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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 golvent 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 séemed 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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Table 1. Solubility Parameters of Polymers and
Solvent Concerned with Rubber-Phase Dispersion
of HIPS*

materials PB PS MEK

)

a b C
(MPa) "2 16.2 18.7 19.0

Data measured at “75 C, ®35 C, and ‘25 C.

309



24519t #-HE42 Rheometrics AFS] FHE
Z271(RMS800) & AHL3te] 170 T2 %04 1
rad/sZ HEE I APS AX HF 9498 &
A% 3 3% WHEES FIe Foar dogE AE
o2 Z333ck 7149 < AP AN
o2 F71EIFc) QAAIEE Lioyd AR UTM (LR50K)
& AHg-ste] ASTM D-638 3l g7Aste] &3t
3 ZFAA cross headd £%+ 50 mm/minl. 2

ot} 224X 89 Z9 Testing Machines AF2 &

5
2
AR@7] Model 43-02)E AMHE-31e) ASTM D-256
#+2
2

m o 2 nip

A Izod FAAEHeR ZAsh
3t FAANY L 47 89 AEE FA 3]
& Askach

ol
9] 1-/\]

Eigds

2

ol

MEE AlZke] A, HIPS F8olM AFF &4
£ 15 A& etz 2 At AREHE e
3 dAlolE R AEg, FEEY, dEENE EI
A A7kE AR89 Figure 19 Yehd A3
&9 ZAEw3l JHZE pyd 3 247 SHA
At & Zog Zame Ao wEsEz Jrrt
E2 PBAT Awrl G PSAg Adddoe] o)F
ABRSE & 7 Uk @R o8 Adeie] &
259 18]zt FejFz D 2717 AL A
=42 B A¥xAME 30-40%2) AL A
ool guHE A Holgi: o] @it Figure
203 Aol wh2 BAE YRk JmEEL] FolF
vreRdiglEl, o] WS AMgstE AdEe gsA
AW opEl oMol My 9 e A
F2l Waztx gag £ Qe FE F 2470
32 Fo R A77 g Fe R vk o]
% A% 979 AAE fAEE 1Y F o] &
% 9. Figure 29 (b)ol= muksle] F3lAl &
LAz A 2413 AlolellA] isix el Huk ApAg
W3S EAEIIL. o) e AL F3lo
dede] FaHE AR B wwrg FE3) HAA

AT7] A3 AFE ALE AN 2 AAsATh
242000t IRXe| I7(0f ojXl= g 4

%“Hi AR EB7F 3 F4Re] 3000 miAe 9%
£ Figure 33 Table 2] A& 3dte] Yepict A

310

Ao - o4
10°3
1045 o ]
a ]
S ]
> i
@ 107
Q 3
2 .
£ ]
10%4
10" T T
0 1 2 3 4 5 6
Time (hour)
(a)
100
80-]
® ]
[
(e}
@
[]
>
c
[o]
O

Time (hour)

)]

Figure 1. (a) Shear viscosity of reaction mixture
and (b) conversion of styrene to polystyrene as a
function of polymerization time (15% EB).
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Figure 2. Time evolution of rubber —phase particle
size distribution showing the duration of phase
inversion (15% EB): time interval of every an
hour (a) 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 ,, pp 9y LR 10% EB 15% EB

(um)

Dg.5° 1.24 260 1.01 0.71
Dy 0.86 1.62 081 0.66
Dyy” 1.34 3.54 1.44 0.89

“ Dy 5 ¢ Cumulative mean diameter.
® Dsy : Volume surface (or Sauter) mean diameter.
“Dy3 : 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, (g/mol) 143K 87K 97K 101K
M, (g/mob) 327K 242K 231K 221K
PDI 2.29 2.78 2.38 2.19
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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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