





























film, and that of the carbonized residue remaining
after vacuum pyrolysis at 639°C for 20 hr, are
illustrated in Fig. 7. The infrared spectrum of the
carbonized residue indicates practically no absorp-
tion bands as compared to the undegraded sample,
thus confirming the carbonization process.

In order to calculate the activation energy, an
Arrhenius type of curve was constructed by plot-
ting the logarithm of the “apparent initial rates”
versus the reciprocal of the absolute temperatures at
which the degradations were carried out (Fig. 8).
The “apparent initial rates” were obtained by ex-
trapolating the straight-line parts of the rate curves
to 0% volatilization. These “apparent initial rates”
indicate what the actual initial rates would have
been for the bulk of the polymer without the
interference of complicating side reactions such as
may arise from the degradation of impurities or
low-molecular-weight species. These may well fol-
low a separate mechanism of degradation from the
bulk of the polymer itself. The activation energy
for the degradation of the polymer in vacuum
is 74 kcal/mole.

DiscussioN—The essentially total volatilization of
the polymer during thermal degradation in air in
contrast to its behavior in vacuum is most likely
due to oxidative cleavage occurring at the imide
bonds. The low activation energy calculated for
degradation in air indicates such a process.
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Fig. 8—Arrhenius plot for thermal degradation of
“H”-film polymer in vacuum.
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The thermal degradation of “H”-film in vacuum
is somewhat similar to that of polytrivinylbenzene
studied by Madorsky and Straus®* and by Winslow
and associates.?** The rate-versus-volatilization
curves (Fig. 6) strongly resemble those of poly-
trivinylbenzene in the early appearance of maxima,
followed by straight-line (first-order) portions, and
in the formation of carbonized residues amounting
to approximately 459 to 50% of the original sam-
ple. It is important to note, however, that poly-
trivinylbenzene is highly cross-linked (unlike poly-
pyromellitimide) since the monomer has three
functional groups. In general, highly cross-linked
polymers are, upon heating, converted to carbon-
ized structures, whereas polymers in which the
backbone undergoes primarily scission reactions
tend to vaporize completely without leaving any
appreciable residue.

The structure of the present polypyromellitimide
sample indicates stiff benzene rings that hinder
chain mobility and rotation and hence exert a sta-
bilizing influence, similar to cross-links. As a result,
a carbonized residue forms upon vacuum pyrolysis.
The fact that “H”-film has no melting point and
no glass-transition temperature below 500°C sub-
stantiates this argument.

The exact mechanism of the degradation process
in vacuum appears to be complicated by side reac-
tions. Because of the insolubility of this material
in any known solvent, fractionation and further
purification were not carried out. Consequently one
cannot make a conclusive statement as to whether
the process follows a random, free-radical-initiated
breakdown. For a purely random breakdown,
Simha and Wall predicted, on theoretical grounds,
the appearance of maxima in the rate-versus-
volatilization curves at approximately 26% of
vaporization.! This has subsequently been found to
be the case for many polymers, though not all.
The thermal degradation of “H”-film in vacuum
is apparently complicated by non-random processes
that seem to have been characteristic also of poly-
trivinylbenzene and other polymers. In any case,
the high activation energy of 74 kcal/mole for the
thermal degradation in vacuum definitely suggests
carbon-carbon scission. This high thermal stability,
lack of a melting point, and unique mechanical and
electrical properties offer an important challenge
for further investigation.
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