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Summary

LNbdified SiB-2 rubbers can now be routinely compounded and
pressure molded to provide an elastomer having a tensile
strength of 450 psi. at ambient temperatures. On testing at .
600°F, these specimens retain a tensile strength of 30-35%,
or up to 45% by the addition of Fes0s as an antioxidant. A%
800°F, 10% (and in certain instances 15%) retention was ob-
served. These retention data surpass those reported for silicones
and also are better than the corresponding values for Viton Be
& i E, sy~ R I I ,,‘2 j

IntrdductiSh o

The advent of the missile age and the development of supersonic
Jjet aircraft has produced an increasing demand for nonmetallic
materials which can be used at high temperatures. Of special
importance is the synthesis of thermally stable elastomers super-
ior to those presently avallable. Various requirements for them
exist and more are projected for use in Mach 3 airplanes. Typi-
cal examples for their application are pneumatic seals for doors
and windows, interlaminar layers for glass windshields, and in-
tegral fuel tank sealants, among many others. Each of these re-
quires outstanding thermal stability beside individual properties
which are specilfically suited to the desired function.

During the past year we have discovered under this contract® a new
family of boron-containing elastomers which show promise of
satisfactory performance under extreme conditions. From among
these, we have selected as the most attractive candidate for
elevated temperature capabllity "SiB-2", a polydimethylsiloxane
containing m-carborane nuclei in regular intervals in the

skeleton. — —_
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* 0lin Mathieson Chemical Corporation, various Monthly Progress
Reports for Contract Nonr 3%95(00).
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In this polymer, the ratio of thermostabilizing carboranylene
and flexibility producing dimethylsiloxy groups appears to be
in the right balance as to assure maximum advantage of both
broperties.

Since "plain" SiB-2 requires up to 5% of peroxide for effective
curing, we subsequently synthesized so-called "modified" SiB-2
rubbers by introduction of a minimal amount of unsaturated

groups by introduction of a minimal amount of unsaturated groups
as additional curing sites.® In the example as illustrated, part
of the methyl groups are replaced by vinyl graups. Other modi-
fications investigated in place of vinyl are allyl and vinyl-o-
carboranyl, which all permit a peroxide decrease to 2%.

CHa ?Hs ?Hs CHa
]
- éi—CBloHloC—?i-O Si-O Si-O R .
' '
Ha CHs CHs HC=CH>
.5 497 | .003
-] X

The present program® concerns the development of this and other
elastomeric systems. Since we are only at the outset of this
study and our previous work has given us only indications of

what that rubber may do, an extensive although exploratory test-
ing at elevated temperatures seemed necessary to gain enough data
which would allow us to pursue our work along specific guide lines.

Test Material Preparation

To obtain a set of lucid data, a number of parameters involved

in the sample preparation were kept constant. The use of various
fillers had been scanned previously and we had found finely divided
silica to be most suitable in regard to tensile strength and elon-
gation; the commercial product selected was "Cab-0-Sil". As fhe
free radical type curing agent, "Di-Cup 40", in 2 parts concentra-
tion, was used in almost every instance. The process of pressure
molding as well as the curing cycle were identical for all samples.
The proportion of unsaturated groups in modified SiB-2 rubbers
always corresponded to the formula of vinyl modified SiB-2 illus-
trated in the introduction.

The cured SiB-2 test specimens were all prepared as follows: Puri-
fied and dried SiB-2 (plain or modified) rubber was milled to a
crepe on a cold, 5 in. mill; the desired amounts of solid filler
(Cab-0-811), curing agent (Di-Cup 40) and, in some cases Fe»0s or
A1(OH)s as an antioxidant, were thoroughly blended and then milled
into the crepe. Enough compounded rubber was placed in a 2" x 5"
mold to give a final specimen of ~~1/8" thickness; these specimens

2 Olin Mathieson Chemical Corporation, Technical Report No. 26 for
Contract Nonr 3395(00) by S Papetti, B. B. Schaeffer, A. P. Gray
and T. L. Heying, in preparation.

s Contract NObs-92143,Project Serial No. SRO07-03-03, Task 1000
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were cured at 311°F at elther 375 or 500 psig. After cooling,
the specimens were removed and post-cured in air at 212°F for
24 hours, 302°F for 24 hours and finally 392°F for 48 hours.

Test Procedure

Ambient temperature tensile testing is done in the normal
manner on an Instron Testing Apparatus, Model TT-CMl using a
crosshead speed of 2'"/min. For elevated temperature testing,
the sample and holders are suspended in a Missimers Inc.,
Temperature Test Chamber, Model TFU 3.2 100x 1000; the chamber
1s brought to the selected temperature equilibrium, the box is
opened and the dogbone 1s positioned and the door closed. The
box is allowed to return to temperature, allowed to remain for
5 minutes (total time ~~15 min.) and then pulled.

Results and Discussion

Since the SiB elastomers are basically polydimethylsiloxanes,

it seems appropriate to compare them first of all with the sili-
cones, and also to apply as much as possible the latter's esta-
blished technology for improving the SiB polymers. The room
temperature tensile strengths of commercial silicone rubbers
generally fall in the 300 - 700 psi. range although some special-
ty types may be as high as 1000-1200 psi.

Our first objective was to try to improve the ambient temperature
tensile strengths while maintaining adequate elongation. In this
respect, modified SiB~2 polymers were found to be definitely super-
ior to plain SiB-2.

Table 1% reflects the effect of the various modifications (as com-
pared to our standard ummodified SiB-2) on room temperature ten-
sile strength at low loading.

TABLE T
Tensile Strength and Elongation:
Effect of Modification at Low Filler Content

Modification Si0z Shore Elongation Tensile
parts  Hardness (A) % ‘psi.
None 25 68 55 : 201
Vinyl 20 58 61 192
©CH=CH> 25 57 125 277
©CH=CH» 30 57 87 215
©CH=CH» 55 64 92 279
Allyl 25 T2 115 334
Allyl 25 72 136 4h6
Allyl 35 73 140 275

& Tables I-VI which appear in this discussion are organizations
of properly selected data which serve to illustrate certain
points or establish trends. A complete tabulation of all
meaningful evaluation data obtailned in two tables in the Appendix.
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It should be pointed out that at present we are not so much con-
cerned with absolute numerical values as we are in establishing
trends and effects on these values. Simple vinyl modification
was 1neffective. Vincylcarboranyl modification showed measurable
improvement while allyl modification, as expected, gave the
highest tensile and elongation values. (This is typical of 11yl
modified silicones in general.) The effect of variation of parts
of silica in the 25-25 ranges seems negligible; when 50 or more
parts of silica are used the effect becomes pronouned as can be
seen in Table II.

TABLE IT

Tensile Strength and Elongation:

Effect of Modification at High Filler Content

Modification Si0s Shore Elongation Tensile
parts  Hardness % psi.
Vinyl 50 71 72 233
Vinyl 50 67 88 372
Vinyl 50 80 53 4=0
Vinyl 60 78 hg 4os
Vinyl 75 85 18 503
OCH=CH> 50 70 54 331
©CH-CH» 50 72 67 341
OCH=CH> 50 T4 70 459
Allyl 50 66 78 312
Allyl 50 75 102 413
Allyl 60 T4 37 .5 319
Allyl 75 78 29 551

Note here that at room temperature additional filler markedly
raised the tensile strengths of both the vinyl and vinylcarbor-
anyl modifications while there is no effect on the allyl modi-
fied polymer. Sixty parts of silica appears to be the maximum
which can be tolerated without causing a sharp decline in
elongation. :

A real test of an elastomer for use at high temperature is the
measurement of the percentage of retention of a given physical
property at these temperatures. Table III therefore summarizes
the performance of certain samples (low loading) discussed above
at 600 and 800°F. :
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TABLE III

Tensile Strength and Elongation:
Effect of Modification at High Temperatures (Low Filler Content)

Ambient 600°F 800°F
$109 Elong. Tensile Elong. Tensile Retention Elong. Tensile Retention

Modification parts % psi. % psi. % psi. % psi. % psi.

none 25 55 201 40 62 30.8 11 33 16.4

6CH=CH,, '25 109 239 72.6 73.4 30.7 22 18.2 7.6

6CH=CH, 25 125 277 90 89 32.1

6CH=CH, 35 92 279 70.  86.6 31

allyl 25 115 384 92 96.5 18,1

allyl 25 136 446 66 33.3 7.5 13.1 2.9

allyl 35 140 375 156 69.5 18.5 33 10.9 2.9

Although at 25 parts silica the allyl modified SiB-2 showed by
far the highest room temperature tensile strength, at 600 and
800°F it is considerably inferior to both vinylcarboranyl modi-
fied and unmodified SiB-2. ©Note the retention of ~—~30% of
tensile strength of the latter two at 600°F.

Table IV illustrates a similar treatment of the more highly
filled specimens.




_6-

TABLE 1V

Tensile Strength and Elongation:

Effect of Modification at High Temperatures (High Filler Content)

Ambient 600°F 800°F

Si0 Elong. Tensile Elong. Tensile Retenti
Modification pgr%s % psi. % psi. % sgi.on El;“S- T;;:TIG R;tgg;ion

vinyl 50 72 333 45 122 36.6 15 26.5 8
vinyl 50 53 430 67.5 123.5 29 11 21.5 5

vinyl 60 49 495 54.6 158 32

vinyl 75 18 503 . - 26.8 5.3
eCH=CH2 50 67 341 77.5 120,9 35.4 19.2 22 6.4
OCH-CH2 50 70 459 50 187.5 40.8 25 43,4 9.4
allyl 50 102 413 58 91.5 22,3 22 25,6 6.2

These results shows that again the allyl modification is inferior
to either the vinyl or vinylcarboranyl types. Samples of each

of the latter two retained more than 30 percent of their tensile
strength at 600°F and 5-8% and 6-9% respectively at 800°F. We
also point out that visual observance of the specimens during
test made it obvious that the allyl materials was softening and
deforming while the ofthers generally retained their structural

identity.

These results have led us to drop from further consideration

the use of allyl modified SiB-2 for high temperature evaluation.
This also points out the principal that the variation which shows
the best room temperature properties need not necessarily per-
form as well at elevated temperature as another very simllar
material; it is the old story of the 'weakest link in the chain'.
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During these and earlier studies® 1t had become apparent to us
that initial deterioration of an elastomer sample at elevated
temperatures could be observed as a surface hardening and/or
cracking while the interior of the sample was guite unchanged.
Such a happening could be the start of a failure in a tensile
test. We have every reason to suspect oxidative attack and have
begun to scan potential antioxidants and determine whether they
are beneficial. Table V points out the effect of Fesds, a
potential antioxidant on one formulation system, namely the
vinylcarboranyl variety with 50 parts Cab-0-Sil. The additive
of one part of the Feps0s produced no significant difference in
tensile strength retention at either 600 or 800°F; on the other
hand the addition of three parts Fe>0s3 gave the highest retention
yet observed at 600°F, specifically 45.7% and the retention at
800°F was above 10°. We believe this effect to be real and im-
portant and this is an important point for further study.

TABLE V

Tensile Strength and Elongation:

Effect of Fey03 at Various Temperatures

OCH=CH2

o
Anti- Ambient 600°F 800°F
"Modifi-  S10, oxidant Elong. Tensile Elong. Tensile Retention Elong. Temsile Retention
cation parts (parts) % psi. % psi. % psi. yA psi. % psi.

6CH=CH, 50 e 67 341 77.5 120.9 35.4 19.2 22 6.4
6CH=CH, 50 — 70 459 50 187.5 40.8 25 43.4 9.4
6CH=CH, 50 Fe203 (1) 100 428 61 128 27.5 8 32.8 7.6
50 Fe203(3) 69 357 75 163 45.7 — 38.4 10.7
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Other spurious results regarding the trials of the antioxidants
are summarized in Table VI; we remind the reade? that these
studies have only recently begun and are still in progress.

TABLE VI

Tensile Strength and Elongation:

Effect of Various Antioxidants at Various Temperatures

Anti- Ambient 600°F 800°F
Modifi- Sio2 oxidant Elong. Tensile Elong. Tensile Retention Elong. Tensile Retention
cation parts (parts) % psi. % psi. % psi. % psi. % psi,
none 25 —_— 55 201 40 62 30.8 11 33 16.4
none 25 Fe203(0.5) 43 202 37.5 93.3 46 .4
eCH=CH2 25 — 109 239 72.6 73.4 30.7 22 18.2 7.6
6CH=CH2 25 Fe203(1) 158 244 90 103 - 42,2 —_ 28.8 11.8
eCH=CH2 25 Fe203(3) 182 271 81 100 36.9 11 25.9 9.6
6CH=CH2 25 Al(OH)3(3) 190 226 68 58.5 25.9 — 22,1 10.0

vinyl 25 AL(OH),(3) 160 232 83  77.4 33.3 — 15.2 6.5
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These data point out that in general Fe-05; aids in retention of
strength in general; the effect of hydrous alumina 1is question-
able. The second example using 0.5 parts Fes0s with unmodi-
fied SiB-2 showed exceptionally high retention at 600°F; check
of the records showed that this sample of Fe»0s was from a
different source than all others reported and this point is
being looked into. Also this particular sample of unmodified
S1B-2 in the various formulations in which it was used showed
generally better results that we had become accustomed to note.
Again careful check of the history of the sample has given us

a clue as to why this may have occurred; this is to be examined
in more detail.

Studies elsewhere (Mare Island Naval Shipyard, Rubber
Laboratory, Report No. 1-14, 9 November 1964) have shown

that hydrous alumina in conjunction with a chloro polymer may
be - useful. Also the use of antimony oxide (U.S. Rubber Co.,
Final Report for Contract NObs 84025, March 9, 1962) is
suggested elsewhere. We intend to evaluate these as well a
many other compounds we suspect could be useful. ’

Conclusions

Appropriate studies indicate that vinylcarboranyl (and possibly
vinyl? modification (to speed curing) of SiB-2 is preferred
over allyl modification fo. high temperature use.

Increasing the amount of silica, as expected, increases the
tensile strength of the elastomers; at loadings > 60 parts
the elongation drops off markedly.

Retention of 30_#45% of tensile strength at 600°F and %10% at
800°F in air has been achieved. The use of iron oxidé as an
antioxidant assists in this regard.

Further improvements from the study of the effects of such
varlables as the curing cycle, filter contents, addition of
selected antioxidants, etc can be expected.

Comparison of SiB-2 rubber with other elastomers such as Viton
and fluorosilicones on aging at~~ T700°F in air will be stressed
during the forthcoming period.
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