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Table 1 Pressure and flow fields in conventional polymer processing
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Figure 1 Model diagram and working principle of PSD (left) ; Illustration of a PSD sample with the distribution

of shear flow, direction of view for X-ray and microtoming for DSC (right)
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Figure 2 SEM pictures of sample obtained under pressure (50MPa) and shear flow (shear rate 6. 35!, for 20s)
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Figure 3 SEM photographs of PF-PP1 and PF-PP9, which represent samples experiencing the
[31]

minimum and maximum shear rates, respectively
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Figure 4 DSC heating curves of iPP samples obtained under 200MPa and 180°C !
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Figure 5 Lamellar thicknesses(d.)of PLLA/PEG samples crystallized under high pressure

(100MPa) and normal pressure as a function of PEG content™*"!
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Figure 6 2D-WAXD images and relevant 1D-WAXD diffraction profiles for a Ziegler-Natta iPP sample

crystallized at P=100MPa, T=150°C, obtained from various radial positions (different shear rates) "
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shear rate. The dashed lines are a guide to the eye"'™’.
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Figure 8 Crystallinities of B-phase of iPP mixed with B-NA crystallized at various shear rates
(0.0~24.0s™") and different pressures (5, 50, 100 and 150MPa). The crystallinities of B-phase are

duplicated with color gradation, where the color change from blue to red indicates the increase in crystallinity™',
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Figure 10 Lamellar thicknesses of iPP samples crystallized at different temperatures (160, 170, 180, 185,

190 and 195°C) under the coexistence of pressure (100MPa) and flow (30s™') with a crystallization

time 60min. The critical nucleus thicknesses (red line) were calculated by thermodynamic analysis.
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Figure 11 Illustration of structural evolution during iPP crystallization under different conditions:

(a), (al) and (a2) are melt, isotropic spherulites, and lamellae in spherulites, respectively, generated under
quiescence and atmospheric pressure; (b), (bl) and (b2) are melt, isotropic spherulites, and lamellae in
spherulites, respectively, generated under quiescence and high pressure; (¢), (cl) and (c2) are melt,
oriented sphere-shaped crystals, and oriented lamellae in spherulites, respectively, generated under

shear flow and high pressure. The flow direction is vertical’.
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Flow-induced Crystallization of Polymers under Pressure

LEI Jun, YANG Shu-gui, RU Jia-feng, LI Zhong-ming"
(College of Polymer Science and Engineering , Polymer Material and Engineering National Key Laboratory ,
Sichuan University .Chengdu 610065, China)

Abstract: Flow-induced polymer crystallization was seldom carried out under pressure because there is higher
requirements for the experimental device than under pressure. However, not only flow field, but pressure is involved in real
processing. So, authors’ group performed studies on flow-induced crystallization of polymer under pressure using
homemade device and found the flow-induced crystallization behaviors of polymers under pressure are notably different from
those under normal pressure. For isotactic polypropylene (iPP), unique oriented sphere-shaped crystals could be formed
under pressure and flow. In a short time (30min), the lamellae of iPP could quickly thicken and generated thick lamellae
with a high melting temperature close to the equilibrium melting point (ca. 180°C). The reason is that the activity energy
for lamellar thickening remarkably decreased under pressure and shear. Meanwhile, we also obtained the window to
generate a large amount of B-iPP for the system of iPP mixed with B nucleating agent. For polylactic (PLA), the similar
lamellae thickening phenomenon was also observed under flow and pressure. In addition, we obtained 8-PLA directly from
PLA melt under pressure and flow. These research results provide theoretic and experimental data for tailoring the
morphology and structure of polymers in practical processing.

Key words: Pressure; Flow field; Flow-induced crystallization; Morphology and structure
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