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High-Temperature Elastomers: Glass Transition-
Structure Correlations for Two Systematic Series
of Linear Poly(Carborane-Siloxane)s.

II. Incompatibility

M. B. ROLLER* and J. K. GILLHAM, Polymer Materials Program,
Department of Chemical Engineering, Princeton University, Princeton,
New Jersey 08640

Synopsis

Previously reported results related glass transition temperature to structure in two
systematic series of poly(carborane-siloxane)s using a well-known copolymer composi-
tion-glass transition relationship 1/7, = W,/T, + W2/Ty. The relationship was origi-
nally proposed to apply not only to copolymers, but also to diluent systems. Accordingly,
mixtures of polymers within each series were prepared and the thermomechanical spectra
were determined by the technique of torsional braid analysis. The binary mixtures in-
cluded poly(dimethylsiloxane) with polymers in both series and a mixture of two
—CB;oH(C— siloxane polymers. In all cases, the thermomechanical spectra revealed
only those transition regions characteristic of the individual components. This type of
behavior is indicative of phase separation of incompatible polymeric species.

INTRODUCTION

Previous results! related glass transition temperature (T';) to structure in
two systematic series of poly(carborane-siloxane)s using a copolymer com-
position—glass transition relationship (Fig. 1). The composition-glass
transition relationship: 1/T, = Wy/T,, + W,/T,, was originally proposed
to apply not only to copolymers, but also to diluent systems.2 Therefore,
mixtures of polymers in both series,
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COPOLYMER EQUATION FOR CARBORANESILOXANE POLYMERS
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Fig. 1. Copolymer equation. Glass transition temperature-structure correlations for
10-8iB-X and 5-SiB-X polymers.

were prepared and thermomechanically characterized using torsional braid
analysis®—¢ in order to check the applicability of the relationship to mixtures
of those related polymers.

EXPERIMENTAL

Materials. The polymers used in this study were poly(dimethyl-
siloxane), 8i(CH;):—O0-) (commercial-grade SE-30) designated 10-SiB-
and 5-SiB- (the limiting structures of each series'), and 10-SiB-3, 10-SiB-5,
and 5-8iB-2. The structures and transitions of these polymers (and of 10-
SiB-4) are given in Table I; 5-SiB-2 is a random copolymer, whereas the
others have well defined structures.”—1® The mixtures prepared are de-
seribed in Table I1.

Torsional Braid Analysis. The transition data of Table I were deter-
mined in dried nitrogen by the technique of torsional braid analysis®—t
which involves a torsional pendulum experiment, operating at about 1 cps.
The free-hanging specimen consists of a multifilamented (about 3600) glass
braid impregnated with the sample polymer, allowing the study of semi-
micro quantities (<50 mg). The specimen is fabricated in situ to form a
glass—polymer composite, by removing solvent from a braid that hag been
soaked in a polymer solution prior to mounting. The composite nature of
the specimen has the advantage of allowing room-temperature handling of
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materials that are gums or viscous fluids. The glass braid carries the ten-
sile stress in the specimen. The transitions of the polymers are readily
determined by monitoring changes in the dynamie rigidity modulus and
mechanical damping of the specimen as a funetion of temperature.
Preparation of Mixtures. Known amounts of each of the two com-
ponents were added to a weighing bottle. Chloroform was added to
produce a 109, solution (g total polymer/ml solvent). The system was
stirred with a magnetic stirrer at 25°C to produce a clear and uniform
solution which was used for impregnating braids. Similar attempts with
10-8iB-3/10-SiB-= and with 10-8iB-5/10-S8iB-= mixtures in benzene (a
good solvent for each component of each mixture) gave cloudy solutions
which separated into two phases on standing. The glass-braid impregnates

TABLE II
Composition of the Polymer Mixtures
Component 1 Component 2  Ratio of components Comment
10-SiB-3 10-SiB- 1:2 (molar, repeat Prepared to approximate
unit) 10-8iB-5 composition
10-SiB-5 10-8iB- 1:1 (weight) Prepared to give a Ty ~
halfway between
—125° and —88°C
10-SiB-3 10-SiB-5 1:1 (molar, repeat Prepared to approximate
unit) 10-SiB-4 composition
5-SiB-2 58iB- » 1:1 (weight) Same component

transitions as 10-SiB-5/
10-8iB- » ; —CB;H;C—
cage incorporated

were formed in situ by drying to 150°C in dried, flowing nitrogen. The
specimens were stored overnight in dried, flowing nitrogen at 130°C (i.e.,
90°C above the highest solid-to-fluid transition temperature, T\, = 40°C
for 10-8iB-3).

RESULTS AND DISCUSSION

The thermomechanical spectra (relative rigidity and mechanical damping
versus temperature) of the individual component polymers are displayed in
Figure 2. Corresponding mechanieal spectra of the four mixtures are dis-
played in Figure 3. Two glass transition regions were in evidence for each
mixture, the locations of which correspond to those of the separate constit-
uents. Such behavior is characteristic of phase separation. The incom-
patibility was also manifested by the presence of the crystallinity of 10-
SiB-3 and of 10-8iB-& (5-8iB-¢2) in the mixtures, which points out the
lack of disruption of the crystalline lattices by interpenetration of the
species,
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The mixture examined first, 10-8iB-3/10-SiB-«, had the 7', of 10-SiB-3
and the T, of 10-SiB-» overlapping. The 10-SiB-5/10-SiB-« mixture was
made up to remove the complication of the overlap of T, and T, and to re-
place one crystalline component with an amorphous one. In this case, the
T, values are well defined and separated, but the degree of crystallinity of the
10-8iB- » mixture is lower relative to that of the pure 10-SiB-. The lower
degree of erystallinity is revealed by the relatively small degree of thermo-
hysteresis for the mixture. (Note: ecrystallization is more apparent in the
reheating portion of the experiment.)

A mixture containing the smaller —CB;H;C— cage was also investigated.
The 5-SiB-2/5-SiB- mixture was prepared since the transitions of the
constituents of this system were close to those of the 10-SiB-5/10-SiB-«
system. The thermomechanical spectra were very similar to those of 10-
SiB-5/10-8iB-  , with excellent resolution of the transition regions of the
components.

A mixture was prepared from two —CB1oH10C— polymer components,
10-SiB-3 and 10-SiB-5; these were mixed in an equimolar ratio for the re-
peat units so as to approximate 10-SiB-4 in composition. Again, the
transitions resolved excellently, even to the extent that the 10-SiB-3 7',
and T, transitions were unimpaired. In this case, the glassy state
transition (7se) was resolved at —140°C. 1In each of the other systems, the
low T', (—125°C) of poly(dimethylsiloxane) resulted in a large rate of change
of damping in the —140°C region, which masked the T, of the other com-
ponent.

CONCLUSIONS

The results discussed above indicate a basic incompatibility between the
carborane-modified silicones and the parent poly(dimethylsiloxane). In-
deed, there even is an incompatibility between two similar poly(carborane—
siloxane)s, 10-SiB-3 and 10-SiB-5. ~ This behavior tends to support the
model proposed previously! to explain the deviation of the 10-SiB-1 poly-
mer from the straight-line correlation shown in Figure 1. The model pro-
posed that at some decreasing dimethylsiloxane chain length between
carborane cages (approaching 10-SiB-1 from 10-SiB-«), the cages them-
selves begin to associate. This could suggest that packing of the carborane
cages is an important determinant of properties for the 10-SiB-1 polymer.
The basic imeompatibility of the carborane-siloxane polymers for each other
and for poly(dimethylsiloxane) as evidenced above would add some credi-
bility to the idea of carborane cage aggregation.
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