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Abstract: We measured shear viscosity of polymeric particles, prepared by suspension polymerization with
hydrophobic silica as a stabilizer at 75 C, by a capillary rheometer. Shear viscosity displayed a non—
Newtonian behavior with an increase in weight average molecular weight. Measurement of shear viscosity
at 170 and 190 C with copoly (styrene/butyl methacrylate) (co—PSB) particles by varying the ratio between
styrene (St) and butyl methacrylate (BMA) showed that shear viscosity was a function of molecular
weight, temperature and compositional ratio. When the ratio was 7/3, 5/5 and 3/7, shear viscosity slightly
reduced with an increase in BMA concentration despite similar weight average molecular weights. We
found that shear viscosity of copolymers with BMA concentrations exceeding 70% displayed a sharp
reduction at high shear rates. It is speculated that increased PBMA chain length contributes to enhanced
flowability of copolymers. When carbon black was incorporated into co—PSB, shear viscosity progressively
increased with increasing carbon black concentration. The increase in shear viscosity, however, was less
pronounced compared to the cases of molecular weight increase.

Keywords: shear viscosity, copoly (styrene/butyl methacrylate) particles, compositional ratio, carbon black,
polymer composite particles.
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Table 1. Weight Average Molecular Weights of Polystyrene, Poly
(butyl methacrylate) and Copoly(styrene/butyl methacrylate) Beads
Prepared by Varying Concentrations of AIBN Initiator Prepared by
Suspension Polymerization at 75 C with 1.0 wt% Hydrophobic
Silica as a Stabilizer

. Poly (butyl Copoly (styrene/
Initiator Polystyrene
(Wi%) methacrylate) butyl methacrylate)
D My(g/mol) D  M(g/mol) ID  M,(g/mol)
0.25 PS-01 458300 PB-01 688200 PSB-01 378800
050 PS-02 304100 PB-02 533700 PSB-02 240000
1.0 PS-03 190300 PB-03 331800 PSB-03 136800
20 PS-04 111400 PB-04 220800 PSB-04 74800
30 PS-05 66500 PB-05 156700 PSB-05 58600
50 PS-06 48600 PB-06 132300 PSB-06 46700
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Figure 1. Steady shear viscosity against shear rate at 190 C for
PS particles prepared by suspension polymerization with 1.0
wt% hydrophobic silica as a stabilizer with varying molecular
weights: B PS—01, @ PS—02, A PS—03, ¥ PS—04, ¢ PS—05.
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Figure 2. Steady shear viscosity against shear rate at 170 C
for PBMA particles prepared by suspension polymerization with
1.0 wt% hydrophobic silica as a stabilizer with varying molecular
weights: ll PB-01, @ PB—02, A PB—03, ¥ PB—04, ¢ PB—05,
+PB-06.

10°*

a 10%

10% T

Log[Shear viscosity(Pa-sec)]

]

1

1

¢ 4

-

< ‘
/:Z /

10" T —— T T
10 10? 10°

Log[Shear rate(1/sec)]

Figure 3. Steady shear viscosity against shear rate at 170 C
for copoly (St/BMA) particles with the ratio of 7 to 3 between
styrene and butyl methacrylate by varying concentrations of
AIBN initiator prepared by suspension polymerization with 1.0
wt% hydrophobic silica as a stabilizer at 75 C: ll PSB-01, @
PSB-02, A PSB—03, ¥ PSB—04, ¢ PSB—05, +PSB—06.

=& A (co—PSB) 1AF A &8It (Table 1). )& 24k
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ERER] ST} A Aol d ool AA Adgwr) SrlshA
712 0 7 AL sk At Fold 7% vehaL gtk &
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o &= Slch(Figure 3).
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Figure 4. Steady shear viscosity against shear rate at 170 C for
copoly (St/BMA) particles with varying monomer ratio between
styrene and butyl methacrylate prepared by suspension
polymerization with 1.0 wt% hydrophobic silica as a stabilizer
and 1.0 wt% AIBN as an initiator at 75 C: Bl PS—03, @ PSB—91,
V¥ PSB-03, +PSB-55, xPSB—37, A PSB—19, ¢ PB-03.
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Figure 5. Steady shear viscosity against shear rate at 190 C
for copoly (St/BMA) particles with varying monomer ratio between
styrene and butyl methacrylate prepared by suspension poly-
merization with 1.0 wt% hydrophobic silica as a stabilizer and
1.0 wt% AIBN as an initiator at 75 C: ll PS—03, @ PSB-91, ¥
PSB—-03, +PSB-55, xPSB—37, A PSB—19, ¢ PB—-03.
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ok St Aol 71 Ago] AL FARRE: & Alrk B PSB-73,
PSB-55 % PSB—372] 79 2] Hxkice] uhe 271 =2

¢
¢

Table 2. Weight Average Molecular Weights and Glass Transition
Temperatures of Copoly(styrene/butyl methacrylate) Beads Pre-
pared by Varying Ratios between Styrene and Butyl Methacrylate
by Suspension Polymerization at 75 ‘C with 1.0 wt% Hydrophobic
Silica as a Stabilizer and 1.0 wt% AIBN as an Initiator

D = Ra“OBM — M@mo)  T(0)
PS-03 10 0 190300 97.3
PSB—-91 9 1 161700 8R.7
PSB—-03 7 3 136800 72.6
PSB—-55 5 5 144800 50.1
PSB—-37 3 7 133400 39.0
PSB—-19 1 9 177100 32.3
PB-03 0 10 331800 24.7
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Figure 6. Optical microscopic photographs of copoly (St/BMA) particles with varying amounts of carbon black (CB) by suspension
polymerization with 1.0 wt% hydrophobic silica as a stabilizer and 1.0 wt% AIBN as an initiator at 75 C: (a) 1 wt% CB; (b) 3 wt%

CB; (c) 5 wt% CB; (d) 7 wt% CB.
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Figure 7. Steady shear viscosity against shear rate at 170 C
for PS composite particles containing varying amounts of carbon
black (CB) prepared by suspension polymerization with 1.0 wt%
hydrophobic silica as a stabilizer and 3.0 wt% AIBN as an
initiator at 75 C: € PS—05, ¥ 1 wt% CB, A 3 wt% CB, @ 5 wt%
CB, B 7 wt% CB.
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Figure 8. Steady shear viscosity against shear rate at 170 C
for PBMA composite particles containing varying amounts of
carbon black (CB) prepared by suspension polymerization with
1.0 wt% hydrophobic silica as a stabilizer and 3.0 wt% AIBN
as an initiator at 75 C: € PB—05, ¥ 1 wt% CB, A 3 wt% CB,
@5 wt% CB, B 7 wt% CB.
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Figure 9. Steady shear viscosity against shear rate at 170 C
for copoly (St/BMA) particles with the ratio of 7 to 3 between
styrene and butyl methacrylate by varying concentrations of
carbon black (CB) prepared by suspension polymerization with
1.0 wt% hydrophobic silica as a stabilizer and 3.0 wt% AIBN
as an initiator at 75 C: ¢ PSB—05, ¥ 1 wt% CB, A 3 wt% CB,
®5wt% CB, 7 wt% CB.
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