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ABSTRACT: Suspension polymerization method was employed to encapsulate calcium carbonate
particles with PMMA and PS. FT-IR spectra and scanning electron micrographs indicated that
the polymeric wall materials were well formed by the suspension polymerization as the monomer
contents in the reactant mixtures increased. The polymerization percentage, determined by thermal
combustion method, was 36, 88, 90% and 58, 98, 89% for the PMMA- and PS-encapsulated calcium
carbonate particles, respectively, when the ratio of CaCO; particle to each monomer was changed

from 4:1, 2:1 to 1:1.

Introduction

Microencapsulation is a well known process to
envelope small solid particles or liquid droplets
with a coating for controlled release devices or for
protection of core materials from enviornmental at-
tack in many agricultural, biomedical and other in-
dustrial applications.® Many researchers applied
the microencapsulation process for the surface
treatments of inorganic particles such as calcium
carbonate particles or glass beads which are fre-
quently used as reinforcing fillers for polymer mat-
rices. There are various ways for the microencap-
sulation process. Kim ef al. employed phase separa-
tion method for the microencapsulation of glass
beads with polymeric wall materials.*® The system
consists of the glass beads, a polymer, a good sol-
vent and a precipitant. The polymer is deposited
uniformly around the individual glass beads disper-
sed in a polymer solution. From the results of me-
chanical properties of the polymer composite filled
with the encapsulated glass beads, it was found that
the adhesion of interface and dispersion could be
improved upon encapsulation. Emulsion polymeri-
zation method was also attemipted to encapsulate
inorganic fillers with several polymers, in which
monomer is reacted in an aqueous medium such
as water in the presence of the inorganic materials.*"
The polymerization method led to the formation
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of polymeric walls on the surface of the core parti-
cles. Suspension polymerization, which has been
widely accepted to produce spherical shaped polymer-
ic particles,’* may be a another method for the
microencapsulation process. There has not been,
to the extent of the author’s knowledge, any at-
tempts to prepare microcapsules by the suspension
polymerization.

The purpose of the present study is to explore
a possible new route to encapsulate the inorganic
fillers with polymeric wall materials by the suspen-
sion polymerization. PMMA and PS was used as
polymeric wall material to encapsulate calcium car-
bonate particles. Scanning electron photographs,
FT-IR spectra and weight loss data obtained from
thermal combustion method were used to deter-
mine the state of each polymeric walls formed onto
the calcium carbonate particles.

Experimental

Materials. Styrene and MMA monomers(Junsei,
Japan) were used after purification. Calcium carbo-
nate(CaCOs) particles (450 mesh, Junsei, Japan), ben-
zoyl peroxide (BPO), polyvinylalcohol (PVA, MW=
22,000) were used asreceived.

Encapsulation of Calcium Carbonate Parti-
cles with PMMA and PS. The suspension poly-
merization for the microencapsulation of CaCO; parti-
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Table I. The Compositions of the Reactants for
the Encapsulation of Calcium Carbonate Particles

with PMMA
CaCO;: MMA  CaCO; (g MMA (g BPO (g
4:1 80.0 20.0 0.06
2:1 40.0 20.0 0.06
1:1 200 20.0 0.06

Table II. The Compositions of the Reactants for
the Encapsulation of Calcium Carbonate Particles

with PS
CaCO;: Styrene CaCO; (g) Styrene (g) BPO (g)
4:1 120.0 30.0 0.25
2:1 60.0 30.0 0.25
1:1 300 30.0 0.25

cles with the PMMA and PS was carried out in a
2L three-neck flask containing water (200 mlL).
BPO, the initiator, was dissolved into the MMA
or styrene monomer and then the CaCOj; particles
were added to the system. The compositions of the
reactant mixtures for the preparation of PMMA-en-
capsulated CaCO;, particles are shown in Table I.
The mixture was degassed under vacuum to re-
move the air inside the pore of the CaCOj; particles.
Then it was maintained for 20 minutes so that the
monomers could be immersed sufficiently into the
CaCOy particles. Stable suspensions of the mixture
was prepared by adding 0.5% aqueous PVA solution
(200 mL) slowly to the system with stirring at 100
rpm. Polymerization was carried out at 80 C under
nitrogen gas stream for 6 hours. After the polyme-
rization was completed, the system was maintained
at room temperature for 12 hours to stabilize the
microcapsules. The microcapsules were filtered first
and then washed with CCl; for 3 to 4 hours to
remove unreacted monomers and oligomers. Then
the microcapsules were filtered again and dried
completely under vacuum.

The preparation of PS-encapsulated CaCO; parti-
cles followed similar procedures as above. The com-
positions of the reactant mixtures for the prepa-
ration of PS-encapsulated CaCO; particles are
shown in Table II. Stable suspension was prepared
by dropwise addition of 0.25% aqueous PVA solu-
tion (500 mL) to the system under stirring at 400
rpm. Polymerization was carried out at 90 C under
nitrogen gas stream for 8 hours. After the microcap-
sules were stabilized, they were filtered and wa
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Figure 1. FT-IR spectra of CaCO; encapsulated with
PMMA. (a) PMMA, (b) CaCO;, (¢) CaCO;: MMA=4:1,
and (d) CaCO;: MMA=1:1.

shed with acetone to remove unreacted monomers
and oligomers.

Results and Discussion

A simple and quick method to test whether the
CaCOj; particles became coated with the polymeric
wall materials after the suspension polymerizations
was taken first. A small amounts of encapsulated
and virgin CaCOj; particles were placed in separate
beakers filled with water. Several drops of blue col-
ored ink are added slowly. For a system containing
untreated CaCO, particles, there happened a disap-
pearance of the blue color due to a diffusion of
the pigments into the porous CaCO; particles, while
polymer-encapsulated CaCQO; particles did not
change the color.

Then, the surface of the encapsulated CaCOs par-
ticles was investigated by FT-IR. Figure 1 shows
the FT-IR spectra of CaCO;, PMMA and PMMA-
encapsulated CaCO; with different values of CaCOy/
MMA monomer ratio. They showed that as the
MMA contents in the mixture of reactants increas-
ed, intensity of characteristic absorption band-1730
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Figure 2. FT-IR spectra of CaCO; encapsulated with
PS. (a) PS, (b} CaCQs, (c) CaCO;: Styrene=4 : 1, and
(d) CaCO;: Styrene=1:1.
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cm ! and 1150 cm ™! which correspond to carbonyl

and ether, respectively-indicating the formation of
PMMA layer, increased. Figure 2 shows the FT-IR
spectra of CaCQO; PS and PS-encapsulated CaCO;
with different reactant compositions. They showed
characteristic absorption band of 3020 cm™! corres-
ponding to aromatic hydrogen and 697 cm !, 750
cm™! corresponding to monosubstituted benzene
ring, which indicated the formation of PS layer.
Also, the intensity of the characteristic band in-
creased as the monomer contents in the reactants
increased. This indicated that polymeric wall be-
came well formed as monomer contents in the mix-
ture of reactants increased.

Figure 3 shows scanning electron micrographs
of PMMA- and PS- encapsulated CaCO; particles
prepared by the suspension polymerization. They
show that the encapsulated particles are more or
less spherical, which indicates that the polymeric
wall materials are well formed uniformly onto the
CaCO; particles.

For the calculation of polymerization percent of
PMMA and PS encapsulated onto the CaCO; parti-
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Figure 3. SEM photographs of the microencapsulated
CaCO; with PMMA(a) and PS(b).

cles, certain amounts of the encapsulated particles
were burned in the electric furnace at 750 C until
they reached constant weight. The weight loss after
burning was considered to be the amounts of wall
coating material encapsulated onto the core parti-
cles. The encapsulation percent was obtained quanti-
tatively with following equation:

weight of encapsulated

. polymeric wall material
E lat t=-"— - X100
ncapsulation percen weight of theoretical wall 0

material

The calculation results are shown in Table III and
IV for PMMA- and PS-encapsulated CaCO; parti-
cles, respectively. It could be seen that for the en-
capsulation with PMMA the polymerization percent
increased 86, 89 and 90% when the ratio of CaCO, :
MMA monomer in the reactant was varied 4:1,

Korea Polym. J., Vol. 3, No. 2, 1995



Preparation of Polymer-Microencapsulated CaCO; by Suspension Polymerization

Table III. Polymerization Percent of MMA on
Encapsulated Calcium Carbonate

CaCO,: weight of weight loss weight of  Polymer
MMA  samples (g) ® theoretical  ization
PMMA layer percent

® (%)

4:1 3.0086 0.6470 0.7522 86.01
2:1 0.9105 0.4000 0.4553 87.85
1:1 0.5183 0.4679 0.5183 90.28

Table IV. Polymerization Percent of Styrene on
Encapsulated Calcium Carbonate

CaCO;: weight of weight loss weight of Polymer-
Styrene samples (g) ® theoretical  ization
PS layer  percent
(@ (%)
4:1 2.5574 0.3687 0.6393 57.67
2:1 1.0399 0.5089 0.5200 97.87
1:1 0.7271 0.6500 0.7271 89.40

2:1 and 1: 1. For the encapsulation with PS, how-
ever, the polymerization percent does not increase
consistently. When the ratio of CaCOs : styrene mo-
nomer was 4:1, the polymerization percent was
just 58%. When the ratio was varied to 2:1, the
polymerization percent was increased to 98%, but
as the monomer content in the reactant mixtures
increased furthur (CaCO;: styrene monomer=1:
1), the polymerization percent rather decreased to
89%. This anomalous trend was thought to be due
to the dependences of the amounts of stabilizer in
the suspensions on the subsequent polymerization
of styrene monomer onto the CaCOs particles. The
more optimum polymerization conditions are to be
investigated.

Conclusions
The suspension polymerization was found to be
successful to encapsulate porous inorganic calcium

carbonate particles. The encapsulated polymers are
PMMA and PS. The polymerization percent of

Korea Polym. J., Vol. 3, No. 2, 1995

PMMA formed onto the calcium carbonate particles
was increased with the amounts of monomer in
the reactant compositions. Polystyrene was also
well formed onto the calcium carbonate pariticles
but the more optimum reaction conditions for the
suspension polymerization in the presence of the
particles should be investigated.
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