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Abstract−− The batch copolymerization of styrene 

(St) and methyl methacrylate (MMA) in the presence 
of polybutadiene (PB) is theoretically and experi-
mentally investigated. A mathematical model that 
enables to calculate the main global variables and 
the macromolecular structure of the evolving poly-
mer mixture is presented. The model is an extension 
of that developed by Estenoz et al. (1999) for the ho-
mopolymerization of St in the presence of PB. It was 
validated with experiments that considered diluted 
solution and bulk copolymerizations carried out at a 
constant low temperature (65 °C), with THF as sol-
vent, benzoyl peroxide as initiator, and a St-MMA 
ratio close to the azeotropic composition. For com-
parison, the solution copolymerization without PB 
was also considered. All experimental runs were 
adequately simulated using a single set of kinetic 
parameters. 
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I. INTRODUCTION 
Several heterogeneous polymers used as high-impact 
resistant materials contain rubber particles dispersed in 
a vitreous matrix. Examples of such composite materials 
are ABS: polymer of acrylonitrile, butadiene (B), and 
styrene (St); HIPS: high impact polystyrene (PS); and 
MBS: polymer of methyl methacrylate (MMA), B, and 
St. In particular, MBS is normally employed as an im-
pact modifier polymer (e.g., in PVC formulations). 

From the macromolecular point of view, MBS is a 
mixture of a linear free copolymer (FC) of St-MMA, a 
linear unreacted polybutadiene (PB), and a graft ter-
polymer (GT) constituted by St-MMA branches linked 
onto PB chains. MBS can be produced by solution, bulk 
or emulsion copolymerization of St and MMA in the 
presence of PB. 

The bulk and solution copolymerizations of St-
MMA have been extensively studied. In particular, Kuo 
and Chen (1981) considered the copolymerization of St 
and MMA at its azeotropic composition. For such proc-
esses, well-known mathematical models have been de-
veloped (see Gao and Penlidis, 1998). As far as the au-
thors are aware, the mathematical modeling of the free-
radical copolymerization of St and MMA in the pres-
ence of PB, for the production of MBS, has not yet been 

considered. 
In this work, a mathematical model is developed for 

the solution or bulk copolymerization of St and MMA 
in the presence of PB. The model is an extension of that 
developed by Estenoz et al. (1999), and it was adjusted 
on the basis of three isothermal reactions. The model 
estimates the main global variables (conversion, co-
polymer composition, and grafting efficiencies), and the 
macromolecular structure of both the FC, and the unre-
acted PB. 

II. MATHEMATICAL MODEL 
Consider the global kinetic mechanism of Table 1. It 
considers chemical and thermal initiation, propagation, 
transfers to the comonomers and to the rubber, and ter-
minations by combination and by disproportionation. 
According to this mechanism, grafting chains are pro-
duced by attack of a primary initiator radical onto PB, 
or by transfer reactions to the rubber. The following 
nomenclature is adopted: S and M represent the St and 
MMA monomers, respectively; Sn  and Mn  are radi-
cals with n repetitive units terminated in St and MMA, 
respectively; Cn is a FC molecule containing n repeti-
tive units; T is a terpolymer (or a PB) molecule with at 
least one unreacted B unit; 0T  is a rubber primary radi-
cal generated on the initial PB or on the GT; TSn  and 
TM n  are terpolymer non-primary radicals with n re-
petitive units in their active chains terminated in St and 
MMA, respectively.  

The following assumptions are adopted: a) the radi-
cal reactivity only depends on the terminal unit, and the 
reactivity of a primary monomeric radical coincides 
with that of a generic radical; b) the rates of propaga-
tion, chain transfer, and termination are independent of 
chain length; c) the termination reactions are diffusion 
controlled (gel effect); d) all the unreacted B units ex-
hibit the same reactivity; e) the propagation with the 
internal double bonds, the intramolecular termination, 
the intramolecular transfer (or backbiting), the oxida-
tion, and the degradation reactions are all neglected; and 
f) pseudo-rate constants are used for calculating the 
macromolecular structure, that consider the FC and the 
copolymer branches as pseudo-homopolymers. 


