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Abstract @ Highly crosslinked micron-size monodispersed PMMA/PDVB and PS/PDVB
particles were prepared using seeded multi-stage emulsion polymerization. PMMA and PS
seed particles were synthesized by seeded multi-stage emulsion polymerization and
soap-free emulsion polymerization. Then PMMA/PDVB and PS/PDVB particles were
obtained using semi-batch type emulsion polymerized using divinyl benzene as a
cross—linkable monomer in the presence of seed particles. PMMA particles with size of ca
730 nm and polydispersity of 1.03 were successfully prepared in this experiment. PS
particles with size of ca 15 gm and polydispersity of 101 were prepared in this
experiment. Highly crosslinked PS/PDVB particles with size of ca 13 gm and
polydispersity of 1.00 were obtained.

Keywords : seeded emulsion polymerization, PMMA/PDVB, PS/PDVB.
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Table 1. Recipe for PMMA Emulsion Polymerization

Stage Seed Core
C-1 C-2 C-3 C-4 C-5 C-5 |C-56-1

Seed(g) 100 100 100 100 100 100 100
MMA(g) 20 40 40 40 40 40 40 40

SLS(g) 0.17 0.19 0.18 0.17 0.16 0.15 0.15 0.15
KPS(g) 0.06 0.08 0.08 0.08 0.08 0.08 0.08

AIBN(g) 0.4
Water(g) 150 200 200 200 200 200 200 200
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Table 2. Recipe of Soap-free Emulsion Polymerization (PS/PDVB)

Shell

Stage Core S s

Core (g) 100 100
ST (g) 40

DVB (g) 40 40

SLS (g) 0.46 0.19
KPS (g) 0.2

AIBN (g) 0.2 0.2

AT (g) 0.44 0.44

Water (g) 400 400 400

—®— Seed(78.8:0.12)
O - C-1(119.9:0.06)
-~ C-2(167.8:0.07)
C-3(249.4.0.2)

—#— C-4{463.8.0.07)
—i- C-5(335.7.0.27)
-4 C6(24930.31)

500 1000 1500 2000
Particle size (nm)

Fig. 1. Change of particle size distribution
during multi-staged emulsion
polymerization of PMMA.
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Fig. 2. Effect of emulsifier concentration on
particle size distribution of PMMA for
C-4.
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Fig. 3. Effect of initiator type on particle size
distribution of PMMA for C-5.
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Fig. 4. SEM micrographs of PMMA particles C-5 prepared with different types of initiators.

Table 3. Summary of Seeded Multi~stage Emulsion Polymerization of PMMA

PMMA Seed C-1 C-2 C-3 C-4 C-5
Particle size
(calculated) 140nm 230nm 480nm 690nm 940nm
Particle size 80nm 140nm 290nm 420nm 570nm 730nm
(measured) 1.10 1.02 1.03 1.02 1.03 1.03
Conversion 99.3 98.3 97.8 976 974 9.8
(%)
Table 4. Seeded Multi-stage Emulsion Polymerization of PMMA Core (C-6)
C-6 C-6 C-6 C-6
PMMA (sls 3.86mM (sls 0.6mM (sls 3.86mM, (PMMA/PDVB
without inhibitor) | without inhibitor) with inhibitor) with inhibitor)
Particle size
(calculated) 1210 1210nm 1210nm 1210nm
Particle size 410nm Coagulation 380nm 470nm
(measured) 177 £ 1.49 150
Conversion
%) 97.2 98.3 96.5 96.4
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Fig. 5. Particle size distribution during multi- Fig. 7. Particle size distribution during seeded
taged seeded emulsion polymerization multi-stage emulsion polymerization of
of PMMA using AIBN as an initiator. PS.

Table 5. Summary of Seeded Multi-stage Emulsion Polymerization of PS

PS Seed C-1 C-2 C-3 C-4 C-5 C-6 c-7

Particle size
- 180nm | 250nm | 350nm | 580nm | 990nm | 1520nm | 2550nm
(calculated)
Particle size | 110nm | 180nm | 240nm | 380nm | 580nm | 920nm 1540 1280
(measured) 1.08 1.06 1.06 1.04 1.04 1.03 1.01 1.82
CO“Z;r)S‘O" 98.7 98.3 975 97.4 97.8 97.6 97.8 97.4
0

€5 c-6
Dn: 730nm Dn: 470nm
PDI:1.03 PDI:1.50

Fig. 6. SEM micrographs of PMMA/PDVB particle(C-6) prepared from PMMA core
particle (C-5).
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qaA #8538 0|88 ro]28 F7]9 PMMA/PDVB % PS/PDVB 24 4] Az 7
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C-5
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Fig. 8. SEM micrographs of seeded multi-stage emulsion polymerized of PS.
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Fig. 8. SEM micrographs of PS/PDVB core/shell particles obtained from socap-free

emulsion polymerization (stage-1).
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Fig. 10. SEM micrographs of PS/PDVB core/shell partlcles obtained from soap-free

emulsion polymerization (stage-2).
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