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T, Parameter iPP  Pro-Fax6523 PET Kodapak7352
MFT /10 min 4.1 230°C/2.16 kg 27 190°C/5 kg
¢! 9.71x 107 1.95x 107
T, P = bs + byP 19 £ K- 084 0.63
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20 MPa 493 K PET 583
K 323 K 60 s.

Table 2 Material parameter used in this paper
Parameter 1PP PET Reference
H, Pas 4.66x 102 6.694 x 103 20 22

H, 26.12 54.14 20 22
H; K 263.15 323.15 20 22
H, K/Pa 0.0 0.0 20 22
Hs K 51.6 51.6 20 22
m 0.2751 0.1945 20 22
% Pa 24200 10537.4 20 22
w 124.4 184.3 13 14 16
C, JkgK 2124 2156 17 18
C. JkgK 1451 1473 17 18
Cy, Jkg K 3.10 2.46 17 18
Cy. Jkg K 10.68 8.67 17 18
Ci, K 273.15 273.15 17 18
Ci. K 273.15 273.15 17 18
Di, W/mK 0.189 0.196 17 18
Dy, W/mK 0.31 0.32 17 18
Dy, WimK — -6.25x107° -7.58x107° 17 18
Dy WimK — -4.96x107* -8.41x107* 17 18
Dy, K 273.15 273.15 17 18
D;. K 273.15 273.15 17 18
by m’/kg 0.00125 0.000677 20 22
by, m’/kg 0.001147 0.000628 20 22
by m/kg K 9.86x 1077 3.2x 1077 20 22
by m/kg K 2.85x1077  1.92x 1077 20 22
b3 Pa 6.946 x 107 1.2x10° 20 22
b3, Pa 1.641 x 10 2.86 % 10° 20 22
by K°! 0.003782 0.0014 20 22
by, K71 0.002712 0.003 20 22
bs K 388.75 525.15 20 22
bg Pa™! 3.00x10°%  1.61x10°% 20 22
by m’/kg 1.026x107*  4.9%x 1073 20 22
bg K~! 0.119 0.05426 20 22
by K/Pa 2.2x10°7 2% 1077 20 22
X 0.46 0.32 8 10 23
AH, J/kg 2.09 x 10° 1.25% 10° 8 10 23
n 3 3 7 8 10
U” J/mol 6280 6280 7 8 10
T, K 233 346 7 8 10
K K 2.99% 10° 3.66 % 10° 78 23
T.° K 445 553 78 23
tgs o s7'  2.07x10° 4.25 x 10* 78 23

Note Symbol 1" and s’ represent the liquid state and solid state of a

polymer
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Fig. 1 The crystallization rate versus to temperature of iPP a
and PET b at different energy of dissipation
The date point is the model presented at this paper and the line is
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NUMERICAL SIMULATION OF CRYSTALLIZATION KINETICS DURING
INJECTION MOLDING FOR SEMI-CRYSTALLINE POLYMERS

SHEN Changyu ZHOU Yingguo CHEN Jingho
National Engineering Research Center for Advanced Polymer Processing Technology —Zhengzhou University — Zhengzhou 450002

Abstract The crystallization of semi-crystalline polymers is often influenced by processing and their crystallization
may also influence the processing simultaneously. The present study is an attempt to simulate the two aspects of the
injection moldings of semi-crystalline polymers. Firstly by assuming that the effect of flow on crystallization is only in
terms of increasing the crystallization rate constant an approach based on the quiescent-state crystallization equation
is proposed to develop the qualitative description of crystallization phenomena under non-isothermal flow occurring in
injection molding processing. The energy of dissipation the work of stress occurring in the injection molding
operations is regarded as the main parameter of the equation of the crystallization rate. Secondly the proposed

modeling of the flow-induced crystallization kinetics is directly applied to predict the development of the crystallinity
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during the injection moldings of two semi-crystalline polymers fast-crystallizing polymer isotactic polypropylene

iPP  and slow-crystallizing polymer polyethylene terephthalate PET . In the prediction the kinetics of
crystallization is considered in the simulateion of three stages filling packing and cooling of injection molding and
the parameter reflected the effect of crystallization is included in the equation of the relationship of stress and strain
along with the equations of continuity momentum and energy conservation the equation of state and other parameters
of materials the flow-induced effect is also considered and the energy of dissipation is regarded as the main
parameter in computing the kinetics of crystallization. Finally the conclusion can be drawn after the simulated data
for the development of crystallinity and the distribution of temperature and pressure field in the moldings are
compared and analyzed. Although the results show the kinetics of flow-induced crystallization has little influence
during the process of computing the distribution of the pressure field it is obvious that the processing can expedite
crystallizing and the crystallization also influences the processing of materials especially the temperature field
distribution for the packing and cooling stages of injection molding of the iPP and PET.The result shows also that
the proposed kinetics model has a minimum of unknown material constants and predicts the most prominent features
of flow-induced crystallization. In addition comparison is also made between PET and iPP and it demonstrates that
the mutual influence of flow and crystallization kinetics is different during the injection molding process for materials
with different crystallization properties. For the fast-crystallizing polymer iPP flow has little effect on the final
crystallinity but relatively higher heat release and large influence of the distribution of the temperature field in the
injection molded parts and the situation for PET is opposite.

Keywords Injection molding Crystallization Kinetics Numerical simulation The energy of dissipation





