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Abstract  The main aim of this study is to under-
stand the influence of itaconic acid (IA) on the col-
loidal properties of the latexes made by semi-batch 
emulsion copolymerization of styrene (St) with n-
butyl acrylate (BA). A series of copolymerization 
were carried out with different IA concentrations to 
produce latexes for decorative paints. The effect of 
functional monomer on the conversion, colloidal 
properties of the latexes and the distribution of the 
carboxylic groups (buried, particle surface and se-
rum) were investigated. The behavior of IA on wet 
scrub resistance of highly pigmented paints for ar-
chitectural coatings was examined. The results ob-
tained showed that the number of particles and 
polymerization rate both decreased with increase of 
the amount of IA. The properties of decorative 
paints are greatly dependent on the amount and car-
boxylic acid distribution. The carboxylic acid dis-
tributed in the aqueous phase has a strong influence 
on the characteristics of the final products.  

Keywords  Emulsion copolymerization, Carbox-
ylic acid, Itaconic acid, Scrub resistance, Paints.  

I. INTRODUCTION 
Industrial emulsion polymerization formulations 
frequently involve monomers that are relatively water 
insoluble, such as styrene (St), n-butyl acrylate (BA), 2-
ethylhexyl acrylate (2-EHA), and a small amount of 
carboxylic monomers such as acrylic (AA), methacrylic 
(MAA), itaconic (IA) and fumaric (FA) acids (Oliveira 
et al., 2006; Wildeson et al., 2008). These carboxylic 
monomers are typically incorporated in formulations of 
emulsion polymerization to improve the colloidal 
stability of the latexes during and after the production 
when compared with latexes stabilized only by 
physically adsorbed soaps. The enhanced colloidal 
stability and freeze-thaw stability result from the 
presence of carboxylic groups on the outer surface of 
the latex particles, providing both steric and electrostatic 
stabilizations (Vorwerg and Gilbert, 2000; Fritz et al., 
2002). These properties justify the use of small amounts 
of the carboxylic acids in industrial formulations used 
essentially as bonding agents in paper coatings, carpet 
backing, adhesives, architectural paints and for 
adjusting the latex viscosity by varying the degree of 
neutralization (Oliveira et al., 2006; Wildeson et al., 
2008; Kumthekar and Kolekar 2011). A significant 
generic problem for carboxylated latexes is the 
polymerization of the carboxylic monomers in the 
aqueous phase. Some of the factors that influence the fi-

nal distribution of carboxylic groups in latex products, 
such as partitioning of carboxylic monomers between 
the organic phase and the continuous phase (water), the 
reactivity ratios of the monomers, the pH of the 
polymerization, the degree of dissociation of the func-
tional monomer and the amount of the functional mon-
omer (Santos et al., 1997; Slawinski et al., 2000; 
Oliveira et al., 2006; Kumthekar and Kolekar 2011).  

A few fundamental studies have been conducted on 
the behavior of IA in emulsion polymerization 
(Vijayendran, 1979; Lock et al., 1991; Václavová et al., 
1993; Oliveira et al., 2006; Kumthekar and Kolekar 
2011). Oliveira et al., 2006 demonstrated that the kinet-
ics of the emulsion polymerization of methyl methacry-
late with n-butyl acrylate in the presence of IA was 
slower than the copolymerization without IA and a 
small fraction of this acid was found buried inside the 
particles. The behaviors of IA in the emulsion polymer-
ization have been investigated including both the appli-
cation performance and particle growth (Wildeson et 
al., 2008; Václavová et al., 1993; Lock et al., 1991).  
 One of the most important ingredients in decorative 
paints is the latex, which is responsible for forming the 
paint films, scrub resistance of the dry paint film and 
many of it is final properties. For this reason, styrene-
acrylic latexes are widely used for interior and exterior 
paints due to good durability, but the scrub resistance 
results of the paint film depends on the method, type, 
distribution and amount of IA employed to prepare the 
latexes (Wildeson et al., 2008; Khorassani et al., 2009; 
Kumthekar and Kolekar 2011). These carboxylic groups 
anchored to the latex particle can interact directly with 
the pigment particle and an additional steric barrier can 
be created that can further prevent pigment agglomera-
tion. The ionic strength of the extent of carboxylation on 
the latex particle surface changes the way the latex par-
ticles consolidate with themselves and with the particles 
in the paint formulation. Wildeson et al. (2008) investi-
gated the influence of IA and degree of neutralization 
on wet scrub resistance. They showed that the degree of 
neutralization before the emulsion copolymerization 
greatly influences the ability of the latexes to prevent ti-
tanium dioxide particle aggregation. Kumthekar and 
Kolekar (2011) verified that the latex having higher 
amount of free acid (IA) in the aqueous phase had better 
pigment dispersing ability than the latex which had less 
free acid in the aqueous phase.  

The main objective of this study was to determine 
the optimal conditions regarding IA concentration and 
wet scrub resistance to produce decorative paints. In the 


