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Table 1. Synthesis of PS seed a)

Ingredient Weight (g)
Styrene 0.970
UA "™ 0.030
PVP K-30 0.179
Aerosol-OT 0.045
AIBN ¢ 0.010
Ethanol 8777

a) 70 T ; 24 h; 10 wt% solid content
b) wt% of UA against styrene
c) 1 wt% of 2,2-azobis(isobutyronitrile)
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Figure 2  Turbidity change with the
polymerization time (Determination of
Te)

Figure 1. SEM of crosslinked PS seed
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31 7k seed YAte] Hgol Wi AHEH ofsf P
BEEQ 7t Y Woll A Ex19] partial molar free energy, AG";
AF =AZANZ+AE (1)

AG,

, contribution of monomer-polymer mixing force; AG,, contribution of

elastic-retractile force; AGeI, contribution of particle-water interfacial tension force

AY seed YA FEA FAAE YA Bxw BFo] dIF partial molar free

6.
energy

A= A2 g+ (1- i},ﬁ{+(l—/—;){+/§;’é + 47 +

2 45
A A+ - ”%H 1 @

¢1, ¢2, ¢a, volume fractions of monomer, swelling agent, seed particles; /'z, molar




volume ratio of swelling agent-monomer; /3, molar volume ratio of seed
polymer-monomer; X1z, interaction parameter of monomer-swelling agent; X,

interaction parameter of monomer-seed polymer; X23, interaction parameter of

swelling agent-seed polymer.
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N, the effective number of chains in the network per unit volume.
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.
—;'/= 4%M-exp(7 ] o)

N. diffusion constant of monomer molecules; C, solubility of monomer in aqueous

medium; Ns, number of swollen particles; rs, radius of swollen particles.

32 7} seed ‘YAe] Bixm #E o2 2

yir, (Nm™)
;ﬂh
yIr, (Nm™)

-
-]
>

10°
V,(V,+V,) V. I(V,+V,)
Figare 5 Dependence swelling capacity on N Figure 6 Dependence of swelling capacity on the
and interaction parameter molecular weight of swelling agent
107

yr, (Nm™)
;lh

10*

. 10' 10? 10’ 10*
VI(V,V,) VIV, +V)

1 L

10°
10

Figure 7 Dependence of swelling capacity Figure 8 Maximum swelling ratio with the N
on the volume fraction of swelling value of seed particles
agent



33 Buxv] HEHo 2T seed 7t FA
- Wa ARl mE g 479 Wt #
-4 B8 (NS o] & fitting

- Seed 71AEd WE Riev] o|FES WE : Seed YAY Ftgo] AR Exd L

wajstr] wE

- 7 seed A ZFRE 2 AZE tRE AW AL

4} ‘,‘;1,

T A

! ¥ M PS-0-100
= \ " ,Av @ Ps-1-100
P - A Ps-3-100
1 ’
4 W PS-3.5-100
1]
2
(]
1 1 i A
2 4 6
tswcll (h)

e

-

Figure 9 Change of particle diameter with the swelling time at different N value of
seed particles at room temperature; dot line was calculated from equation

(5) and (7).

Table 2. The particle characteristics of seed particles

Symbol ¥ Dn (um) PSD ¥ Mw MWD ¢ N ¢
(gmol ™) (molm™)
PSO 3.35 1.01 5.3104 2.69 -
PS3 3.18 1.01 - - 87.1
PS35 3.22 1.01 - - 126.5

a) PSe; a corresponds to the concentration of UA.
b) Particle size distribution, Dw/Dn.
¢) Molecular weight distribution, Mw/Mn.

d) Effective number of chains in crosslinked network of the seed particles, which determined

from the monomer transport rate
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Figure 10 PS particles swollen by styrene monomer (X100 magnification); PS3 after
05 h swelling time (a), PS35 after 0.5 h swelling time (b), PS3 after 10 h
swelling time (c), PS35 after 10 h swelling time.
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Figure 11 Schematic monomer swelling procedure at different
crosslinking density of the seed particles
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Figure 12 SEM photographs of PS particles produced by monomer swelling method and seeded
polymerization; PS0 (a), PS3 (b), PS35 (c).
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Figure 16 SEM photographs of PS/PBMA
particles having engulfment
structure after seeded
polymerization; PS3 /PBMA (a),
PS35/PBMA (b). PSO/PBMA (c)
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Case ||

Figure 17 Schematic procedure of the formation of engulfment-structured PS/PBMA

particles




Table 3. The characteristics of the PS/PBMA composite particles ®

Dn (ym)
Symbol b PSD Remarks
Calcd. Measd.

PSO/PBMA ¢ 1531 14.77 1.01 Monodisperse
Multi-engulfing

PSO0/PBMA 14.62 1432 1.01 Monodisperse
Multi-engulfing

PS3/PBMA 14.53 14.27 1.01 Monodisperse
Single engulfing

PSS.S/PBMA 14.72 14.30 1.01 Monodisperse

Single engulfing

a) 70 T ; 24 h ; 5 % solid content based on total weight.
b) PS/PBMA ;| corresponds to the concentration of UA (wt%, based on total seed weight).
Amount of toluene was fixed with 30wt%, based on total second monomer weight.
¢) PSO/PBMA was produced in the absence of toluene.
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Figure 18 Relative volume fraction of second polymer to seed polymer (-O-)
and monomer swelling ratio (-@-) with the seed crosslinking
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Table 4. The characteristics of seed polymer particles

Symbol ¥ Dn (gm) pPsD ¥ Mw MWD © N
(gmol ™) (molm™)
PSO 2.87 1.01 5.3% 10" 2.69 -
PS1 2.86 1.01 6.2x10° 2.81 -
PS2 2.96 1.01 10.1 x10* 3.17 -
PS3 2.83 1.01 - - 87.1

a) PSa; a corresponds to the concentration of UA (wt% based on total monomer weight)
b) Particle size distribution, Dw / Dn
¢) Molecular weight distribution, Mw / Mn

Table 5. Characteristics of porous polymer particles determined with BET
measurements *

Symbol Dn (m) PSD Ap ¢ Vp ¢ Dp ©
(m%/g) (mL/g) (nm)

PS0-30-40 6.78 1.01 37 0.09 95
PS1-30-40 6.72 1.01 34 0.08 125
PS2-30-40 713 1.01 22 0.04 18.2
PS3-30-40 6.53 1.01 18 0.03 187
PS2-25-50 720 1.01 23 0.05 12.8
PS2-60-40 * 6.91 1.01 211 0.23 238

a) 80C ; 10 h ; 4wt% of solid content based on total weight.

b) PSa-B8-7; e is UA concentration in seed particles, # is DVB concentration, and 7 is
toluene concentration in monomer mixture by wt%.

c) Specific surface area.

d) Pore volume.

e) Mean pore size.

£} In this sample, DVB of 80% grade was used.




Figure 19 SEM photographs of glycidyl functional PS/PBMA particles; 0wt% GMA
(a), 50wt% GMA (b)

Table 6. Composite particles produced by seeded polymerization 2

Symbol ¥ BMA/GMA/EGDMA  Dn(m) PSD ¢ Remarks
(w/ w/w
PS0-0 90/0/10 134 1.01 Heterophase
PS0-10 80/10/10 135 1.01 Heterophase
PS0-30 60/30/10 134 1.01 Heterophase
PS0-50 40/50/10 ‘13.4 1.01 Homophase
PS3-30 60/30/10 132 1.01 Engulfing

a) 70 C; 10 h; 4% solid content

b) PSa-8; a correspond to the concentration of UA in seed particles and £ correspond to
the concentration of GMA in seeded polymerization (wt%, based on total monomer weight)
¢) Particle size distribution, Dw/Dn
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