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Suspension Polymerization with Hydrophobic Silica as a Stabilizer

Preparation of Polystyrene Composite Particles Containing Carbon Black
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Abstract : We tried to prepare polystyrene composite particles containing carbon black by suspension
polymerization with water as a reaction medium. Hydrophobic silica was selected as a stabilizer and
oil—soluble azobisisobutyronitrile (AIBN), as an initiator. All polymerization reactions were carried out
at a fixed temperature of 75 C. Stabilizer concentration was varied from 0.17~3.33 wt% compared to
water, where particles with 7.96 um in average diameter were obtained at 1.67 wt% of stabilizer. Increase
in divinylbenzene concentration, as a crosslinking agent, from 0.1 ~1.0 wt% compared to monomer exhibited
a large increase in average particle diameter. Incorporation of 1 wt% of carbon black compared to monomer
produced an increase in average diameter. It is speculated that viscosity lower than that necessary to
induce even dispersion of carbon black particles led to poor dispersion, and as a result, large particles.
For a styrene mixture containing 3 wt% carbon black compared to monomer, enhanced dispersion due
to an increase in carbon black concentration reduced average particle diameters. For styrene mixtures
containing 1 and 3 wt% carbon black compared to monomer, preparticles before polymerization and
polymer composite particles after polymerization showed a similar tendency towards particle formation.
When carbon black concentration compared to monomer was increased to 5 and 7 wt%, styrene
mixtures exhibited a large increase in viscosity, and thus better dispersion of carbon black particles,
which led to a decrease in preparticle diameters. However, these particles experienced agglomeration
in the polymerization process, and polystyrene composite particles increased in average diameter.

Keywords : hydrophobic silica, suspension polymerization, carbon black, polystyrene composite
particles, dispersion, agglomeration.
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Table 1. Effect of Stabilizer Concentration on Molecular Weight and Average Particle Diameter in Suspension Polymerization of Styrene
with Hydrophobic Silica as a Stabilizer and AIBN as an Initiator at 75 C

ID Stabilizer (g) Ratio of stabilizer to water (wt%) M, (g/mol) M, (g/mol) d(V,0.1) in um d(V,0.5) in um d(V,0.9) in pm

SS1 0.75 0.17 21000 65900 26.4 340 495
SS2 3.0 0.67 21100 65100 2.53 18.2 34.0
SS3 4.5 1.00 21700 66500 1.07 13.1 20.1
SS4 7.5 1.67 24600 82300 0.56 7.96 15.6
SS5 11.5 2.55 24800 85500 0.59 9.54 21.0
SS6 15.0 3.33 22300 94500 0.54 11.7 25.6

i -"wmgal'% o ;ﬁ."-' &éw‘i

Figure 1. Change in preparticle shape and diameter by increasing amount of DVB in styrene monomer by optical microscopy for
suspesion polymerization with hydrophobic silica as a stabilizer and AIBN as an initiator.
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Table 2. Effect of Divinylbenzene on Particle Diameter in Sus-
pension Polymerization of Styrene with Hydrophobic Silica as a
Stabilizer and AIBN as an Initiator at 75 C

DVB  Ratioof DVBto d(V,0.1) in d(V,0.5) in ¢(V,0.9) in

b (mL) monomer (wt%) pm um um
SDO O 0.0 0.49 7.10 12.4
SD1  0.16 0.1 0.88 154 39.1
SD2 041 0.25 4.33 20.4 60.1
Sh3  0.82 0.5 8.40 255 55.2
SD4  1.65 1.0 16.0 43.6 90.5
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Figure 2. Dispersion of carbon black particles in styrene
monomer after ballmilling at 50 rpm for 24 h by optical mi—
croscopy: (a) 1 wt% carbon black and (b) 7 wt% carbon black
compared to monomer.
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Table 3. Variation in Viscosity(in centipoise) against Time for Styrene Solution Containing Different Concentrations of Carbon Black

24 h after ballmilling
starts at 50 rpm

Carbon black concentration
compared to monomer (wt%)

24 h after
ballmilling stops

48 h after

. R k
ballmilling stops emarks

monomer 2.5
1 5.0
3 10
5 25
7 52.5

- - no ballmilling

5.0 5.0
10 12.0
25 30
52.5 57.5

(b)

Figure 3. Dispersion of carbon black particles in styrene mo—
nomer 48 h after ballmilling stops by optical microscopy: (a) 1
wt% carbon black and (b) 7 wt% carbon black compared to
monomer.
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Figure 4. Change in preparticle shape and diameter by increasing amount of carbon black in styrene monomer by optical
microscopy for suspension polymerization with hydrophobic silica as a stabilizer and AIBN as an initiator.

Table 4. Effect of Carbon black on Particle Diameter in Suspension Polymerization of Styrene with Hydrophobic Silica as a Stabilizer and

AIBN as an initiator at 75 C

ID  Carbon black(g) Ratio of carbon black to monomer (wt%)

dV.0.)inpm  d(V.0.5) inpum  d(V,0.9) in um

SS4 0 0.0
SC1 1.5 1.0
SC2 4.5 3.0
SC3 7.5 5.0
SC4 10.5 7.0

0.56 7.96 15.6
7.88 19.1 39.7
1.39 10.1 20.7
3.71 12.6 46.3
5.91 13.0 30.7

R=x
o] A9 TS F2o g 92 AniRte] mste] 7
g} FARSILE S o R FHEEAe] H5t 5.0 B 7.0 wt%olA
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3t ukg-] BEebgAdel 7IQlshe AR AlEEH, ou]gizte] <]
7 (Figure 4, SC4)o] T3k 2Pgolr S3akn st e
2 AlEg o33 QAR S G th] 7.0 wt% o] 7t
EAS ShHiehs Ak 53 Ak FARAARENE ARl R
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T
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Figure 5. Polystyrene particles containing 7 wt% carbon black
compared to monomer after suspension polymerization for 10
h with hydrophobic silica as a stabilizer and AIBN as an
initiator at 75 C by SEM.

A E=7F 7.0 wt%Ql A RS2 104Rte] At Sl
95%° MERTE TREEH] TR AF Yok e whA) €]
YL g REEE ASA7IRA FLT ARl Wk
B0 gashs Aol o]2 ZoR AlRd.
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Figure 6. Conversion against reaction time for varying carbon

black concentrations in suspension polymerization with hy—

drophobic silica as a stabilizer and AIBN as an initiator at

75 C: 4900, v10 A 30 @50 W70 wt% carbon black

compared to monomer.
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Figure 7. TGA graph for polystyrene resin(Bottom) and poly—

styrene containing 7 wt% carbon black compared to monomer
(Top).
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