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Introduction

The papers included in this Symposium Issue are part of a con-
tinuing “experiment” that was initiated several years ago by the
Polymer Group, Southern California Section of the American
Chemical Society. In an effort to bring together the rapidly growing
West Coast community of polymer chemists and plastics engineers,
a series of symposia on specific polymer subjects was initiated. The
first symposium, Adhesives and Adhesion, was held in November
1964; the second, recorded here, High-Temperature Polymers:
Synthesis and Degradation, was presented in November 1965; and
the third symposium, Block Copolymers, is scheduled for June 5,
1967, at the California Institute of Technology. These one-day
symposia have been designed for maximum interplay between the
participants. Several general introductory lectures were presented
in the morning sessions, and a series of concise papers were given
in the afternoons. An extensive discussion period was allowed for
each paper and, in the case of the High-Temperature Polymers
Symposium, an evening panel discussion was held. Although the
quality of such meetings cannot be judged from attendance records,
the presence of 250 persons at the first symposium and 400 at the
second probably has some significance.

The reader of the literature in the polymer field will recognize
that the papers in this issue contain information which has been
outdated since the papers were given in 1965. Therefore, the au-
thors and editors would like to consider this volume more as a prog-
ress report than as the final word on the subject of synthesis and
degradation of high-temperature polymers. Several earlier “prog-
ress reports” may already be familiar to the reader (I-6). A later
report (7), which has been amplified to include a “classification”
of thermally stable polymers (8), has been given by Prof. Herman
Mark. The present papers have been grouped in three categories,
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4 C. L. SEGAL

although some overlap of subject matter does occur: organic poly-
mers, inorganic polymers, and polymer degradation.

Professor Marvel’s introductory paper describes his investiga-
tions of polyaromatic heterocyclic polymers. The poly(bis-benzi-
midazobenzophenanthrolines), poly(quinoxalines), and poly(imid-
azopyrrolones) exhibit unusual thermal stability, and several papers
published since the symposium amplify this observation (9,10). The
work of Delman, Stein, and Simms demonstrates a much-needed
approach to the understanding of the stability of macromolecules;
i.e., the synthesis and characterization of model compounds and
low-molecular-weight oligomers. The favorable stability of poly(3-
aminobenzaldehyde) would warrant further investigation. Bilow
and Miller have demonstrated that the thermal stability inherent
in polyphenylene can be obtained in a tractable polymer although
not without some sacrifice to yield, and a decreasing thermal sta-
bility with decreasing molecular weight. The approach to a tract-
able polyphenylene has been further expanded by the recent report
of Millward (11). Dobinson and Preston, in their abbreviated text
recorded here, show quite conclusively the changes in thermal
stability of copolyamides in going from aliphatic to single- and
multiple-ring aromatics and finally to fused-ring aromatics.

Inorganic polymers have been the subject of several monographs
in the past few years. These are included in the bibliography that
accompanies the introductory lecture by J. R. Van Wazer. The study
of inorganic polymers, as ably analyzed by Van Wazer, has changed
from that of hypothesis and speculations to a field in which precise
physical methods are used for measuring molecular structure and
physical properties. An excellent example of such an approach is
the paper by Eisenberg, wherein viscoelastic behavior of certain
polyelectrolytes has been quantized. The polymers described by
Green and Mayes appear to be more organic than inorganic; at least
their synthesis follows an organic approach. The thermograms in
this work should be examined carefully and compared with the
earlier ones of Marvel.

The introductory paper on thermal decomposition of polymers
by Friedman and the accompanying papers by Conley and Shulman
are representative of the current studies in this field. As a result of
this symposium, and the discussions of these latter papers, a con-
tinuing dialog has developed on the subject of standardization of
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polymer samples and/or thermal analysis techniques. Two recent
manuscripts might be mentioned in this regard (12,13).

As chairman of the symposium, I would also like to express my

particular thanks to three additional invited participants on the
panel who helped to enliven the discussions of these papers: Dr.

A.
St

~

S

© N> o

10.
111

12,

13,

32

J. Barry (Dow Corning), Dr. L. A. Wall (National Bureau of
andards), and Dr. E. E. Magat (Dupont).
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Thermally Stable Polymers
with Aromatic Recurring Units

C. S. MARVEL

DEPARTMENT OF CHEMISTRY,
UNIVERSITY OF ARIZONA, TUCSON, ARIZONA

For the past ten years my research group has been interested in
preparing polymeric materials that would retain useful properties
as films, fibers, rubbers, or plastics at temperatures of 500°C or
more. The program has been sponsored by the Materials Laboratory
of the Wright Air Development Division, Wright-Patterson Air
Force Base. Our early search for heat-stable polymers was in the
field of metal chelates, because some of the monomeric materials
of this type seemed to show unusual stability at elevated tempera-
tures. We were never able, however, to obtain truly high-molecular-
weight polymers that had as good tensile property, modulus, and
elongation as were needed for useful structural materials. More-
over, the stability of the low polymers that we did obtain was never
quite as good as we had hoped for.

We then turned to a study of aromatic systems. It is well known
that such aromatic compounds as benzene, naphthalene, anthra-
cene, pyridine, and quinoline are produced in the destructive
distillation of such products as coal, bones, and other animal and
vegetable materials. If formed at high temperatures, they can be
expected to have some stability under these conditions. The best
of our industrial polymeric materials are those which are long-chain
molecules held together by covalent links, such as carbon-carbon
bonds, carbon-oxygen bonds, and carbon-nitrogen bonds. It there-
fore seemed logical to try to synthesize polymers with recurring
aromatic units joined together with covalent bonds.

Work on the synthesis of polyaromatic heterocyclic polymers

7



8 C. S. MARVEL

in polycondensation reactions is underway in a number of labora-
tories. This field has been a very active one since 1961. In my
laboratories we have been concerned with polythiazoles, polyoxa-
diazoles, polytriazoles, polybenzimidazoles, polyboroimidazolines,
polytetraazopyrenes and, more recently, ladder-type polymers
from aromatic tetraamines and aromatic dianhydrides.

NH NH
I Il
nC c +  BrCH, CO—O_COCHQB'——9

NH
T_O - BrCH,CO —-<j>—cocu-c2 gl .y
s

7 N
NlJ (o) .

S S

n

Our polythiazoles were made by means of Erlenmeyer’s synthe-
sis (I) from bisthioamides and bisbromoacetylbenzene (2) in
dimethylacetamide solution. We later learned that this work had
been done earlier (3) in Japan with results very similar to those
we obtained. In both instances polymers with molecular weights
in the 5300 to 5400 range were obtained. The polymers were yellow
to yellow-orange in color and soluble only in sulfuric acid or tri-
fluoroacetic acid. When an aliphatic bisthioamide was used to
give a mixed aliphatic-aromatic polymer chain, a slightly higher-
molecular-weight polymer was obtained. It was soluble in formic
acid and could be cast into a weak film. Thermogravimetric analy-
ses (Fig. 1) showed that the polymer with aliphatic units degraded
rapidly at 350 to 400°C in nitrogen but that the wholly aromatic
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FIG. 1. Thermogravimetric curves of polythiazoles.

polymers held up well to 500 to 600°C and lost only 40% of their
weight up to 900°C. This seems to be the case in most of the series
we have studied. Aliphatic chains rarely withstand more than
400°C, whereas the aromatics are usually good up to 550°C or better.

As reported in a recent paper, Sheehan, Cole and Picklesimer
(4) studied this polymerization reaction further and developed it
to the state where by means of aliphatic bisthioamides they ob-
tained high polymers with inherent viscosities as high as 5.83.
From some of them fibers were drawn and films were cast. Some
of the fibers had strengths of 2 to 3 g/den and the films had tensile
strengths of up to 6800 psi.

Hergenrother et al. (5) prepared a series of polybenzthiazoles by
condensing diphenyl esters of aromatic acids with bisorthoamino-
thiophenols and obtained polymers with remarkable thermal
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N NH
.2 24+ n C_H_OCOArCOOCH . —>
65 65
HS SH
N\
A"C\s e

stability both in air and nitrogen (weight loss of 6% up to 600°C in
static air). The polymers are soluble only in sulfuric acid and have
not yet been converted to useful films or fibers.

H2NNH2 m-@@co-cu—)
raglig= Q_

n

Using 3,3'-dihydroxybenzidine and isophthalyl chloride, Kubota
and Nakanishi (6) have made polybenzoxazoles that are soluble in
sulfuric acid and have inherent viscosities in the range of 1 to 1.2.

/N— c Ar——C=—N
n H—N NH + 7 CICO—Ar—CO—Cl—>
\N_——_ N N—=N
s . =
P
——Ar [of e




