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In recent years, there has been growing interest in the
reactive emulsion polymer, which has a vast of appli-
cation in the field of coating and adhesive. The reactive
groups in polymer chains can facilitate cross-linking
reactions, thus enhances the physical and chemical
integrity of coalesced latex films. These systems in-
clude functional latex particles containing, for example,
epoxy groups [1], N-methylolacrylamide groups, N-
(isobutoxymethy)-acrylamide [2], acetoacetate groups
[3] and ketone carbonyl groups [4]. Latex film forma-
tion is a complicated and multistage phenomenon. In
essence, utilization of physical coalescence and chem-
ical reactivity represent a combination of thermoplas-
tic and thermosetting processes, which involve water
evaporation, latex particle packing, particle deforma-
tion, and coalescence with interparticle diffusion of
polymer chains and cross-linking reactions [5]. Re-
cent studies [6–8] show that in the thermosetting latex
films polymer diffusion across the intercellular bound-
ary must precede cross-linking or the film remain weak.
If the kinetics of cross-linking reactions within individ-
ual latex particles exceeds particle interdiffusion across
particle-particle boundaries, latex films may exhibit
limited coalescence. Winnik et al. reported the relative
rates of polymer diffusion and cross-linking in a la-
tex film containing N-isobutoxymethylacrylamide as a
cross-linking agent [2]. Park studied the effects of func-
tional group density of reactive latexes on the reactive
rates of interdiffusion and cross-linking reaction dur-
ing film formation and annealing process [9]. Most of
the literatures about reactive latex particles focused on
the functional groups distributing on particle surfaces.
However, few reports about the effect of reactive groups
inside latex particles on polymer films cross-linking re-
action and mechanical property can be found.

In this paper, reactive particles containing epoxy
or carboxyl groups were synthesized to investigate
the influence of epoxy inside latex particles on
polymer diffusion and cross-linking reaction. La-
texes were prepared by copolymerization of methyl
methacrylate (MMA), n-butyl acrylate (nBA), glycidyl
methacrylate (GMA) and acrylic methacrylate (AA)
through seeded semicontinuous emulsion polymer-
ization under monomer-starved conditions. Three
types of latex particles were synthesized: epoxy
groups were present on latex particles surfaces (p-
(MMA/nBA)(core)/p-(GMA/MMA/nBA)(shell)) by
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adding reactive monomer GMA during the final
stages of emulsion polymerization; epoxy groups were
inside latex particles (p-(GMA/MMA/nBA)(core)/p-
(MMA/nBA)(shell)) by adding GMA during the first
stages of polymerization; carboxyl groups were present
on latex particle surfaces (p-(MMA/nBA)(core)/p-
(MMA/nBA/AA)(shell)) by adding reactive monomer
AA during the final stages of emulsion polymerization.
Two types of blend latex films shown in Fig. 1
were investigated, Blend A was obtained by mixing
p-(GMA/MMA/nBA)(core)/p-(MMA/nBA)(shell) and
p-(MMA/nBA)(core)/p-(MMA/nBA/AA) latexes in
1:1 w/w% ratio. Blend B was prepared in the same way,
but p-(MMA/nBA)(core)/p-(GMA/MMA/nBA)(shell)
and p-(MMA/nBA)(core)/p-(MMA/nBA/AA)(shell)
latexes were used. The films used for gel content
and tensile strength experiments were prepared as
follows: a blend latexes which contains 2 wt.%
of tetramethylammonium hydroxide (TMAH) was
diluted to 22% w/w solids using distilled water and
then poured in a poly(tetrafluoroethylene) mold and
allowed to coalescence for 3 days at 25 ◦C, followed
by annealing latexes films at 80 ◦C for 1 hr. A few
drops of the latex dispersion were spread on a small
glass plate. The film was allowed to dry at 25 ◦C for
5 hr and peeled off, followed by annealing at 80 ◦C for
1 hr. The film was used for FT-IR measurement.

In this study, we measured the degree of cross-linking
by measuring films gel content. Tensile strength mea-
surements were used as an indicator of the cohesive
strength of a film.

A typical transmission electron microscope (TEM)
image of the synthesized latex particles is shown in
Fig. 2. It is seen that the latex particles have a broad size
distribution and the larger particle size is ∼100 nm.

The cross-linking reaction between epoxy and car-
boxyl groups was confirmed by FT-IR examina-
tions. Fig. 3 shows the FT-IR spectra of the blend
A film, showing the characteristic absorption at
910 cm−1 for epoxy groups containing the latex par-
ticles before cross-linking reaction and missing one
after cross-linking reaction. This indicates that epoxy
groups reacted with carboxyl groups completely dur-
ing the process of annealing to form a network
structure.

Fig. 4 shows the gel content (wt.%) of blend latex
films as a function of the concentration of GMA in
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Figure 1 Schematic representation of interdiffusion and cross-linking of blend A and blend B films: blend A, 1:1 w/w% p-(GMA/MMA/nBA)(core)/p-
(MMA/nBA)(shell) and p-(MMA/nBA)(core)/p-(MMA/nBA/AA) latexes; blend B, 1:1 w/w% p-(MMA/nBA)(core)/ p-(GMA/MMA/nBA)(shell) and
p-(MMA/nBA)(core)/p-(MMA/nBA/AA)(shell) latexes.

Figure 2 TEM micrographs of latex particles p-(GMA/MMA/nBA)
(core)/p-(MMA/nBA)(shell).

feed of monomers (wt.%). It is seen that the gel con-
tent of blend A and B initially increases quickly with
the increasing of GMA concentration, but subsequently
increases slowly at GMA concentration greater than 5%
for Blend A and decreases slowly at GMA concentra-
tion greater than 8% for blend B. In the case of blend
B, the gel content decreases, which indicates the cross-
linking reaction of polymer chain with reactive groups
precede its interdiffusion across the particle bound-
aries. It is due to the epoxy and carboxyl groups on
the shell layer of latex particles, respectively, and their
cross-linking reaction would take place in the bound-
ary of particles to form a cross-linking structure, as a
result, the polymer chain interdiffusion across the parti-

Figure 3 FT-IR spectra in the 1100–850 cm−1 region of blend A latex
films: before (A) and after (B) cross-linking reaction.

cle boundaries and further reaction would be hindered.
However, in the case of blend of A, the epoxy groups
in the core layer of latex particles and the core layer
is coated with a shell layer of inert copolymer, thus,
polymer chains with reactive epoxy groups must dif-
fuse across the inert polymer shell layer then contact
and react with carboxyl groups on the surface of parti-
cles. This means the polymer chains diffusion precedes
cross-linking reaction, which is important for improv-
ing the performance of latex films. As show in Fig. 5,
the tensile strength always increases with increase of
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Figure 4 Plots of gel content (%) of blend latex films versus the concentration of GMA (wt%): (A) Blend A; (B) Blend B.

Figure 5 Tensile strength versus concentration of GMA for blend A and
blend B latex films.

the GMA concentration for latex films of blend A, but
not for the films of blend B.

In conclusion, the diffusion of polymer chains bear-
ing reactive groups can precede the cross-linking reac-

tion by designing the reactive groups in the core layer
of the core-shell structured latex particles, resulting in
the improvement of properties of latex films.
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