
UNCLASSIFIED

AD NUMBER

ADB047474

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies only; test and evaluation;
December 1978. Other requests shall be
referred to the Air Force Materials
Laboratory, Nonmetallic Materials
Division, Polymer Branch, Attn: MBP,
Wright-Patterson AFB, OH 45433.

AUTHORITY

AFWAL ltr, 29 sep 1982

THIS PAGE IS UNCLASSIFIED



AFML-TR-75-182
-Part III
.140 oV79;?V OFFICAL FILE Copy

ARYLENESILOXANE POLYMERS FOR USE AS
HIGH-TEMPERATURE AIRCRAFT INTEGRAL
FUEL TANK SEALANTS

Part III Synthesis And Properties of
Fluoroalkylarylene -Siloxanylene (FASIL)
High-Temperature Polymer

POLYMER BRANCH
NONMETALLIC MATERIALS DIVISION

DECEMBER 1978

TECHNICAL REPORT AFML-TR-75-182, Part III

Distribution limited to U.S.Government Agencies only.

AIR FORCE MATERIALS LABORATORY
AIR FORCE WRIGHT AERONAUTICAL LABORATORIES REST AVAILABLE COPY
AIR FORCE SYSTEMS COMMAND
WRIGHT-PATTERSON AIR FORCE BASE, OHIO 45433

__oo o 10 C 4



NOTICE

When Government drawings, specifications, or other data are used for any
purpose other than in connection with a definitely related Government pro-
curement operation, the United States Government thereby incurs no respon-
sibility nor any obligation whatsoever; and the fact that the government may
have formulated, furnished, or in any way supplied the said drawings, speci-
fications, or other data, is not to be regarded by implication or otherwise
as in any manner licensing the holder or any other person or corporation, or
conveying any rights or permission to manufacture, use, or sell any patented
invention that may in any way be related thereto.

This report has been reviewed by the Information Office (01) and is
releasable to the National Technical Information Service (NTIS). At NTIS,
it will be available to the general public, including foreign nations.

This technical report has been reviewed and is approved for publication.

HAROLD ROSENBERGJ• R. L. VAN DEUSEN, CHIEF
Project Scientist Polymer Branch

Nonmetallic Materials Division

FOR THE COMMANDER

J. M. KELBLE, Chief

Nonmetallic Materials Division

"If your address has changed, if you wish to be removed from our mailing list,
or if the addressee is no longer employed by your organization,please notify
AFWAL/MLBP, W-PAFB, OH 45433, to help us maintain a current mailing list."

Copies of this report should not be returned unless return is required by
security considerations, contractual obligations, or notice on a specific document.

AtR FORCE/56780/9 May 1980--100



Unclassified
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered),

REPORT DOCUMENTATION PAGE READ INSTRUCTIONS
N PBEFORE COMPLETING FORM

1. REPORT NUMBER 2. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER

AFML-TR-75-182, Part III

4. TITLE (and Subtitle) ARYLENESILOXANE POLYMERS FOR USE AS s. TYPE OF REPORT & PERIOD COVERED

HIGH TEMPERATURE AIRCRAFT INTEGRAL FUEL TANK SEAL- Summary Report (August 1972
ANTS. PART III. SYNTHESIS AND PROPERTIES OF to August 1975)
FLUOROALKYLARYLENESILOXANYLENE (FASIL) HIGH- 6. PERFORMING ORG. REPORT NUMBER
TEMPRER ATITRI, POTLYMER

7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(s)

Harold Rosenberg and Eui-won Choe

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK

Air Force Materials Laboratory AREA & WORK UNIT NUMBERS

Air Force Systems Command 7342/734201/43420101
Wright-Patterson Air Force Base, Ohio 45433

11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

Air Force Materials Laboratory (AFML/MBP) December 1978
Air Force Systems Command 13. NUMBER OF PAGES

Wright-Patterson Air Force Base, Ohio 45433 28
14. MONITORING AGENCY NAME & ADDRESS(if different from Controlling Office) 15. SECURITY CLASS. (of this report)

Unclassified
15a. DECLASSI FICATION/DOWNGRADING

SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Distribution limited to U. S. Government agencies only; (test and evaluation)
December 1978. Other requests for this document must be referred to the Air
Force Materials Laboratory, Nonmetallic Materials Division, Polymer Branch,
AFML/MBP, Wright-Patterson AFB, Ohio 45433.

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse side if necessary and identify by block number)

Broad-temperature polymers Fuel-resistant polymers Organosilicon polymer
Fluorine-containing polymers Viscoelastic polymers Channel sealants
Fluoroalkyl-substituted polymers High-temperature polymers Filleting sealants
Aircraft fuel tank sealants Heat-resistant elastomers Arylenesiloxane
Rpversion-resistant polymers Poly(arylenesiloxanylenes) Arylenesiloxanylenes

20. ABSTRACT (Continue on reverse side If necessary and identify by block number)

The requirement for new chemical-resistant, viscoelastic polymers with use tem-
peratures exceeding the limits of current materials, particularly for integral
fuel tank sealants, has led to the synthesis and characterization in this
laboratory of a class of fluoroalkyl-substituted arylenesiloxanylene (FASIL)
polymers, I, with the general structure 6SiCH (R )-1,3-C H -SiCH (R 2 )0((SiCH -

(R 3 )0))x~n, where R1 = CH or CF3 CH2 CH2 • 31= CF3CH CA or •H and x
0, 1 or 2. Representative members of this class were synthesized ?rom

DD F 1473 EDITION OF 1 NOV 65 IS OBSOLETE unclassified

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)



Unclassified
SECURITY CLASSIFICATION OF THIS PAGE(hen Data Entered)

1,3-bis(hydroxydialkylsilyl)-m-phenylenes by homopolymerization, as well as
cocondensation reactions with bis-aminosilanes and disiloxanes or with the
corresponding diacetoxy derivatives. A polytetrasiloxanylene (I, x = 2, and
R = R = R3 = (CF 3 CH 2 CH ) has been found to offer considerable promise as acandidate base material for the formulation of a non-curing, reversion-resis-

tant, -65 0 F to 450°F fuel tank channel sealant with long-term utility. Formu-
lation and laboratory evaluation studies indicate the polymer (to which the
acronym FASIL has been assigned) to be superior to state-of-the-art and current
candidate aircraft fuel tank sealant polymers. The potential of FASIL for use
in filleting sealants as well as seal applications is indicated.

SECURITY CLASSIFICATIOM OF -- I- PAGE(teen Data Entered)



FOREWORD

This report was prepared by the Polymer Branch, Nonmetallic Materials

Division of the Air Force Materials Laboratory, Air Force Systems Command,

Wright-Patterson Air Force Base, Ohio. The work was initiated under Project

No. 7342, "Fundamental Research on Macromolecular Materials". It was admin-

istered under the direction of Dr. Harold Rosenberg (AFML/MBP) as Project

Scientist.

This report covers research conducted from August 1972 to August 1975.

This manuscript was submitted for publication by the authors in December 1978.

The authors are deeply indebted to Lt Col Russell M. Luck, USAF(Res), for

assistance in the polymer synthesis and to Warren Griffin, Elastomers and

Coatings Branch, AFML, for the sealant formulation and evaluation studies.

Their gratitude is expressed to Drs. Gerhard F. L. Ehlers, Thaddeus Helminiak

and Ivan J. Goldfarb for the valuable discussions and assistance in determining

the glass-transition temperatures, fuel-resistance and thermogravimetric

analyses. The assistance of Ms. Mary T. Ryan and Mr. Lee D. Smithson of the

Analytical Services Branch, Technical Services Division, Air Force Materials

Laboratory, in determining nuclear magnetic resonance and mass spectra is also

greatly appreciated.

The work described in this report was conducted in the Polymer Branch

laboratory by Dr. Harold Rosenberg of the Air Force Materials Laboratory and

Dr. Eui-won Choe, an AFSC-NRC Postdoctoral Resident Research Associate.

iii



TABLE OF CONTENTS

SECTION PAGE

I. INTRODUCTION 1

Ii. DISCUSSION 4

A. Synthesis of Monomers and Polymers 4

B. Physical Properties of Polymers 8

C. Evaluation of FASIL 10

III. EXPERIMENTAL 13

A. General 13

B. Synthesis of Intermediates and Monomers 13

1. l,3-Bis(3,3,3-trifluoropropylmethylchlorosily)-

benzene 13

2. l,3-Bis[ethoxymethyl--(3,3,3-trifluoropropyl)-

silyllbenzene 14

3. l,3-Bis[hydroxymethyl-(3,3,3-trifluoropropyl)-

silyllbenzene 14

4. Bis(dimethylamino)methyl-3,3,3-trifluoropropyl-

si lane 15

5. l,3-Dichloro-l,3-dimethyl-l,3-bis(3,3,3-trifluoro-

propyl) disiloxane 15

6. l,3-Bis(dimethyiamino)-1,3-dimethyl-l,3-bis(3,3,3-

trifluoropropyl) disiloxane 15

C. Synthesis of Polymers 15

1. Poly[m-phenylene-l,3,3,5-tetramethyl-l,5-bis(3,3,3-

trifluoropropyl) trisiloxanylene] 15

V



TABLE OF CONTENTS (Cont'd)

SECTION PAGE

III. EXPERIMENTAL

C. Synthesis of Polymers

2. Poly[m-phenylene-l,3,5,7-tetramethyl-l, 3 , 5 ,7-

tetrakis (3,3,3-trifluoropropyl) tetrasiloxanylene]

with vinyl groups 16

REFERENCES 18

vi



LIST OF ILLUSTRATIONS

FIGURE PAGE

1. NMR Spectrum of 1,3-Bis[ethoxymethyl(3,3,3-

trifluoropropyl) silyllbenzene 19

2. NMR Spectrum of 1,3-Bis~hydroxymethyl(3,3,3-

trifuoropropyl) silyllbenzene 19

3. Infrared Spectrum of 1,3-Bis~ethoxymethyl(3,3,3-

trifluoropropyl) silyllbenzene 20

4. Infrared Spectrum of 1,3-Bis~hydroxymethyl(3, 3,3-

trifluoropropyl) silyllbenzene 20

vii



LIST OF TABLES

TABLE PAGE

I. FASIL Sealant Polymer 10

II. Properties of FASIL Required for Broad-Temperature

Fuel Tank Sealants 11

III. Preliminary Evaluation of FASIL and Other Channel

Sealants - Accelerated Aging 12

viii



SECTION I

INTRODUCTION

The discovery of new polymeric materials for sealant and seal applica-

tions with inherently wider use temperature range, greater chemical stability

and longer operational life than state-of-the-art elastomers has proven to be

an unyielding challenge to the Air Force for over a decade. Of particular

concern has been the need for new viscoelastic polymers with the requisite

chemical/fuel resistance, high-temperature stability, low-temperature flexi-

bility, adhesion to metal substrates and ready processability for improved

aircraft integral fuel tank sealants with broad temperature capability. The

background, requirements and status of research programs aimed at this

specific materials objective, with an emphasis on filleting sealants, was

reviewed recently.
1

The objective of current research in this area conducted in-house by the

Polymer Branch, Air Force Materials Laboratory, has been the synthesis and

evaluation of new thermally-stable organosilicon polymers as base materials

for high-temperature aircraft integral fuel tank sealants with a long service

lifetime (up to 10,000 hours) over a wide temperature range (from < -40°F to

500°F). Desired chemical and physical properties for a high-temperature

aircraft sealant include long-term thermal stability (>450 0 F), resistance to

reversion at elevated temperatures in confined environments, a moderately low

glass-transition temperature (< -400F and, preferably, -65 0 F), excellent

resistance to swell by jet fuels such as JP-4 and JP-7, excellent adhesion

and non-corrosivity to aircraft metallic substrates, and the capability for

room-temperature cure. Oxidative stability of candidate polymers, while highly

desirable, is not considered of primary significance for this application

because aircraft sealants are generally intended for use under a nitrogen

1



and fuel environment in the absence of oxygen. It was also desired to provide

candidate polymers with cost advantages over current high-temperature sealant-

type polymers which are available commercially or under development by other

organizations.

This quest has now led to the synthesis and evaluation of a new high-

temperature fluorine-containing organosilicon polymer, FASIL, which offers

considerable promise as a candidate base material for a broad use-temperature,

long-life integral fuel sealant of both the channel and filleting types. Of

particular interest is the potential shown by this elastomeric polymer for the

formulation of a non-curing, reversion-resistant -54 0 C (-65 0 F) to 2320 C (450°F)

fuel tank channel sealant with long-term utility. This development was the

planned outgrowth of an extensive investigation 2 ' 3 into the synthesis and

characterization of new thermally- and chemical-resistant viscoelastic alkarylene-

and arylenepolysiloxanylene polymers. Two classes of candidate polymers,

methyl- and 3,3,3-trifluoropropyl-substituted poly(m-xylylenesiloxanylenes)
2 ' 3

and the corresponding poly(m-phenylenesiloxanylenes), were selected for study

as the most promising representatives of such macromolecular systems. Emphasis

was placed in both types on di-, tri- and tetrasiloxanylene sub-classes since

these would be the ones expected to yield polymers with the balance of physical,

chemical and mechanical properties required for fuel tank sealant applications.

In order to achieve the latter, it was necessary to develop appropriate structure/

property correlations as a prerequisite to the specific tailoring of molecular

structures. Representative members, appropriately substituted, of both polymer

classes were synthesized and characterized with respect to their glass-transition

temperature, thermal stability and solubility or fuel resistance. From the data

obtained, required structure/property relationships were established to permit

the prediction of structures with the optimum combination of properties.

2



The synthesis and characterization,2ý3'4 thermal behavior,2,3,5 and

solubility or fuel resistance, 3 ' 6 of the first class of polymers, i.e., the

poly(m-xylylenesiloxanylenes), has been reported previously. In this report

some results of the investigation of the second class, i.e., the poly(m-

phenylenesiloxanylenes), I, with emphasis on the synthesis and characterization

of the fluoroalkyl-substituted members of the subclasses which led to the

selection of FASIL as the candidate polymer of choice, are summarized.

CH H H = R = CH or CF CH CHI3  C3 3 2 3 3 2 2

-- 0Si -- 0-- R3= CF 3CH2CH 2 or CH3

LR Rx2 R3 )xJn x =0, 1 or 2
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SECTION II

DISCUSSION

A. Synthesis of Monomers and Polymers.

As in the case of the poly(m-xylylenesiloxanylenes) 3,4Asih aeo h oy -yyeeioayee) in order to

obtain appropriately-structured representative members for characterization

and evaluation, three subclasses or families of m-phenylenesiloxanylene

polymers were considered for synthesis. These were the poly(m-phenylenedi-

siloxanylenes, II; -trisiloxanylenes, III; and -tetrasiloxanylenes, IV. The

specific polymers in these subclasses selected for preparation were those

considered likely to provide the most useful information in connection with

structure/property correlations and the tailoring of the macromolecules. In

order to synthesize these polymers, various methyl- and 3,3,3-trifluoropropyl-

substituted 1,3-bis(silyl)benzene intermediates and monomers, including bis-

chlorosilanes, bis-ethoxysilanes and bis-silanols, together with bis-amino-

silanes and -disiloxanes, were initially prepared and characterized.

The synthetic sequence for the preparation of the key monomer, 1,3-bis-

[hydroxymethyl-(3,3,3-trifluoropropyl)silyllbenzene (3), is shown in

Scheme I. The in-situ Grignard coupling reaction of 1,3-dibromobenzene

with 2.5 moles of 3,3,3-trifluoropropylmethyldichlorosilane in tetrahydro-

furan afforded 1,3-bis[methyl(3,3,3-trifluoropropyl)chlorosilyllbenzene (2)

in 21.6% yield. Hydrolysis of the bis-ethoxy derivative 2 with sodium

hydroxide in methanol afforded a 91.5% yield of 1,3-bis[hydroxymethyl -

(3,3,3-trifluoropropyl)silyllbenzene (3). An alternate procedure involving

direct synthesis of the bis-ethoxy intermediate 2 from the dibromobenzene

(as shown in Scheme I) provides an improved route for preparation of the

monomer. By addition of methvl(3,3,3-trifluoropropyl)diethoxysilane

[obtained by heating methyl(3,3,3-trifluoropropyl)dichlorosilane with an

4



Scheme 1

Synthesis of 1,3-Bis[hydroxymethyl(3,3,3-trifluoropropyl)silyllbenzene

2.5 CH SiCi + Br Br + Mg - - CiSi-* SiCl
2 50-60° 0 I

Rf Rf Rf

1 (52%)

xs 1 CH 5 OH INaOC 2 H5

THF CH3  ( CH

CH Si(OC2H5)2 + Br Br + Mg 0- On C2H5OSi' - -SiC2 H5
25 10-15O 15  1

R Rf R

f f

2 (22-55%)

CH CH

CH3OH KH2PO C 3  1 3

2 + NaOH HOSi SiO

Rf Rf

3 (92%)

R = CF CH2CH 2
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excess of absolute ethanol] to the in-situ Grignard reagent from 1,3-

dibromobenzene at 10-150 the bis-ethoxy derivative was obtained in overall

yields (based on starting dihalide) of 50-55%. However, one difficulty with

this procedure is the formation of impurities which, if not removed by

extremely careful distillation,can give rise to lowered yields in the monomer

synthesis and subsequent polymerization reactions.

The bis-silanols were homopolymerized in refluxing benzene, using a

1,1,3,3-tetramethylguanidine salt as catalyst, to yield the poly(m-phenylene-

disiloxanylenes), II. When the two bis-silanols, 1,3-bis(hydroxydimethylsilyl)-

and 1,3-bis[hydroxymethyl(3,3,3-trifluoropropyl)silyll benzene were copoly-

merized with appropriately substituted bis(dimethylamino)silanes3(Scheme 2) or

-disiloxanes 3 (Scheme 3), two families of methyl-and 3,3,3-trifluoropropyl

substituted poly(m-pheylenetrisiloxanylenes), III, and -tetrasiloxanylenes, IV,

were obtained. Recently, in an extension of the newly developed silanol-

acetoxysilane polycondensation reaction for the synthesis of dimethyl-substi-

8tuted poly(arylenesiloxanylenes) , it was found possible to synthesize the

corresponding methyl(3,3,3-trifluoropropyl) analogs. For example, by the

reaction of 1,3-bis[hydroxymethyl(3,3,3-trifluoropropyl)silyl]benzene with

the appropriately-substituted diacetoxysilanes or diacetoxydisiloxanes,

III(R1 = R2 = R3 = R4 = CF 3CH2 CH2) and IV(R1 = R2 = R3 = R4 = CF 3CH2 CH2) were

obtained. Since a number of the newly synthesized polymers [e.g., III(R1 =

R2 = CF 3CH2 CH2 R3 = CH3 )] could not be cured by conventional methods to

provide vulcanizates for fuel swell evaluation, vinylsilyl groups were

introduced into such polymers in order to provide sites for crosslinking.

This was accomplished by the addition of methylvinylbis(dimethylamino)silane

as 3 mole percent of the total silylamine monomer composition in the

6



Scheme 2

Synthesis of 3,3,3-Trifluoropropyl-Substituted Poly(m-phenylenetrisiloxanylenes)

CH CH CH CH CH CH1 3 1 3 3 1 1 3

HOSi SiOHI + [(CH ) N]I i- Si- 0 Si-O-Si-O--
3 2 2

R R RR RR1  2 3 L1 2 3 -n

III

R1 R 2 = CF3 CH22 or CH3 ; R 3 = R = Same as or different RI.

Scheme 3

Synthesis of 3,3,3-Trifluoropropyl-Substituted Poly(m-phenylenetetrasiloxanylenes)

CH3  CR3  CH CR CRH CH CH CH3 R

SiOR + (CR)2NSiOSiN(C ) s-- - siosiosio-2 11 3 2 I 111
R R R R R

Rf f f 4 1 2 3 4 -n

IV

R = R2 = CF3CH2CH2 or CH3; R3 = R = Same as or different R1 .
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reactions shown in Schemes 2 and 3. The vinyl groups incorporated in the

resulting polymers would be expected to be distributed randomly along the

chains.

B. Physical Properties of Polymers.

The synthesized polymers, as with their m-xylylene analogs, were fully

characterized and evaluated with respect to glass-transition temperature,

thermal stability and fuel resistance or polymer insolubility. Viscosities,

together with number average molecular weights obtained by either vapor

phase or membrane osmometry, were recorded for the relatively low molecular

weight polymers sought. Glass-transition temperatures were determined by

means of differential scanning calorimetry (DSC), with AT = 20 0 C/mino• and

9have been reported in part . Thermal characterization of the polymers

involved thermogravimetric analysis (TGA) under vacuum at AT = 50 C/min.

Data obtained from the TGA curves, including values of T (temperature at25

which 25% weight loss is recorded), were discussed for certain of the

polymers, together with that for their m_-xylylene analogs, in an earlier

report 3 ' 5 . In order to determine fuel resistance, polymers were first cured

with di-t-butylcumyl peroxide at 170 0 C and 2000 psi. In the case of those

polymers with a high content of fluoroalkyl groups, samples of polymers con-

taining the aforementioned 3 mole percent of vinyl groups were used for pre-

paration of the volcanizates. Volume swell ratios of the volcanizates were

determined after immersion of the samples for 72 hours at room temperatures

3
in hydrocarbons, such as isooctane and JP-4 jet fuel . The results obtained

with regard to the solvent resistance of the polymers through the use of

vulcanizates has been corroborated in part in studies on solvent interactions

with both the m-xylylene and, to a lesser extent, the m-phenylenesiloxanylene

polymers. Using gas-liquid chromatography (GLC) to determine infinite

8



dilution activity coefficients, structure/solubility relationships were

derived which correlated well with volume swell data on volcanizates6 .

From the results obtained and structure/property correlations 3 ' 4 ' 5 ' 6

previously established in our investigation of their m-xylylene analogs, it

was possible to reduce the total number of polymer(m-phenylenesiloxanylenes)

required for synthesis and property evaluation. More specifically, from the

earlier fuel resistance/polymer solubility studies, a fluorine content of

30% or greater by weight appeared necessary to provide required fuel resis-

tance to the polymer systems under investigation. Therefore, in the poly-

(m-phenylenesiloxanylenes) only those polymers with a high ratio of 3,3,3-

trifluoropropyl to methyl substituents could be expected to possess desired

fuel resistance. Thus, the only members of this class with potential for

fuel tank sealants were further restricted to five in number, consisting

only of those with two or more fluoroalkyl groups per mer unit. Further

detailed evaluation of this smaller group of polymers in both uncured and

cured states and with emphasis on isothermal aging and solvent resistance

at elevated temperatures was then carried out. This resulted in the final

selection of poly[m-phenylene-l,3,5,7-tetramethyl-l,3,5,7-tetrakis(3,3,3-

trifluoropropyl)tetrasiloxanylene] as the most promising member not only

of the group but of both classes of polymers investigated.

The aforementioned fluoroalkylarylenesiloxanylene polymer, IV(R 1 =

R2 = R3 = R4 = CF3 CH2 CH2 ) has been given the name FASIL, an acronym derived

from the general polymer class name. In addition to being readily synthesized

from commercially-available starting materials (cf. Experimental), the polymer

was found to exhibit a better overall combination of requisite physical, chemi-

cal and mechanical properties for fuel-resistant sealant applications than any

of the newly synthesized siloxanylene or other candidate sealant polymers

(Table I).

9



Table I

FASIL* SEALANT POLYMER

Structure:

CCHCHI CH3

_Si Si-O-Si- ---- Si--0-
I I I 1

C CHF CH

C2 CF3 CH23 2 CF3  CH2 CF 3 n

Properties: FASIL SOA+

Viscosity, n, = 0.02-0.33

Wt. Loss, 400 0 F, 190 hr. = 3% 5%
0

T2 5 (TGA) = 415 C (779 0 F)

T = -49 0 C (-570 F) -280Fg

Wt. Gain, JP-4, 72 hR, Rt = 9.7% 20.1%

*FASIL = MBP ACRONYM FOR FLUOROALKYLARYLENESILOXANYLENE

+IMPROVED STATE-OF-THE-ART CANDIDATE POLYMER

C. Evaluation of FASIL.

Additional quantities of FASIL were synthesized for use in formulation

and evaluation studies as a fuel tank channel sealant. Preliminary results

of FASIL evaluation as a formulated sealant, including accelerated broad-

temperature range cycling tests from -54 0 C(-650 F) up to 232 C (450 0 F) and

titanium stress corrosion testing, indicate that FASIL possesses superior

properties (Table II) and life expectancy (Table III) to other elastomeric

polymers evaluated as a candidate for a wide-temperature range fuel tank

channel sealant material. In addition to holding promise as a channel sealant

polymer, structural modification of FASIL as a two-part system is expected to

10



Table II

PROPERTIES OF FASIL REQUIRED FOR BROAD-TEMPERATURE FUEL TANK SEALANTS

MAJOR MINOR

Long-Term Thermal Stability a Reversion Resistance
[Up to 26 0 °C (500 0 F)] [204 0 C (400 0 F), 7 days-TOTAL]

" Low-Temperature Flexibility * Extrudable
[-540 C (-650 F]

0 No Stress Corrosion on Ti
"* Excellent Adhesion to Al & Ti Substrates

"* Chemical Stability 0 Reasonable Cost
High Resistance to JP-4 Fuel Synthesis Based on Commerc.-
Nonhydrolyzable Available Starting Materials

permit its use for the formulation of filleting sealants. Under contract, FASIL-

type vinyl-terminated oligomers, chain extenders and crosslinking agents are now

being synthesized to enable the early development of a FASIL-based filleting

sealant. Lastly, from the properties obtained in the evaluation of its vulcani-

zates, FASIL offers further potential as a base polymer for chemical-resistant

seal applications.

11
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SECTION III

EXPERIMENTAL

A. General.

All melting points reported are uncorrected. Molecular weights were

determined by vapor phase osmometry (VPO) or by membrane osmometry (MO)

unless stated otherwise. Elemental analyses were carried out by the Analytical

Branch, Electromagnetic Materials Division, Air Force Materials Laboratory.

Nuclear magnetic resonance spectra were obtained on a Varian Model A-60

spectrometer, while infrared spectra were obtained as KBr pellets for solids

and by using CsI or NaCI plates for liquids on either a Perkin-Elmer Model 21

or a Beckmann Model IR-33 spectrophotometer.

Nuclear magnetic resonance, and infrared spectra for the important

compounds synthesized are included at the end of the experimental section.

Tetramethylsilane was used as an external standard for proton nmr spectra,

while fluorotrichloromethane (CFCI 3 ) was used for fluorine (F' 9 )nmr spectra.

Gas liquid chromatographic analyses were carried out in a Hewlett Packard

Model 5750B gas chromatograph by the use of a 6" x 1/8" column packed with

Dexil 300 GC (15%), Chromasorb W or 80-100 DMCS, at a programmed heating rate

of 100 per minute from 1200 to 3000, and at a flow rate of 30 ml. per minute

of helium, unless stated otherwise. However, some analytical samples were

separated and purified by the use of a 12" x 1/2" column packed with 10%

SE-30, 80-100 DMCS, or WHP 5752 at a helium flow rate of 120 ml. per minute.

B. Synthesis of Intermediates and Monomers.

1. 1,3-Bis(3,3,3-trifluoropropylmethylchlorosilyl)benzene

To a mixture of magnesium (4.8 g., 0.2 g-atom) and methyl-3,3,3-

trifluoropropyldichlorosilane (52.7 g., 0.25 mole) in tetrahydrofuran (50 ml.)

13



was added dropwise under nitrogen a solution of m-dibromobenzene (23.6 g.,

0.1 mole) in tetrahydrofuran (50 ml.) over a two-hour period. The addition

was controlled to maintain a temperature range of 50-60°. The resulting

mixture was then heated under reflux for 16 hours and, after adding 200 ml.

of n-hexane to the mixture, inorganic solids were filtered. Fractional dis-

tillation of the filtrate gave 22.2 grams (52%) of crude 1,3-bis(3,3,3-trifluoro-

propylmethylchlorosilyl)benzene, bp 169-1740/3 Torr.

2. 1, 3 -Bis[ethoxymethyl-(3,3,3-trifluoropropyl)silyl]benzene

A solution of sodium ethoxide, prepared from 2.76 grams of sodium and

300 ml. of absolute ethanol, was added slowly under nitrogen into 25.6 grams

(0.06 moles) of 1,3-bis(3,3,3-trifluoropropylmethylchlorosilyl)benzene. The

reaction mixture was heated under reflux for 15 minutes and then cooled to

room temperature. Ethanol was removed on a rotary evaporator to leave a residue

which was transferred into a smaller flask with the aid of diethyl ether.

Fractional distillation of the residue gave 5.8 grams (21.6%) of 1,3-bis-

[ethoxymethyl(3,3,3-trifluoropropyl)silyl]benzene, bp 113.5-114.50/0.03 Torr;

mass spec (290 eV) m/e 446, 427.

3. 1,3-Bis[hydroxymethyl-(3,3,3-trifluoropropyl)silyllbenzene

To the stirred mixture of 2.6 grams of sodium hydroxide, 11 ml. of

methanol and 1.2 ml. of water, was added 7 grams (0.0157 moles) of 1,3-bis-

[ethoxymethyl(3,3,3-trifluoropropyl)silyllbenzene, followed by the addition of

a mixture of 2.6 grams of sodium hydroxide and 12 ml. of water. The resulting

mixture was stirred for 30 minutes and then poured into a solution of 17 grams

of potassium dihydrogen phosphate of 320 grams of water and ice. Diethyl ether

was used to extract the oily product. The ether extract was washed with water,

dried over anhydrous magnesium sulfate and evaporated on a rotary evaporator.
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Fractional distillation of the clear oily residue through a short-path

distillation column gave 5.6 grams (91.5%) of the desired 1,3-bis[hydroxy-

methyl(3,3,3-trifluoropropyl)silyl]benzene, bp 140-142°/0.1 Torr; nmr (CC1 4,

external TMS) S 0.285 (s, 6, SiCH3 ), 0.667-1.17 (m, 4, SiCH2 ), 1.33-2.42

(m, 4, CCH 2 ), 4.14 (s, 2, OH) and 7.0-7.84 (m, 4, ArH); F19 nmr (CC1 4 ,

External CFC1 3 ) -3860 Hz. (t, CF3 ); mass spec (290 eV) m/e 390; molecular weight

(benzene, VPO) 383, 394 (theory 390). Calc'd for C1 4 H 20 F602Si : C, 43.06;

H, 5.16; F, 29.19; Si, 14.39. Found: C, 43.57; H, 5.29; F, 31.44; Si, 15.08.

4. Bis(dimethylamino)methyl-3,3,3-trifluoropropylsilane

This monomer was prepared by the procedure described in a previous

report.3,7

5. 1,3-Dichloro-l,3-dimethyl-1,3-bis(3,3,3-trifluoropropyl)disiloxane

The disiloxane intermediate was obtained using a modification of the

literature procedure.I
0

6. 1,3-Bis(dimethylamino)-1,3-dimethyl-1,3-bis(3,3,3-trifluoropropyl)-

disiloxane

This monomer was synthesized by the procedure described by the authors

in earlier publications.
3 ' 7

C. Synthesis of Polymers.

The synthesis of the m-phenylenesiloxanylene polymers was carried out by a

general procedure which is best illustrated by the two examples (including that

for FASIL) outlined below.

1. Poly[m-phenylene-l,3,3,5-tetramethyl-l,5-bis(3,3,3-trifluoropropyl)-

trisiloxanylenel
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Into a 100-ml. three-necked flask, equipped with thermometer, stirrer,

nitrogen inlet, and condenser connected to a solution of hydrochloric acid,

were placed 1,3-bis[hydroxymethyl(3,3,3-trifluoropropyl)silyllbenzene (3.9g,

0.01 mole), 1.33g (0.01 mole) of bis(dimethylamino)dimethylsilane and 5 ml.

of toluene. The mixture was warmed to 110 and dimethylamine began to evolve

when the temperature reached 850 . After 15 minutes of heating the remainder

of the diaminosilane, 0.15g, was added dropwise over a period of 5 minutes. The

mixture was heated for an additional 1.5 hours (or for a total of two-hours

reaction time) and then hydrolyzed with 1.5 ml. of water. Water was removed

as an azeotrope. The polymer was dissolved in 50 ml. of toluene, filtered,

precipitated with 50 ml. of methanol, washed twice with 30 ml. of methanol, and

dried at 2600 and 0.8 Torr for 16 hours to yield 3.0 grams of poly[m-phenylene-

1,3,3,5-tetramethyl-l,5-bis(3,3,3-trifluoropropyl)trisiloxanylene] as a trans-

lucent, viscous gum, molecular weight (VPO in benzene) 9,310; n. = 0.04 dl/g.
inh

2. Poly[m-phenylene-l,3,5,7-tetramethyl-l,3,5,7-tetrakis(3,3,3-trifluoro-

propyl)tetrasiloxanylenel with vinyl groups.

Into a 100-ml. three-necked flask, equipped with thermometer, stirrer,

nitrogen inlet, and condenser which was connected to a solution of hydrochloric

acid, was placed 5.0 grams (12,8 mmoles) of 1,3-bis[hydroxymethyl(3,3,3-tri-

fluoropropyl)silyllbenzene, 4.275 grams (11.16 mmoles) of 1,3-dimethyl-l,3-

bis(3,3,3-trifluoropropyl)-l,3-bis(dimethylamino)disiloxane, 54.9 mg (0.36

mmoles) of methylvinylbis(dimethylamino)silane, and 5 ml. of toluene. The

mixture was warmed to 1100 during which period dimethylamine began to evolve.

After 15 minutes of warming, the remainder of the diaminosilanes, 0.475 grams

(0.12 mmoles) of 1,3-dimethyl-l,3-bis-(3,3,3-trifluoropropyl)-l,3-bis(dimethyl-

amino)disiloxane and 6.1 mg (0.04 mmoles) of methylvinylbis-(dimethylamino)-

silane, was added dropwise over a period of 5 minutes. The mixture was heated
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for 1.5 hours (or for a total of two-hours reaction time) and then hydrolyzed

with 1 ml. of water. Water was removed as an azeotrope. The polymer was

dissolved in 3 ml of toluene, filtered, precipitated with 15 ml. of methanol,

washed twice with 30 ml. of methanol, and dried at 2600 and 0.1 Torr for 16

hours to yield 4.2 grams of poly[m-phenylene-l,3,5,7-tetramethyl-l,3,5,7-

tetrakis(3,3,3-trifluoropropyl) tetrasiloxanylene](with 3 mole percent of

vinylmethylsiloxy groups incorporated randomly onto the polymer backbone) as a

very viscous oil, molecular weight (VPO in THF) 3,700; Tg (DSC, AT=200 /min.)

-49 0 C; transparent; ninh = 0.02 dl/g.
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