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it R LA 30 °C/min BURTHEZE 100 CJEEE S min, H43501L12.5, 5, 10, 20, 40 °C/min IR
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5. BEMES . Marced (Mar USA Inc. , Model: CCD165) ; #£ 5 SIHEIMZ5HIFEES K 4 000 mm; BEYGHT
[E]47 30 s; B R AN E] (] B 60 s; X YK A =0. 138 nm.
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Table 1 Kinetics parameters of PCL during isothermal crystallization

T./K n 7 %103 ty,,/min G/min ! £ nay/ TN X, (%)
313 3.7 40. 74 2.33 0.43 2.12 42.38
314 3.2 19.95 3.32 0. 30 2.93 39.78
315 3.2 11.75 3.84 0.26 3.25 36. 00
316 3.1 4.07 6.29 0.16 5.32 38.20
317 3.3 1.82 6.48 0.15 5.93 41.93
318 3.3 0.74 9.14 0.11 7.68 37.90
319 3.6 0. 06 14.59 0.07 13.37 42.00

TER G B ET ) 1, R — MR RS, BRI TEAR B2 LS 5 il B A 2 45

v BRI P IR, R LS DSC &, 7 dH/de =0 B3RS, dnl DL T aUOH R 2] .
e = [(n=1)/nZ]" (3)
MR (2) T LIS B0, i 8 L E TR B 8] ¢, = [In(2/2) 1" — ANy, 45 SR 5 2 45 i)
B Z RN G = (1,,) ~", BLART UL 2245 fi i ] R/ N T 2 s A< g Dt ik 1 T L, B



2200 HEFEALFFIR Vol. 27

R AT ET N IOE I SR
KR ARG T B b &5 S 5 15 48 G TR 22 8] 1 96 28 T LAl i Hoffman-Lauritzen 75 F2 " i
1153901 -
. ‘ : K,
R(TcUi_To)]exp[ - T((KTgT)f] o InG + Ri( Tf]— ) = InG, - 7T(,(&T)f (4)
Lo, G, RIRRTH F; U REBIELAE(XF PCL, U™ =17 300 J/mol) ; T, J2 R G W RFREIREE, I
TR A YRS B8 Bh o8 ARG, MR T, =T, -51.6; R BSMWEG AT B, AT =10 -
T.; T, WESEREE ; T0 K VM ik B | 3814 Hoffman-Weeks fEFI% > 5K15 PCL 1Y T), =343. 4 K; f 2
WERESHL, f=2T./ (T, +T.) ; K, ABAZHEREE, BEWIABRERELSFE, nTH TR,
K, = (2byoo,T,)/(Ahlky) (5)
K, by, WHITIZIESE by =4.38 x107"%; ky 4 Boltzmann #40; Ah) Jy BN IARFUHAR RS W) S A kE
AlIE , PCL B Ak, =1.63 x 10° I/m’'™™) | o NITBEEM R A i, o, NPT BN FRE H i RYE
() InG +U"/[R(T, - T,) |XF K,/ (T AT) YEEI(WIE 3) , U6 Lk, MR LA RS ]

G = Gyexp| -

LG BIRAS Gy = *min ™' 5 K, =9.51 x10* K*.

5 i3 Thomas-Stavely ¢ 222 A LA R 947

¢ BESENR A At o
g o = ab,(Ah,) (6)
:5# K, o SR —DEEE R, TS AR PCL,
2 a=0.1. HEHH =714 x10 7 J/m>. HIARK
Y (5)FI(6) BRAL ARG & f s 2 1 A HAE o, =

1.10 1.15 1.20 1.25 1.30 1.35 3 2 N
L0t (T f ATV K? 99.6 x107° J/m?*, FEMIAI LISRIGH &L g. &)
Fig.3 Plot of NG +U /[R(T,-T,)] against g2 —NREW I 15 Bedfr S — W i Z A8 )
1/ (T fAT) for PCL Bl S0 T AT B RS

q =204, (7)

L, A, BEREYHIREEEF, T PCL, A, =0.186 x 10" w*. g EIHHAEE] PCl TSN
22.3 kJ/mol, 3% DeJuana 25"  Fl Kuo 25" 135 (AR
2.2 FRERIBRPHARESEN

Pl 4 R PCL 7£ 40 CAFi 45 il B Lorentz BOERURTREE[1(s) - s° 1) AU R & s(s =2sinf/
A, b A S X)) Z AR R MhZe. &4 b FEECY 60 s. AN 4 W LIE L, B S5
S5 RN E] P SE G, WS AT DTG A 2 1] 1 AR BE G A8 1 i 3. ARAIE Bragg s, WS R AR A 32 1n] i A B2
S LG R W A Ul 45 e e B IR TR S IR R 080N X T BE SR T AR I A R R AR A B

18
o0
L°%
g 15 e 00000000 o as0t0g000
. ~§ L
2 L
= T 12 40 C
< g o 46 C
- I Y S
2 5 gL e ? 9906008,000
— H (L .
N
-
= '.-'-lcnc—-ne.oa G655 woTeentne
-
4 - L L 1 1

4 12 20 28 36
Crystallization time /min

Fig. 4 Profile of Lorentz-corrected SAXS intensities Fig.5 Variation of lamellar parameters as a function
at different time for PCL isothermally crystal- of time for PCL during isothermal crystalliza-
lized at 40 °C tion at 40 and 46 °C, respectively



No. 11 MSE ., RONBHERESEFRERDHFHE 2201

i

W, WRTRER TG S R S R )E B R RE /NI 5 A, n] BB T T 2R A AR RO AE SR, Gl
2t 2 TS PR S e A S A B T e — 2 v, 2 A DG BRSOR AT Strobl S5 B L
B ARG IR ZOEARTY” | 52 SR LM SC s B

K(Z) ZZLWJ:OI<S)SZCOS(SZ)C1$ (8)

Kb, Z BAHCHEE, 1(s) RAHURIE.

5 7 PCL A4 IR 25 SRR EE 20501k 40 K 46 CI, KEWI(L) | ERIZRE (L,) 54582 RE
(L,) %5 R RS Z8007 BIBESS & i [a] K 285 il B AR PR 0. MRS T L, 6 AH R 9 45 i i 3
T, S RENIF G B B K R SR 2 R R N, A S AR R K, EATLEA A
A=Al TS SRR L ARAE. Xl BB T 45 S A b B0 T R A . AR AR TR A &5 R T
ARG AR BT, B 25 SR T, KA R, 4552 SR Z AR, [RIRTES &l K, 45
o AR, S IA REAR TREE EE, KFIR RE LU 22, 3K AT BE SR BTN A IR R A R R
RILENE , 25 A1 0T A L e B R AT AR FHE, DABC R A il i LR Ha /.
2.3 ZBRERPNESF

RAE YR T3 R AR SRR A N AT Y.
PRI, X sk 0 A S8 R 445 ot ) 0T 9 LA AR B )
PR . B 6 RS RS st e b PCL () DSC
k. diE 6 nTLUE i, BEE BRI, 45

3

N A% N — Py N N S la.— 2.5 C/ i
R G T B 3, W AE . A DSC § (5725 Cmin
Y Z > \. =10 C i
2 T3 PCL ik 45 I 4 o 2 ep fg — 26 G 30 < min
N — N N S, N 2, —40) : i 4
FRINLE B B H, AR R OIRRE (T) | CTH0Cmin ML
: ; y - 20 0 0
S SRELEE (T, ) | LT RE R 055 B TR (1) O
AR ST I B AR X 45 i B (X)) DA Mg b B P U4 Fig.6 DSC curves for PCL during non-isothermal
mkE (A H,) HE(FE 2). crystallization at different cooling rates
Table 2 Kinetics parameters of PCL during non-isothermal crystallization
R/(C - min~!) n Z, Z, t1,,/min T/K T,/K X, (1)(%) AH/(J-g™")
2.5 3.98 0.007 8 0.14 3.13 315.4 307.5 52.38 79.13
5 4.15 0.053 0 0.55 1.85 313.8 304.3 51.20 79.86
10 4.69 0.300 0 0.89 1.19 312.1 299.9 52.17 78.43
20 3.72 4.570 0 1.08 0.60 308.0 295.7 49.52 77.53
40 3.82 38.900 0 1.10 0.35 305.4 289.0 59.47 70.43
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Investigation on Isothermal and Non-isothermal Crystallization
Kinetics of Poly ( e-caprolactone)

MENG Yan-Feng'*”® | WEN Hui-Ying', LI Hong-Fei', TANG Yu-Jing',
MEN Yong-Feng', JIANG Shi-Chun'", AN Li-Jia',
(1. State Key Laboratory of Polymer Physics and Chemistry, Changchun Institute of Applied Chemistry,
Chinese Academy of Sciences, Changchun 130022, China; 2. School of Chemistry & Material
Ludong University, Yantai 264025, China; 3. Graduate School of the Chinese Academy of Sciences, Beijing 100049, China)

Abstract The crystallization kinetics and the development of lamellar structure during the isothermal crystal-
lization of poly( &-caprolactone) (PCL) were investigated by means of differential scanning calorimetry ( DSC)
and real-time synchrotron small angle X-ray scattering( SR-SAXS) techniques, respectively. The Avrami anal-
ysis was performed to obtain the kinetics parameters. The value of Avrami index, n, is about 3, demonstrating
a three-dimensional spherulitic growth on heterogeneous nuclei in the process of isothermal crystallization. The
activation energy and the surface free energy of chain folding for isothermal crystallization were determined ac-
cording to the Arrhenius equation and Hoffman-Lauritzen theory, respectively. In the process of nonisothermal
crystallization of PCL, the value of Avrami index, n, is about 4, which demonstrates a three-dimensional
spherulitic growth on homogeneous nuclei. In addition, lamellar parameters were obtained from the analysis of
SR-SAXS data. The results indicate that long period and the thickness of amorphous layer first decrease and
then keep constant with the increase of the crystallization time. At the same time, the long period increases
with increasing the crystallization temperature, which is the same as the thickness of amorphous and crystalline
layers.

Keywords Poly( e-caprolactone) ; Isothermal and nonisothermal crystallization kinetics; Lamellar structure
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