
Journal of  Thermal Analysis, Vol. 18 (1980) 227-- 233 

COMPUTER STUDY OF KINETIC PARAMETER 
VARIATION IN DEPOLYMERIZATION BY 

DIGITAL THERMOGRAVIMETRIC INTERPRETATION 

V. LITEANU*, A. Cs. BfR6** and I. A. SCHNEIDER*** 

* Chair of Physical Chemistry, Faculty of  Chemical Technology, "Babes.-Bolyai" University, 
Cluj-Napoca 

** Chair of Mathematics and Technology, Faculty of  Economic Sciences, "Babe$-Bolyai'" 
University, Cluj-Napoca 

*** Chair of Physical Chemistry, Faculty of Chemical Technology, "Gh. Asachi" Polytechnical 
Institute, lassy, Romania 

(Received June 2, 1978; in revised form June 18, 1979) 

A method for determining the variation of the kinetic parameters A, E and n is pro- 
posed, and is exemplified by a study of PVC degradation, with the chlorine partially 
substituted by benzene. Because of the complexity of the method, a digital computer 
has been used. 

As far back as in 1966, in a paper on the thermal degradation of polyformalde- 
hyde [1], it was shown that the activation energy of a depolymerization process 
under non-isothermal conditions does not have a constant value, but depends on 
both the heating rate and the conversion degree. Subsequent researches [2] have 
demonstrated that the kinetic parameters (and especially the activation energy) 
of chain depolymerization and degradation or of other complex chemical processes, 
under non-isothermal conditions, always depend to some extent upon the conver- 
sion degree and the heating rate, these two factors being interdependent. The ex- 
planation of these dependences is found either in a change of the reaction mecha- 
nism of the rate-determining step during the process, or in the non-stationarity of 
the complex degradation process under non-isothermal conditions. Various com- 
puting methods have been suggested for evaluation of the activation energy depen- 
dence upon the conversion degree [3-5]. However, these methods more or less 
neglect possible variations in the other kinetic parameters, i.e. the pre-exponential 
factor and the reaction order. This stimulated the present study on changes in the 
kinetic parameters of complex chemical processes under non-isothermal conditions, 
by a simulating computation of the experimental DTG and TG curves. 

First of all we tried to adjust an Arrhenius-type model by the least squares meth- 
od to describe the overall development of a polymer degradation process, assum- 
ing initially that the kinetic parameters are constant. Starting from the simplest 
rate equation for solid - gas processes: 

d~ 
- A �9 e x p ( - E / R r ) "  ( 1 - ~ y  (1 )  

dt 

we accepted a constant heating rate. 
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In the above relation 
get 

0 ~ = l - - -  
Woo 

is the conversion degree, Wt is the sample weight at a given moment, corrected for 
the residue weight, and W~ is the weight loss at the end of the process. 
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Fig. 1. Thermogravimetric curve of a PVC sample with the chlorine partially substituted by 
benzene 

Experimental 

The computations were done using thermogravimetric curves (recorded in air 
at a heating rate of 12.4 degree/rain) relating to a PVC sample with the chlorine 
partially substituted by benzene by a Friedel-Crafts reaction. The chlorine content 
was 41.6 %, as compared to on a MOM derivatograph (Hungary) is shown in Fig. 1. 
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Results 

The values of the corresponding 20 experimental data, read off the recorded T 
(in K), TG and DTG curves used in the computational model, are shown in Table 
1. The weights and the degradation rates were expressed simply in arbitrary units, 
due to the fact that the proposed model used the dimensionless conversion degree. 

Table 1 

Discrete experimental data obtained from the curves shown in Fig. I 

Exp. T~ K Wt, mm - -dWddt ,  mm 
no. (TG) (DTG) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
12 
14 
15 
16 
17 
18 
19 
20 

519.7 
526.3 
533.1 
539.7 
546.4 
553.1 
559.7 
566.3 
573.1 
579.5 
586.1 

85.0 
84.0 
81.5 
78.0 
73.0 
67.5 
60.0 
53.0 
45.0 
37.5 
30.0 

12.0 
17.0 
26.0 
37.0 
59.0 
76.0 
93.0 

105.0 
109.0 
105.0 
99.0 

593.1 
599.7 
606.3 
613.1 
619.5 
626.1 
633.1 
638.8 
644.5 

23.0 89.0 
17.0 80.0 
11.0 66.0 
7.0 51.0 
4.3 41.5 
2.5 31.5 
0.1 21.0 
0.1 11.0 
0.1 7.3 

The program used, based on the least squares method, gave the following values 
tbr the kinetic parameters: A = 5.85 " 107, E = 20.00 kcal/mole, n = 0.65. 

However, as may be seen from Fig. 2, the experimental and the calculated (using 
the obtained kinetic parameters) DTG curves do not coincide satisfactorily, one of 
the probable explanations being the variation of the kinetic parameters during the 
degradation process. Further no better results could be obtained by adjusting the 
Arrhenius model with exponential or logarithmic corrections. 

With regard to these incongruities, a second Arrhenius-type model with tem- 
perature-dependent kinetic parameters was used 

d ~  
d~- = A ( T )  " exp [ - E ( T ) / R T ]  �9 (1 -- ~).~r). (2) 
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Fig. 2. Comparison between the experimental and the computed DTG curve based on model 
1). 1 Experimental DTG curve; 2 DTG curve computed with constant kinetic parameters 

This time the T G  and D T G  curves were also simulated by the least squares 
method, but on successive sections of  5 points, using the same experimental data 
as in the first case, the average value of the temperature in the respective interval 
being included in the obtained values of  A, E and n. The correlation was the better, 
the smaller the temperature interval. 
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Fig. 3. Comparison between the experimental and the computed D T G  curve based on model 
(2). 1 Experimental D T G  curve; 2 D T G  curve computed using points 1 - -5 ;  3 D T G  curve 
computed using points 2 - - 6 ;  . . . . . . . . . .  G D T G  curve computed using points 

15-- 19; H D T G  curve computed using points 16- -20  
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The results of this computation are presented in Figs 3 and 4. This same time 
the agreement is much better between the experimental DTG and TG curves and 
those simulated on the computer. The calculations on the graph were carried out 
on a Romanian digital computer Felix-C-256. 

From Fig. 5 it follows that the kinetic parameters are significantly modified 
during the process, supporting the well-known compensation effect for simple 
chemical processes [6, 7] concerning the variation in the same sense of the E and A 
values. 
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F i g .  4. Comparison between the experimental and the computed T G  curve based on model  (2) 
1 E x p e r i m e n t a l  T G  c u r v e ;  2 T G  curve computed using points 1 - - 5 ;  3 T G  curve computed 
using points 2 - - 6 ;  . . . . . . . . . .  ; G T G  curve computed using points 1 5 - - 1 9 ;  

H T G  curve computed using points 1 6 - - 2 0  

In a previous paper, we reported the same dependence on the heating rate of the 
E and n values for paraformaldehyde depolymerization. This phenomenon was at 
that time explained by the expressions [8]: 

E n . I . - ~ R  2 { dOc ) 
= " " Z ~ a x  ' - - ~  max ( 3 )  

valid for n > 0, n # 1 and 

E n R 2 d[_s7 [ = " " Z ~ a x "  ( 3 ' )  
rut/  max 

valid for n = 1. 
The observed variation of the kinetic parameters in the same direction seems to 

be an indirect function of the conversion degree. 
A more careful analysis of these compensation effects would probably allow a 

deeper insight into the laws of complex degradation processes under non-isothermal 
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Fig.J5. Variation of  kinetic parameters during the process 1 log Ai=f(TMi); 2 Ei=g(TMi); 

3 ni = h(TMt); (TMi = average temperature in interval i; i = 1.16) 

conditions. For the polymer studied in this paper, the increase of the activation 
energy at the beginning suggests a decisive modification with temperature rise, 
either of the initiation process or of the rate-determining step (which may also be 
a physical process) within some possible competitive processes. 

As already shown [2], the subsequent decrease of the activation energy is charac- 
teristic of certain chain processes under non-isothermal conditions. 

Finally, the proposed method for a detailed analysis of the thermogravimetric 
curves (especially the DTG curves) of complex chemical processes, enables us to 
confirm the assumed dependence of the kinetic parameters on the conversion degree 
and provides a better understanding of such processes. 
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ZUSAMMENFASSUNG - -  Eine Methode zur Bestinamung der Variat ion in den kinetischen 
Paranaetern A, E und n wird vorgeschlagen und am Beispiel des Abbaus  yon PVC mit teil- 
weise dureh Benzol substi tuiertem Chlor  veranschaulicht.  Wegen der Komplexitiit der Methode 
wurde ein Digitalkonaputer eingesetzt. 

Pe310Me - -  Ilpegalox<eH MeTO)I onpe)~eJien~m rt3Menertm~ B KrmeTrI,tecr, ia_x ilapaMeTpax A, E r t  n. 
Merog  noKa3arI Ha nprtMepe it3ytleI-/~ifl )lerpa~alIrlrt noarmmamlxnoprt~a, B KOTOpOM XJIOp ~Ia- 
CTI~ttttO 3aMellIerI 6eH3OJIbHLIMH xom, uaMrt. SslJIa I~CrlOJIl~3oaana IIKdppona~ BI, IqKeJIHTenbI~a~I 
Mamrma, BcIIe~CTBBJ~ CIIO~HOeTII MeTo~a. 
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