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In the last two decades the derivatograph, a thermoanalytical
instrument of the MOM Company (Hungary), became widely used as a
convenient and informative apparatus for the determination of many
thermophysical and thermochemical properties ofpolymers. At pre-
sent it is impossible to study thermally stable polymers without
employing the methods of thermal analysis and hence derivatograph
has been widely applied to this field of investigation.

This paper presents generalized data on the application of a
derivatograph to the study of the most thermally stable class of
polymers. These data were obtained for the last 15 years in the
thermochemical laboratory of the Institute of Macromolecular Com-
pounds of the Academy of Sciences of the USSR, At the moment when
this work started, many unsolved problems existed in the chemistry
of polyimides. The solution of these problems was important both
for the development of new thermally stable polymers and for the
understanding of the mechanism of synthesis of polyimides and that
of their high-temperature degradation. The application of derivato-~
graph to the solution of these problems has made it possible to
elucidate many relationships determining the course of chemical
reactions of the formation of polyamic acids, the prepolymers of
polyimides, and the process of their transformation into polyimi-
des as well as various degradation reactions occurring in polyimi-
des at hiph temperatures.

The effect of the solvent on the course of all these reactions
was established, and optimum conditions of the preparation of poly-
imide films depending on many technological factors were determi-
ned. The most favourable conditions for the cyclodehydration of
polyamic acids were established., These conditions ensure the pre-
paration of polyamic films with high thermocnemical and mechanical
characteristics.
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Comparison of a number of thermal stability characteristics
obtained by amalyzing polyimides with a derivatograph during high~
temperature degradstion has made it possible to establish the de-
pendence of thermal stability of these polyimides on their chemi-
cal structure, The.experiments carried out with a great number of
polyimides synthesized from 30 anhydrides of aromatic tetracarbo—
Xylic acids and 70 aromatic diamines showed that the most thermal-
1y stable samples are obtained by using condensed and highly aro-
matised systems: compounds conbaining nitrogen, sulphur and phas—
phorus atoms in the main chain. The effect of "defective™ frag-
ments of the polyimide chain on the thermochemical characteristics
and the kinetics of degradation and structurization of polyimides
wag demonstrated. The influence of the quantitative and qualitati-~
ve composition of the initial materials in the synthesis of copo=
lyimides of the typss of polyamidoimides, polyesterimides,polyoxa~
zoles, etc. on the thermal sbtability of these compounds was tested.

In a series of experiments on the study of thermal stability
of low molecular weight substances imitating andividual fragments
of the polyimide chain the conditions of thermal degradation of
these compounds ensuring the application of the modelling method
in the study of thermal stability of polyheterocyclic cpmpounds
were determined for the first time. In combination with other meb—
hods of thermal analysis, the analysis of model compounds with
the aid of a derivatograph made it possible to evaluate the con~
tribution of the structure of the initlal chemical compound to the
thermal gtability of the polymer. These resulbs also make it pos~
sible to establish the reverse relationships bebtween the stages of
degradation (analysis) and preparation (synthesis) of thermally
stable polymers with predetermined properties, whereas the use of
various procedures of snalysis with the aid of a derivatograph
provides possibilities of the modelling of directed thermochemi~
cal synthesis of the products beiag modelled. These concepts are
supported by the dabte on the analysis of polyimldes subjected o
thermal treakment during a prolonged period of time under isother-
mal conditions in the atmosphere of a static inert gas and under
the conditions of self-generated atmosphere. A valuables property
of the derivatograph permitting the exbension of the ranges of
problems to be solved with its aid in the field of polymer chemis—-
try 1ls the possibility of effecting various modifications of its
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individual assemblies for the specific needs of organic and poly-
mer chemistry. The variety of shapes of sample holders, the wider
ranges' of programmed heating, the development of better methods of
recording, the introduction of additional communication lines for
ensuring a controlled gas atmosphere, the possibility of collec-
ting gas samples in the course of experiments, the automatization
of data control and processing and other modifications of the in-
dustrially manufactured apparatus — all these factors enable.us to
analyze mere thoroughly meny thermochemical transformations pro-
ceeding in the polymer over a wide temperature range. -

This may be illustrated teking as an example our investigati-
ons of thermal stabilization of polyimides with the aid of triphe-
nyyghosphate. By combining various methodological approaches in
the analysis it was possible to establish the qualitative and part-
1y quantitative effect of this compound on the mechanism of forma-
tion of polyimide from polyamic acid and on the properties of the
polymers formed. These measurements permitted some suggestions to
be made on the mechanism for the initiation of thermo-hydrolytic
reactions, the cyclodegradation of polyimide, the increase in the
cyclization rate, the decrease in the oxidative activity of oxygen
at high temperatures and other reactions emnsuring the preparation
of polyimides with high thermal stability characteristics.

A number of investigations of the thermal degradation of poly-
imides with a derivatograph provided information on the effect of
the aggregate state, the shape and pre-history of the preparation
of articles, supermolecular structure and other physical factors
on the behaviour of polyimides at high temperatures. The first ex-
periments on the high-temperature pyrolysis of polyimides under
the conditions close to those under which other polymers are car-
bonized,stimulated the study of processes occurring with the rear-
rangement of the polyimide structure and provided a possibility of
studying the mechanism of profound transformations of condensed
heteroaromatic structures on the level of thermochemical reactions
in a solid body occurring according to the "microreactor" prin-
ciple.



