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R 2F: 1.0 wth 2FTAAAETIE HIAR sk AEF el gt 75 CTolA JMAIAS] s=8 Wsleh /g3t
ZyAgA (PS) ¥ ZgHdveladdgo]E (PBMA) dA+e xS 2Al# #2u]E] (capillary rheometer) =
o] gato] At = FEA=C] 66,500 g/molg! PS YAE= 190 TollA =43 49 e Arksroa=
TE (Newtonian) As& HERSITE PS AFe] A9 EAbgo] S71E,E AdSHE 2 o A FolF
(shear thinning) A%< RSt PBMA A= 170 CollA] s S48k o Fa-gdwiA=o] 156,700 g/mol
Ql g EE AdEEARE & Ass UEhIth EA52 Sotel wet dAd Hold Aso] #EEglomH,
ol st Wizl el PS YAt AL 7RSS AR st uwak HEA YA A= PS
9 PBMA & t} 170 CellA 574315ick PS 9 PBMA 34 A8 AErshe 7RaEe] S7te) uet Aoz
7Yl o, SAAL] Sl e AR S7HE AR T Al vlwste] wlekstgict YR-E31E o] g3t
o] AZ3 FHEEHS {3l PS A9 drdsts dEFEy o §443 JMEEYS g5 PS 53
YRkl = sle] H|Blo] 2o o]= ddE Hako R Qlste] WSt Z1 o7 S FT) o] AP AR Al
9l 7R R FeolA yield 7w BEEHA ok}

ABSTRACT : We measured shear viscosity of polystyrene (PS) and poly(butyl methacrylate) (PBMA) particles, with a
capillary rheometer, prepared by suspension polymerization with 1.0 wt% hydrophobic silica as a stabilizer by varying the
initiator concentration at 75 ‘C. PS particles with weight average molecular weight of 66,500 g/mol displayed a Newtonian
behaior at low shear rates at 190 C. With increasing molecular weight, PS particles showed shear thinning over the entire
range of shear rates. For PBMA particles, steady shear measurement was carried out at 170 C. PBMA particles with weight
average molecular weight of 156,700 g/mol showed a Newtonian behaior only at low shear rates. PBMA particles also
showed shear thinning with an increase in molecular weight and its pattern similar to that of PS. When carbon black
was incorporated into PS and PBMA polymers, steady shear measurement was conducted at 170 C. An increase in carbon
black concentration in PS and PBMA composite particles exhibited a progressive increase in shear viscosity. The increase
in shear viscosity, however, was less pronounced compared to an increase as a function of molecular weight. Preparing
PS composites containing carbon black by internal mixing resulted in an increase in shear viscosity. Its increase, however,
was found to be less than that shown in PS composite particles. We speculate that this is caused by an enhanced dispersion
of carbon black particles with an internal mixer. Yield behavior was not observed in any of the samples we selected in
this experiment.
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Figure 1. SEM photographs of polymeric particles after suspen-
sion polymerization for 6 h with hydrophobic silica as a stabilizer
and AIBN as an initiator at 75C: (a) PS, (b) PBMA (x1,000).

Table 1. Number Average and Weight Average Molecular
Weights Prepared by Suspension Polymerization with 1.0 wt%
Hydrophobic Silica as a Stabilizer by Varying Concentrations of
AIBN Initiator at 75C

Initiator PS PBMA

(Wt%) | ID Mn Mw ID Mn Mw
0.13 | PSO1 |180,900(573,400| PBO1 - -

0.25 | PS02 |120,300(458,300| PB02 |279,000]688,200

0.50 PS03 | 80,000(304,100) PB03 |185,100|533,700
1.0 PS04 | 52,300(190,300| PB04 [117,900|331,800
2.0 PSO5 | 32,100({111,400| PBO5 | 94,900|220,800
3.0 PS06 | 21,700| 66,500 | PB06 | 65,900|156,700
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Figure 2. 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:
M PSO1, @ PS02, A PS03, ¥ PS04, € PS05, + PS06.
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Figure 3. Steady shear viscosity against shear rate at 170C for
PBMA particles prepared by suspension polymerization with 1.0
wt% hydrophobic silica as a stabilizer with varying molecular
weights: Il PB02, @ PB03, A PB04, ¥ PB05, ¢ PBO06.

[

Figure 4. Optical microscopic photographs of polymeric particles with varying amounts of carbon black (CB) by suspension polymer-
ization with 1.0 wt% hydrophobic silica as a stabilizer and 1.0 wt% AIBN as an initiator at 75C: (a) PS with 3 wt% CB, (b)
PS with 7 wt% CB, (c¢) PBMA with 3 wt% CB, (d) PBMA with 7 wt% CB.
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Figure 5. Steady shear viscosity against shear rate at 170C 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 ini-
tiator at 75°C: Il PS06, A 3 wt% CB, ¥ 5 wt% CB, ¢ 7
wt% CB.
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Figure 6. Steady shear viscosity against shear rate at 170C for
PS composites composed of PS06 resin containing varying
amounts of carbon black (CB) prepared by intermal melt mixing:
MW PS06, ¥ 5 wt% CB, ¢ 7 wt% CB.
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Figure 7. Steady shear viscosity against shear rate at 170C 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 ini-
tiator at 75°C: Il PB06, @ 3 wt% CB, A 5 wt% CB, ¥ 7
wt% CB.
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