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February 1568,
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ABS1RACT ;

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 iavolved in this : 1

research had the follow!ng generalized structure: . ;

C—(CF,ly—T

4
(o]
\

Of the several lots of experimental perfluorooctamethylene triazine polymer
evaluated, 2 polymer with trifluoromethyl and n-cyanoperflnorcpropylene groups
in the pendant position yielded vulcanizates with the best overail properties,
Tetraphenyl tin and surface-treated silica proved to by, respectively, the most
satisfactory curing and reinforcing agents for this polymer system. The compounded
i triazine polymer does not becone brittle when aged in air for extended periods

even at temperatures as high as 700°F and in addition retains a substantial

portion of ite original tensfie properties. The tetraphenyl-tin cured polymer 'vas
‘ also fouwd Lo pocosese excellent electrieal insulating p: operties and exhibited good

[ 3
! v resistawe to compression set at 500°F, Results of hot wire ignition tests have

o s e, il hrani, i Dot s’ iSOG L e o ki oo

shown this typ2 of polymer to be noncombustible in pure oxygen. Further, it
does not apnear to be moisture sernaitive under ordinary conditions,

il i,

This abstract 18 subjeci to spectal export controls and each transmittal to
foreign Zovernments or fcreign nationals may be made only with prior approval of
the Elastoiners and Coatings Branch {MANE), Nonmesallic Materials Division,
Alr Force Materials Laboratory, Wright-I atterson Air Force Base, Ohio 45423,
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SECTION I o

INTRODUCTION |

Perfluoroalkylene tris ‘ine polymors, among other experimeatal fluorinated
polymers, are helug developed for fuifilling Alr Force materials needs in the
area of high-temperature resistant elastomers, About three and one-half years
ago an internal research program was initiated to obtain suitable modifiers for

crosslinking and reinforcing these high-temperature stable triazine elastomeric |
polymers,

The purpose of this internal exploratory compounding work, in addition to
providing data to guide future polymer synthesis programs, is 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, i
etc, ) for use in advanced Air Force weapon systems at temperatures up to
800°F.

-

The initial st.mples of polymers available diring the early stages of this
exploratory compounding research progrom were highly gelled and difficul - to
process, bul proved useful for evaluating candidate curing agents. Guod states
of cure of the triazine elastomer were developed with several of the selected
metallic and ncnmetallic candidate compounds. Although the results werc en-
couraging from this viewpoint, the resultant vulcaniz tes had relatively poor
mechanical propertiee and lacked in therinal stability, Since the completion of
this earlier work, additional quantities of polymer have been prepared and the
residis of research with tlllese advanced materials are covered in this report,

- e et——
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SECTION 1II

SYNTHESIS OF PERFLUORCALKYLENE
TRIAZINE ELASTOMERS

A, GENERAL SYNTHESIS PROCEDURE

St veral approaches (Reference 1) are under investigation for the synthesis
of trinzine elastomers, Of the approaches being investigated, one pursued by
the Hooker Chemical Corporation under contrac! with the Air Force has pro-
duced the most suitable gums for this expioratory compounding development
program, The process 18 based on the addition polymerization of perfiuoroalkylene
dinitriles with diamidines; this forms high molecular weight p 'yimidoylamidine
intermediates. An excess of a perfluoringted acid anhydride ¢ an excess of a
mixture containing a perflucrinated 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 rings separated by periluorinated polymethylene groups,
bearing all perfluoroalkyl pendant groups or perfluorcalkyl and n-cyanoperfluoroalkylene
pendcant groups.

B, CHEMICAL COMPOSITIONS OF THE EXPERIMENTAL POLYMERS

The polymers of interest were derived from polyimidoylamidine inter-
mediates obtained by copolymerizing perfluorosebaconitrile and perfluorosebacamidine,
Equation I:

HN NH
= - - = &
N=C-((,FZ)0~C-N + /C-(CFZ)B—C

~
| H,N NH,

NH  NH, l NH, NH
H ) | 1
———— CFR—C_ _C— (CF,)y~ c,\N/_c - CF,
I

[ ]

s
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The types of polymers exploited, i.e., pol;mers bearing all perfluoropropyl
pendant groups, polymers with n-cyanoperfluoropropylene and perfluoropropyl
pendant groups, and polymers Leariug n~cyauoperfluoropropylene and tri-
fluoromethyl pendant groups were prepared by treating portions of the above
intermediate (I) with, respectively: en excess of perfluorobutyric anhydride,
Equation II; mixtures comprised of an excess of perfluorobutyric anhydride and
n-cyanoperfluorobutyryl chloride, Equation III; and mixtures comprised of an
excess of perfluoroacetic anhydride and n-cyanoperfluorobutyryl chloride,
Fquation IV,

NH  NH, NH,  NH
It l i I
CF - C_ N

[CF(CF) c’/ 4— 0

HO-C- C CF C -0OH
il I

NH N N NH
1 | | " 0
—~———CE - C C - (CF,), —C C - CF~—— + CF.(CF.). CZ~ON
2 \N/ 2 \ Ve 2 372
0
'/
[cg(cg)zc —}éo
I ExcEess )
" -
(|:3F7 c|3F7 ;
c C i
NTOSN NZ N o .
Hi | 1 1} H
Z :
CF'2 C\N¢C - (CFZJO— C\N/C - CF2 + CE,(CF) C = OM G
q
hrd ;
3
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s
NH NH, NHp,  NM
Y | | H
—SCR-C_ . C— LR, c\N/c-—crz-w—
0
oz
[crs(cpz)c2 }2 0
0
N= C(CF,c” ~ci
HO = C=(CFy)3C =N CyF,
H
C-OH C-OH
\ I il
YONH N N NH
1 | | I . e
—— CF,~- C~(CFg C C - CFy—m+CFy(CFp), C 7= 0H
C\N/’ xn”
0
P2
[CFS(CFZ)ZC -}-2 0
EXCESS
c=N
!
(CF,), CyF,
I |
c c
N7 TN NZ n
. H | I 1] /0
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NH, NH NH  NH,
| it { ti
- —~(CF, )a= — CF. ver—mnm
CF, C\N‘;C (CFy)q C\N,,C CF,
0
2
[cr,c —}-?o .
N=(CF,),C” - Ci
é/‘ACF
"/O \(ﬁ'?«.b I 3
~c” C- OH
\,\c\ t i
NH N N NH
I I [ 1 Y
~— CF, —c\N Lt CFz),,—c\\\N/c—cr2 +CF,C” -0H
0
[ cryc }-;o
EXCESS
C=N
|
CF.
( | 2)s _CFyg
Co C
p,/ \N Né \N
i | | I P
WCFZ—C\Nyc—(CFZ), —C§N/C-CF2--~+HCI + CF, €7 - OH
o~

C. PHYSICAL CHARACTERISTICS OF THE EXPERIMENTAL POLYMERS

‘i'he molar ratios of the acylating-cyclodehydrating reactants used in nre-
paring the gums versus the reduced viscosities and the p :rcent of soluble
polymer ar. summarized in Table I.

Although a polymer wiih increased nvmbers of functional pendant n-
cyanoperfluoropropylene gendant groups is anticipaied as the ratio of the n-
cyanopexrfluorobu.yryl chloride to perflucrinated 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

b
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than 5 mole percent of the functional monomer ig incorporated using mixtures
containing 20% of n-cyanoperfluorobutyryl chloride.

As Indicated by t'e results of viscosity measurements, there were variations
in molecular weight. The variations in part, were due to differences in the
procassing techuiques used in recovering the finished polymer, To ensure the
removal of impurties, th: gums (IV)* prepared employing rcaction 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 polymeyr was inadvertently extracted; consequently, the recevered products
had much higher molecular weight than the other polyme-s (II) and (IIt), which
were recovered by vaccum removal of the velatile by-products formed and sclvent
used,

The solubility of the experimental polymers was determined at room temp-~
ersture using hexafluoroxylene as the solvent., A 1/19¢ polymer to solvent ratio
was used. The percent soluble polymer was determined after approximatcly a
two-week period,

TABLE 1
PHYSICAL CHARACTERISTICS OF EXPERIMENTAL POLYMERS
Sample Identity Retio of Reduced o Soluble L
Reactants Viscosity ~ Folymer,%
Triazine 168-1, {5 6/166(2 6.722 52.4
Triazine 178-24, (1v)] 7/93% 1.3 96. 6
Triazine 17B-14, (IV)| 12/88(% 1.4 82. 5
Triszine 1682, (1) | 20/80(% - 68.1

(1) in hexafluoruxylene
{2} n-cyanoperflucrobutyry} chloride/perflucrobutyric anhydride
(3) n-cyanoperfluorobutyry! chloride/trifluoroacetic anhydride

*NOTE: The Roman numerals (1I), (1)1}, and {IV) refer to the reaction equations
which show the fundamental differences in chemicsl composition of the
various species of triezine gum involved in this research,
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SECTION III

INTRINSIC OXIDATIVE THERMAL STAEBILITY OF

XPERIMENTAL TRIAZINE ELASTOMERS

The relative intrinsic thermal stability of the various lots of perfluorocctamethylene
triazine gums were determined at 500°F ia an oven having forcec circulating air,
As shown In Figure 1, the lot of gum (II) bearing all perfluoropropyl pendant
groups proved to be more stabie tkan those lots of gum (11l and IV) prepared
using an excess of mixures containing n-cyanoperfluorobutyryl chloride and a
perfluorinated anbydride, The difference in thermal stability, however, of the
gum (IV) prepared using an excess of the 12/88 mole perceni ratio of reactants
{cuxrve C) and gum (IJ) bearing all perfluoropropyl pendant groups (Curve A) was
slight. Approximate total accamulative weight losses for these guins after aging
3000 hours at 500°F were 4, 7 and 3, 5%, respectively,
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SECTION 1V

EFFECTS OF MILLING ON THE INTRINSIC STABILITY
OF EXPERIMENTAL TRIAZINE GUMS

Research wa2s conducted to determine the extent to which the intrinsjc thermal
stability and chemical compositions of the triazine elastomers are altered by
milling on a cold mill under normsal atmospheric conditious. This investigation
was prompted by earlier cbservations which hed shown that triazine gums,
like meuy 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 peifluoropropyl
pendant groups. This undesirable change, as the results of weight loss at 560°F
inaicated, can be minimized by limiting mill processing time.

Analytical data indicate that triazine polymer is aiso subject to hydrolysis
under shear, Infraved spectra obtained on samples of the above iois of polymer
after milling periods of 20 end 60 minuies (¥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,
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SECTION V

EXPLORATORY CHEMICAL CROSSLINKING INVESTIGATIONS

In further attempting to obtain an clastomeric triazine vulcanizate possessing
exceptional stability at elevated temperawures, several of the compounds screened
in the earlier luts 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 wnmetallic compounds listed below:

Metallic Nonmetallic
Tetraphenyl Tin Perfluoroglutarimidine
Barium Oxide Perﬂuorosebacamidine
Perfluoroglutarthioamide
N, N-bis(periluorobutyrimidoyl)
perfluoroglutaramidine
Melamine

. Tstr.. Suyl *tin and perflucrogiutarimidine proved to be effective for curing
both types of pelymer, The remaining compounds were only effective for curing
polymer-bearing nitrile pendant groups,

The mechanisms whereby cured producis are obtained are not fully under-
stood, As tne above metaliic compounds have beeu shown tc be effective catalysts
for trimerizing model perfluoroalkylnitrile compounds to triazines, i is feasible
that triazine ring crosslinks are formed in curing reactions involving gums (IIt
and 1IV) with nitrile pendant groups and metallic compounds as illustrated below:

C =N N=C
N=EC \\\_\(
] $,Sn
_’_F/J__,//\
N/C\N
>‘“—\.\ lé |
\Nécv‘\(
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Curing reactions involving the ammonia or the hydrogen sul idc adducts of

dinitriles and gums (III ard IV) containing nitrile pendant groups, it is believed,
lead to crosslinked products consisting of triazine ringa connected by perflucro-
alkylene groups. Such linkages, schematically illustrated below for the ammonia
derivative of perfluorosebaconitrile, would be formed by the addition and con-
densation of the diamidine with the nitrile pendant groups attached to the polymer
chain, with ammonia being liberated in the process,

)\"CEN N= "JL

HN NH

-

N L
>~ (eky -’

H,N NH,
> c= N=¢ ~<X
- 2NH3 /(
_J\\‘C c/
',“// ~\ ,",'/ \'r
c C —(CF,) C c

In the case of the H 2S dinjtrile derivative, a similar reaction mechanism is
postulated, H 2S being liberated in the process. With the 2:1 molar ratio
monamidine to dinitrile adduct [N,N 'bis (perfluorobutyrimidoyl) perfluoro-
glutaramidine ]. the mechaniem of crosslirking is complicated. This adduct,

it is suspected: quickly rearranges to a cyclic product which decomposes, liberat-
ing ammonia and pertlusroglutaronitrile cr ammonia addition products of

nitriles. These decomposition products are capable of interacting with the pendant
cysgnostrustures to produce triazine-containing crosslinks. Curing reactions
involving meiamine and gum (IlI) bearing nitrile pendant groups as well as
systems besed or polymer (II) without functional giroups are also complex. The
attninment of cured products in these instances, it is thought, results irom

rearrangement of the hasic nolymer structure.

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

vuleanizing the samples required for evaluation, Compounds bearing metallic
calalysts, in 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 oif cure were
obtained with the nonmetallic vulcanizing agents within a period of twc hours
or less, as indicated.

Triazine gums 17TB-2A (IV), and 17B-14, (IV), yielded vulcanizates (Tables
111 and IV} with tensile properties superior to those of vulcanizates based on
triazine gums 16B-1, (II), Table II, and 16B-2, ([i), Table V. The high tensile
strengths of the perfluoroglutarthioamide and tetraghenyl-tin-cured based on
triazine gums 17B-1A and L7B-2A are attributed to the relatively high mole-
cular weight of these pariicular lotg of polymer.

These vulcanizates proved to be less thermally stable than the uncured gums,
As the results of 500°F 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 obiained a3ing melamine,
perfluorosebacamidine, perfluoroglutarimidine, bis (perfluorobutyrimidoyl)
perfluoroglu.aramidine, and perfluoroglutarthjoamide became spotted with
pinholes, The vulcanizates obtained using tetraphenyl tin and barium oxide
retained their structural integrity. Considering tensile properties and thermal
stability, tetraphenyl tin in cenjunction with triazine gum 17B-1A provided
the most satisfactory vulcanizate,

In addition to the foregcing metnods of obtaining cured triazine products, an
approach involving the inty-cduction of functional groups which would coordinate
with 2 chromium ion to give a polymer with thermally stable crosslinks was
also investigated. In investigaiing this approach, 1 part of diethanolamine was
blended with 100 parts of triazine gum 2215-71-1, (11}, bearing all perfluovo-
propyl pendant groups., The compounded gum was then heated in air at 120°C for
1 hour to induce a reaction, If the resuits of werk, by Dr. Henry C, Brown and
Mr. Jobn Turnbull (Reference 3), involving the investigation of the reaction of

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

groups, via the reaction (Equation V):

20
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~—cfF,-c% ¢ — (R, —¢ \f-cg—“——
| I i
MgV | Moo N
1 i
CSFT CBFT
C M 4OH
HN
C,H,OH
C, M, OH
2''a N
~~——CF,-CZ + H=-(CRlg— €% ~C-CF,~—
| I T C,M,OH | | '
Nee N Nee M
I |
CSFT CSFT
Y

and poasibly a small number of pendant groups through the replacement of
perfluoropropyl groups as shown in Equation VI.

N

P4
1 i ] |
N\cé NQC,N
) I
CBF? c3F7
C,H, OH
HN
~
C,H, OH
'
N N
~—CE - C C — (LF), ¢ C - CF, —~———
il { H i + HC.F
NN N 37
c? *c -
] H
o T, TEn
‘il r ) 2'2
o o
“ H L
(YD) §
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TABLE O

TENSILE PROPLERTIES OF VULCANIZATES BASED ON ‘.
TRIAZINE GUM 16B-1, (II), CURED WITH SELECTED
METALLIC AND NONMETALLIC CANDIDATE COMPOUNDS ]

Triazine Gum 16B-1, (II) 100 100

Tetraphenyl Tin 5 -
Perfluoroglutarimidine - 5

Physical Properties at R.T'.

Press Cured at 3:20°F, hrs 20 2

Tenoile Strength, psi 540 400 "
Elongation, % 700 440 '

TABLE 1II

TENSILE PROPERTIES OF VULCANIZATES BASED
ON TRIAZINE GUM 17R-2A, (IV), CURED WITH SELECTED
METALLIC AND NONMETALLIC CANDIDATE COMPOUNDS

Triazine Gum i7B~2A, (IV) 100 100
Tetraphenyl Tin 5 e
Perfluoroglutarthioamids - 5
Physical Properties at R, T,
Press Cured at 320°F, hrs 20 1
J‘ Tensile Strength, i 940 1045 L
| Elongation, % 500 559
et I '
A5 TABLE IV
o TENSILFE. PROPERTIES OF VULCANIZATES BASED
v ON TRIAZINE GUM 17B-14A, (IV), CURED WITH SELECTED
’ MFTALLIC AND NONMETALLIC CANDIDATE COMPOUNDS
*§ Triazine Gum 17B-1A, (IV) 100 100
-x4§ Tetraphenyl Tin 5 -
3 Perfluorogluiarthioamide - 5
Physical Propertize at R.T.
Press (vrad at 320°F, hra 20 1
Tensile Strength, psi 1266 1180
Elongation, % 415 565
. - —— - 1:, SN
e BREv LW Z- N 1Liale . N P A T E R Y S .
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At any rate, structurally sound vulcanizates based on the diethanolamine modified
gum were obtained using chromium trifluoroacetate, which previous work showed
to be ineffective for curing the untreated polymer,

Physical properties of the diethanolamine modified triazine gum (Table VI)
cured with 0.5 parts of chromium trifluoroacetate were somewhat hetter than
those cof the vulcanizate obtained using 1.0 part of this curing agent but were
inferior to those of the tetrapheny!-tin vulcanizates based on triazine gums
17B-14, (IV}), and 17B-2A, (IV); see Tables IIl and IV. The chromjum tri-
fluoroacetate vulcanizates also proved to be less thermally stable than the tetra-
pbenyl-tin triazine gum 17B-1A, (1v), vulcanizate (Figure 14). Accumulative

;ight losszs for the modified gums cured with 0. 5 and 1.0 parts of chromium
irifluoroacetate after 1500 hours were respectively 22 and 25. 5%. During the same
period of aging the tetraphenyl-tin-cured triazine gum 17B-14A, (IV), vulcanizate
had a weight loss of only 10, 5%.

TABLE VI

TENSILE PROPERTIES OF VULCANIZATES BASED ON
DIETHANOLAMINE MNDIFIED TRIAZINE GUM 2215-71-1, (II),
CURED WITH CHROMIUM TRIFLUOROCACETATE

Triazine Gum 2215-71-1, (II) 160 100
Disthanolamine 1 1
Chromiwn Triduoroacetate 0.5 1

Physical Properties at R, T,
Press Cured 1 hr at 330°F

Dost Cured at 120°F, hrs 17 21

Tensile Strength, psi 420 350

Elongation, % 540 290
24
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SECTION VI

To obtain more definitive information regarding the relative high temperature
stability of tetraphenyl-tin-cusred vulcanizates based on a polymer derived using .
an excess uf perfluorobutyric anhydric 3, triazine gum 16B-1, (1I) , and a pclymer - '
obtained using an excess of 12/838 mole percent ratio of reactants, triazine gum }
175-1A {IV) , room temperature physical properties of the above gum vul-
canizates were determined after various periods of exposure at 500, 600, and
700°F.

These results concur with the weight loss data (Figures 10 and 12) pre~
viously obtained at an aging temperature of 500°F, The vulcanizate based on
triazine gum 17B-14, (IV), derived using an excess of the 12/8¢ mole percent
ratio of reactants, proved to be more thermally resistant than the vulcanizate
based on triazine gum 16B-1, (II), bearing all perfluoropropyl pendant
groups. Even though the lafter (Table VII) retained only 55% of its initial tensile
strength when aged 24 days at 500°]* and completely reverted when exposed for
72 hours at 600°F, the vulcanizate hased on gum bearing n-cyancperfluoropropyl
pendant groups after aging periods of 24 days ai 500°F, 72 hours at 600°F, and
8 hours ot 700°F, regpectivcly retained snnroximately 5, 54, and 25% of
its original tensiie strength. In addition, this gum vulcanizate exhibited goed
resistance to compression set, A compression set value of 20% was obtailned
for specimens detlected 25% of. their original height when aged 72 hours
at 500°F,
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TABLE VII
PHYSICAL PROPERTIES OF TETRAPHENYL-TIN-CURED

TRIAZINE GUMS 16B-1, (I), AND 17B-14A, {IV), AFTER i
EXPOSURE TO ELEVATED TEMPEKATURES %‘f

.r_ %
Triazine 16B~1, (L) 100 - 3

Triazine 17B~1A, (IV) - 100 g

Tetraphenyl Tin 5 5 =

Physical Properties at R. T.
Press Cured 20 hrs at 320°F

AR O TR

Initial
Tensile Strength, psi 680 1080 Y
Elongation, % 7€0 415 K
Skore A Hardness, pts 37 53 :

Aged 48 hrs at 500°F

Tensile Strength, psi 675 965
Elongation, % 825 41¢
Shore A Hardness, pts 53 54
Compression Set, 72 hrs at 500°F( 61.6 20

Aged 24 days at 500°F
375 700

Tensile Strength, psi

Elongation, % 890 400

Shore A Hardness, pts 50 50
Aged 72 brs ot gooer(2)

‘Tensile Strength, psi - 585

Elongation, % Reveried 330

- a5

Shore A Hardness, pts
Aged § hrs at 700°F ()

Tensile Strength, psi - 265
Elongation, % - 305
- 76

Skore A Hardness, pts

(1) 25% deflection
(2) Results obiained on specimens heat treztod 48 hrs at 500°F
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SECTION VII

FILLER REINFORCEMENT INVESTIGATIONS

In continuatica of the search for a suitable reinforcing agent, a number of
additional experimental and conventionsl finely divided materiasls were investigated
in the more recent lote of experimental triazine elsstomers, Since the results of
previous work (Reference 2) left doubts regarding the reinforcing effects of some
of the materials screened in the earlier lots of highly insoluble triazine polymer,
certain of these fillers were also included in this investigation,

Silica "H'" S-17* (a silicon dioxide powder treated with a hydrophobic sur-
face coating agent), carbon blacks (EFC, SRF, and S° -winigan), ASP 103 (a
clay treated with a hydrophobic surface coating ~,-.i), and Protox 166 (zinc oxide)
were among the nonfibrous maierials evaluate. wiich exhibited substantial rein-
forcing effects. With a 20-paxt loading of these [ 'lers, tetraphenyl tin-cured gums
(Tabies VIII, IX, and X) were obtained having tensiie strepgths ranging from 1,555
to 2,490 psi and substantial elongations {295 to 650%). Micro fibrous products
(Asbestiue 3X, Chrysotile No. 38 1lI-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. Perflucroglutarthioamide~cured triazine
compounds (T able 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 vuicanized compound
based on trixzine gum 178-1A, (IV), prepared using 12/88 mole percent ratio
of reactants and reinforced with Silica *H" S-17, possessed the best balance in
teasile properties and thermal stability. After 1900 hours at 500°F, this silica-
reinforced vulcanized compoun: (Figure 16) bad 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 VIl

EFFECT OF CANDIDATE REINFORCING AGENTS CN THE
TENSILE PROPERTIES G TETRAPHENYL-TIN-
CURED TRIAZIRE GUM 17R-2A, {IV)

—

Triazine Gum 173 -2a, (IV) 100 100 100 100 1cotM
Tetrapheryl T in 5 5 5 5 5
Shawinigan Black - ot - - -
filube No, 38 - - 20 - -
Aluminum Nitride Oxids - - - 29 -
Fluorocarbon Resin - - -~ - 20
Magnesiun Silicate - - - - -
Physica: Properties at R, T.

Press Cured at 320°F, his 20 20 20 20 21
Tensil: Strength, psi 940 2035 1090 985 1140
Elongation, % 800 365 515 580 58C

160
5

s

20

20

815
460

{1) Compounded on 7 heated :rill v
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TABLE Xi

EFFECT OF A CANDIDATE REINFORCING AGENT ON THE
TENSILE PROPERTIES OF PERFLUOROGLUTARTH!OAMIDE~
CUKRED TRIAZINE GUMS 17B-14, (iV), AND 17B-24, (V)

Triazine Gure 178-1A, (IV) 100
Triazine Gum 17B-2A, (IV) -
Perfluorogluiarthioamide 5
Shawinigan Bleck 20

Physical Properties at R. T.
Press Cured 1 hr at 320°F

Tensile Strongih, psi 2220
Elongstion, % 440
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Figure 17. Effect of Candidate Reinforcing Agents on the Thermal Stability p

of I'etraphenyl-T in-Cured Triazine Gumn 16B-2, (IIIj
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SECTION VI

EFFEZCTS OF HIGH TEMPERATURES ON THE
PHYSICAL PROPERTIES OF A SILICA “H’S-17 REIN-
FORCED TETRAPHENYL TIN TRIAZINE 17B-1A, (IV)

VULCANIZATE

N

Further research was conducted to detormine the effects of high temperaturee
on the physical properties of the silica "H" S-17-reinforced, teiraphenyl-tin vul-
canizates based on triazine gum 17B-14, (IV).

The original tensile strength of thi particular vulcanizate (Table XII} was
much higher than that of a previous sample of this composition (T abje IX). A g
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 500°F the tensile properties of this triazine vulcanizu:e
were found 15 be equivalent to those of Viton B vulcanizates aged 8 hours at 400°F
and tested ai 400°F,

DD a2 Tk § b 4 L .

The results obtained on specimenps of the silica '"H'' S-17-reinforced vul-
canizate aged at 600 and 700°F and comparable dats taken from the literature on
a comnounded Viton B vulcanizate (Reference 4) are presented in Table XIII.
As these results show, the silica~reinforced triazine vulcanizate after aging
72 hrs at 600°F retained a substantially greater portion of its original tensile
properties than the Viton B vulcanizates.

e e e TRE . LA . St S s it

Although the reported data based on specimens of these vulcanizates sged
8 hours at 700°F do not differ substantially, the silica-reirforced triazine vul-

canizate, unlike Viton B and hydrocarbon elastomer vulcanizates, remained
flexible,

| u BBl T -
'
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TASLE Xh

TENSILE PROFULTILS COF SILICA "K' 3-17 REINFCRCED,
T TRAPHENTL-TIN-CURED TRIAZIRE CUM 17B-14, (1V), AT

"

?

::é i ELEVATED TEMPERATUAXES

g _ Triezine Gu n 17B-14, (IV) 100

E : Silica "H" S-17 . 29

J Tefraphenyl Tin 5

';; ©§ Physical Propecties !

; Originsl, tezied at R, T, 4

" Teusile Strength, psi ' 1 . 2490 ‘
Elongatlon, % N 630 i

Post Cured 48 hrs at 500°F, tested a: R. T, :

Tensile Strength, psi ' - 1525 é
Elosgation, % . 508 ¢

ﬂ i Post Cured 48 hrs st 500°F, tested at 50°F i

‘ Tensile Strength, psi : 465 !

E Eiongation, % ' LRE E

E‘ Post Cured 48 hrs at 500°F, tested ot 606G f

ko Tensile Strength, psi 86 i

& Elongation, % 350 ;i

L3 -

‘ !

! |

3 \
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TABLE XIII

TENSILE PROPERTIES OF SILICA ‘"B" §-17 REINFORCED,

aEalNar

TETRAPHENVL-TIN-CURED TRIAZINE GUM 17B-14, {IV}, AND

s Taany

A VITON B COMPOUND AFTER EXPOSURE TO ELEVATED

TEMPERATURES
Triazine Gum 17B-1A, (IV) 100 -
Silica "H'" S-17 20 -
Tetrapheny! Tin 5 -
Viton B - 100
Thermal MT - 3¢
Magiite Y - 15
Digk No, 4 ' - 2
Phyeical Properties at R. T.
Original
Tensile Streagth, psi 2,450 2460
Elongation, % 630 275
Shore A Hardnesg, pts 73 75
Aged 72 hrs at 660cF (M
Teasile Strength, psi 1435 4902
Elongation, % 200 80
Shore A Hardness, pts 85 90
Aged 8 hrs at 700°F (1)
Tensile Sirengih, psi 475 360°2
Elongation, % 85 85
Shore A Hardness, pts 48 84

{1) The triazine vulcenizate wa: post cur:d 48 hrs 4t 500°F; the Vitor: B com-
vound was post cured 24 hrs at 400°F prior to obtaining these results

(2) Brittle, broke when bent 18¢°
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SECTION IX

ELECTRICAL CHARACTERISTICS

Recognizing that triazine olastomers could be potentially suitakble for use as
a high temperature electrical insulsting 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 insuiation should have a low
dielectric constant, a low dissipa’ion factor, a high dielectric strength, & high
volumie resistivity, and good arc re¢siztance characteristics, The electrical
data obteined from Dow Cornirg Corporation on the triazine gum cured with
tetraphenyl tin, Teflon, and a velcanized compound based on Silastic 1603 are
presented in Table XIV. 'The overall results showed the electrical insulatlon
characteristics of te’ ~aphenyl-tin-cured triazine gum to be intermedisie to those
of Teflon, which is known to be outstanding electrical insulating material, and
& compeund based on Silastic 1603, which is widely used as a high temperature
wire insulatur. Despite its tendencey to hydrolyze, immersion ii. distilled water
for 24 hours at room temperature did not (as & comparison of t. e results indicate}
have g significant effect on the good electrical insulating properties of the tetra-
phenyl-tin-cured triazine elastomer.

L
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ODECTIVUN X

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 was devoted to eslablish-
ing the combustible n1 ure of the triazine polymer, This investigation was confined
to evaluating teiraphanyl-tin-cured triazine polymers. The hot~wire ignition method
was used. Specimens (1 x 0.125 x 0. 020) of the samples prepared were spirally
wound wit.i Ni-Cr igniticn 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 precsure) and subjected to a hot wire ignition temperature
in the vicinity of 1800°F using a 23-volt AC-power ignition sourcs,

The results obtained (Table XV) on the specimens which had been aged for
20 hours at 500°F, shcwed tetraphenyl-tic vulcanizates based on pclymers 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 oxygen at 24, 7
and 29, 7 psia, respectively, Specimena of the latter vulcanizates, which had
not been aged at 500°F and consequently contained hydrocarbon components were
found to be non bwrning in pure O 2 at pressures up to 22 psia, but ignited and
supported combustion at a pure oxygen pressure of 25 psia.

s TABLE XV

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

Triazine Gum (as indicated) 100
Tetraphenyl Tin 5

Press Cured 20 hrs at 320°F

Triarine Gum 17B-24, (IV) 17B-24, (IV) 16B-1, (i) Remarks
Aged at 500°F, hrs 0 204 204
Pure 02, psia 22 29,7 24,7 Didnot ignite
Pure O, psia 25 34,7 29,7 Ignited aad

“ burned
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SECTION XI

SUM

RY AND CONCLUSIONS

This internal research program was initiated to obtain suitabie modifiers
for crosslinking and reinforcing triazine polymers, Efforts were devoted to
developing high-strength general-pvvpose vulcanizates which would be capable
of withstanding temperatures in the 500 to 800°F range.

Polyme.- bearing all perfluc "oprc gyl grc ups and either perfluoropropyl or
trifluorormethyl gr 'ups in combination with n-cyanope  Tuoropropylene groups in
the pendant position were :valuatei. The poiymers were derived by acylating and
cyclodehydrating polymer intermediate oh.ained by copolymerizing pertlucro-
sebaconitrile and perfluoresebacamidine with (a) an excvess of periluorobutyric
anhy dride, (b) an excess of a 1 ixtu1e containing perfluorobutyric anhydride and
n-cyanomextluoro! ityryl chloride, and (¢) iiixtures containing trifluoroacetic
anhy ride and n~cyanopcrfluorchutyryl chloride. The gener il chemical structure
of these polymer {is illustrated helow:

M N ]
4. \ﬁ-— (CF)y—+

Lt Jn

The exact number of n- cyanoperfluoropropylene pendant groups present in
the various lots of gum prepared using mixtures obtaining n-cyanopecfluorobutyryl
chloride has not been precisely estublished, Results 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 mote percent of this reactant

are used.

Triazine gum bearing all perfluoropropyl pendant groups aad a lot of polymer
obtained using 12/88 mole % ratio of n-cyanoperfluorobutyryl choloride andtrifluoroacetic
anhydride proved to b more stable than ;-olymer derived using 20/80 and 7/43 mole
percent raiios of, respectively, n-cyanoperfluorobutyryl chloride/perfluorobutyric

RIEES R T P W
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antydrido, and n-oyanoporfluvrebulyryl) chloride/poriluvroacetic anhveiride,
The approxdnaty perconts of accumwlative welglit lups fur these triaziae guims,
after 3600 bows wylog at SVO'L, were rospuctively 3,06, 6, 12,06, and L1,

I processing techniyues not valy reoder the triazine polymers less
therwmally rosistant, bui appewr to prometo hydrolysis and structural changos
within the poly mer uetwork, Triacjue polymer milled for 20 mind.es and
aged al 500°F lost several times more weigll than esmples of the corresponding
urmilled guns. leivarcd data obtainod on milled samples of gum showed sheaorption
peaks at wavelengths denoting the prescoce of carbonyl, hydrcgen-nitrogan, aad lincar
cwrlun-nitrogen compononts which were not found in the wirarced gpectra obtained
on the uamilied polymers.

Tetrapheny} tin, barium oxid2, melwrine, perfluvroglutartbivamide, per-
fluoroghutaritaidine, perfauoroschacanidine snd N, N' bis (purfluorobuty rimidoyl)
perflnoroglutaramwidine proved to Le effcctive for curing polymer bearing n-
cyanoperiluoropropylene pendant groups. Cured products, however, based on
polymer bearing all perfiuoropropyl pendant groups were only obtzined usiog
tetraphenyl tin and perfluoroglutarimidine,

Tensile properties of the volcanizates propared wore depeadent o molscular
welght, The teiraphenyl tin and perfinoroglutarthioamide-cured gums hased vu
the comparatively high molecular weight polymer samples derived from polymer
Litermediate using poerfluorcucetic aphydride reaction mixtwree contawing 7 or

2 mole pereent of n-cyanoperfluorobutyryl chloride had geod tensile strengths
for an unreinforced experimenial elastoravr, The tolraphenyl-tin-cured gun obiained
using the reaciicr mixiure containing 12 mole percent of the functionel moncmer
Lad the best teasile properfics and proved to be ithe most thermally stablo.

All of the vulcanizates proved to be less siable than the wocured elas cmeric
polymers, The tet -aphenyl-tin vuleanizale bascd cu polymer obtained by treating
polyimidoylamicine intermoediaic with an cxcess of the mixtwre containing 1%/68
mole pevcent ratio of n-cyanoperfuorchulyryl eloride sxd perfuoreacelic
anhydride lust the loast wwount of weignt and retained a subst-tind portion of
#ts original propertics aiter various periods of aging at 509, 600, and 700K,

48
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T he totraphonyltin vulcunjzuto basod on the lut of pulymor boaring all perflioro~
prupyl pondant groupys comnotoly rovorted at GoU'F, Vuloanirates oured with the
ponmatallic compounds lost tholr structunl ntogrily (hocmue sputtod with pio-
holos) aftor relativoly shioct poriods al o'l fa edr,

Other than tho above curod trinziue polymer systems, structurally sound
vulcunizatos basod on polymer treated with disthanolainine was obtained using
chromium trifluorcucotate ws the crosslinking agent. The vuleanizateos propatod
exidbitod relatively pour pbysical proportics and lost weight whop nged at
G0UF at a comparatively high ratc.

Among the candidate reiuforcing sgents evaluated, carbon Llucks, a modifiod
gllica, u clay, and & zinc uxide werce more effective than the other solected
candidate reoiuforciog materials. Of the pesmutations and combinations of materisia
involved fn this work, a eilica-reinforced, tetraphenyl-tin-cured compound bused
©on triazine gum derived using 12/88 mole percent ri’jo of n-cyanoperfluoropropylepne
fnd trifluoroacetic anhydride posscesed the best balance of tensile propertien
and tuermal stability. The tensile strength of this triezire compound of epprox-
fmately 2600 pal war equivaleat to that of a standard Viton B compoand reinforced
with & mediwum thermal carbon black. Results of 600 and 700°F agiug showed il
fo ke more thermally resistani thap the Viton B compound. In contrast te Viton B,
which becomes britile at these tempoeratures, this triazine vialcanizate retains 2o
glastomeric characteristics. Tensile propertiies of the experimental triazine com-
pound ai 00 and 600’ were marginal and its recistapce to compressicn set was
found to be poor,

On the basis ¢f preliminary results the triazine polymer holds promise as
an clectrical insulating material. Comparative elsctrical data obtained showed
ghe electrical insulating qualiiies of tetraphenyl-tin-cu-ed triazine gun to be
intermediate to those of Teflon, which is known to be outstanding, #nd a com-
ypound bzsed on Silastic 1603, which is widely used as a high temperature wire
dnsulator, Although known to be hydrolytically sensiiive, the electrical properties
of the triazine vulcanizates were not sigoificantly affected by u 24-hour room-
temperature soak in distilled water, : )
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A rathor wigue Chucscbes astic o0 the Wrng2oe g is thad 1 dsce not rondily
fgnhie wid support cowhusiion i3 s pore oxXypor @uvisemiuent, Resuwils of bot wire
g nition expervbacats shrwed & tolrapbonvl-tin vuleanizale bosod 6o padyinei de-
vived by usiag the. 7783 mole poseent railo of a-cyanopesfluerciutyvew) cidoride
and tritiuoroscotic aubyedrid: to be nencombustibic W pure 2y, &l pirossures up
tu 22 pata, U precaution s tuizon to dustroy the cusnbustibic tetragh.cn,l-tin
catalyst by cvon avigg the vuleanizated product al 500°1°, i wis found i pure
O, pressures L cxeosy of 29, 7 psia wre Xoqulrod 30 cause jgnildon aud ovi-
bustion. ' : ' T
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APPENUIX 1

'21>]:I€>'UVI(11"'I‘10N OF CANDIDATE REINFORCING AUENTS

. Bhawing au Rlack, Coudvcdve furn e black, Shawinigan Chendenls, Lid,

Bllicw ™" 5-17, o swface trosted silics, Dew Cornlng Corporation
& hafrax 2421, fived, ground Lthiwn alwuioara silicate, The Carborundum
Company
Frotox 16¢, a preplenic acid swface teeaied zine oxide, The New J crsey Zinc
Company
Eluorocarbon Resis LNE 2129-$5-1, a powersd totrafivorcethyleie resin,
Penosalt Chendeais Corporeiion

" Barosil, & complex barium silicate, National Lead Company
- g ilene L ¥, calciuw eilicaie, Harvick Staodara Chemical Company

LASP 103, a cationic surfactsat surface treated kaolio clas, Mincrals and
Chemicals Pbillip Corporation

WIA Graphite Flber, chopped graphice fiber, Uniou Carbide Corvoration

$Btaunic Oxide, reagent grade, Tisher Scicatific Company
filiu, Naiional Resewrch Cosrporaiion

Chrysotile No. 38 1iI-2, experimental chemically treated silica ritbon, Case

—

Institute of Tachnclogy
Riiube No, 83, powcered wetrafiucroethylene resin, The Duriron Company

Alumicure Nitride Oxide, Type 64 fiber crystals, Thermokinetic Fibers, Inc,

Asbestine IX, asbestos Liber, lnterrational Talc Company, Inc.

EPC Black, easy processing viannel black, J. M. Huber Corporation
Lithium Fiuoride, experimental powder, commercially unavailable
Min-U-Si (5U), 8 cxyeialline usfumed silica, The Carboruacdum Company
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Birfsen Uwabide Whiskers, The Cwporundes Conysany

Lllicon Nilde Wool, experiincatal whiskesrs Type 74, Therwwoidnetic Fibers, Inc.

SAF Black, super abraslon furnuce blaok, J, M. Huber Corporation

——— e

Mugnesiuw Siicate, expurimenial fibrovs produdt, commercially wa.vaiigile
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BT pnds report covers further progress made toward the development of a high str ength
reuera.&-putpu e vulcanizat2 based on perfluoroalkylane triazine pelymer for potential usc in the
500 Lo B00YF range. The triazine poly mer iuvolved in this rebearch ‘had the following generalized
strustiyrey 5

ZUN cF,

f n

Of the several lots of experimental perfluorooctamethylens triazine polymer evaluated, a
pelymor with trifluoromethyl and n~cyanoperfluoropropylene groups in the pendant position
viclded vulcanizates with the best overall properties. Tetraphenyl tin and suiface=treated
siica proved to be, respectively, the most satisfactory curing and reinforciog agents for this
olymer systum. The compounaed triazine polymer does not become hrittle whan aged in air
dior extended pericds even at iemporatures as high as 700°F and in edditicn retains a substantial
rtion of its original tensile properties. The tetraphenyl~tin cured polymer was also found tc
ssess excellent electrical insulating properties and exhibited good resistance to compression
set at 5009F. Results of hot wire iguaition tests have shown this type of pclymes to he neucom-
bustible in pure oxygen, Further, it does not appesr to be maisture sensitive und2r ordinary
nonditions,

DD %..1473 UNCLASSIFIED

Secuntty Clessihication

PO ——




Tomacra—

—— e T W — R, P

[ ——

Li.  ABSTHACT  (Continuod)

Thin abstract 16 sebhject to gpecial export controls and cach Lransmittal to
forcign governmonts or foraign nationals may be made only with prior approvai
of tho Elastomers amd Coatings Branch (MANE;, Nonmetallic Materials Division,
Air Force Materiuls Luboratory, Wright-Latlersen Aft Force Base, Ohio 49433,




TERIZACD AL CTY VIt
MIAYNARLFANTIAL hAAsAS

n-mﬂy_rl---'uﬂ;‘ alion

KE Y wOnRDS

Vinr 4 LivK @ Lirer ¢
— - RU——
'

ROLK

Trlazine Ilostonwers

Ela: toracrs

Triazine Polymer Crosslinking Agents
Compounding T riazine Elastomers

S ames e

ke e Sati

UNCLASSIFIED

Security Classification




