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1 ZBES

L1 FE#

PLA %78}, 56 [# Nature Works 2 &) 477, Bl 5
y 4032D , H 5 1 i (M) 292 223000, #1443
FHE (M) %9} 106000, %5 5 1. 24 g/cm’.

1.2 HRE&E
12,1 HARBEELH &AM PLA

56K PLA RDEH/E 80 °C F 228 T4 8 h, 8R
JEAEWAR R 20 mm JEEESR 2 mm (58 & PR PLA
KEHE il , £ 200 C R R4 5 min, B 5 57 BI4EA
2SR EN,8 min J[FES TP HRBHE 25 C,
EIEAE A 20 mm JEEE R 1 mm (95 TR A SRS H)
B (CN).

1.2.2 Meutdd vk il 45 4 i PLA

PR3 R 3 0 7 0 2E R AL SR AL b dE AT 1S
JEA BT R 5 A U5 &L E e PLA RDREHE
80 CFHEZ T4 8 h, Z 5K %4 PLA NN
20 mm JEJE R 2 mm (Y5 & LR BIRE R E N
(PEANZH 4 72 WSTR[ 19 ) , 4R )5 s s 7 99 3
0.1 GPa. ¥4+ n#ZE 200 C %4 5 min, f# PLA
SEA AL, BT 7E 20 ms PR RE G 9 5 AL 0. 1
GPa LY % 2. 0 GPa. {558 A 42 I 45 1k fin
o RUE HEFT R, 10 min J5FEEE 25 C &5
B RS S 2 B AR 20 mm JEE N 1 mm
(PR FE S (RC) .
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Fig. 1 TG profiles for samples CN and RC under nitrogen
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Fig. 2 (a) X-ray diffraction profiles and (b) FTIR
spectra of the amorphous samples

The inset shows the 2D-WAXD pattern of CN sample.
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Fig. 3 DSC heating curves of amorphous CN and RC

samples at a heating rate of 10 K/min

Table 1

Melting temperature, melting enthalpy and the degree of

crystallinity of CN and RC samples derived from the DSC curves

T,.(C) AH, (J/g) X. (%)
CN 166. 4 31.28 33.6
RC 166. 3 51.85 55.8

2.3 ERAGRINE

QNET SO IR AR L T Xeray 500, 2050 O35 18
5% PLA 25 S 47T hy i 2 i R A, BRI o, AR SC ik
FH RS 21 40 S 33 46 U 0F 7 E ff PLA A4 R 45 i
AL Bl Ji2k. B 4 O CN AT RC BEghE 110 CF
SRR Ah W o AR Py 2 A0 T il 2k, T BT TR R
830 ~970 em ™. IR AT LI H 956,922 i 871
em ~ b 3 A G AL Bl A ]S Ak W] 5. 956 AT 922
em ~Rh B G R C—C S5 BE 45 PR 3 A0 CH, 3
P 13 3 i, o 956 em ™' S RE i i G R TR A Y
FRAEGEHE , 0 922 em ™' R &Y S ARAE S A A IR 5L
BIFUGEE, B B N AE MBS A 922 em iR
B, Bt 25 B 9] A 4 4G 922 em i Y B L HL g
TR 5 G R T M I Y 956 em T G Y 9 I
U 72 347 AT 871 em ™' A B B RIS B I M i A v
G35 ] A BVE ™ A BE G A TR S G g e
W B AL B By HL o 42w, 50 W 43 B Tl 9 HE 51 76
AW T AT

N T RSN 2 FRAE SRR S AT,
R A PR R AE T8 17 922 em ™" Arb 1 06 5 A5 A i
(H -H,)/ (H, —H,) KFRAESHE G TEAR R 45 &
TR B R 45 St AR e S Bk, CN A



1088 Iy

I

2013 4

Absorbance

Absorbance

840 880 920 960
Wavenumber (cm )

840 880 920 960
Wavenumber (cm ™)

Fig. 4 Temperature dependence of the FTIR spectra of all samples during cold crystallization at 110 “C :(a) RC sample and (b) CN sample
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Fig. 5 Time dependence of normalized intensity of the crystallization-sensitive 922 ¢m ~' band measured in the isothermal crystallization

processes at the various T, for CN and RC samples
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Fig. 6 Crystallization temperature dependence of

crystallization rate constant & estimated for the CN and RC

samples in the cold crystallization processes
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Fig. 7 WAXD patterns of CN and RC samples isothermally

cold-crystallized at 110 ~ 140 C : (a) CN sample and (b) RC

sample
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Fig. 8 Crystallite sizes as a function of T, for CN and RC

samples
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Fig. 10 Polarized FTIR spectra, parallel ( solid lines)

and perpendicular ( dashed lines) to the thickness direction

of RC and CN samples
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ISOTHERMAL COLD CRYSTALLIZATION BEHAVIOR OF AMORPHOUS
POLYLACTIC ACID PREPARED BY RAPID COMPRESSION

Rui-jing Zhang' , Chun-guang Shao', Ming-you Wang®, Dou-dou Zhang’, Yang Zhang',
Cheng-gang Liu', Qian Li', Shi-ming Hong’, Chang-yu Shen'
(" National Engineering Research Center For Advanced Polymer Processing Technology
School of Materials Science and Engineering, Zhengzhou University, Zhengzhou 450002)
(* Laboratory of High Pressure Physics, Southwest Jiaotong University, Chengdu 610031)

Abstract The melts of poly (lactic acid) underwent two different treatments ( naturally cooling (CN) and
rapidly compressing respectively) . For the first time,amorphous PLA samples have been successfully prepared
by rapidly compressing ( RC) process, and its isothermal cold crystallization behavior and the corresponding
crystalline structure were studied by using differential scanning calorimetry ( DSC) , Fourier transform infrared
(FTIR) , and wide angle X-ray diffraction ( WAXD ). It was found that RC samples possessed a faster
crystallization rate and higher final crystallinity than those of CN samples at all selected cold crystallization
temperatures (110,115,125,130,135 and 140 °C, respectively ) according to the FTIR and WAXD data.
However, there was almost no difference of the crystallize size between RC and CN samples. With the FTIR and
WAXD results, it could be concluded that the crystal nucleation density was higher in RC samples. Besides,
polarized FTIR results exhibited that there was no orientation of molecular chains in the raw RC samples, thus
the impact of molecular orientation on crystallization behavior of RC samples could be excluded. As a result,
the unique crystallization behavior of RC samples could be attributed to the higher crystal nucleation density,
which was caused by local order domains formed during the rapid compression process, accelerating the
crystallization rate and increasing the final crystallinity of RC samples.

Keywords Amorphous polylactic acid, Rapid compression, Isothermal cold crystallization, Local order

domains



