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An acceleration in copolymerization reactions which is not associated with the formation of 'networks of entanglements' but 
is caused by changes in the composition of the monomer feed is described for the first time. 

The term gel-effect is used to describe the substantial acceler- 
ation of free-radical polymerization at high conversions. It 
operates during the polymerization of some vinyl monomers in 
bulk or in concentrated solutions. The well established descrip- 
tion of the nature of the gel-effect involves the formation of a 
'network of entanglements' of macromolecules, preventing 
bimolecular termination of macroradicals.l-3 It is obvious that 
this phenomenon would disappear owing to dilution in the 
presence of a sufficient quantity of an inert ~ o l v e n t . ~  However, 
autoacceleration of the process may be observed at intermedi- 
ate or high conversions in the free-radical copolymerization of 
vinyl monomers under dilute conditions. We now present 
arguments in support of this phenomenon and provide experi- 
mental evidence. 

It is possible that during the copolymerization, along with 
the overall decrease in rate, caused by consumption of the 
monomer, a rate increase resulting from a change in monomer 
feed composition may occur. In fact an initial copolymerization 
rate depending on the composition of the reaction mixture has 
been established experimentally for a number of 
Thus the increase as the conversion proceeds of the proportion 
of the monomer whose content promotes the copolymerization 
rate increase may cause the acceleration process. Conditions 
for such a change in the composition of the monomer feed may 
be predicted by the well established copolymerization theory; 
they depend on the initial monomer feed composition and on 
the kinetic parameters of the process. 

If the system follows traditional kinetics the overall rate of 
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copolymerization will depend in a first-order manner on the 
monomer concentration. The coefficient of proportionality 
depends on the monomer feed composition; if this does not 
change with conversion the inherent rate Wp/[M]  { Wp = rate of 
monomer consumption (polymerisation rate); [MI = monomer 
concentration} will remain constant during the entire process. 
If the inherent rate increase caused by a change in monomer 
feed composition is large enough the overall rate of the process 
will increase. The acceleration of the copolymerization arising 
for these reasons may be called the 'pseudo-gel effect'. 

It should be mentioned that for some systems there may exist 
a so-called 'azeotrope'; the monomer feed composition coin- 
cides with the polymer composition. Under 'azeotropic' con- 
ditions the composition of the reaction mixture remains con- 
stant during the entire process.' It is clear that under such 
conditions a 'pseudo-gel effect' would not arise. Experimental 
support for the non-occurrence of a 'pseudo-gel effect' under 
these conditions would support our suppositions. 

To study the 'pseudo-gel effect' experimentally we have 
chosen the copolymerization of styrene (St) with butyl acrylate 
(BA) in benzene solution. 

According to literature data, the St-BA system should 
provide suitable conditions for the appearance of the 'pseudo- 
gel effect',"' benzene having been shown to be an inert solvent 
for this ~ y s t e m . ~  

A technique developed by us has been used in this paper. 
This techniaue enables isothermal calorimetrv to be used for 
investigating the copolymerization over a wide range of conver- 
s i o n ~ . ~  Our experimental data prove that the dilution used 
(benzene, 80% molar proportion) is sufficient to avoid the 
traditional 'gel-effect'. In fact, the acceleration occurs neither 
in the homopolymerization of the monomers separately nor in 
the copolymerization under 'azeotropic conditions' (Figs. 1,2). 
In contrast, for the systems with molar ratios of BA to St of 9: 1 
and 19: 1, a large acceleration takes place. For the system with a 
molar ratio of BA to St of 19: 1 the inherent rate increases more 
than three-fold, and the overall rate is almost doubled (Figs. 1, 

Fig. 1 Kinetic curves for the copolymerization of butyl acetate (BA) 
and styrene (St) at 60 "C in the presence of azoisobutyronitrile (AIBN) 
(5 g dm-)). Molar proportion of BA in monomer feed composition: 
curve a, 1.0; b, 0.95; c, 0.90; d, 0.23 (azeotrope); e, 0.0. 

Fig. 2 Inherent rate of copolymerization of butyl acrylate and styrene 
vs. conversion (P); conditions and labelling of curves as for Fig. I .  
Dashed line: inherent rate of copolymerization from the data in ref. 8 
vs. conversion. 

2). In this case, the cause of the autoacceleration is the 
'pseudo-gel effect'. 

In the homopolymerization of BA in benzene the inherent 
rate of polymerization, W,/[M], decreases with conversion. We 
have shown by an additional experiment that this effect 
remains in the presence of the chain-transfer agent CBr,. A 
decrease in the inherent rate of copolymerization at high 
conversions also occurs in the copolymerizations in systems 
with a large BA content. 

This effect may be connected with a phenomenon which has 
already been described in the literat~re.'~." The formal kinetic 
order for the monomer determined from the dependence of the 
initial rate of BA homopolymerization in benzene on the BA 
concentration is considerably greater than unity and equals 1 .I. 

Taking the law of mass action into account, assuming a 
first-order dependence on monomer concentration during the 
reaction overall, and supposing that the dependence of the 
copolymerization rate on the monomer feed composition is the 
same for both high and low conversions one can calculate the 
rate change with conversion. Knowing the initial rate of 
copolymerization for a number of monomer feed compositions 
and calculating the monomer feed composition it is possible to 
estimate the copolymerization rate for the present conversion. 
The differential kinetic curve for an initial BA to St ratio of 9: 1 
calculated from the data in ref. 8 is presented in Fig. 2. The 
experimentally determined acceleration is considerably lower 
than the calculated one. 

Therefore, the 'pseudo-gel effect' is masked by a side 
phenomenon, decreasing its maximum value. Even in this case 
it is not negligible, however. 

During bulk copolymerization or copolymerization in con- 
centrated solutions the 'pseudo-gel effect' and the traditional 
'gel-effect' may occur simultaneously. This should be taken 
into account in studies of copolymerization at high con- 
versions. 
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