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FOREWORD
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ABS'IRACT

This report covers further progress made toward the development of a high-

strength general-purpose vulcanizate based on perfluoroalkylene triazine polymer
for potential use in the 500 to 8000F range. The triazine polymer Lavolved in thisf

research had the follow!ng generalized structure: A

N

C ¢• "C - CFZa IS

N NI

L R f -_

Of the aeveral lots of experimental perfluorooctamethylene triazine polymer
evaluated, a polymer with trifluoromethyl and n-cyanoperfl,toropropylene groups
in the pendarA position yielded 'ulcantzates with the best overall properties.

Tetraphenyl tin and surface-treated silica proved to b&, respectively, the riost

satisfactory curing and reinforcing agents for this polymer system. The compounded

triazine polymer does not becomie brittle when aged in air for extended periods

even at temperatures as high as 700OF and in addition retains a substantial
portion of itE original tensile properties. The tetraphenyl-tin cured polymer was

a fo•1 ' .. .....;D -j ll nnt .electoi1l ingid tin_ n- p3perties and exhibited good
resistace t o compression set at 500 0 F. Results of nrot wire ignition tests have

shown this type of polymer to be nencombustible in pure oxygen. Further, it

dwes not appear to be moisture senritive under ordinary conditions.

This abstract Is subject to special export controls and each transmittal to

foreign governments or fereign nationals may be made only with prior approval of

the Elastomers and Coatings Branch (MANE), Nonmeiallic Materials Division,

Air Force Materials Laboratory, Wright-i atterson Air Force Base, Ohio 454Z3,
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PART II

SECTION I

INTRODUCTION

Perfluoroalkylene trib "ine polymors, among other experimental fluorinated

polymers, are being developed for fulfilling Air Force materials needs in the

area of high-temperature resistant elastomers. About three and one-half years

ago an internal researcb program was initiated to obtPin suitable modifiers for I
crosslinking and reinforcing these high-temperature stable triazine el&atomerlc

polymers.

The purpose of this internal exploratory compounding work, in addlition to

providing data to gu' de future polymer synthesis programs, ia to develop high

strength general purpose elastomeric compositions (e. g., an extrusible com-

pound for insulating wire, a moldable compound for fabricating O-ring seals,

etc.) for use In advanced Air Force weapon systems at temperatures up to
800°F.

The initial samples of polymers available duxring the early stages of this

exploratory compounding research progronm were highly gelled and difficul to

process, buL proved useful foý evaluating candidate curing agents. Good states

of cure of the triazine elaBtomer were developed with &everal of the selected

metallic and nonmetallic candidate compounds. Although the results were en-

couraging from this viewpoint, the resultant vulcanlz tes had relatively poor

mechanical properties and lacked in thermal stability. Since the comp)etilo, of
=• ~this earlier work, additional quantities of polymer have been prepared and th•e

resids of research with these advanced materials are covered in this report.
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SECTION II

SYNTHESIS OF PERFLUOROALKYLENETRIAZINE ELASTOMERS

A. GENERAL SYNTHESIS PROCEDURE

S( veral approaches (Reference 1) are under investigation for the synthesis

of tri•lzne elastomers. Of the approaches being investigated, one pursued by

the Hooker Chemical Corporation under contract with the Air Force has pro-

duced the most suitable gums for this expioratory compounding development

program, The process is based on the addition polymerization of perfluoroalkylene

dinitriles with diamidines; this forms high molecular weight p lyimlidoylamidine

intermediates. An excess of a perfluorinated acid anhydride o an excess of a

mixture containing a perfluorinated acid anhydride and a perfluorinated cyanoacyl

chloride are used to convert these types of polymeric intermediates into

triazine elastomeric polymers. The products obtained by this approach are

comprised of triazine i ings separated by periluorinated polymethylene groups,

bearing all perfluoroalkyl pendant groups or perfluoroalkyl and n-cyanoperfluo'oalkylene

pendant groups.

B. CHEMICAL COMPOSITIONS OF THE EXPERIMENTAL POLYMERS

The polymers of interest were derived from polyimldoylamidine inter-

mediates obtained by copolymerizing perfluorosebaconitrile and perfluorosebacamidine,

Equation L-

HN _ NH
N-C-(CFZ) -C-N + C-(CFZ)e -C N

6 H2N" 26 N.

NH NH2  NH2  NH
II I I II

CFe - (CF 2)8- C, /C - C F2--.- CF----N N C .N/C

2
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The types of polymers exploited, L e., polymers bearing all perfluoropropyl

pendait groups, polymers with n-cyanoperfluoropropylene and perfluoropropyl

pendant groups, and puiyuinta-s LeaiU4-6-Jy~4U~LU±jL1.

fluoromethyl pendant groups were prepared by treating portions of the above

intermediate ([) with, respectively: an excess of perfluorobutyric anhydride,

Equation II; mixtures comprised of an excess of perfluorobutyrlc anhydride and

n-cyanoperfluorobutyryl chloride, Equation III; and mixtures comprised of an

excess of perfluoroacetic anhydride and n-cyanoperfluorobutyryl chloride,

Equation IV.

NH NH. NH 2  NH
11 1 i II

CFZ ý 'N .10-C -s- C A -,N C - --- ---

- 3 CF.(CF,)2C22 
C

HO - c-c• C• C -OH

NH N N NH

CF•- )C -(CF) -C

[C3 C 2  'A2
EXCESS

CF C3F
~37 3 7

C ~~CN
N C N N N 0
II I I II 'i

CF -C C-FF -C C F- --- CF3(CF ~ -OH
-- C " N •C -(CFz)o- C•.N C -2) C

n
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N H NH.2  NH2  NH

C-( ~CF,(Co, C.% ~ 2

I 02 0

HO -C-(CF 2 ) 3 C MN C3 F7
I I A

C-OH C-OH

VPNH N N N H

-C F2 - C, oýC - F(C C-CF- F(C F2) - OH

[ CF,(CF.),C+ 0

C~N EXCESSF

N." ~CI N N ilC~lN~
I II I I I Ili 0

-CFZ-C dpc -cF) ý C -CF;Z +HCI .,CFa( CF2 )?C - OH

1' 4
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NH2  NH NH NH 2I II I

- CF. - C C- (CF.,)-C_ C- C92

NI N -o

N- (CF 2l' C - CI

ci CF3

C C- OH

NH N N NHII I I II c 0O oH• i

00

EXCESS

C--N

~I

SCI F2)S 3F5

I N N N
i; I 1 I1 0

-"-CF2 -C. .N C-( CF2}6 -C ZkN C - CF2-"+÷HC1 + CF3 C4,- OH

C. PHYSICAL CHARACTERISTICS OF THE EXPERIMIENTAL POLYMERS

The molar ratios of the acylating-cyclodehydrating reactants used in nre-

paring the gums versus the reduced .dscosities and the p ,rcent of soluble

polymer arý, summarized in Table 1.

Although a polymer with increased n~umbers of functional pendant n-

cyanoperfluoropropylene pendant groups is anticipated as the ratio of the n-

cyanopez-fluorobu~yryl chloride, to perfluorinated anhydride increases, the

exact number of functional groups introduced in each case has not been es-

tablished. Analytical results obtained by the contractor indicated that not more
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than 5 mole percent of the functional monomer is incorporated using mixtures

cantamning 20% of n-cyanoperfluorobutyryl chloride.

As lndk'ated by tL.e results of viscosity measurements, there were variations

in molecular weight. The variations in part, were due to differences in the

processing techniques used in recovering the finished polymer. To ensure the

removal of impurties, th.- gums (IV)* prepared employing reaction mixtures con-

taining 7 and 12 mole percent of n-cyanoperfluorobutyryl chloride were re-

precipitated from hexafluoroxyLene using glyme. In the process, low molecular

weight polymer was inadvertently extracted; consequently, the recovered products

had much higher molecular weight than the other polyme -s (11) and (11I), which

were recovered by vaccum removal of the volatile by-products formed and solvent

ubed.

The solubility of the experimental polymers was determined at room temp-
erature using hexafluoroxylene as the solvent. A 1/J 90 polymer to solvent ratio

was used. The percent soluble polymer was determined after approximately a

two-week period.

TABLE I

PHYSICAL CHARACTERISTICS OF EXPERIMENTAL POLYMERS

Sample Identity Retio of Reduced Soluble I
Reactants Vis cosity(41  I olymer,%• •

a ri•~ 1c1-4.I; * 0. 722 I-

Triazine 17B-2A, (IV) 7/93(3) 1.3 98.6

Trlazine 17B-IA, (IV) 12/88(3) 1.4 82.5

Triazine 16B.-2, (11) 20/80(2) 68.1

(1) in hexafluvroxylene
(2) n-cyanoperfluorobutyryl chloride/perfluorobutyric anhydride
(3) n-cyanoperfluorobutyry, cblorido/trifluoroacetic anhydride

* NOTE: The Roman numerals (11), (LWI), and (IV) refer to the reaction equations

which show the fundamental differences in chemical composition of the

various species of triazine gum Involved in this research.

6
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SECTION III

INTRINSIC OXrDATWVE THERMAL STABILITY OF

EXPERIMENTAL TRIAZINE ELASTOMERS

The relative intrinsic thermal stability of the various lots of perfiluorooctamethylene

triazine gums were determined at 500OF in an oven having forcet circulating air.

As shown in Figure 1, the lot of gum (11) bearing all perfluoropropyl pendant

groups proved to be more stable than those lots of gum (III and IV) prepared
using an excess of mixtures containing n-eyanoperfluorobutyryl chloride and a

perfluorinated anhydride. The difference in tb.ermal stability, however, of the

tum (IV) prepared using an excess of the 12/88 mole percent ratio of reactants

(iauve C) and gum (I1) bearing all perfluoropropyl pendant groups (Curve A) was

slight. Approximate total ace.amulative weight losses for these gums after aging

3000 hours at 5000F were 4. 7 and 3. 5%, respectively.

>.
LX

7IF
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SECTION IV

EFFECTS OF MILLUNG ON THE INTRINSIC STABILITY
OF EXPERIMENTAL TRIAZINE GUMS

Research wa scnducted to determine the extent to which the intrinsic thermal

stability and chemical compositions of the triJaine elastomers are altered by

milling on a cold mill under normpl atmospheric conditions. This investigation

was prompted by earlier observations which had shown that triazine gums,

like many other elastomeric polymers, were rendered less viscous on milling.

Weight loss data obtained at 500°F on samples of gum milled for 5, 20, and

60 minutes are shown in Figures 2 and 3. These results indicate that gum (III)

prepared using an excess of the 20/80 mole percent ratio of reactants to be more

susceptible to breakdown than elastomer (II) which has all pe-.luoropropyl

pendant groups. This undesirable change, as the results of weight loss at 500OF

ind.coled, can be minimized by limiting mill processibg time.

Analytical data indicate that triazine polymer is also subject to hydrolysis

under shear. Infrared spectra obtained on samples of the above lots of polymer

after milling periods of 20 and 60 minutes (Figures 5, 6, 8, and 3) revealed the

presence of carbonyl, hydrogen-nitrogen, and linear carbon-nitrogen structures.

Absorption peaks for these components were not found in the infrared spectra

(Figures 4 and 7) obtained on the unmilled gum samples.

4
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SECTION V

EXPLORATORY CHEMICAL CROSSLINKING INVESTIGATIONS

In further attempting to obtain an elastomeric triazine vulcanizate possessing
exceptional stability at elevated temperaiures, several of the compounds screened

in the earlier lots of triazine gum (Reference 2) and other selected candidate
curing agents were evaluated in conjunction with the improved lots of triazine
polymer just described. Of the materials evaluated, structurally sound vulcanizates
were obtained with the metallic and ionmetallic compounds listed below:

Metallic Nonmetallic

T etraphenyl Tin Perfluoroglutarimidine

Barium Oxide Perfluorosebac amidine
Perfluoroglutarthioamide

N, N-bis(perfluorobutyrimlidoyl)
perfluoroglutaramidme

Melarnine

_T'etr,. •uyl tin and perfluoroglutarimidine proved to be effective for curing
both types of polymer. The remaining compounds were only effective for curing
polymer-bearing nitrile pendant groups.

The mechanisms whereby cured product.s are obtained are not fully under- 4
stooc. As we above metallic compoundd have b.ee.a sown t. be O U Ct.... Sata.-sa

for trimerizing model perfluoroalkylnitrile compounds to triazines, it is feasible

that triazine ring cros slinks are formed in curing reactions involving g~uns (IIIH
and IV) with nitrile pendant groups and metallic compounds as illustrated below:

C =N N C
N C

I ~t Sn

18
-- C•
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C.urning rheirtirni irn luina tahe o , -rg,"noo the., -. "1 4.,-uPA T I JS.• S... ,t," .

dinitriles and gums (III ard IV) containing nitrile pendant groups, it is believed,

lead to crosslinked products consisting of triazine ringa connected by perfluoro-

aLkyiene groups. Such linkages, schematicaUy illustrated below for the ammonia

derivative of perfluorosebaconitrile, would be formed by the addition and con-

densation of the diainidine with the nitrile pendant groups attached to the polymer

chain, with ammonia being liberated In the process.

C m-N N-C

HN -(F -C NH I
H2NC 2 NH 2

KI - 2NH 3

N_ C•N N N

C C-(CF) -C C
2 8

,u the case of the H 2S dinitrile derivative, a similar reaction mechanism is

postulated, H2e being liberated in the process. With the 2:1 molar ratio

monamidine to dinitrile adduct I N,N'bis (perfiuorobutyrimidoyl) pcrfluoro-

glutaramidine I the mechanism of crosrlirkiny i_ co--mwiontep This nddiint,

it is suspected, quickly rearranges to a cyclic product which decomposes, liberat-

iag ammonia and pertlu.rog!utaronitrile or ammonia addition products of

nitriles. These decomposition products are capable of interacting with the pendant

cypnostru3tures to produce triazinc-containing crosslinks. Curing reactions

involving melamine and gum (I11) bearing nitrile pendant groups as well as

bystems based on polymer (II) without functional groups are also complex. The

attainment of cure'] products in these instances, it is thought, results from

rearrangement of the basic polymer structure.

A staidard reaction temperature of 320°F was used when molding and

vulcanizing the jamples required for evaluation. Compounds bearing metallic

catalysts, Ln most cases, were cured for a period of 20 hours, although, in

19
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some Instances, 16 hours may have been sufficient. Good states ei cure were
obtained with the nonmetallic vulcanizing agents wihi a period of twt- hours

or less, as indicatedl.

Triazine gums 17B-2A (), and 17B-IA, (TV), yielded vuloanizates (Tables

III and IV) with tensile propcrties superior to those of vulcanizates based on

triazine gums 16B-1, (U), Table II, and 16B-2, (III), Table V. The high tensile

strengths of the perfluoroglutarthioamido and tetraphenyl-tin-cured based on
triazine gums 1TB-1A and 17B-2A are attributed to the relatively high mole-

cular weight of these particular lots of polymer.

These vulcanizates proved to be less thermally stable than the uncured gums.

As the results of 500OF aging show (Figures 10-13), the vulcanized gums lost

substantially more weight than the corresponding uncured gums. In addition to
the relatively high weight losses noted, vulcanizates obtained iing melamine,

perfluorosebneamidine, peflauoroglutarimidine, bis (perfluorobutyrimidoyl)

perfluoroglu~ararWine, and perfluoroglutarihioamide became spotted with

pinholes. The vuloanizates obtained using tetraphenyl tin and barium oxide

retained their structural integrity. Considering tensile properties and thermal

stability, tetraphenyl tin In conjunction with triazine gum 17B -1A provided

the most satisfa-tory vulcanizate.

In addition to the foregoing methods of obtaining cured triazine products, an

approach involving the intioductioa of functional groups which would coordinate

with a chromium ion to give a polymer with thermally stable crosslinks was
also investigated. In investigating this approach, 1 part of diethanolamine was

blended with 100 parts of triazine gum 2215-71.-1, (II), bearing all perfluoro-

propyl pendant groups. The compounded gum was then heated in air at 1201C for
1 hour to induce a reaction. If the results of work, by Dr. Henry C. Brown and

Mr. John Turnbull (Reference 3), involving the investigation of the reaction of

amines with a model triazine compound apply, this treatment should have lead
to the incozrporation of aminodiethanol functional groups, predominately terminal

groups, via the reactipn (Equation V):

20
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and possibly a small number of pendant groups through the replacement of

perfluoropropyl groups as shown in Equation VI.
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TABLE II

TENSILE PROPERTIES OF VULCANIZATES BASED ON
TRIAZINE GUM 16B-I, (II). CURED WITH SELECTED

METALLIC AND NONMETALLIC CANDIDATE COMPOUNDS

Triazine Gum 1613-i, (II) 100 100
Tetraphenyl Tin 5 -

Perfluoroglutarimidine - 5

Physical Properties at R. T.
Press Cured at T.O°F, hrs 20 2

Tensile Strength, psi 540 400 ,,1

Elongation, % 700 440

TABLE II!I'I
TENSILE PROPERTIES OF VULCANIZATES BASED

ON TRIAZINE GUM 17B-2A, (IV), CURID WITH SELECTED
METALLIC AND NONMETALLIC CANDIDATE COMPOUNDS

Triazine Gum 171B-2A, (IV) 100 100

T etraphenyl Tin 5

Perfluoroglutarthioamid - 5

Physical Properties at R.T.

Press Cured at 3200F, hrs 20 1

Tensile Strength. Dsi 940 101,

Elongation, % 500 553 j
TABLE IV

TENSILE PROPERTIES OF VULCANIZATES BASED
ON TRIAZINE GUM 10B-IA, (IV), CURED WITH SELECTED
METALLIC AND NONMETALLIC CANDIDATE COMPOUNDS

STriaz~ne Gum 17B-1A., (I) 100 100
Tetraphenyl Tin 5 -

IPerJluotwglulartIbdoainide 5

Physical Properf-s at R. T.

Press' C''rqd gt 3200F, lrs 20 1

Tensile Strength, psi 1260 1180

Elongation, % 415 565

• 2.2
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,I: • 1• ,- . -.



AFML-TR--66-402
MAD'T' TT

o0 L

0

z Q t o ar0 t-~ ~

o z -4 0 Ii
Q I I u±O I I IO C

0 -

lol '' Q 0 to

I I '4

C4

C4 Q
Z PLI

e;1

F-4~O C1 14

23



AFML-TR- 66-402PA&RT II

At any rate, structurally sound vulcanizates based on the diethanolamine modified

gum were obtained using chromium trifluoroucetate, which prexious work showed

to • I , ,-A, fnr nuirinc th. itintre•ted nolvmer.

Physical properties of the diethanolamine modified triazine gum (Table VI)

cured with 0. 5 parts of chromium trifluoroacetate were somewhat better than '.
those of the vulcanizate obtained using 1. 0 part of this curing agent but were

inferior to those of the tetraphenyl-tin vulcanizates based on triazine gums

17B-1A, (IV), and 17B-2A, (IV); see 'rables III and IV, The chromium tri-

fluoroacetate vulcanizates also proved to be less thermally stable than the tetra-

phenyl-tin triazine gum 171B-1A, (IV), vulcanizate (Figure 14). Accumulative

eight losses for the modified gums cured with 0. 5 and 1. 0 parts of chromium

trifluoroacetate after 1500 hours were respectively 29 and 25.5%. Durilg the same

period of aging the tetraphenyl-tin-cured triazine gum 17B-1-A, (IV), vulcanizate

had a weight loss of only 10. 57G.

TABLE VI

TENSILE PROPERTIES OF VULCANIZATES BASED ON
DIETHANOLAMINE Mf'DIFIED TRIAZINE GUM 2215-71-1, (H),

CURED WITH CHROMIUM TRIFLUOROACErATE

Triazlne Gum 2215-71-1, (1I) 100 100

Diothanolamine 1 1

Chromium Tridtuoroacetate 0. 5 1

Physical Properties at R. T.

Press Cured 1 hr at 330'F

Post Cured at 120 0F, hrs 17 21

Tensile Strength, psi 420 350

Elongation, % 540 290
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SECTION VI

PHYSICAL PROPERTIES OF VULCANIZED TRIAZINE GUMS

To obtain more definitive information regarding the relative h!gh temperature

stability of tetraphenyl-tin-cured vulcaniza,,s based on a polymer derived using

an excess of perfluorobutyric anhydrie 3, triazine gum 16B-1, (I1) , and a polymer

obtained using an excess of 12/88 mole percent ratio cf reactants, triazine gum i
17B-1A (IV) , room temperature physical properttes of the above gum virl-

canizates were determined after various periods of exposure at 500, 600, and

7000F.

These results (oncur with the weight. loss data (Figures 10 and 12) pre-

vious&y obtained at an aging temperature of 50(rF. The vitcanizate based on

triazine gum 1713-1A, (IV), derived using an excess of the 12,86 mole percent

ratio ot reactants, proved to be more thermally resistant than the vulcanizate

based on triazine gum 16RB-1, (II), bearing all peilluoropropyl pendant

groups. Even though the latter (Tfble VII) retained only 55% of its initial tensile

strength wheu ages 24 days at 500*J: and completely reverted when exposed for

72 hours at 6000F, the vulcanizate based on gum bearing n-cyanoperfluoropropy!

pendant groups after aging periods of 24 days aL 500°F, 72 hours at 6000F, and
U -.. + rp nno- I.•. ' • o,, , • nT. nvny,-nt,1v 65. 554. and 259, of

its original tensile strength. In addition, this gum vulcanizate exhibited good

resistance to compression set. A compression set value of 20% was obtained

for specimen deilected 25% of their original height when aged 72 hours

at 500 0F.

30
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TABLE VII

PHYSICAL PROPERTIES OF TETRAPHENYL-TIN-CURED
TRIAZINE GUMS 16B-1, (II), AND 17B-IA, (IV), AFTER

EXPOSURE TO ELEVATED TEMP•:HtATURES I
Triazine 16B-i, (11) 100 -

Triazine 17B-IA, (IV) - 100

Tetraphenkyl Tin 5 5

- Physical Properties at R. T.

Press Cured 20 hrs at 320°F

Initial

Tensile Strength, psi 680 1080

Elongation, % 780 415 I
Shore A Hardness, pts 37 53

Aged 48 hr•s at 500°F

Tensile Strength, psi 675 965

Elongation, % 825 410

Shore A Hardness, pts 53 54

Compression Set, 72 hrs at 5000F(1) 61.6 20

Aged 24 days at 500*F

Tensile Strength, psi 375 700

Elongation, 0/, 890 400

Shore A Hardness, pts 50 50

Aged 72 UrG -4- V%0'F( 2 )

Tensile Strength, psi - 585

Elongation, % Reverted 330

Shore A Hardness, pts - 55

Aged 8 hrs at 7000F02)

Tensile Strength, psi - 265

Elongation, % - 305

Shore A Hardness, pts - 76

(1) 25% deflection

(2) Results obtained on specimens heat treLtod 48 hrs at 500OF

31



1

AFML -TR-66-402

PART HI

SECTION VII

FILLER REINFORCEMENT INVESTIGATIONS

In continuation of the search for a suitable reinforcing agent, a number of

edditional experimental and conventional finely divided materials were investigated

In the more recent lots of experimental triazine elastomers. Since the results of

previous work (Reference 2) left doubts regarding the reinforcing effects of some

of the materials screened in the earlier lots off highly insoluble triazine polymer,

certain of these fl~lers were also included in this investigation.

Silica 'tl"1 S-17* (a silicon dioxide powder treated with a hydrophobic sur-

face coating agent), carbon blacks (EPC, S!F, and S' -winigan), ASP 103 (a

clay treated with a hydrophobic surface coatinx , i), and Protox 166 (zinc oxide)

were among the noafibrous maLerials evaluate± which exhibited substantial rein-

forcing effects. With a 20-part loading of these 1"'lers, tetraphenyl tin-cured gums

(Tables VIII, IX, and X) were obtained having tensile strengths ranging from 1, 555

to 2,490 psi and substantial elongations (295 to 650%). Micro fibrous products

(Asbestine SX, Chrysotile No, 38 111-2, Silicon Nitride Wool, and Fibrene

C-400 also reinforced the tetraphenyl tin-cured gum, but to a lesser extent than

the above cited nonfibrous materials. Perfluoroglutarthioamide-cured triazine

compounds (Table XI) extended with carbon black also possessed good tensile

properties. The other candidate materials evaluated were relatively ineffective.

All of the more effective reinforcing agents had an adverse effect on thermal

stability (Figure 15, 16, 17, and 18). A tetraphenyl-tin vulcanized compound

based on triazine gum 17B-1A, (IV), prepared using 12/88 mole percent ratio

of reactants and reinforced with Silica IM" S-17, possessed the best balance in

teasile properties and thermal stability. After 1900 hours at 5000F, this silica-

reinforced vulcanized campoun-1 (Figure 16) had an accumulative weight loss of

about 23%. Beyond the 1000-hour period, the rate of weight loss for this com-

pounded gum was approximately 0. 01% per hour which is about 5 times greater

than the rate at which the cured unreinforced gum (Figure 12) loses weight.

*Additional information on the candidate reinforcing agents is given in the Appendix.
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TABLE VITI

E'F~'EC~T OF CANDIDATE REINFORCING AGENTS ON THE
TENSILE PROPERTIES O-' TETRAPHENYL-TiN-

CURED TRIAZINE GUM 17B-2Ah (IV)

Triazine Gum 171 -ZA, (IV) 1(00 i00 100 100 u 100

T etraphenyl 7, in 5 i 5 5 5 5

Shawinigan Black - 23 . -

SAilube No. 38 - - 20 - -

Aluminum Nitride Oxide - - - 20 - - |

Fluorocarbon Resin .- 20 -

Magnesium Si'icate .-.. 20

Physical Properties at R. T.

Press Cured at 3200 F, hrs 20 20 20 20 21 20

Tensile Strength, psi 940 2035 1090 985 1140 8]5"

Elongation, % 500 365 515 580 58C 460-

(1) Compounded on . heated r.IU
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TABLE Xi

EFFECT OF A CANDIDATE REINFORCING AGENT ON THE
TENSILE PROPER•TIES OF PERFLUOROGLUTARTH!OAMIDE-CURED 'RIAZiN-E GUMS: 171-3-1A, (vAND (Pi)A,•,

Trtazine Gum iTB-IA, (IV) 100-

Triazine Gum 17B-2A, (IV) - 100
Perfluoroghttarthioamide 5 5
Shawinigan Black 20 20

Physival Properties at R. T.

Press Cured 1 hr at 320'F

Tensile Strejngth, psi 2220 1645

Elongation, % 440 520

361. I .

S. . . ... •- . .. .. .. .. . . . . . . . . . ... • . . . .• .

" I I I
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SECTION VIII

EFFECTS OF HIGH TEMPERATURES ON THEF H-,SICAL PROP-RIIESr OF A SILICA "'"H--i't RER4-FORCED TETRAPHENYL TIN TRIAZINE 17B-1A, (IV)

VULCANIZATE

Further research was conducted to dettrmiue the effects of high temperatures

on the physical properties of the silica "H" S-17-reinforced, tetraphenyl-tin vul-

canizates based on triazine gum 17B-LA, (IV).

rhe original tensile strength of thi particular vulcanizate (Table XII) was

much higher than that of a previous sample of this composition (Table IX). A

substantial reduction in strength resulted on post curing. Tensile properties of

this vulcanizate at 500 and 600°F were considered marginal A review of the

literature revealed that at 500F the tensile properties of this triazine vulcaniza.;e

were found ta be equivalent to those of Viton B vuleanizates aged 8 hours at 400°F

and tested at 400'F.

The results obtained on specimens of the silica IH" S-17-relnforced vul-

canizate aged at 600 and 700°F and comparable data taken from the literature on
a comw'ounded Viton B vulcanizate (Reference 4) are presented in Table XIII.
As these results show, the silica-reinforced triazine vulcanizate after agin.

72 hrs at 600'F retained a substantially greater portion of its original tensile

properties than the Viton B vwdcanizates.

Although the reported data based on specimens of these vulcanizates aged

8 hours at 700'F do not differ substantially, the silica-reinforced triazine vul-

canizate, unlike Viton B and hydrocarbon elastomer vulcanizates, remained

flexible.

I4
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T.AZLE XIh

JrNS)LE 1PROP!-1,T~i' S O SItJCA "E"' S-17 REV1NFCRCE~D,
i..1.V1APlIENi'L-T1N.-CURJfED TRLU.A?:U'E GOM 1dB-IA, (IV). AT'

ELEVATED TEMPEt~kTU~ES

Tripzine Gu un 1.7B3-L, (IV) -100-

Silica "H11 S-.17 20

Original, t',--td at R, T.

Tf.r1bilfc Strengk:\ psi 2490

Eiong"tJon, 6 30

Posi Cured 48 hrs at 50OOT, tested at R, T.

Tenlsi>ý- Strength, psi 1525

Post:Cured 48hrsa U500', teste a 50,'F

TnieStrengthq, psi 80

Elongation, 0/4 350
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TABLE XIII

TENSILE PROPERTIES OF SILICA "I" S-17 REINFORCED,
"'TRd1P&P.11.'VT.-Tr1M-JirTmRfl TTA-•r 7 r1T(.IMW 171A-1h_ frl', ANT"

A V1TON B COMPOUND AFTER EXPOSURE TO ELEVATED
TEMPERATURES

Triazine Gum 17B-IA, (IV) 100

Silica "H" S-17 20

Tetrapheny! Tin 5 -

Viton B - 100

Thermal MT - 30

Magiite Y - 15

Diak No. 4 - 2

Physical Properties at R. T.

Original

Tensile Strt-agt.h, Fsi 2, 490 2460

Elongation, % 630 275

Shore A Hardness, pts 73 "5

Aged 72 hrs at 6600F (1)

'reabile Strength, psi 1435 490(2)

Elongation, % 200 80

Shore A Hardness, pts 85 90

Aged S hrs at 700°F (1)

Tensile Strangth, psi 475 360(2)

Elongation, % 85 85

Shore A Hardness, pts 88 84

(t) The triazine vulcanizate was; post cur3d 48 hrs st 500F; the Vito,, B corn-

pound was post cured 24 hrs at 400'F prior to obtaining these results

(2) Britl~e, broke when bent 180'

$
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SECTION IX

ELECTRICAL CHARACTERISTICS

Recognizing that trizxine olastomers could be potentially suitable for use as

a high temperature electrical insulating material, the Air Force Materials

Laboratory through arrangements made with Dow Corning Corporation obtained

pertinent data to assess the performance of the triazine polymer in this applications

area. In general, materials used for electrical insulation should have a low

dielectric constant, a low dissipaW !on factor, a high dielectric strength, a high

volume resistivity, and good arc riiiztance characteristics. The electrical

data obtained from Dow Corning Corporation on the triazine gum cured with

tetraphenyl tin, Teflon, and a vulcanized compound based on Silastic 1603 are

presented in Table XIV. The overall results showed the electrical insulation

characteristics of te' 7aphenyl-4in-cured triazine gum to be intermediate to those

of Teflon, which is known to be outstan('ing, electrical insulating material, and

a compound based on Silastic 1603, which is widely used as a high temperature

wire insulator. Despite its tendencey to hydrolyze, immersion ii, distilled water

for 24 hours at room temperature did not (as E comparison of tL e results indicate)

have e signifi(ant effect on the good electrical insulating properties of the tetra-

phenyl-tin-cured triazine elastomer.
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FLAMMABILITY INVESTIGATIONS IN PURE OXYGEN

In view of the manned-space programs' requirement for materials which

will not burn in pure oxygen, a limited amount of effort wvas devoted to establish-

lag the combustible nt ure of the triazine polymer. This investigation was confined

to evaluating tetraphenyl-tin cured triazine polymers. The hot-wire ignition method

was used. Specimens (1 x 0. 125 ): 0. 020) of the samples prepared were spirally

wound wiLi Ni-Cr ignition wire 0. 006 in. diameter and 10-cm long. The assembly

was mounted in the Ignition chamber (which was evacuated and pressurized with

oxygen to the desired preesure) and subjected to a hot wire ignition temperature

in the vicinity of 1800'F using a 23-volt AC-power ignition source.

The re3ults obtained (Table XV) on the specimens which had been aged for

20 hours at 500'F, shcwed tetraphenyl-tin vulcanizates bascd on polymers de-

rived using an excess of perfluorobutyric anhydride (II) and an excess of the

7/93 mole percent ratio of reactants (IV) to be non burning in pure oxsygen at 24. 7

and 29. 7 psia, respectively. Specimens of the latter vulcanizates, which had

not been aged at 500°F and consequently contained hydrocarbon components were

found to be non burning in pure 02 at pressures up to 22 psia, but Ignited and

supported combustion at a pure oxygen pressure of 25 psia.

TABLE XV

COMBUSTIBLE CHARACTERISTICS OF TETRAPHENYL-
TIN-CURED TRIAZINE GUMS IN PURE OXYGEN

Triazine Gum (as indicated) 100

Tetraphunyl Tin 5

Press Cured 20 hrs at 320°F

Triazine Gum 17B-2A, (IV) 17B-2A, (IV) 16B-1, (11) Remarks

Aged at 500'F, hrs 0 204 204

Pure 021 psia 22 29.7 24. 7 Didnot ignite

Pure O0, psia 25 34. 7 29.7 Ignited and

burned

46
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SECTION XI

SUMMARY AND CONCLUSTONS

This internal research program was initiated to obtain suitable modifiers

for crosslinking and reinforcing triazine polymers. Efforts were devoted to

developing high-strength general-purpose vulcanizates which would be capable

of withstanding temperattces in the 500 to 800'F range.

Polyma2 bearing all perfluc -oprL pyl grc aps and either perfluoropropyl or

trifluororaethyl gr •ups in combination with n-cyanope, 'luoropropylene groups in

the pendant position were .-valuated,. The poiymers were derived by acylating and

cycl.odehydrating polymer intermediate oL-ained by copolymerizing perilucro-

sebaconitrile and pcrfluorosebacamidine with (a) an excess oi periJuorobutyric

anhydride, (b) an excess of a i dxtme containing perfluorobutyric anhydride and

n-cyano•eriluorof ityryl chloride, and (c) i.Aixtures containing trifluoroacetic

anhy Iride and n-cyanopcrlluorcbutyryl chloride, The gener Ai chemical structure

of these. pulymer is illustrated below:

N
C -- ( 2

N N

L 't J n

The exact number of n- cyanoperfluoropropylene pendant groups present in

the various lots of gum prepared using mixtures obtaining n-cyanopei-fluorobutyryl

chloride has not been precisely established. Besults of analytical work, however,

indicated that less than 5 mole perce-t of n-cyanoperfluorobutyryl chloride is

introduced when mixtures containing as much as 20 mole percent of this reactant

are used.

Triazine gum bearing all perfluoropropyl pendant groups and a lot of polymer

obtained using 12/88 mole % ratio of n-c3yanoperfluorobutyrylcholoride and trifluoroneetic

anhydride proved to bc morc stable than I-olymer derived using 20/80 anu 7/!j3 mole

percent ratios of, respectively, n-cyanoperfluorobutyryl chloride/perfluorobutyric

47
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'[ho appruxiiiatt jwrcrunLu of accuniulativu wui,6hL luo8 fur thvlic triLazhic gunio,

1111 Proult;viiig tuclW1LYLi5 nJot only ronder thli triazlJlu polyaioru lefss
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fIuuroglit~ariaididne, p~exIuuros(-;bacaxrn1dlne and N, N I bL1 (jxafinorolbuiyrýUnidoyl)

perflu),oroglutarawi dine proved to bc efftxctivv for curing powlyiner bearing n-

cyanoperiluoroj~ropyleue pendunt groups. Cured products, however, based on

pvYymer beoring, all perfluoropropyi pendant groups were only obt:ninud using,

tetrapheny-l tin and pvrfluoroglutarinmidine.

weJl,!A. The tetrnpbenyl tinan petlorguatboniiecxd guixis based ou

the comaparatively h-ijgh ioleculaxr wcight polymey. samnples derived from polymer
V~erxned~intc using, purfluoxuacetic: anhycride reaction iuixtxree c ntakuing 7 o~r

141 mole percunt of n.-cyanoperfluorobutyryi chloride had gcod Leniiilu btren;-Lbs

for an unrelniorced exper~imeultal elautomour. The tc1r%,pheuy]-tin-cuxred gaum ob~ialned

usi.4 the rea~tiov mixture containing 12 mole percent (A thc functionel muonomner

had the best tenaile propertias and proved to be the most th-irrmally 8tal-.,

All of the vulcanizates provucl to '-Ye less stable tha~n the Uncured ela.ý'ouinric

pxgymcrs. ThQ tol -aphen3'i-tiu VULCRnizaeo bwasud cii kiAYier obtained by treactiag

polyimidoylauidjine %%triti-e j~i an ~osof the iniyturk conltakining .1/8

mole pe~rcent ratio of n-cý tuojepei' o2LcbuL3,yryl cUoride v.-- perQLuoruUCnetL

a~nhydxirid 1,)ot. the leabt Einouut oif w(- 4,L-1 and retain Qd a s b~s i, rtial~ portion of

Its orgnl~paisalfto jvýOaL jperiudo! 0i aging lit 500, 600, Luid 700,11.

4U



PARTI 11

'ihv tutxa~phunyl-tiii vulcanilzuko basod uu the lot ulp~Aiu boarlgdim jL1 rfmairu-

prupyl pundnaut 1-i-uup~j uneoizlutuly rovortud at (iOU-FI. Vuloandzateu curod with the

ZlI1ulilm4l~c eu1I)Jxf~uluds lest thoer ~bructua1 1J)L6irlLY (I 'oviuuv Oputlod Withi pinl--

hiobe) a~ftur reliitivuly ahuLl p'i-lcudt ILL GU% Yl ii Ell'.

othur than Ulu abovu eared trilaziuc polyamr Synetrna, atructi.rauly esou-nr

vucuizan~~tus based on polynier treated with diothunlarnisme waij obtained using

chromlium trlfluorowuotate UL' the crosslfinking agent. The vuluituizat.e prepaxod

oxidbitod rolativ~ily pour physical pruperties and luot weight whoia aged at

G00 F at a voinpuxaiivuly high rate.

Amiong the cflndFida4e rciuforcing agents evaluated. carbon blacki-i* a muiccfiod

bilica, ai cl~ay, and a zinu oxide were more effective tbau the othelr soletetu'

candlldzdt reidforcing nuterials. Of the pc.:iutatio.n8 and comblna~lvz. of materizls
Involved in this work, a vfliea-ruinforcud, tetraphenyl-tiun-euxed cuoaxnpund based

vni triazinec gwin derived ueiug 12/88 mole percunt r-Jio of n-cyaoclefLuoroprop.yie~le

-And tril~uor-oaketic anhydride poauwisod die best balance of teubile propertimi

and tticrmal titability. The tensile atrength of this triezir-c compound of approx-

~itnatvy 2500 pai wiw eqtzivaluat to that of a 8tandard Viton B compound reinforcud

with a± medium thecrmaal -jarbun black. Reiiu~lts of 600 and 700'F aging ahoved it

to be more thermally resistant thaii the Viton B co~pouwd. 1n co.ntraot to Viton LA,

w'hich 1bt;come8~ brittle at thpese teinworatures. thik trip,'ine ni14oý44a' 44

eplastomerlc charcterlstico. Tensile properties of the experimental trLaZ~.ne coln-

pound at 500 anid UOXI'1 were marginal und itE resistance to co~n4rebsicn set was

fouad to be poor.

On the basiB of prelhninary reouits the triazine polymer holds promise as

an elcutrics.l insu~lating material. Compairative electrical data Obtained showed

she electrical insulating qualitives of tc-traphenyl-tln-cu,,ecl triazine gum~ to be

intermediate to those of Teflon, which is known to be outstanding, and a comn-

pound based or. Silastic 1603, which is widely used as a high temperature wire

inisulator, Although krown to be hydrolytically sensitive, the electrical properties

iof the triazine vulcanizates were not significantly affetet by a 24-iiour poin-

te~wper~atuxu soak In distilled water,

A4
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A' D Ui:6'I'RIPTJO OF C;Ai\DLUA7E RLINFOR~CIMG AuENTS

awhL"J4'! l~k UOidLLiVL' fun RU1 Ut bt&4-Z. Sjmw"inj*"n Chneiulb&, Ltd..

'(- -xfc Lateý vtlicea, 1kVw Coruikig Gorpoxuiutio

1-i±iafrax~ J2L fived, g1ruvnd 1'1jWjjAium P iuuamu Bi~ilcate, 'JhL Cuthourandtun

kroto~x 1(;f, a preplonie acid ~swlacct. icc&d z~inc o.idu, The Now Jcrstoy Zhinc

IF luorocirbo~a Reyln LNI-1 2129 -85-1, a po~vcrod t, YrLu~~~lie Jeiua
PcaUat Chem~icals Corpovp~ion

Ua comple~x bariw WUIaŽ Nation%. Lead Compn

t:,kene Elz, calcijnj vliicjte, Raxvivk Staudara Chemical Company*

Aý,P 103, a cationic su~rfactoajt sit.rface treated kaolin clay-, Mintxa1d and
Cheraicais Piulbp Corporatioib

1?FýA Grup4!Le Fiber, chopped graphlde Mier, U~nioii Car bide Corpoi atiou

.6tannic Oxide, reageat grade, .Pishf- Scientific Cumpar*'

Cb~irysotile No, 38 111l-2, e~g-erinai~aa chemically treated siilica ribbon, Case
Iiwt~i~te of Tiechnciogy

1:Iube No. 83, powdered at.trafiucroet~hylcne resiin, rhe Thwiron Company

Alumi;-um Nitride Oxdde, Type CA fiiber crystalB, Thermokirietic Fibers, Inc.

Asbastinf3 :SK, asbestob iiber, international Talc Company, Inc.

'Fibrene C-400, xngiesiunm i~licaie, Sivirra Tvic Cumpany

EPC Black, easy procebsin~g eciaanel black, J. M. Huber Corpor'ation

L ithiuma Fluoride, experim~ental powder, coxamcrcia].y ui-available

Wvin-U-Sil (5U), a oiysialliae idum~ed B-ilica, The Catrboruwad~un Conqpany



APP'LNAIiI I (.,OMVI') 3
W~o1 oxverL-awi'al whib~Uai- Ty13pc 7A, Thur 'u~ictý. 1,'Biburi hie.7

35AF B tcL upter Labra~Aun funmucc bla-k, J. M. Ilubor Corpuradiun
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of the uevý;ra! lots of experimental perfluorooctamethylene triazine polymer evaluated, a
.plymor with trilfhtorometlk'l and n-cyanoperflaoropropylene groups in the pendant position
'-clded vulcanizates with the best overall properties. Tetraphenyl tin and 2ubface-treated
s-iici proved to be, respectively, the most satisfactory cu, ing and reinforcing agents for this
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rtion of its original tensile properties. The tetraphenyi-tin cured polymer was also found to
ssess excellont electrical insulating properties and exhibited good resistance to compression
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bustible in pure oxygen. Further, it does not appear to be ,nmisture sensitive under ordinarv
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