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1. Abstract  

On the basis of a combined integral-differential data processing approach, the styrene/acrylonitrile 

microemulsion copolymerization system is studied with a three-state (conversion, active particles and 

micelles) and four-parameter model (entrance and exit of radicals to and from particles, monomer transport 

from micelles to growing particles and initial micelle number) in conjunction with experimental conversion 

measurements. The resulting model accurately describes the S-shaped experimental overall conversion 

evolutions and particle size, as well as the active particles’ bell-shaped form behavior. This last finding is 

contrary to previous assumptions in which active particle  behavior was believed to grow linearly with time. 

As expected, the entry and exit rate coefficients increase with initiator concentration. The monomer transport 

from micelles decreased with initiator concentration and the initial micelles concentration value only impacts 

the entry rate.  For the systems studied no vitreous effect was detected, even at high conversions.  

2. Introduction  

Microemulsion polymerization (ME) is a process in which materials with small particle 

sizes (10-50 nm) and high molecular weights (< 10
6
 Da) are obtained with high reaction 

rates. In the literature, few models for microemulsion copolymerization have been 

reported. Sanghvi et al. [1] reported a simple model that can only predict the kinetics at 

low conversions, Ovando-Medina et al. [2] proposed a model which is capable of 

predicting copolymerization kinetics; however, it is complicated. Several assumptions are 

involved and many parameters are required. A simple mechanistic three-parameter 

copolymerization model is presented here as an extension to our model for ME 

homopolymerization [3]. 

 

3. The Model  

Not assuming a priori that the particle generation rate is constant [1,4] and using the 

monomer partition expression reported before [1, 4], the conversion evolution can be 

expressed as: 

x
.
 = K (1-x)

 
N1(t), K =(kpCm)/( MoNav);    x(o) = xo    (1) 
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where x is the conversion, N1 the active particles (L
-1

), kp (L mol
-1

 s
-1

) is the propagation 

rate constant, Cm (mol L
-1

) is an experimentally measured parameter [1, 4], Mo (mol L
-1

) is 

the initial monomer charge and Nav is Avogadro´s number, the values for K can be found 

elsewhere [1]. Eq 1 can be rewritten as:  

N1a(t) = y
.
 /[ K (1-y)]                 (2) 

where y is the smoothed [3] conversion data trend and y
.
 its derivative. Therefore, the 

active particles evolution N1a(t), in principle, can be estimated from the conversion 

experimental data.
 
In case this solution exists, the N1a dependency is used as an additional 

measurement and the equation-set describing the process is completed as follows: 

1

.

NNkNN mmmmm   ; Nm(0) = Nm0    (3) 

11

.

kNNN mm   ;  N1(0) = 0  (4) 

where Nm (L
-1

) is the micelles concentration, and N1 (L
-1

) the active particle number 

evolutions described before [3]. The estimated parameters are the entry to micelles m (s
-1

), 

exit from particles k (s
-1

) and monomer transport from micelles to particles km (L mol
-1

 s
-1

) 

rate coefficients. 

 

3. Results  
 

The proposed model was applied to styrene-acrylonitrile ME polymerization data reported 

previously [1]. Figure 1 presents the inferred N1a (Eq 2) and model predictions of N1 

evolutions against time. It can be seen that the model describes qualitatively well the bell 

shaped form of the curves and this behavior is opposed to a linear form used before [1,4,5].  

 

 
 

Figure. 1. N1a evolution against time (Io is the initiator concentration), model (continuous lines) and inferred 

(Eq 2) from the conversion derivative (symbols).   
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Figure 2 depicts the monomer conversion evolution where the S-shaped experimental 

curves are adequately described. Some differences in the model predictions can be 

observed at low and intermediate conversions. The model can be improved, not assuming a 

constant value of the propagation rate.   

 
 

Fig.2. Overall conversion evolution against time of acrylonitrile-styrene, model (Eq 1) (continuous lines) and 

experimental data (symbols) [1]. 

 

The evolution of the average particle size with time is depicted in Fig. 3. The shape 

describes very well the experimental behavior (not shown) and also the obtained values are 

close to the reported ones [1]. 

 

 

 

 

 

 

 

 

 

 

 

Fig.3. Particle diameter (Dp) time evolutions.  

 

Table 1. Parameter values obtained assuming Nm0 = 1 x 10 
21

(L
-1

) 

Io (mM) → 

Parameters ↓ 
0.27 0.37 0.46 

k (s-1) / std. dev. 2.35 x 10-3 /5.05 x10-4 2.63 x 10-3 /4.59 x10-4 2.97 x 10-3 /5.20 x10-4 

m (s-1) / std. dev. 1.15 x 10-6 /3.14 x 10-8 2.06x 10-6 / 5.07x10-8 3.37x10-6 /9.12 x10-8 

km (Lmol-1s-1) /std.dev. 3.42 x10-20 /7.67 x10-21 2.29 x10-20 /3.99 x10-21 1.48 x10-20/2.38 x10-21 
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Table 1 presents the obtained values for the parameters appearing in Eq set 1, 3 and 4. As 

expected, k and m increase with initiator concentration and km decreases. Table 2 shows 

the impact of Nm0 varied within the reported experimental values. In this table (for Io = 

0.37 mM)  it appears that the only parameter that is affected, as expected analyzing the Eq 

set, is m. This behavior is similar for the other two initiator concentrations. 

 

Table 2. Effect of  Nm0 over the obtained parameters 

 

Io (mM) → 

Parameters ↓ 
0.37 0.37 0.37 

k (s-1)  2.63 x 10-3  2.63 x 10-3  2.63 x 10-3  

m (s-1)  2.06x 10-5  2.06x 10-6  2.06x 10-7  

km (L mol-1 s-1)  2.29 x10-20  2.29 x10-20  2.29 x10-20  

Nm0 (L –1)
 1.00 x1020 1.00 x1021 1.00 x1022 

 

4. Conclusions  

 

The problem of modeling and assessment in microemulsion copolymerization was studied 

by applying the integral and differential methods. The differential estimation consideration 

allowed the obtainment of the active particles’ evolution, whose dependence was not linear 

with time, as opposed to previous works [1,4,5]. This active particles’ functional 

dependence was used as an inferred measurement which permitted the estimation of three 

parameters (m, k, km), that could not have been obtained with the integral method alone. A 

mechanism that explained the feeding of monomer from micelles to growing particles was 

found (km≠0), not mentioned in previous works. It was assumed that entry to particles is 

negligible (agreeing with previous works [5].  
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