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FOREWORD

This report was prepared by the Organic Materials Branch and was
initiated under Research and Development Order No. 617-11 (A-B} "Synthesis
and Evaluation of New Polymers®. The report was aiministered under the
direction of the Materials laboratory, Directorate of Research, Wright
Air Development Center, with Capt Roy T. Clark acting as project engineer.
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ABSTRACT

Preparaticn of fluorine~containing silicone heteropolymers
has been accomplished on an experimental scale. Specifically,
elegtoueric copolymers have been prepared of dimethyl dichlorosi=-
iane with bie 3,2,4,4,5,5,5 heptafluoropentyl diethoxysilane,
3,3,4,4,5,5,5 neptafluoropentyl methyl dlethoxyeilane and bieg
3,243 trifluoropropyl dimethoxysilane. Copolymerization was
realized botk from the oil resulting from cohydrclyseis of these
compounds and by polymerizing a blend of the geparately hydrolyzed
materials.

These copolymers all exhibited improved resistance to the
swelling action by fuels and retainsed other desirable physical
properties 10 a large degree when compared to methyl silicone
rubber prepared by the same method. Although these elastomers,
like comnercial silicone rubber, had rather low tensile strength
when in the owelled condition, they had consideradbly greater
stability 1n dlester oil at elevaled terperature than elther
methyl silicone rubber prepared in the same manner or the
ccmrercially available polymers; the fluorinated elastomers re-—
tain over 50% of their tensile strengzth after 24 hours in dlester
fluid at LO0°F, whereas the unfluorinsted materiale dissolve at
epproximately 350°F. Attempts to prepare fluorine-contalining
gilicone homopolymers have been unsuccegsful.

PUBLICATION REVIEW

Thie report has been reviewed amd is approved.

FOR THE COMVMANDER:

« R. WHITMORE

. Technical Director
Materials Laboratory
Directorate of Research
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I. INTRODUCTION

The research discussed herein was conducted in the Crganic
Materials Branch, Materials Laboratory, Directorate of Rescearch, WATLC.
The proposed obJective of this research was to prepare and evaluste
copolymers of dimethyl dichlorosilane and flueroalkyl difunctional
silanes as fuel resistant and high temferature 0il resistant elastomers.

Purdue University, under coniract AF 33(038)20581, prepared the

fluoroalkyl silanes which were utilized in thie investigation.
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II. DISCUSSICN

Extremes in operating temperatures of present and fﬁture alrcraft
have etimulated consideratle interest in the expanded utilization of
s!licone rudber eg an aireraft material. This rubber rerains flexible
at =100 degrees F and can be used at $500 degrees r for ma.y hours.

Yo other knowr rubber will d¢ this. Silicone rubber does have several
ghort~cominge, however, such as lower tenaile strength than neny
natural and synthetic rubbers, poor abrasion registance, complete de-
tariorstion above 38C degrees F in diester oilas, und poor resistance
to the swelling actlon caused by fuels. It is telieved that all of
these will be improved coneiderably by new compounding discoveries,
however fuel resistance aprears to be a problem which will reguire
modification ¢f the polymer as well. Cne poseidle method of modifica=-
tion to improve this property is through the introduction of fluorine
into the basic structure of the siloxane chain.

1. Methyl Silicone Elagtomers

The most easily prepared and widely used gilicone rutber
kaown ie polydimethyl siloxzane. 5Sinse previous attempls to prepare
this material for control purposes were unsuccessful, the initial
phases of this investigation were devoted to its preparation. A study
of the previous work by Luck {1} and literature by Rochow (2) indicated
thet the primary reason for the lack of success was nrobably due to the
use of impufe dimethyl dichlorosilane. In consideration of this
assumption, approximately 1.5 liters of commercial grade dimethyl

dichlorcsilane were distilled through & modified Todd columa and the
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fraction boiling at 70 degr-.es C at 760 mm was collected for use.
Approzimately 12 mls of material bollirg from 68 degrees to 70 de-
grees C were dbtained. This fracilon undoubtedly coataine consider~
able methyl trichlorc silane which causas excessive crosslinking of
the siloxane chains prior to curinz. If this occurs, brittle none
elastomeric polymers are formed. Irn order to obdtain elastomeric
siloxane polymers, crosslinkiag must occur, but it should take place
during the curing procese with peroxide rather than during polymeriza-
tion. The following are presented to support thise conclusion:

Experimert Celt

Fifty ml of dietilled dimethyl dichlorosilane were added drop~—
wise to 200 ml of 10% HC1 over a period of 1 hour. Stirring continuved
2 additional hours. Hydrolyzed oil separated and ceantrifuged to re-
move additional water. Ten grame of oil heated to 140 degrees C in an
oren system and 20 drops of 5% NaOH in ethanol added. Stirring contimued
and temperature kept between 140 degrees - 150 degrees C for 55 mimutes
vhen a thick seni-golid polymer formed. On compounding with 75 parts of
ethyl polysiloxane coated Santocel "C" filler and 6.5 paris of benzoyl
peroxide, curing 20 minutes at 258 degreees ¥, and aging 1 hour at 300
degrevs F a falrly good elastomer was obtained. Tensile Strength 450
1bs/in%; 128% Elongation.

Experinent C-138

Fifty ml of undistilled (commercial zrade) dimethyl dichlorosilane
were added dropwise with stirring to 400 ml of 10% HC1l over a period of

1 hour. Stirring contirued 2 additicaal hours. Hydrolyzed oil separated
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and centrifuged to remcve additional water. Ten grame of 0il heated to
130 degrees C with stirriag in an open system and 20 drops of 5% NaOH
{q ethaaol were added. Stirring and heating continued for 1 1/4 ours
with tempsrature at 130 degrees C when the material became to viscous
far mechanical stirring because of clinging to the stirrer. Heating
continued for 20 minutes and the material became a thick serl-solld
elastomer. On compoundiag with 50 parte of ethyl polysiloxane coated
Santocel "C* filler and 5 parts of benzoyl percxide, curing 20 minutes
at 258 dezreez F and aging 1 hour at 300 dezrees F, a brittle non-
slastomeric sample was obtained. Tensile strength approximately 50
lbs/inz.

When these experiments were repeated using sulfuric acid as the
polymerizing agent, a fair elastomer was obtained with the distilled
silane, and a bLrittle non-elastomeric sample was cbtained with the un-
distilled silane. Sulfurlc acid, however, seems to produce a more
righly croeslinked prcduct. It ie thought that it acte as an oxidizing
agent and demethylates some of the eilicon atoms whica results in the
fciaation of 2 siloxane bridge or removes hydrogen atoms and forms
methylene ether linkages. Additional evidence is that sulfuric acid
causes crosslinking when used to polymerize octamethyl cyclotetrasiloxane,
a material which is free from trifunctional unite. Polymerigzation of
this material with XKOH produces a polymer with a tensile strength in
excess of 800 lbslin2 on compound ing.

2, Copolymers of Dimethyl Dichlorogilane and Bi LR
Heptafluoropentyl Diethoxy Silane

Since previous investigators found that bis 3,3,4,4,5,5,5

heptafluoropentyl diethoxy silane (3) could not be homopolymerized into
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an elastomer, the most feasible method of introducing fluoroalkyl groups
into the siloxane chain appeared to be copolymerization with a compound,
such ag dimethyl dichlorosilane, which is known to produce elastomeric
materiale. The following experimente are presented as evidence thsat

the above can be accomplished to produce silicone elastomeric materials
with improved thermalstability in dilester oil as well as fuel resistance.

Experiment C=16

Twelve grame of distilled dimetiyl dicnlorosilane {B.P. 70 degrees C)
and 3 grams of bis 3,3,4,4,5,5,5 heptafluoropensyl diethyoxy silane were
placed in a separatory funnel and mixed thoroughly. Mixture added drop-
wise with stirring to 100 ml of 10% HCI over a period of 20 minutes and
stirring continued for 2 additlional hours., Solution placed in a separa=
tory funnel and allowed to stand over night. Clear o0il sectled to the
bottom and was separaied. HCIL layer extracted with diethyl ether, ether
evaporated, oil layers comblined ari heated to drive off adhering water.
Yield of oil 6.6 zrams or 44% of starting material. Refractlve index
1;38?8 at 2C Jdegrees C. Infrared spectrum recorded.

Six and one half grams oi the oil heated to 120 degzrees C in an
open syetem on a hot plate with stirring and 20 drops of freshly pre-
pared 5% NaOE in ethanol were added. Heating and stirrizg continued |
for 2 hours with temperature 120 degrces to 130 degrees C, Polymer be-
came too viscous to etir because material begen to cling to stirrer;
therefore, only heating was continued for 40 additional minutes. A
transparent solid elastomeric polymer formed. Welgut 3.5 grams. Yield

54% of oil or 23% of starting material. Infrared epectrum indicated no
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loss of fluorine. On compounding with 50 parts of ethyl polysiloxane
coated Santocel "C® filler and 5 parts of benzoyl peroxide with curing
at 258 degrees F for 15 minutee and aging for 1 hour at 300 degrees F,
a rather good sample was obtained. Specimen handled well on the mill.
Physical properties are listed in Table I.

Experiment C=17

A blend of three grams of bis 3,3,4,4,5,5,5 heptafluoropentyl
diethoxy silane and 6.9 grams of methyl silicone 0il (prepared from
104 HC1 hydrolysis of distilled (CH3), 5iCl,)wae made and mixed thor-
oughly. Blend heated to 120 degrees C and 20 drops of 5% NaOH in
ethanol add#d with stirring. Heating and stirring continued for 8
hours with temperature 125 degrees to 130 degrees C with some change
in viscosity. Ten additionmal drops of freshly prepared 5% NaCH in
ethanol added and heating and etirring continued for 2 hours with
temperature 140 degrees to 150 degrees C. Materlal began to cling to
stirrer sc stirring was discontinued. Temperature kept 140 degrees to
150 degrees C for 1 additional hour when & traneparent 80lid elapto=-
reric material formed. Weight 5.3 grams. TYield 53.5% of oil. Infra-
red lpecfrun ipdicated no loss of fluorine. On compounding in the same
manner as C-16 a rather good sample was obtained. Fhysical properties
are listed in Tadle I.

NOTE: Sodium hydroxide is dispersed in ethanol for the convenlence

of alding small quantities only and the ethanol is allowed

to boil out of the system. Twenty drops of 5% ethanolic
EalH equals +023 gm. of NaOH.

Experimeny C=23
Three grams of bdis 3,3,4,4,5,5,5 heptafluoropentyl eilane diol (&)

and 10 grams of dietilled dimethyl dichlorosilane were thoroughly mixed
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and added dropwise to 100 ml of 10% ECl with stirring over m period of
20 ninutes. Stirring continued 1 Lowur} then o0il and HC) solutlon re-=
fluxed for 15 hours. 01l separated, HC1 solution extracted twice with
diethyl ether, ether evaporated, and oiles combined. 01l centrifugec
then heate& for 5 minutes to drive off adhering watef. Infrared curve
almoat identical to Experiment C-18, Refractive irdex 1.3786 at 20
degreee C, Yield of oil 5.8 gm or L44% of starting material.

Five grams of the oil placed in a closed sjstem and 15 drops of
5% KOH in ethancl added when the temperature reached 1CO lezrees C.
The system was then opened and the ethanol allowed to volatilize.
System closed, temperature ralsed to 160 degrees C for 7 houre with
stirring and on cooling a so0lid elastomeric material formed. Weight
4.5 grams. Yield 90% of oil or B4% of starting material. Infrared
spectrum indicated slightly greater fluorine content in polymerized
material than in the oil. Tﬁis was probably due to a slight amount
of volatilization of c¢yclic tetramer while the system was open to allow
volatilization of the ethanol. Compounded with L5 parts of ethyl poly=-
giloxane coated Santocel "CH filler and 5 parts of benzoyl peroxide with
curing 15 minutes at 256 degrees ¥ and aging 1 hour at 300 degrees F.
Physical data is presented in Tadle I.

3. Copolymers of Dimethyl Dichlorogilane and Lohoc
Eeptafluoropentyl Methyl Diethoxysilane

Several attempis were made to homopclymerize 3,3,4,4,5,5,5
keptafluoropentyl methyl dlethoxysilane into an elastomer with potassium
hydroxide but none were successful. The highest degree of polymerization

waeg obiained in the followlng manner:
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Tex zrams ofF 3,3.4,£,5,5,5 heptafluoropentyl methyl diethoxy-
silane were placed 1in 100 ml. of 10% ECl and refluxed for 18 hcurs.

The resnltiag oil was then separated and centrifuged to remove ad~
hering water. Four grams of t{he hydrolyzed oil were placed In a re-
flux apparatus, three drops of con. sulfuric acid were added and the
mixture allowed to bcil for 5 hours. Three z2dditlons) drops of con.
sul furic acid were then added and heating continued for M hours. On
cooling only a very slight increase In viscosity was noted.

Since it was not pos-ible tc prepare a homopolymer of 3,3,4,0,5,5,5
heptafluorepentyl methyl disthoxysilane, copolymerization investisations
of this compound and dimethyl dichlorosilane were initisted. It was
found that copolymers could be prepared by coiydrolyzing the previously
mentioned types of silanes in water, dilute hydrochloric acid, sodium
gulfate sclution, sodium carbonate solution, etc., then polymsrizing
the cohydrolysis product thus obtained by heating with well known poly~-
merizing agents su¢h as godlun hydroxide, potassium hydroxide, sulfuric
acic, ferrie chkloride hexahydrate, etc., until a gei of the deslired con-
sistancy is obtained. 1t has been found desirable to reflux the hydro-
lyzed product and hydrolyzing media for several hours to effect more
complete hydrolyeils prior to polymerization.

An slternative metlicd of preparing these elastomers 1s by blend~
inz the difunctional fluoroalkyl silsnes or the hydrolyzed oil obtained
from them with methyl silicone oil and ueing the same polymerization
method described previsusly. The methyl silicone 2il used may be the
fraction boiling above 175 degrees C at 760 mm., the urnfractionated

0il, or the c¢cyclic materials such as octamethyleyclotetrasliloxane.
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If the hizgh boiliag material or unfractionated methyl silicone oll 1is
used, 1t muet be prepar=d from pure or substantially pure difunctiosnal
dimethyl silane. If sodium hydroride is used ae the polymerizing
catalyst in a closed syetem, 1t ig desirable to use methyl ellicone
011 from wiich the frzction boiling below 175 degrees C at 760 mm,

has been removed. (Sodium hydroxide appears to be ineffective in
polymerizing the low boiling cyclic siloxanes at a rate feasible for
this application).

The copolyn=rs may be compounded and cured by conventional
methods used for silicone rubber using various fillersg such as silica,
titania, etc., in a quantity surficient to form a pasty mass which can
be easily handled. Vulcanizing azenis :uch & henzoyl peroxide may be
uged, preferadbly from 2 to 6 parte of peroxide per 100 parte of polymer
by weight. Vulcanization may be accomplished by heating at approxi-
mately 250 dezreee ¥ for 15 mimaites snd the elastcmer obtained can be
aged at the desired conditions to produce particular polymer chbaracter-
ietics.

The following experiments set forth, in detall, methods used to
prepare elastomeric fluorosilicone copolymers:

Experiment C-26A

- Twenty=four grams of distilled dimethyl dichlorosilane and 8 grams
of 3,3,4,4,5,5,5 heptafluoropentyl methyl diethoxyesilane were thoroughly
mized and added dropwise to 100 ml., of 10% HC1 with stirring over a
period of 50 minutes. Stirring contirued for 1 hour; EC1 solution and
the 0lly hydroclysis product were placed In a reflux apparastus and

allowed to refiux for 22 hours. Cil separsted, centrifuged, and heated
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to remove sdhering water., Vield cf oil 14.2 grams. Seven grams of the
611 heated to 100 degrees C in an open system and .027 grams of KOH in
1% drore of ethanol wers added with stirrings The temperature was
reised to 130 degreees C with continued siirring and after 35 minutes
a thick seml=sclid elastomerlc material formed. In;rared analysis
indicated ro loge of fluorine on polymerization. The sample was com-
pouvnded with L5 parts of ethylpolysiloxane coated Santocel "C% filler
ard 5 parte of benzoyl peroxide with curing at 258 degrees T for 15
minutes and aging for 2 1/2 houre st 300 degrees F. Phrysical proper-
ties are presented in Tadle Il.

Ixperiment C-2€B

Seven gramg of the hydrclyzed oil from Experiment C~26A and
5 mg. of FeClj. 6320 were added with stirring in an open system. The
tempersture wes raised to 130 degrees C with continued stirring and
after one hour, & thick drown semi-golld elastomeric material formed.
The sazple was ccmpounded with 60 parte of ethylpolysiloxane coated
Santccel, "C" and § parts of benzoyl peroxide with curing at 258 de-
grees F for 15 minutes and aging 1 hour et 30d’degrees P. Phyeical
properties are presented in Table Il.

Experiment C-29

Fifteen grems of 3,3,4,4,5,5,5 heptafivoropentyl methyl diethoxy-
gilane were added to 100 ml of 10% ECl and the mixture refluxed for 24
howrs. The mixture was then placsed in a geparatory funnel; the oll
which settled 4o the bottom separated and the HCl layer extracted with
etker. When the ether evaporated, the olls were combined and heated to

remove adhering water. Fouwr aad one half grams of the hydrolyzed fluoro-
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sillcone 01l were tleuded with 7 grems of methyl eillicure o311 from which
thke cyclic teitramer Yad bLeen removad by distillation znd the mixture
Leated to 11C degrees C in au open system. Tihirty drops of etharcl
contelning +055 grave of XOF were added with stirring snd the terpera-
ture raised to 160 degrecs C. Heating ;nd stirring continued for 2
hours when a semi-golid elastomeric material formed. The sample was
compounded with LS5 parte of etlylpolysiloxane coated Sentocel "CH
filler, 5 parte of benzoyl peroxide with curing at 2585 degrees F for
15 minutes and aging for 1 hour at 300 degrees F. Physical properties
are presented in Table II.

Ezreriment C-—2h4

Six grams of 3,3,4,4,5,5,5 Leptafluoropertyl metkyl diethoxyellane
were hydrolyzed in the same manner as Experiment C-29. Three and seven
ternthe grams of thies oi]l were blended with 7.4 grems of octemethylcyclo=-
tetrasiloxane and heated to 100 degrees C in a beaker on a hot plate with
stirrirg, then fifty drcps of 5% CsCH in ethanol were added and the
ethanol allowed to vclatilize. The mixture was placed in a closed syetem
and heated at 195 degrees C with stirring for 140 hours and on cocling a
semi~solid elastomeric material formed. The sample was compoundeéd with
L5 parts of ethylpolysiloxane coated Santocel "C" and 5 parte of behzoyl
peroxide with molding at 258 degrees F for 15 minutes and aging 1 hour

at 300 degrees F. Physicel properties are presented in Table II.

- 4, Copolvmer of Dimethyl Dichlorogilane and Big 3,3,3 Trifluoro~
propyl Dimethoxveilane

The following experiment sets forth a umeti:od used to prepare

a copolymer of the above-named compounds:
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Experiment C-3€
Three grams c¢f bis 3,33 triflucropropyl dimethoxysilane and

twelve grams of distilled dimetLyl dichlorosilure were thercughly
mixed in a separatory funnel and ad&ed dropwise with siirring to

100 nl of 10% HC1 over a period of 20 minutes. Stirring continued

ae additional hour. The mixture was placed In a reflux apparatus

and refluxed for 72 hours. The oil was sepsrated, the HCl golution
extracted with diathyl.ether. the ether evaporated and the oils com=-
bined and heated to drive off adhering water. TYield 6 grams of oil.
S8ix grams of cil were hLeated to 100 degrees C in an open sysiem on &
hot plate and 15 drops of 5% EOH in ethanol sdded with stirring. The
temperature was raised to 150 Jezrees C and heating and stirring con~
tirued for 30 minutes. On cooling a gemi-golid elastomeric material
formed which was compounded with 45 parts of ethylpolysiloxane coated
Santocel "C® and 2 parts of benzoyl peroxide with curing at 258 degrees T
for 15 minutee, 2nd aging 1 hour at 300 degrees F. This sample had ﬁhe

following properties?

Tengile Strength 411 lbsfinz
Fiongation 95%
Swell in ?6/30 fuel after

48 hours at room temp. 196%
Density 1.28

Flexible at «65 degrees F
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IIT. INFRARED DATA

On examination of the spectrum of the cohydrolyzed oil in
experiment C-16 and comparing it with the spectrum of the same
oll after pelymerization with NaOH; it wae found thkat none of
the bands present 1n the gpectrum of the hydrolyzed oil die-
apreared; however, a band appeared in the polymerized material
which was .ot présent in the oil, indicatinz a struciural charnge.
Thies tand ie loczted at 11.9 microas and is also found in the yoly-
mer obtaiped in C-17 and C=18., It is considered to be evidence of
copolymerization. As expectéd, it 18 not found in the oil in thesce
exreriments prior to polymerizatlion. A large difference tetween
relative intensity of séveral bande of the hydrolyzed olls and the
polymera was noted and inveetigated. It can be seen that the relative
intensity of the band at 8.15 microns (C=F from bis 3,2,4,4,5,5,5
heptafluoropentyl diethoxy silane) to the band at 7.95 microne (Si-CH.B
from methyl silicone 0il) is much greater in the polymer, indicating
a rreater concentration of fluerine in the polymer than in the monomer
mixture. An incresse in the relative Iintengity of the band at 7,8
microns and & decr:ace in the relative inteusity of the band at 11.4
microns 1s &lsc rnoted in the pclymer. Since the spectrogram of octa—
methyl eyclotetrasiloxane ccntaing a relatively low absorption at 9.8
microns and a relstively high sbsorption at 1L.4 microus when compared
tc the spectrum of methyl silicone oil or the cohydrolyzed oil, it is
deducted that a large porilon of this material volatilizes during poly~
merization from the open system. Octametkyl cyclotetrasiloxane is the

lowest boiling constituent (B.P. 175°C) of the silicone oil which exists

in an appreciable gquantity (42%). It hae also been found that NaOH ig
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ineffective ae & polymerizing agentl for the cyclic tetramer at the
temperature employed. This volatilization undoubtedly accounts for
the yields of only 55% of the oil.

The only difference in the spectra of the blended cile snd the co=-
Lydrolyzed oile is an 2dditional band in the spectrum of the blerd (C~17)
before polymerization. Thie band cccure at 10.k microns and disappears
after polymerizaticn. It is associated with the ethoxy group. Another
band ageociated with thie group occurs at 9.2 microns and is masked by
the broad band from 9 to 10 microne. These spectra mlso show & larger
amount of fluorine in the cohydrclyzed product than the blend which con—
taine the calculated equivalent of oil from 12 grams of dimethyl dichloro-
silane. It is szssumed that this is due to the volatilization of the
dimethyl dichlorosilane during cohydrolysis giving rise to a greater
concentration of fluorine containing oile A correlation Letween the
reiative intengity of the C=F absorption, density, and swell in fuel can

also be noted in Table I.
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