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Fig. 1 Schematic representation of multiscale algorithm
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Relationship between temperature and nucleation
number according to Eqs. (3) (4) as well as growth rate

according to Eq. (5)
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Fig. 5 Evolution of morphology with cooling rate ¢ =10 K/min in a control volumes: (a) 465 s, (b) 487 s, (c¢) 504 s and (d) 531 s
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Fig. 7 Evolution of morphology in the whole computational zone: (a) 740 s, (b) 840 s, (c) 940 s and (d) 1040 s
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Fig. 8 Temperature evolution at polymer core for different

cooling rates
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Fig. 10 Morphology at polymer skin in the control volume of point B and core layer in the control volume of point C for different cooling rates

a) Morphology at polymer skin with cooling rate ¢ =1 K/min in the control volume of point B; b) Morphology at polymer core with cooling

rate ¢ =1 K/min in the control volume of point C; ¢) Morphology at polymer skin with cooling rate ¢ =5 K/min in the control volume of point

B; d) Morphology at polymer core with cooling rate ¢ =5 K/min in the control volume of point C
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Fig. 11  Effect of initial temperature on temperature profile

at polymer core
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MULTISCALE MODELING AND SIMULATION OF POLYMER
CRYSTALLIZATION IN COOLING STAGE

RUAN Chunlei, OUYANG Jie
(School of Science, Northwestern Polytechnical University, Xi' an  710129)

Abstract Aim to explore the polymer crystallization during the cooling stage,a multiscale model in which
macroscopic temperature and microscopic crystal morphology are related with each other is built up. On the one
hand , the variation of macroscopic temperature can bring in changes of nucleation number and growth rate of
crystal ,and thus results in changes of microscopic crystal morphology. On the other hand, the latent heat
released by crystallization can cause significant rise of temperature with the evolution of the crystallization.
According to this multiscale model, the algorithm of coupling finite volume method with pixel method is
proposed. The finite volume method is used on the coarse grid to calculate the macroscopic temperature and the
pixel method is employed on the fine grid to capture the morphology of crystallization. A 2-D polymer melt with
its boundaries experiencing the constant cooling rate operation is studied and the temperatures, relative
crystallinity as well as the evolution of crystal morphology are given. In addition, the roles of cooling rate and
initial temperature are also discussed. The results indicate that cooling rate is a significant factor for the
temperature , relative crystallinity as well as the morphology. In the case of higher cooling rate, the plateau of
temperature turns on earlier and lasts shorter, and so does the relative crystallinity; the temperature which
begins with the crystallization does not change , however, the range of temperature becomes wider; due to this
wider temperature change ,nucleation number becomes more , thus result in the smaller average crystal size. The
initial temperature only affect the time of showing up of temperature plateau and crystallization, and is almost
independent on the lasted time.

Keywords Multiscale, Crystallization, Morphology, Temperature





