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ABSTRACT: One of the most important factors which affect the impact strength of high im-
pact polystyrene (HIPS) is the rubber-phase particle size and size distribution. In this study,
HIPS was prepared from a batch reactor to observe the influence of reaction conditions such
as rubber content, agitation speed and prepolymerization time on the particle size and size dis-
tribution. Measurements concerning the particle size distribution were conducted using a par-
ticle size analyzer. Due to swelling, the particle suspended in toluene increases in size with
lower heat-treatment temperature and shorter heat-treatment time, while the particle in
methyl ethyl ketone shows quite reasonable size without any effort of heat-treatment. As
rubber content increases, the average particle size increases substantially, but the increase in
agitation speed at lower rubber contents does not have much influence on the size. However,
the polystyrene-phase particles occluded in rubber-phase become more uniform as agitation
speed increases. Longer prepolymerization time produces rubber-phase particles with narrow-
er particle size distribution.

Keywords: high impact polystyrene, morphology, rubber-phase particle size, particle size distri-
bution, particle size analyzer.
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Figure 1. Two possible mechanisms of grafting sty-
rene onto polybutadiene, where R + is a polymeric free
radical or an initiator fragment: (a) addition to double
bond and (b) abstraction of methylenic hydrogen.

Styrenc

PB Passage of Reaction  p§

Figure 2. Schematic of ternary equilibrium phase dia-
gram for the mixture of PS/PB/St: Points A, B and C
represent feed mixture, onset of phase separation and
vicinity of phase inversion, respectively.
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Table 1. Polymerization Conditions for the Prepa-
ration of HIPS

rubber agitation  reaction reaction
sample .
code content  speed temperature  time
(%) (rpm) (c) (hrs)
HA-3010 3 100 70 48
HB-3010° 3 100 90 43
HA-3030 3 300 70 48
HA-4010 4 100 70 48
HA-4030 4 300 70 48
HA-5010 5 100 70 48
HA-5030 5 300 70 48

? Initiator : BPO.
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Figure 3. Effect of initiator type on conversion of
styrene to polystyrene:HA (0.2g AIBN, prepoly-
merization time of 6hrs, 70C), HB(0.3g BPO,
prepolymerization time of 3 hrs, 90 °C).
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Figure 4. Effect of thermal-treatment on rubber-
phase particle size distribution of HIPS sample after
heat-treatment time of 6 hrs and dispersion time of
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Table 2. Solubility Parameters of Polymers and
Solvents Concerned with Rubber-Phase Dispersion
of HIPSY ’

materials PB PS MEK  toluene

s(MPa)!/?  16.2° 18.7° 19,0¢ 18.2¢
Data measured at ¢ 75°C, ® 35°C, and €25 C.
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Figure 5. Effect of rubber content on rubber-phase
particle size distribution of HIPS sample prepared from
3% rubber (—O—), 4% rubber (—a—) and 5% rub-
ber (—J—): {a) 100 rpm and (b) 300 rpm.
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Table 3. Average Rubber-Phase Particle Sizes of
HIPS Measured by the Particle Size Analyzer (z m)

MmN A 3010 HA-3030 HA-4010 HA-4030 HA-5010 HA-5030
diameter
Do 517 450 563 540 1841 797
Db 33 390 467 475 1348 633
D 5B 497 5% 587 2011 969

¢ Dy 5:Cumulative mean diameter. ® Dy, Volume  surface (or
Sauter) mean diameter. ¢ D43 : Volume mean diameter.
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Figure 7. TEM micrographs of HIPS sample prepared at ian agitation speed of 100 rpm: (a) 3% rubber, (b) 4% rub-

ber, and (¢) 5% rubber.
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Figure 8. TEM micrographs of HIPS sample prepared at an agitation speed of 300 rpm: (a) 3% rubber, (b) 4% rub-

ber, and (c) 5% rubber.
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Figure 9. Effect of prepolymerization time on rub-
ber-phase particle size distributior. of HIPS intermedi-
ates.
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Table 4. Average Rubber-Phase Particle Sizes of
HIPS Intermediates Measured by the Particle Size
Analyzer

prepolymerization time (hrs)

mean
diameter 4 5 6 9
Dy 5 20.50 7.77 5.38 4.24
Dy 6.84 4.99 3.55 3.17
Dy3 31.73 851 - 4.33
a4 £

)

M o o
i
S Ho & oo b Nl o

o
0

S 30
i1
I“LF T
rl

lo

T

rir

-~

S o

o ML

X
2
ot
2
o

g 1
2
i
il

z°
ol

o op A

L L
Rufgu)
£ 30 o

Moo i 32 K i
>

£
_c:_iL
D
i)
=<
=
~
i}

b
= i ofl
R e
RUA

,
Ay
>

i

Mg
oy & L

2 H
o o
9

o n e

N
—_

o ol )y
Y
o
rlo
H
4

1y
)
I
=
=
-
ok

Y
o

4
5
QL
32
A

o X 40 Ar onl wu
o jo ox W o
ot

Ho

o ® o gy &
m
32
i
(h
i)

=
rz
I
t

8]

S

ox
rlo
=l
=Uye
of ox 10 N -

occlusion
22 7§-of uls) iﬂ7}
4@%“@
HAbe] Z7) =M S
#3l3lo EHHB}S&#HL
Hr} 22 ERXEE o

o
T

o o rﬂ
> A8
wNoE
4 rlo

X

0(4
Mg
o m,. (1<)
o
rir
, o2
tlo

et

> o ofy X
%
&

§§
oo

fijo
A

Pt

o rﬁi r?L‘ i~n

_!

=2 e (KOSEF) oA
SETHATAE
of ojsf

A2 | ATE
2 A &t FAE (ERC) <!
(Applied Rheology Center) o] 7214
P AFU

DB
R
+d

E2|0{ A25¥ AbE 2001 9¢

4
BN
)
=
In

—

2,
1
qr:

Ny gﬂ M

o

2t
ot

i =

. S. G. Turley, and H. Keskkula, Polymer, 21, 466 (1980).
. C. B. Bucknall,

“Toughened Plastics”, p. 3, Applied

Science, London, 1977.

. J. L. Amos, Polym. Eng. Sci., 14, 1 (1974).

4. G. E. Molau, J. Polym. Sci., Part A, 3, 4235 (1965).

. C. A Correa and J. A. de Sousa, J. Mater. Sci., 32, 6539

(1997).

. J. L. White and R. D. Patel, J. Appl. Polym. Sci., 19

1775 (1975).

. G. E. Molau and H. Keskkula, /. Polym. Sci. Al, 4, 1595

(1966).

8. K. V. C. Rao, Angew. Makromol. Chem., 12, 131 (1970).
9. S. Y. Hobbs, Polym. Eng. Sci., 26, 74 (1986).

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

21

G. Dagli, A. S. Argon, and R. E. Cohen, Polymer, 36,
2173 (1995).

W. Gleinser, D. Maier, M. Schneider, J. Weese, C.
Friedrich, and J. Honerkamp, J. Appl. Polym. Sci., 53
39 (1994).

C. Maestrini, M. Merlotti, M. Vighi, and E. Malaguti, /.
Mater. Sci., 27, 5994 (1992).

R. A Hall, J. Appl. Polym. Sci., 36, 1151 (1988).

R. A. Hall, /. Mater. Sci., 25, 183 (1990).

A. Brydon, G. M. Burnett, and G. G. Cameron, /.
Polym. Sci., Polym. Chem. Ed., 11, 3255 (1973).

K Itaya, K. Sugawara, K. Arai, and S. Saito, Kobunshi
Ronbunshu, 40, 629 (1983).

D. J. Stein, G. Fahrbach, and H. Adler,
Makromol. Chem., 38, 67 (1974).

K. Kato, Polym. Eng. Sci., 7, 38 (1967).

Y. Du, Y. Xue, and H. L. Frisch, “Physical Properties
of Polymers Handbook”, ed. by J. E. Mark, chap. 16,
AIP Press, New York, 1996.

S. Anzaldi, L. Bonifaci, E. Malaguti, M. Vighi, and G.
P. Ravanetti, /. Mater. Sci. Letters, 13, 1555 (1994).

G. Riess and P. Gaillard, “Polymer Reaction Engineer-
ing”, eds. by K. H. Reicher and W. Geiseler, p. 221,
Hanser Publishers, Munich, 1983.

Angew.

. K Sondergaard and ]. Lyngaae-Jorgensen, Polymer, 37,

509 (1996).

753



