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Fig. 1 DSC curves at different cooling rates from the Fig.2  DSC curves at various heating rates from the
melted state for PLA glass state for PLA
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Table 1 Enthalpy of crystallization of PLA( AH_) at different cooling or heating rates( ¢)

j’o(cmzlll’;’g)l ; AH/(Jog™) ?O(Ch::g? ; AH/(J+g™") ?)o(che;l:‘g? ; AH./(Jog™") EDO(Ch_e:;l% 1); AH/(J+g™")
0.25 2.3 0.25 2.1 15 2.8 4.0 201
0.50 2.8 0.50 2.8 2.0 27.1 5.0 14.4
0.75 11.6 0.75 24.8 2.5 26.3 6.0 9.2
1.00 1.25 1.00 2.5 3.0 25.0 7.0 31

4.2 1.1 1.25 26.5 3.5 22.1 8.0 1.8
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Fig.5 Plot of P(T) versus T obtained from heating Fig.6 Plot of P(T) versus T obtained from cooling
process process
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Fig.8 Plots of 1g ¢ versus Ig ¢ for PLA during heating Fig.9 Plots of Ig ¢ versus lg ¢ for PLA during cooling
crystallization crystallization
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Table 2 Non-isothermal crystallization Kinetic parameters at different relative degrees of crystallinity

Heating crystallization Cooling crystallization
X(T)/%
F(T)/(K+-min®~") a F(T)/(K-min®~!) a
20 35.8 1.79 11.9 1.15
40 52.2 1.80 22.0 1.12
60 74.8 1.83 36.4 1.35
80 103.1 1.84 58.0 1.42
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Table 3 Relationship between crystallization rate coefficient( CRC) and temperatures of crystallization peak(7,)

Cooling T./C <89 89 ~ 100
CRC 0.26 0.04
Heating T./C <93 93 ~96 96 ~ 100 > 100

CRC 0.05 0.08 0.11 0.17
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Table 4 Data of E, at different cooling and heating rates

Cooling rate/(°C +min~") E./(kJ-mol ") Heating rate/( °C +min ~") Ey/(kJ-mol ")
0.25~1.25 2.02 0.25~1.25 1.93
1.25 ~4.00 1.11
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Non-Isothermal Crystallization Behavior of Polylactide

BIAN Xinchao™’, FENG Lidong™’* , CHEN Zhiming’, CHEN Xuesi""
(“Key Laboratory of Polymer Ecomaterials ,Changchun Institute of Applied
Chemistry , Chinese Academy of Sciences , Changchun 130022 , China
" Zhejiang Hisun Biomaterials Limited Corporation , Taizhou , Zhejiang 318000 , China)

Abstract The non-isothermal crystallization behavior of polylactide (PLA) was investigated by differential
scanning calorimetry ( DSC) , including heating from glass state and cooling from melted state for the PLA
polymer. Crystallization kinetic parameters were calculated using Ozawa equation, Mo method, Khanna law
and Kissinger method. These methods are all suitable for handling non-isothermal crystallization process of
PLA. The crystallization rate coefficient ( CRC ) proposed by Khanna can easily evaluate the relative
crystallization rate of PLA. In contrast to the cooling process from melted state, the heating process of PLA
from glass state stimulates crystal nucleus generation, while cooling process is conducive to the growth of
crystals. When the heating rate is at 2. 0 °C/min, crystallization enthalpy ( AH_ ) reaches the maximum of
27.1 J/g. When the crystallization starts from the melted state, AH, increases with the decreasing cooling
rate. The cooling rate is lowered to 0. 25 °C/min, and AH, is increased to 28. 3 J/g. At a lower temperature ,
the process of crystallization from the glass state, is mainly heterogeneous nucleation of two-dimensional crystal
growth pattern. At higher temperature, crystallization from the glass state and melted polymer largely attributes
to the homogeneous nucleation for three-dimensional growth pattern. Compared with the heating process, the
cooling process is not conducive to the formation of crystal nucleus, so that in the cooling process AH_ is much
lower, and the diffusion activation energy is a little higher than that in the heating process.

Keywords polylactide ; non-isothermal crystallization ; Ozawa equation; Khanna method ; polymeric melted

state ; glass state
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