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2 °f & d7dME DSCE 0|83l PETY vge24st =8 731, AFH ZALE F3l
o AlERLE, BELE, AUFA 59 ARAERA "E FY WoAe LxETule} AR sixe
WEE ASNG. AdtE Aae dA) AlEAlEe] B9 2Asis 34 Ao njagozA 3
FH =AM B34E AF 3T AAE HIleHA @2 PET ASole Atd @& AlE We)
2= 9 2= e} v ay FdIR oy = ARIAEER AFe 5E ool WHAzle]
Fasiict. W ¥A7t ¥7HEd PETY] A¢dle 3% olidl 2Fst F2= Aoy Alde 9
Ao e 2= % 2Rsx] dgde 2 Aol By FAY FHLTY AIUFAY Fhs W
Aazte] AsE 71427 gEd FAFAAY FPstE maA don, S35 ANATA] 9%
o] A Uelstth. AlRFP AN wWe BE2A Aolz Al JAH B4 d¥¢E FE
dl, 2 F¥2EAA Azd A8 A4 7o ANH o2 A 4 R FALEE B
o FA.

ABSTRACT: Nonisothermal crystallization rate of PET was derived by using the data ob-
tained from the DSC. The profile changes of temperature and crystallinity in the mold with
the injection temperature, mold temperature and specimen thickness were calculated through
the computer simulation. To verify the propriety of this computer simulation, the calculated
values were compared with the data of crystallinity measured experimentally with the injec-
tion molded specimen. For neat PET, the profiles of temperature and crystallinity within the
specimen were relatively uniform, but cooling time more than 5 min was required due to slow
crystallization rate. On the other hand, for the nucleated PET, the crystallization was com-
pleted in 3 min, but considerable change in the temperature and crystallinity with the position
of specimen was observed. As the mold temperature or specimen thickness was increased, the
crystallization at the center position of mold was delayed due to the decreased cooling effect.
Especially, the effect of specimen thickness on crystallization was found to be more signifi-
cant. The variation in morphology with injection molding condition had an effect on the me-
chanical property of specimen. The injection molded specimen at higher temperature showed
lower impact strength because of the relatively larger spherulites.

Keywords: nonisothermal crystallization, PET, nucleating agent, computer, simulation, injection
molding.
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Table 1. Crystallization Kinetic Parameters of

PET Calculated through a Marquardt’s
Nonlinear Regression Algorithm

parameter symbol value
overall kinetic constant A 5.808 x 108 (s!)
activation energy for diffusion  E 1.521 X 10*(cal/mole)
constant ¢ 5.51 x 10%(K)
correction coefficient I d 0.991

Relative Crystallinity
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Figure 1. Comparison of the experimental data
(point) with the calculated values (line) from Eq. 1 at
different cooling rates.
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Table 2. Base Conditions for thei Simulation

Parameter

parameter value (unit)

heat capacity?®

heat of crystallization®®
density??

thermal conductivity?®

0.410(cal/g-K)
33.4(cal/g)
1.38(g/cm?®)
6.0 x 10 *(cal/cm-s-K)
equilibrium crystallinity?° 0.36

mold thickness 1.0(cm)
Injection temperature 300(°C)
mold temperature 80(C)
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Figure 2. Temperature change of neat PET at five
positions in the mold.
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Figure 3. Crystallinity change of neat PET at five
positions in the mold.
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Figure 4. Polarized optical micrographs of neat PET
at three positions in the bar type mold (Magnitude %
1000; sample quenched after 150s).
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Figure 5. Comparison of the crystallinity obtained by
density (experimental) with simulation data.
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Figure 6. Change of the crystallization peak tempera-
ture of PET nucleated with NC-11 as a function of
concentration at the cooling rate 10 °C/min.
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Figure 7. Change of the overall kinetic constant( A)
as a function of concentration of nucleant.
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Figure 8. Temperature change of PET with NC-11
(0.3 wt% ) at five positions in the mold.
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Figure 9. Crystallinity change of PET with NC-11
(0.3 wt% ) at five positions in the mold.
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Figure 10. Effect of the mold temperature on the

crystallization behavior of PET with NC-11 (0.3 wt%)
at the center position of mold.
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Figure 11. Effect of the mold thickness on the crystal-
lization behavior of PET with NC-11 (0.3 wt%) at the
center position of mold.
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Figure 12. Effect of the injection temperature on the

crystallization behavior of PET with NC-11 (0.3 wt%)
at the center position of mold.
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Figure 13. Effect of mold temperature on the impact
strength of neat PET.
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(a)

Figure 14. Polarized optical micrographs of neat PET
at the center position of mold for different mold
tempertures: (a) 0 C, (b) 40 °C, and (c) 80 C.
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