,uh.:-‘%rm%t{ A

Jr
§
i

f,',‘st W

N /ﬂa L

ic acise was 5ot sucressful.

After being heated for = .ouf sbd

= = £

&‘S

ot exceed 3%,
zanes {Ref 10}.
as very simiiar in physical pronerties

It is expected that the molecular

ntrated sulfuric acid catalyst yielded

increased to 70,000, Similar pro-

rborane was done by TGA in air aed
Oxidative thermal degradation
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form nonvolatile boron oxides. The oxidative process which started at 240°¢C

. is at leas! partly the oxidation and splitting off of methyl groups. This process

sccurs in po g&meth}?isiiaxan{:s to a small degrez at 200°C and to considerable
extent at 250 C {Ref 11}. The cxidative degradation must also include another

process since maximum weight loss due 0 vnezhy; groups could be t:miy 17%.

The weight loss actually observed up to 370 °C is 20%. Beyond 370 °C thermai

degradation is also in progress as indicated in Figure 2. The additional oxidative

process probably involves scission of 51-C bonds in the pelymer backbone to

give volatile fragmesis.

Thermal degradation in the carborane-siloxane polymer is not analogous
to thermal degradation in polydimethyisiloxane. The latter polymer thermally
degrades by rupture of 5i-O bonds starting at 390°C and becoming very intense
at 400°C {Ref 12}. Thermal degradation of the carborane-siloxane polymer
staris at about 370°C and becomes intense zbove 488°C. The driving force
for the ruptare of 5i-0 bunds of polydimethylsiloxane is the formation of eyclic
siloxanes. Such cyclic formationis enhanced by the arrangement of the chains
iz 2 helical conformation having 3-6 silicon stoms in a single turn of the helix.
This structure favors chain rupture with resslting ring closure at high temper-~
atures. The carborane-siloxane polymer having only one §-O bond per twelve
chain atomms would bave to form a helical struciure of exactly twelve atoms per
turn in order to decompose analogously to polydimethylsiloxane. This is an
extremely uniikely coccarrasce.

{inl'l

TGA is 2 valoable tool for screening the thermat stability of materiais;

kRowever, it has hmﬁatwns, Thke carborane-siloxane polymer that appears to

be thermally stable to 376°C may be degrading at a lower temperature but not

forming volatile fragments. A method of determining such behavior is the

measurement of polymer molecular weight changes that occur on heating.
This stady was initiated by investigating the thermal stability of a carberane-~
siloxane polymer of the structure

i:i‘:; (;.H;
HO -4 §;Q§z O —4-H
C -¢

i Af
G/

BioHis

Report RMD 5065-Q2
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This polymer which has previously shown thermal stability to over 400°C by
TGA bas now been shown to undergo competing processes of polymerization
and depolymerization at high temperatures. Polymerization occurs through
condensationof hydroxy terminals and depoiymerization is by cyclic formation
as in polvdimethylsiloxane. The data, presented in Table I, show that thermal
reaction occurred at each temperatui e studied. At 180°C the reaction was
exclusively or predominantly peiymenzatmn as indicated by the increase in
molecular weight; however, at 200 9¢ an. 250°C smaller increases in molscular
weight indicate that depolymerization must also have occurred. At 300°C
depolymerization resulted in a net decrease in molecular weight. Thus the
rate of depolymerization increased with temperature and presumably con-
tinued antil the equillibrium molecular weight was reached.

A similar study will be conducted with the carborane-siloxane polymer
containing carborane in the backbone. It is aunticipated that this material will
hav= substantially higher thermal stability due to its structure which discourages

cyclic formation.

Temperature,
°c

189
200
250
300
300
300
350

THERMAL STABILITY OF PENDANT
CARBORANE SILOXANE POLYMER

Time,

40
40
40
40
24
168
24

Original After Heating
4500 8300
4500 5500
4500 4800
4500 4000
7700 4600
7700 1580
7700 2600

TABLE ]

a—

Molecular Weight

Report RMD 5065-Q2

TR R ST U

il B eyt

i

il




REACTION MOTORS DivisiC

ill. SUMMARY

This is a program to synthesize thermally stable carborane-siloxane
elastomers. The polymer structure being investigated for this objective is
one having the grouping

GH; - CH;
=~ O 8i {CH;); CByH;,C{CH,;}; 5i —
CH, CH,

in the chain backbone. In previous work on this program silane and carborane
intermediates were prepared and polymerization studies were initiated. Of
the methods of polymerization studied, polymerization by catalyzed addition
of disilylhydrides to diolefins has been abandoned as impractical for obtaining
high molecular weight prodacts.

The continued investigation has included polymerization of silylhalide and
silylalkoxy derivatives by ferric chloride catalyzed condensation. This
nccessitated the preparation of a new carborane-silane intermediate, 1, 7-bis;? i3

ImethoxyZiimethylsilyl }s*x}?yﬁnm—-s rharane The alkoxy-halide peiymerzzav
tion yielded low molecular weight product.

Hydrolysis-condensation polymerization of 1,7~ bis 3 > , chlorodimethyl
sﬁyi}prcpﬁ]—m -carborane yielded linear siloxane psiymer of 5200 molecalar
weight and 2 crystalline material believed to be l-oxa-2, 12-disila-2,2,12,12-
tetramethyl-6,7, 8-{1,7-m -carboranylene jcyciododecane. Polymerization of
this cyclic compound was s effected with sulfuric acid catalyst to give polymer
of about 5000 molecular weight.

Studies to characterize carborane-siloxane polymers for thermal and ther-
mal oxidative stability were initiated. Thermogravimetric analysis indicated
that poclymer of the structure

CH, CH,
O é‘ {CH,); CBoH1,C (CH; )4 5‘
¢H, En,
x
— 12—
Report RMD 5065-Q2
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underwent thermal oxidation and weight ioss starting at Eéﬁgggahaﬁt the

same temperature as for polydimethyisiloxase}. Weight loss due to ther-
mal degradation in the absence of oxygen started at 370°C. A study was
initiated 10 determine the temperatare of thermal rearrangements in car-
borane-siloxane polymers that are not manifested by weight changes but are
indicated by molecular weight changes. Results cbtained to date on polymers
of the structare - -
CH, CH,
HO <+ 5108510 -+

x
show this material 10 undergo both polymerization was depolymerization at
elevated temperatures with depolymerization becoming the dominaat process
above 250°C. The ease with which this polymer thermally rearranges is
attributed to its abilily to form cyclics analogous 1o polydimethyisiloxane.
Greater thermal stability is anticipated for the polymer containing carborane
in the backbone due to its relative inability to form cyclic degradation products.

Sk, v
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