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ABSTRACT Major factors affecting the impact resistance of high impact polystyrene (HIPS),
the rubber—toughened grade of polystyrene, are rubber—phase particle size and size
distribution, molecular weight, morphology, and degree of grafting. Accordingly, it is
important to control or investigate these factors. In this study, the effect of solvent content
was analyzed by the morphology and particle size distribution of rubber phase, and final
properties in bulk—solution polymerization of HIPS. The prepolymerization time was, first,
determined by measuring the evolution of particle size distribution of dispersed phase to
explain the phase inversion with time. As the solvent content increased, the size of rubber
particle increased and then gradually decreased. Rubber—phase morphology was likely to
have higher degree of grafting as the solvent content increased. Rheological and mechanical
properties decreased as the solvent content increased because of the decrease of matrix
molecular weight due to the chain transfer reaction to solvent and the existence of residual
solvent. Nevertheless, the impact resistance seemed to increase when the rubber particle
size increased.

Keywords  high impact polystyrene, solvent content, rubber-phase particle size, particle size distribution,
rheological properties, mechanical properties.
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Figure 1. (a) Shear viscosity of reaction mixture
and (b) conversion of styrene to polystyrene as a
function of polymerization time (15% EB).

EB EB

EB

EB 3% , 0%
, Table 3
EB
PS

Polymer (Korea) Vol. 26, No. 3, May 2002



16 4
14—: [ —— lhr
3 ,‘ —-2hr
12_: [, —— 3hr
3 —~ 4hr
S 107 |
PO ‘1
£ 87
= ]
2 6
2]
0]
Particle diameter (mm)
@
16
14_: —— 60 min
] — - 75 min
12_5 /\‘ — — 90 min
] \ ——- 105 min
S 107 ’/ | — — 120 min
® 8—E [ \
£ ] , N
S ] // |\
> ] , \ / \
43
1/ ” \\ // \\
x //\\/
] — s\
0T s
0.1 " 10 100
Particle diameter (mm)

(b)

Figure 2. Time evolution of rubber—phase particle
size distribution showing the duration of phase
inversion (15% EB): time interval of every an
hour (2) and every 15 minutes (b).
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Figure 3. Effect of solvent contents on rubber—
phase particle size distribution.

Table 2. Average Rubber-Phase Particle Diameters
of HIPS Measured by Particle Size Analyzer

mean diameter .. o 30, EB 100 EB 15% EB

(mm)

Dos’ 124 260 101 0.71
Ds2’ 0.86 162 0.81 0.66
Das’ 134 354 144 0.89

“ Dos : Cumulative mean diameter.
® Dg, : Volume surface (or Sauter) mean diameter.
¢ D43 : Volume mean diameter.

Table 3. Average Molecular Weights of Matrix PS
Measured by GPC

sample code 0% EB 3% EB 10% EB 15% EB

M. (o/mol) 143K 87K 97K 101K
My (g/mol) 327K 242K 231K 221K
PDI 229 278 238 219

22

, Figure 4 TEM )
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PS EB

311



(@

Figure 4. TEM micrographs of HIPS samples prepared from different solvent contents. (a) 0% EB, (b) 3%
EB, (c) 10% EB, and (d) 15% EB.
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Figure 6. Effect of solvent content on rheological Figure 7. Effect of solvent content on tensile
properties of HIPS samples. (a) complex viscosity properties of HIPS samples. (a) stress—strain
and (b) storage modulus. curves and (b) yield stress and strain at break.
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