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Fig. 1 Heat flow versus time curves on isothermal
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PLA and its composite

SIS ¢ /A°C-min) T,/)C T)C f,,/min
1.25 79.01 91.36 12.11
2.50 82.90 97.56 10.34
4li PLA 5.00 87.73 105.47 8.45
7.50 93.01 110.26 6.40
10.00 97.25 114.24 4.73
1.25 70.69 83.68 8.72
2.50 74.15 89.83 6.94
1 5.00 79.56 95.63 5.62
7.50 82.36 99.33 4.77
10.00 90.11 101.76 4.17
1.25 69.13 81.68 9.81
2.50 73.59 87.84 7.35
2 5.00 76.94 92.85 5.55
7.50 81.56 95.62 4.78
10.00 85.96 98.43 4.15
1.25 70.14 80.45 12.89
2.50 73.29 84.69 8.83
3 5.00 76.89 89.84 6.07
7.50 81.21 93.21 4.76
10.00 88.97 95.86 3.93
1.25 68.68 79.21 9.78
2.50 73.12 83.88 7.22
4 5.00 76.13 89.43 4.75
7.50 80.59 92.22 3.72
10.00 85.43 94.43 3.19
1.25 68.13 77.03 10.14
2.50 71.56 81.31 7.31
5 5.00 75.54 87.07 5.45
7.50 80.02 90.71 4.53
10.00 85.12 93.48 3.89
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Fig. 9 Ig[-In(1-X(T))] versus Ig ¢ curves on

nonisothermal crystallization of PLA and its composite
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Fig. 11 In ¢ versus Inf curves on nonisothermal

crystallization of PLA and its composite
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A M ORIRE S 1 AE BUE 4K T4 PLA (1, R W]
PBAT J% SiO, M5 ABHLAS T PLA 4% (i Bt ) ffy 14
ARKREPEHLRE . WA, BEE Sio, SRmIgAR,
FERRIY AE BUE K. AE MITRIGILEE ( AET) Al
BTG ILRE ( AF) dpl. AE AR5 T4k B it
FUIm IR B i AR SR T T TR AL R, 1T AF 2
TR LIk B R H i S A% BT i s Ak g #1 n
SRR FEEN: 1) PBAT REW RIS
MIAFTERG N T HESiSS, (7% PLA Zr FHEBGI IR A K
R ZH TS, S5 AE HK; 2) Sio, 44
KoL AT DU B S AR U A E T, S AF 380N
EAFRRER B AE BUAKER Si0, H5E iR
WK, R SiO, Fr R AE BRI STk T
HXF AF /N TR
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WHhZEEE (ETF Mo B Kissinger)
Table 3 Kinetic parameters on nonisothermal

crystallization of PLA and its composite by Mo equation
and Kissinger equation

S X,/% o F(T) AE/(kJ-mol™")

10 1.74 90.58
30 1.89 149.23

4l PLA 50 2.14 358.35 -84.71
70 221 576.23
90 2.33 1273.20
10 2.57 83.11
30 2.71 136.49

1 50 2.92 305.16 ~103.93
70 2.62 408.63
90 2.09 425.01
10 2.01 48.26
30 2.20 127.95

2 50 2.45 273.37 ~114.64
70 2.35 343.13
90 1.72 387.80
10 1.36 26.61
30 1.58 55.42

3 50 1.77 116.20 ~121.38
70 1.79 169.26
90 1.93 374.35
10 1.38 15.20
30 1.49 32.35

4 50 1.84 85.29 -122.37
70 1.91 153.46
90 1.44 212.60
10 1.80 14.63
30 2.02 25.81

5 50 2.20 84.53 ~126.22
70 237 141.84
90 1.66 186.67

LN K Si0, IHF PLA/PBAT ESKAME R N FAR

= 4PLA;
o Y
-70F * A2
- A3
—_ < SLE A4
5 -75 >SS
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12 PLA RESAMEIEFSRE RN In( ¢ /T))
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Fig. 12 In( ¢ /T,?) versus 1/T, curves on nonisothermal

crystallization of pure PLA and its composite
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Table 1 Kinetic parameter and 7, on isothermal crystallization of PLA and its composite

LN K Si0, IHF PLA/PBAT ESKAME R N FAR

S T)C n K(T)/min™" #,,,/min 7,, /min”’ £,0/min T,/C T°/C
85 2.06 458x10° 11.47 0.09 9.92 168.09
95 2.20 5.59%x 107 8.89 0.11 7.99 166.79
4 PLA 105 2.13 9.13x 10 7.64 0.13 6.74 166.86 163.11
115 2.29 3.54x 107 10.02 0.10 9.16 164.82
125 2.28 1.52x 107 10.82 0.09 9.88 166.15
85 2.25 7.48 x 107 7.51 0.13 6.81 166.81
95 1.91 1.30x 107 2.41 0.42 1.98 167.24
1 105 1.92 291x107 2.08 0.48 1.71 168.19 163.56
115 231 2.53x 107 4.19 0.24 3.84 165.44
125 2.13 137 %107 10.79 0.09 9.52 166.97
85 2.81 1.67x 107 8.57 0.12 8.34 167.11
95 2.18 3.13x 107 4.15 0.24 3.71 168.05
2 105 2.09 6.78 x 107 3.04 0.33 2.66 168.75 163.41
115 2.45 455x 107 7.80 0.18 7.31 163.83
125 2.04 1.52x 107 6.48 0.11 5.58 165.19
85 2.36 7.65x 107 6.69 0.15 6.26 165.85
95 2.04 9.99 x 107 2.58 0.39 222 166.08
3 105 1.92 1.40x 10™ 2.30 0.46 1.89 169.77 165.14
115 2.29 1.15x 107 5.99 0.17 5.48 163.26
125 2.13 9.99x 10 7.29 0.10 6.44 165.00
85 2.54 520% 107 6.86 0.15 6.51 165.78
95 1.98 6.57x 107 3.29 0.30 2.77 166.42
4 105 2.06 8.35x 107 2.79 0.36 2.42 167.75 162.75
115 231 1.11x 1072 6.02 0.17 5.51 162.59
125 2.36 2.19x 107 11.44 0.09 10.59 164.60
85 3.05 462x10° 10.97 0.09 10.86 165.68
95 2.41 8.60x 107 6.16 0.16 5.75 166.49
5 105 221 2.97x107 5.02 0.20 451 169.25 164.74
115 2.48 3.87x 107 9.17 0.11 8.63 163.52
125 2.47 238x107° 12.38 0.08 11.64 166.08
MiR 2 PLA B PLA/PBAT/SIO, EAMHEMIESRE R NFSH
Table 2 Kinetic parameter on nonisothermal crystallization of PLA and its composite
SEERAL ¢ A°C emin) n Z, Z, n, Z, Z.
1.25 1.43 2.49x107 522x10™ 5.28 1.16x10°° 1.79%x10°
2.50 1.94 1.01x 107 1.59x 10™ 457 1.45x10° 1.16 x 107
4li PLA 5.00 3.01 121x10° 2.61x10™ 4.05 1.23%x 107 1.65x10™
7.50 4.12 2.63x10° 3.33x10™ 3.51 1.13x 107 4.05% 107
10.00 4.88 471%x10™ 437x10" 3.31 477x 107 5.86x 10"
1.25 1.31 478 x 107 8.79x 107 2.89 1.21x107 462x10°
2.50 1.55 498 x 107 3.01x10™" 3.03 3.34x10° 3.01x 10"
1 5.00 2.09 4.06x 107 527x 107 2.75 1.25x 107 1.02x10™
7.50 2.94 9.82x 107 5.40x 107" 2.70 1.62x 107 4.16x 10"
10.00 3.71 426x107 5.79%x 107 2.73 2.19x107 6.82x 10
1.25 1.35 3.83x107 7.35x 107 3.93 8.40x 107 5.49x 107
2.50 1.77 224x107 2.19x10™ 4.44 620x107° 2.07x 107
2 5.00 1.96 2.94x107 49410 4.47 454%x10" 2.14x 10"
7.50 2.74 1.03x 107 543 %10 4.67 6.33%x 107" 3.75%x 10"
10.00 3.45 1.19%x 10" 581 x10" 4.86 7.87x 107" 4.89%x 10"
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g&
SEYRAL ¢ A°C +min™") n Z, 7, n, Z, Z.
1.25 1.32 3.62x107 7.03x 107 4.19 3.53x10° 2.74x10™
2.50 1.54 3.76x 107 2.69x 10" 435 743 %107 223x107
3 5.00 2.08 1.91x107 453% 10" 4.46 1.65x 10 1.75x 10™
7.50 2.65 1.19x 107 5.56x 107" 495 3.32x107™ 3.44x 10"
10.00 2.91 8.44x 107 6.42x 10" 4.66 829x 107 492x10°
1.25 1.38 337x107 6.63x 107 3.50 337x 107 1.08x 107
2.50 1.29 9.19x 107 3.85% 107 3.33 9.19x 107 8.63x 107
4 5.00 1.77 491x107 5.47x 10" 3.43 491x107 3.24x 10"
7.50 2.23 3.52% 107 6.40x 107" 3.53 3.52x 107 5.01x10™"
10.00 2.97 129x 107 6.47x 107" 3.41 129x 107 6.16x 10"
1.25 1.44 3.14x 107 6.27x107 3.36 2.76x 107 1.42x 107
2.50 1.45 6.54x 107 3.36x 10 3.36 2.01%x107 8.33x 107
5 5.00 1.90 3.67x 107 5.16x 107 3.16 5.82x 107 3.57x 10"
7.50 2.16 4.05x107 6.52x 10" 3.06 121x107 5.55% 107
10.00 2.59 2.77%107 6.99x 10 2.94 1.88x 107 6.72x 10"

Crystallization Kinetics Research on PLA/PBAT Composites System Filled with
Modified Nano-Si0O,

ZHOU Zhibin', LIU Yuejun"?, LIU Xiaochao'

(1. Key Laboratory of New Materials and Technology for Packaging, Hunan University of Technology,
Zhuzhou Hunan 412007, China;

2. Key Laboratory of Polymer Processing Principle and Application, Xiamen University of Technology,
Xiamen Fujian 361024, China )

Abstract: The isothermal crystallization kinetics of PLA and PLA/PBAT/SiO, composites were investigated by
Avrami equation. The results showed that Avrami Indexes(n) of PLA and PLA/PBAT/SiO, composites were 2.06~2.29
and 1.91~3.05 respectively. The crystallization constant K(7), semi-crystallization time ¢, and crystallization rate 1,,
were firstly increased and then decreased with the increasing crystallization temperature. The K(7') and ¢,, of PLA/
PBAT/SiO, composites were higher than those of pure PLA at the same crystallization temperature. Simultaneously,
the non-isothermal crystallization kinetics of PLA and PLA/PBAT/SiO, composites were investigated by Avrami
equation with Jeziorny improvement, while 7, values were ranged from 1.31 to 4.88, indicating the coexistence of two-
dimensional and three-dimensional growth in crystal growth pattern. The n,, Z,, and Z, of all samples were increased
with increasing heating rate, and n, was less than n,. The result of analysis based on Mo equation was coincident with
Avrami equation with Jeziorny improvement, which further indicated that the introduction of nano-SiO, increased the
crystallization rate of PLA. The crystallization activation energy AE of PLA/PBAT/SiO, composites was greater than
that of pure PLA, indicating that the introduction of PBAT and nano-SiO, hindered the migration process of the segment
in the main chain of the PLA to the crystal growth on the surface.

Keywords: poly(lactic acid); poly (butylene adipate-co-terphthalate); nano-SiO,; crystallization kinetics
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