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Summary: The old problem of styrene free radical thermal polymerization kinetic scheme 

is revisited, due to the fact that understanding the thermal free radical polymerization is 

crucial to model any high temperature polymerization reaction. Utilising an observability-

based approach1-3 two parameters (Ri and Kp) are determined from conversion and number 

average molecular weight (Mn) data4. Here, differently as previously done, no model 

assumptions are drawn on those parameters. Under the hypothesis that the third parameter 

(Ktr) can take two constant forms (Ktr =constant or Ktr = Cm Kp where Cm =ktr/kp =constant) 

a third measurement (Mw) is taken to verify that Ktr = constant is the more consistent 

assumption. It was found that the initiation rate; Ri, presents three monomer exponent 

dependencies from 1.5, 0.7 and 1, and this is different as reported earlier4. 

Methodology. The scheme used here agrees with the one obtained by Tefera5. Only 

termination by disproportion is considered. Living; λi and dead; µi moments, as well as mo; 

the initial monomer concentration, are in moles, the nomenclature is referred elsewhere4. If 

pseudo steady state is assumed on the living radical population (λi) one obtains: 

dx  = (1-x) (Kp + Ktr )Ri
1/2         (1) 

dt 

dµo = RiV/2 + mo(1-x) Ktr Ri
1/2     (2) 

 dt 
dµ2 = RiV[m2(Kp+2Ktr)(3Kp+2Ktr) + 2RiV

2] + m(Kp+Ktr) Ri
½(m2 Ktr (2Kp+ Ktr) + 5 RiV

2) 
 dt     [m Ktr +  Ri 

½ V]2 

m = mo(1-x);  Kp = kp/kt
1/2 ;   Ktr = ktr/kt

1/2     (3) 

From equations 1-3 it can be seen that three parameters appear: Ri, Kp and Ktr. Here, a 

combination of a standard constant-parameter with an observability-based time-varying 

parameter1-3 was used. In an inner loop, with conversion; x and µo  measurements the time-

varying parameters Ri and Kp were determined. The remaining parameter; Ktr., was 

considered under two possibilities. First, Cm (= ktr/kp) and then Ktr were considered 

constant. These two cases were verified comparing the weight average molecular weight 

(Mw) model prediction and experimental data4 at 120°C (Fig. 2) .  
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Results and Conclusions. The conversion and Mn estimation (not shown) exactly coincide 

with the experimental data. The initiation rate shows a three interval exponent behavior 

(1.5, 0.7 and linear, from low to high conversion) when analyzed versus monomer 

concentration (see Fig. 1). This result does not agree with the previous work reported by 

Hui and Hamielec4, they reported an exponent of three for the whole interval. The time-

varying functional behavior of Ri and Kp were obtained without any modeling assumptions 

on any of those parameters. The lumped parameter kt/kp
2 [= (1/Kp)

2] shows a continuous 

decay with conversion (Fig. 3), as reported earlier4,5. The assumption that Ktr is constant 

appears to be more consistent than assuming that Cm is constant (see Fig. 2).  

         
       Fig. 1. Functional behavior of Ri with   Fig. 2.  Mw fitting for constant Cm and 
       monomer concentration M (mol/l)                 constant ktr/kt

1/2 (data from ref. 5 at 120°C) 
 

 
Fig. 3 Functional behavior of the lumped 

            parameter kt/kp
2 
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