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Abstract

Thermal studies of poly-N-vinylcarbazole and its derivatives containing —Cl, -Br, -1 and
~CHj as functional groups were carried out by means of thermogravimetry. The kinetics of the
processes of thermal degradation of these polymers was examined. Kinetic parameters, i.e. ap-
parent activation energy, reaction order and pre-exponential factor, were evaluated by using an
integral method.
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Introduction

Poly-N-vinylcarbazole (PNVC) and its derivatives have found broad applica-
tion due to their properties, i.e. high thermal stability, electric insulation, pho-
tosensitivity and photo-conductivity comparable with that of inorganic
semiconductors (Sn, ZnO) [1]. Like polymers, in response to elevated tempera-
ture or radiation PNVC undergoes gradual degradation. A complete kinetic de-
scription of this phenomenon remains complicated, since many partial reactions
contribute to the overall mechanism. However, this forms an essential part of in-
vestigations of polymers, leading to a better understanding of their degradation
processes. : '

The kinetics of the thermal degradation process in polymers has recently
often been studied by means of thermogravimetry (TG) [2]. Several methods
have been developed; depending on the method of solution of the basic kinetic
equation, they are usually divided into differential and integral methods [3, 4].

In the present work, the kinetics of thermal degradation of PNVC and its de-
rivatives containing halogen (Cl, Br or I) or methyl (CH3) as functional groups
was investigated.
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Experimental
Materials

The monomers and polymers were prepared as described previously [5].

Method

Thermogravimetric measurements were carried out with a Mettler TA-2
thermal analyzer. The conditions were: heating rate, 6 deg-min™'; atmosphere,
argon; sample mass, SO mg; inert material, Al,Os.

Results and discussion
The polymers under investigation had the general formula
= X —A
I
— cI:HCH2 —

where A = Cl, Br, I or CHs.

Following the TG measurements, the kinetic parameters of the process of
thermal degradation were evaluated by a numerical procedure based on adjust-
ment of Eqs (1) and (2):

I = (1)

o da
I(l -a)*
a,

T
L= 4jexp(~;—g.)dT @
Bz

where the symbols have their usual meaning.
This method has already been described in detail elsewhere [6].

The values of the activation energy (E), the pre-exponential factor (4) and
the order of reaction (n) are shown in Table 1.

The results obtained reveal that the values of the kinetic parameters varied
markedly, depending on the present substituent. In sequence of increasing E
value, the investigated polymers are as follows:

chloro > bromo > iodo derivative
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Table 1 The estimated values of the kinetic parameters

No. Derivative of PNVC E / KJ-mol™ Als? n
1 PNVC 63.7 1.19-10° 0.75
2 chloro 81.5 6.09-10* 0.17
3 bromo 78.3 2.36:10° 2.19
4 iodo 57.4 5.97-10° 1.47
S methyl 132.9 6.21-10° 1.75

This is in accordance with the sequence of electronegativity for the halo-
gens:

Cl>Br>1

and suggests the characteristic influence of substituents with different electrone-
gativities on the values of kinetic parameters. This phenomenon requires a de-
tailed analysis, including identification of the degradation products. Such
studies are now in progress.
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Zusammenfassung — Mittels Thermogravimetrie (TG) wurden eine thermische Untersuchung
von Poly-N-Vinylcarbazolen und deren Derivaten mit den funktionellen Gruppen -Cl, -Br, -]
und ~CH3; durchgefiihrt. Die Kinetik der Vorginge der thermischen Zersetzung dieser Polymere
wurde untersucht. Kinetische Parameter wie scheinbare Aktivierungsenergie, Reaktionsordnung
und priiexponentieller Faktor wurden unter Einsatz der Integralmethode abgeleitet.
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