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Fig. 1 Flow curves of polystyrene melts with various
molecular weights at 200°C
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Fig. 2 Flow curves of UHMWPS (M, = 1.51 x 10° g/mol}

melis at various temperatures
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Fig. 3 Dependence of critical shear rate and critical shear
stress on molecular weight of UHMWPS ( T = 200C )
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Fig. 4 Relationship between critical shear rate of UHMWPS
and temperature (M,lzl.Slxlﬂf‘)
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Fig. 5 47 curves of polystyrene melts with various
molecular weights at 200°C
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Fig. 6 17 curves of UHMWPS (M, = 1.51 x 10° g/mol)

melts at various temperatures
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Fig. 7 The dependence of viscosity on viscosity-average
molecular weight of polystyrene at constant shear stress ( T =
200°C )
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Fig. 8 Dependence the viscous flow activation energy (AE, and
AE;) of UHMWPS (M, = 1.51 x 10°, n =49.32) on shear
stress and shear rate, respectively
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Table 1 Parameters in power law for rheclogy of polystyrene with various
molecular weights

M, x10°*
14 43,9 101 151 201 239 289

(grmol™"')
" 0.38 0.33 0.33 0.32 0.33 0.33 0.26
Kx10-* 0.567 2.71 7.39 8.00 11.65 14.59 12.74
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Table 2 Pamumeters of polystyrene fitted by Soong & Shen equation

(8}

M x10°* x 1074 7w,
’ To P kiE. A8 m
{g/mol} (Pa*s) (Pa-s)
0.14 0.0419 39.9 0.185 ©0.021 1.303
0.43% 0.518 35.2 0.753 0.089 0.998
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Table 3 Processing properties of polystyrene with various molecular
weights measured by Hakke rhecmeter

T M,x10* TQuu TQu A~ b TT0L, T

() {g/mol) (N-m} (N:m) (s} (N-m-min} (C)
200 17 9.3 3 1.024 114 10.0 187
200 439 13.7 7.3 0.610 87 12.5 191

200 95.8 16.7 11.9 0.336 119 21.9 197
200 131.3 18,6 14.2 0.268 125 24.9 189
210 43.9 9.9 6.3 0.444 87 11.0 192
210 95.8 14.5 10.7 0.302 107 20.9 204
210 131.3 16.3 13.5 0.188 112 26.6 204
20 439 8.0 5.45 0.379 100 9.73 213
20 95.8 10.2  8.37 0.197 110 15.4 211
10 220 131.3 13.1 1.7 0.113 102 15.2 206
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Fig. 9 Dependence of equilibrium torque of polystyrene on
the molecular weight of polystyrene
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RHEOLOGY OF ULTRA HIGH MOLECULAR WEIGHT POLYSTYRENE

WU Linbo, LI Bogeng, CAQ Kun, LI Baofang
( State Key Laboratory of Polymer Reaction Engineering , College of Material Science and Chemical Engineering ,
Zhejiang University, Hangzhou 310027)

Abstract The rheology and processability of ultra high molecular weight polystyrene (UHMWPS) synthesized by
rare earth catalyst were investigated by using capillary rheometer and Hakke torque rheometer. It was found that the
theological behavior of UHMWPS is remarkably characterized by its unstable flow at low critical shear rate and
ultrahigh melt viscosity. The unstable flow is attributed to the long relaxation time of the samples resulted from their
ultrahigh molecular weight, and a dependence of the critical shear rate on the molecular weight and temperature is
presented . Moreover, the low molecular weight and higher temperature are favorable to reduce the melt viscosity, to
increase the critical shear rate and to improve the apparent quality of extrudates. The extreme entanglement of
polymer chains resulis in not only the ultrahigh melt viscosity, but also the faster dis-entanglement process which
leads to a stronger dependence of melt viscosity on shear rate. Furthermore, it is indicated that the processability of
UHMWPS is inferior to that of conventional PS because of its higher balance torque determined by Hakke rheometer.
Key words Polystyrene, Ultrahigh molecular weight, Rheology, Processability



