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(WAXS). fEAR T, F&5 Y PCL AR V, (WAXS) B 5 T 50% . Xf SAXS 3 2 i — 4 AH 5C pR L (1DCF)
SrMr, 4580 T PCL YR R A (L) MOCERJZIREE (L,) . il id LB WAXS K SAXS B8 7 & 5t I h
PCL AR I = AIBEAL” 7 LASA , Hod P2 R (E) 2000 Ly 19 15% ~ 18% 3 )y i 245 BAT 252 Bl
& T, I, PCL SRR L, (L, K E BB HE R, H L, (AR R, X A28 B TF. 78 50°C S5 45 Fh A
(18], % B0 L, WA A ) S35 00, T L, B B PR/ 453l 10 K5, PCL YR SAXS ¥4k | AT W€
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KR R(e-CAMR), A, T X IFLEUN, /M X STEREUN, —4EAC %L

F b A AR — A EEAOE A B
TARGE A5 B B DL BR A g 5 E O
MERRMT Y. Fr i XA 1] RS AT AR 4 5 {HRE i
WHAS ~ 50 nm, — e /N T4 fb Ve m o 1 5
A% 8T K 2 (contour length ). 1957 4F | Keller FHi,
FRTH SR 7R R M (PE) B2 R dirh 4 F
e 10 5 R b A TR LR T R — 2, e it
P& T T EEELS SRR, DR TR U
oy ¥ AT &, AT Sl 17k ds iy b
TR X B T AT 4 T4
AL B T o FEERAT & AR JEAHEA R X,
BCAEAR BT 1 TR E 5 53 db AR B 235 i B ] Rk
] 100% , 7R A 7 25 AR B L™ RN IRZ,
TN =R e O O 1 2 Ml N £ B = - M B N o
AR (AN AL R BE B bE ) DL R s 43
THE Y P LS G S BUT S Sk = o T AN 4G
A, PRI TR ARASE Y™ 7 1 41 4 b 0 9 B9 00 401
W Bt O 0 H . 100 1 M 4 A 3 B9 8 23 B
i , Keller TA Ry 4355 f2 LA i A0 47 & 1) 7 =X
HEA R S . ABAE R (RFFE , ATTR B
TR 235 460 i AR A I, B T B W] DR B I 3/ 5
IABLRIIESR. Flory 262 MGEit h2p ih %, b — 2
AR FRIRTHE T 2 )2 A i i Eiie A R TE S IX

AR A X 2Z (8] A — > Bl 9 23 P2, T B A
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Wi, 76 0T iR b 32531 B0 A PR AT 43
Jrdtan DX ]2 G X)) R T I 2 (IR R X))
=R X ARG LR RV 2 SR A R
JESLZ. 4 Hahn 285 F/N X BF28 805) (SAXS) &
ARSI TS AT H PVDE BAT* = AHE5H 7,
R JZMEEZ) 2 ~2.5 nm.

ASCHI ] SAXS I X SN (WAXS)
AT W T R (e-C NBR) (PCL) SRR
AN ] DX RO 5 45 S IR BE (T, ) B2 55 IR 45
P[] 4 5C 2. PCL J2&—Fh ML B A 45 e SR g, Ko
BT B S AR A B 5 (—CH,—) Fil 1
ANHE B 3 (—COO0—) . PCL (1) 3¢ 3 4k 5% A% I
JE(T,) ARAK, 290 — 60°C 5 H: A B0 S8 45 5
(T,) MTCEE , Strobl SEMAEIE M (T,,) - A b B
B ERISMERS IR 79, 2 100°C ™ i — i SCiik
38 PCL ) 77, T F 70°C . i Chatani S ff
FEL R PCL A S8R a =0. 748 nm;b =
0.498 nm;c = 1. 726 nm. Z AL & i i 226 R
P, PCL 1) AR 2546 A1 PE J5 8 AHALL, 7] & 1F 22 i
% ,PCL Fi81Y a b 53505 PE fMLEY b e 534
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RS, SRS % B PE AE L, PCL SR A 45
Al B H BB 2 X BR A 7E PCL SRk
X W R REAR K. % %) PCL & 7F (b2 250 T A Y
FRAEAL A5 Z2NT, AATT i AN BB IR A H8 7 L 485 it J
AR E R b & B2 g v 119 i DX, Heck, Strobl 45 F
SAXS JRZH i RIE(DSC) W5 T PCL Y T, |
T, FUR SR Z AR 5 207 145 4 R 4%
W, T, /NT 40°C i, S5 TRLAS A i R i )R
KB R T nm; 11725 T, 1 40°C, W] 7 fy )2 B2
S RBE T, Fh .

ARSI R % FH A PCL FE & HAT B A9 2 7
HEAEREN T 200, XA R FRAE GRS
fm A B B Ok 58 3% 19 PCL & K. Rl H SAXS/
WAXS B2 F B 58 T PCL 1 /i B3,
I BN WAXS il SAXS 5236 45 575 1 i %k
Wi, AT INE PCL B F b 25 7 DA = AR A5
R R, 2 AT I R A AR fE SR e 1, 3R
TBCH RGN HT T PCL B SIEA R T, it
DA K S5 4 db B TR R A T AR Ak e s i

1 SEIRER4SY

1.1 #&=&

PCL A 80 th H &G4 (R RMBE AL A T 58 B T4
SRHE R S ) FE A JT IR AL R O o R I
B, 51 &0 & %, 77 ) PCL Sk R 5 i
1.2 HmiSRESFERE

Xf PCL FEAT = WUTVE 73 9 (1Y 5K IR Ay 4
), A A TUEE R . H-NMR il GPC X434
B BORE G EAT T 20 75 K 3 1 00 A I R AE.
GPC( A L Ambrttbr g ) 45 PCL i« =MW"
I 5r1- 1R 9700, 53§ 5 3 A 7E 53 IS 530
1,32 A1 1. 21, "H-NMR JUA54E 5 O 50 4 7 i
>h 6800.

GPC A Waters 2410 HUEEE 12 3% (51
ST, S E R Waters Styragel Column ( FL2 K/
7392 10,107, 10 nm) , WS THE f 358 H
1.0 mL/min, iR K 35°C. "H-NMR fr 2%
& Bruker AXR400 sepctrometer % 4% 7 e 4R 151X,
IR 2 25°C , TMS S bR, CDCL, S i)
1.3 —%E SAXS/WAXS 3%

ST B4 %% 5 SAXSess %Y ( Anton Paar
o)A Ve /N XU XS R
2y Philips PW3830 B X S 2 % A 4, 22 B (AL 5
5 CuKa 28,3 K (1) 4 0. 154 nm, TAERLJE/H

ik 40 kV/40 mA. X HHER 28 Kratky FEHE17
BRI R AR X 2. X SF U/ AT 5Ot
FEOEBM(TP) L 5%, 1P 73 ## 3 0 42. 3 um x
42.3 pm , A BE A LR 0. 1° ~ 40°, 7] LL[H]
PSRN AN A RYAE 5. PR, F SAXSess fiE
SEERXT AR b SAXS T WAXS f [ B . 4825 e
A Haake HLARHI¥ % & HFEM &, TARIR X N
-20 ~120%C , NG E N +0. 1°C.

SRl £ SAXS/WAXS £ 5, % — E & /Y PCL
e TR e TG FAE 80 C AR IR —iE
I ] (A it 52 4 8 it LAY o 8 P ot I o O
Rz T, OF 4 2 KT DAf PCL 784345
mn- KA A RRE SR RS R TR T, 7Y
SAXSess # i 5 H, #E— 2 AEE 5 min J5 4] 1P 2
SEHUE/ AT EHE S, iE ST R A 30 min. TP £ 18
it Perkin-Elmer Cyclone 7413 #4752 HL.

T AfAG—4E SAXS/WAXS 548, i if5 Z Ad H]
SAXSess [t 17 B SAXSquant 1. 01 4% Cyclone
RS B A SR T 26 IX B4 29 4k S 4
PR, 50 BR AR G eR B 43 B 004
SAXSess [ (1 EAFAL (PCG) . Ay T bR 24k R £
EUEOLR 7R BB AL (smearing ) R4V, 75 X 5L
IEEAEEAT “ AT (desmearing ) &b 3. Fir FVF
FEOR A HT A 2 T Lake 32 109360 E RS
8. G I Y K BE R B B A Rt 2k 2 AT SAXS
quant FRAFF 133,

JIif SAXS — 2 il 2k i) A AL A Dl B R 21 g
(g =4msing/A) , Hrpr 6 HATH I —2F, 2 Jy X
SR, 75 S IE T @ 3 Porod S HETE &
S UE S it 2 A BE E BT S (E A TR HATBR
e SEBE. B, B TR A BRI R AR AR T
I, BIVRR 17 S ( Compton scattering ) , 524615
B i AR = A BB Y SR — M E E T S (E. R
Porod fEHE, i M &R/ IV HURH L LA T KRR

K
I, :B+q—; (1)

Hop, B J2 e S ( O LR M H 11
DU . M 10" X ¢ PR3] — B, N E
LRERENAT KRG B (H. FHEECR i X B
{EAE AT A5 28 15 AU th £, B

Al =1 -B (2)
DL AP AR AT 240 A F PCG #fF45%¢ v PDH
T E.14 Porod THEEAN Substract I EEA SZHL.
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FH A A ZE A B 1) 5 oA AE 2 R i
R AL AT (SR A7) HERR W — 4 7 i iy
W ERER S, o XOREE S X o, =
S IV B B 2% BOHL 9% BE K V. SAXS Bl
BTk 9% B 22 ok AT I i 1. JE 2k SAXS fifi £k
AR — R S W 7 R AR A (g, ), BT AR
XA RGN E L, =21/q,. X TU R dhif
B AR TR M R — B A PR RS
M5, Ly AR T EATHR ] f 25 B (R P AR 4 A7
BRI, B, Ly s T db XA AR A IX
4 JEE . T SR R I A5 5 43 o R ) AR BR 4 R
(V) R R R RS X REE L, .

L =1L, xV, (3)

I o 0T ARG B T A 2R 7R
FATHY LG b, 38 2k X WAXS 3526 1 5347 ok 15 5]
g5 B . T AR AR, N WAXS FR15 1 45
iR W W, RV, CRITT
_p-p. _pW. (4)

P ~P.  Pe
X p, . 430 I TCETE X% B 5 p R
TR S G Nl e wa e R S
L_Lew W

(5)
p P P
XHVFZE R ahHERTE —BIE IR R, &
Hext SAXS 3 £k #F 47 — 4E A0 OC 2R £ (one-
dimensional correlation function, 1DCF) =" 43 #i;
UL HEAS A0 DORITER & DX JEE BE . 25 40 F i )
o] RO AR AR RAR 22 s T R dnik &y ) |, —
R R BRI KT Ly TR F RS 4%
PF N ARG, 545 2 09 A R) R & 7 2 JC FLE )
), U —ZEAH SC PR AR K (2) fi38 T JZIR R GENTL L
5 1] H, 285 P Bk I 0 IR AR B, T AR AR
K(z) = ([n(z") = () 1In(" +2) = () ])
(6)
Horbr 2 ¥ i i 207 18] 19 25 (8] AR AR, A9 5 3
IRX T 2" 3KV 2, m F () 23 2 AR RAEHEA
AR AL AL Y H 4 RE T 2 F 4 L AR R
SEEAERE, K (2) TS O 38 EEth 2 1(q) 1@
TR AR

K(z) = zl?fl(q)qZOOS(qZ)dq (7)

A TE S TP I 201 TR AR A TOR il 2, DU 4 A

V.

“THASTR” A HC 2, 0 SR AN A X iR SR
2T LI I3 A (7) IH—A4 15
J; Iq° cos(gz) dg
| 1adq
AV K(2) fhZemT I 1 RE R, By h
N 44°C S5 R 45 i) PCL A 5 1) SAXS i 21t
AR AL, K (2) 785 R BT R 3y — 4
FURH G =8, B R 4% B 1 R AR Rl (=
=0)F K(z) & ny L i SE R L (Pt L,
MK HL) B — 2R K(2) fiZ B2 —
AN BT A 2R PR 20 100 B A LR XD =1
TE R RE5 A R NIAR 52 1) i BRI AR R R0
AR ORHA ) 73— 5 K (2) IR SELR 1 32 5
(BRI L, p530) WA AL R (B B A 2 v B — AR 0973
RoF. K(z2) S — AN B 07 B R AL bR B Fr
AR R AR (L) . 2 7 S B AR 45 &
(V) KT 50% I, L, 33— sSUI0xH I A A A (i D
IREAR R IR B SR (L) 512 V, /NT 50%
R, DU AR BR (AR X ) P X SRR (L) -

1.5

K(z) = (8)

1.0 D

K (2)

-1.0

l-q:‘:h:l:I:I:Iﬂ:ﬂ:l:l:
—0.5 F
Lr
0 5 10 15

20 25
z (nm)

Fig. 1 A typical one-dimensional correlation function (1DCF)
The curve of K(z) versus z shown here was derived from our SAXS

profile recorded at T, =44°C.

JEU L K (2) 3 T AR At T o 8 2 5 R A
BUTH R 2 =0 4b,K(2) =1 IJE A A7
K(z) 097N B SE 245 i A9, Bl S E A — Ak IX
(], £ L TR 4R 02 (B 1 rp D Bixd i
AR AR (ED) n] RIAUFR G R TR . (HAATTIAR
2,581 % L, KL WALE AR, D X SAXS
1% 1 R DL 5 (rail-fi) Al o EURRT . B0 i 14
TESEBRECE AL BRI 2B N K (2) HZoRINE D
M2 BRI AN, A BORIYIRZE. NI,
ASCREAS I IDCF SfegiAtd )= 1915 8.
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2.1 T, 3%t PCL ERESHEN

H SAXSees [A]EFIE T A T, & 25452
() PCL £ 5 9 WAXS il SAXS 1548, 45 a0 & 2
3 fiow. EE 2 fii i) WAXS 5064 1 260 =
21.4° 3 PCL 4 (110) TR fT 5. )N WAXS 4% 5L
HLTEARRE T, S5 2K it 2 5 PCL ¥ E 7
Srkih. B3 H iy SAXS i EI L I X g TEEIZR
7. 5 WAXS A, SAXS Bk 5 U487 i PCL
BTN T AR, B T, B TE R, SAXS
LRI — G W I IC A A By, SRR, HLZ
AR X UL IIRE i 1 Ly BN, B fhHES Y
FURCE AN 4 8. 24 T, KT 10°C 1, /] DL A
SAXS [ Iq*-q £k b WLEEE0 45 0 A w0,
e TR0, B TS I A g (2 HL 2k 1230 PR, e
K g {8 B IER S PCL R ik R 56 =
GBS, T, i R 5 = GO A R B
XS W R i S 8 A R AT A AR . X
T, /NF 10°C (G L, g -q T v A B B o 0 4% 5]
55 =GRS B L e XF g VR, WMIG IR 45 S ke
i B AR =GRt RE R 3. X E BAR S
TRBESS RS AR L, IR 45 0 PCL 1Y R b
WA S AN S8 35 HH R SR S5 P 2 A T BT 1.

Intensity (a.u.)

Fig. 2 WAXS profiles recorded after the PCL samples

were fully crystallized at different T s

EIRIE 2 45 5 WAXS 5 K 143 A1
WL AEAF A0 oA 5, 4T3 T 21 PCL A i B 25 &k B2
HA T, MBI, 25 A5, %58 WAXS %
2 4G i S AR S HUS L — I R LT LU
B W13 5 PCL J a2 JE (amorphous ) i Y 3
ASEAR, BT E T HAFAI) )™ F T, 4 Rt

1 T.(C)

i — 20— -=10---0
2 —- 10 = 20---30
,’:I \ ....... 40 == 42 —44

- - 46 48=°50
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’
P
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= ' Yy
S L7 A ‘e \ .. "‘_‘-..,:"'Ji,.u
N 2erp W 2T XT AN AL L TN
[~ RN Rt OO RV WP P Ca S
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S/ . LT J
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Fig. 3 SAXS profiles recorded after the PCL samples

were fully crystallized at different T s

T 2 b AR5 AR 209 PCL Sh A #A 7T 5 W 1T
I IE X P A AR, ol LIS &
inEE W,
I, Stotal = S amorphous
Y ®)
B, S, RN FIBRTE 5UR 1 WAXS 3526 T 4
211 ST AR, R /IVIE BT PCL B R Bl 5 5 B
(BIL, + 1) 5T S gt = S amorphons WA A8 DXATT S5 U5 Y
R, TE LG T X T R A A9 S 5 B T, AR 8 SR
[ 14 1 n[H1, PCL [ 3k fi DX 25 J3 R0 & DX %% 4393k
p.=0.9106 g/cm’ Fl p, =1.2000 g/cm’. Hy ity a]
Wik W, R (4) k15 PCL G2 % B p,
IR % & (3) A V. (R Xhad v,
(WAXS)). I 4 i, 4§ T, < 10C, V,
(WAXS) W& =5 F 50% , FEARRFEARAS; 4 T, >
10°C 0 V. (WAXS) B T, b Jhmidg i, 72 50°C fig
B (29 2 R) S fn)m, V. (WAXS) Sh 4y
56% . AEAFHE H 02, 0% = T 50% 1y V, (WAXS)
W RS PCL AL i i DX AE b IX (AL dE 78
EIE X R )2 ) (R A 40k X 2
FEUE 3 SAXS LR B TGN B 5
A
XT3 b e 45 Y SAXS 3% [l #4777 1DCF
O3HT, TS K(z2) FRERUNIE 5 Bz oA+ X455, 7F
VEEIRPREANTR] T, 79 K(2) i k7 m s 1 0z
. GERRT, N K (2) 2 i 55— A B e o 8 15
BN L, 5EIENE 3 05— QBN e RS
F Ly, JLP58 4 —3 IELS Fisml W, firfi K
(2) MZenyBEL (RN 1 v L, SOKF2R) ¥+
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Fig. 4 T,-dependence of volume fraction crystallinity

calculated based on WAXS result

IR BT, X AR FRATRERE AR 5 nT SR AN L, s
FrE. o WAXS S5 R a1, 7R T, S5l 4s e,
PCLAFaR I V. (WAXS) #EK T (2 K TF) 50% .
PR, AT RLIACR L, 5 Bk 07 A AR AR (AR T8
SESEIXHYJRERE L, 7EAR 22 5 45 L 9 e 0 11K &
R A A A ARG R L, T, HR
JE T LAZ 0. DS MR 28 AT DAY A I,
El]j@ LP —La,’ﬂxﬂ V(, j‘:’(LP - La)/LP‘ {B%,Xd‘&ﬂ]
FTESER) PCL G, sx At 5 75 U4 i vV, 4
70% (HAK Ly, AL, Kdls W IE 6) , 8 L1l fY V.,
(WAXS) {E &5 HH 29 15% , 3% SR 2 AN 4 B .
I, PCL Sk p L # L, - L,.

T.(C)
— 20 = ==10---0

N ---10 =---20 ---30

g
o
NS

1 1 1 1
0 5 10 15 20 25
z (nm)

Fig. 5 One-dimensional correlation functions K ( z)

obtained from the SAXS profiles of PCL crystallized at
different T s

FR A R B 43 A, AT B 3Z M = A
B IR PCL @A, 225 18 IX 5 T e JE IX.
ZIAFAE— A2 A R (3) I L, Horh i
HV, REET WAXS 1521 V, (WAXS) . i 2
JEBE(E) a4 AG 5

Fig. 6 Lp,L,,L, and E as functions of T, ,Lp and L, were
obtained from the 1DCF analysis L, was calculated as L, =

Ly x V,(WAXS); E=L, -L, -1,

E=1L,-L, -1, (10)
Hrp it A Ly AL, S22 M 1DCF Hhig 300y, FoA1%
I, PCL ALY E Z97E 2 ~3 nm ZJ6], 290 Ly, 1Y
15% ~18% . ;X Utk i JZ2 X PCL (G AR i 1 o 23
HEE M.

B WAXS Fil SAXS i dli s P AR 200 Ly
L, L FE X T, fEE] 8558 TR 6. SN,
Wi T, FHim, Ly AL, A2 4L 35 V. (WAXS) /Y
Kol X4 T, = 40°CHS, L, FiI L, (R34 msE Ky 0 4.
MR AL IR X, L, FE (38 K3 T 4k,
HARRRR/IN. XL AE PCL B 45 S E R = 1Y
T, AR A3,

2.2 FHiEATEX PCL BRI #20m

TS, LB 3 PCL 7E T, = 40°C B 45 5
HRAR M. TR L4045 Y PCL B &, 75 K
it e A R AL 3. K AR IRATT A 4R — T AR
e Ui E 4 N, PCL o 5 R 25 A R ) 7 v £ AR
PS4 I WAXS 453158 1 78 50°C S5 AN [H]
IFE] 5 PCL RS V, (WAXS) 25 R—AEE 7 s
. 5% 1 KRG OUH H, %6 3 Kl ff PCL
FEGE V. (WAXS) M 50% #5255 2 58% , ifij 25
10 KJ5,V, (WAXS) 1] 3K 61%. MV, ( WAXS) i
AT D 1T SR ] P R AN 25 A
PCL (45 i B A i 25 38 0, it Z R 5 PCL (1)
X R A A B AR k.

[ 8 2 PCL 7 50°C Z5i.45 hn A [m] 5] 8] 5 75
FHY SAXS 35 (&1, F AT, BE & 55 I s R] A A
K S — U W2 W 7 AR S 1 3% 5l , UEHIAE 5
H) Ly AN R (EAS T A2, 2 55 I A () 452



9 1 THISE F/N/ T A8 X BHRHUN I B — AR S R BT IT T R (o-C NIR) J1 AR IR 245 1141

62
60 - o
58 L o

56 o

54l

V,(WAXS) (%)

521

50 ©

48 1 1 1 1 1
0o 1 2 3 4 10
Isothermal time (day)

Fig. 7 Volume fraction crystallinity of V. ( WAXS) as
a function of isothermal time of PCL isothermal

crystallization at T, =50°C

JEAF(< 3 K) ,{XAEMEF] PCL BE 55— IR
=Y. MESEIR 10 XJ5,PCL BES 44 H TH
UVE T LR, g {E o 1:2.2:2.9:3.9:
4.9, 5 HAEE N BAIFERIKR WIS q
ELEL CRP 1:2:3: 42 5) A 24482307 . 3 1) B Bl 25 25 L
B E) A K, PCLL (A OR 8 5 35, s #4 5
UL AERTSC, FATHE ) PCL BESLAY SAXS ik
W T U Bl ok 5 LA R T 50% A
5. TECRE ML ER B 55 — Jht, W Bk % 7E 50°C
Kital 2R 4 i )5 PCL 45 MEE W 2 & T
50% . i 10 K531 A) SAXS 54k |, 55 %%
B 07 B 5 B A (B 2¢, =0.70 nm ™" ) 47—
FEFE B X L FRATT AN BE S A A R

B
N
~
2
0.0
—1
g (nm™)
Fig. 8  SAXS profiles of PCL crystallized at 50°C for

different isothermal times

2.1 B 5975 3%, X AE 50°C AE I 25 i
ANTFIF RIS 3] WAXS i1 SAXS SZI 25 1Al T 43
Mr, i Ly (L, L, e E BORE AP 9 Jiv s, 45
R TEAHT 3 RS R b, PCL SRR L, FI1E
YWt A5 i 5 [ A9 S T O/, L, T2 R, X

20 o L,
oo
’é\ DDDD AE
i~
E v
<
- 10 vV
~ v
5 vv
~
& 5F 90000 o
AAAAA A
0 1 1 Il 1 Il
o 1 2 3 4 10

Isothermal time (day)

Fig. 9 L;y,L,,L, and E as functions of isothermal times for the
PCL isothermally crystallized at 50°C L, and L, were obtained

from the 1DCF analysis;
L, was calculated as L, =L, x V,(WAXS); E=L, -L.-L,

LA AR L, B B K. i — 20 9 K A R A
[i1], PCL H AN [) DX 8l JE2 B AR AR AN K. FRATTHE DN 72
ST (R 5 S P it AR B SR B SR TR K, Pt
TETEIZ 5 I 2 P (08E B i s 3h EHE AR Wt
ASHIXH R i e A SRR (H i XA R AT i
PR A R A 3. e S 0T SRR ko, Rl
AR R LR, o X5 R A X (R o U R
TCRETEIX.) 110 5t TH 168 oF B ¥35 Wb 3k Jgf £ 73 TR AT T i
5 SAXS MER 3| Z U

3 #ig

FIRIN/T 0 X BB (SAXS/WAXS )
WRPHASEG 7 kB 42 1 SRS AR EE (T,) Fn5s
JREHEIGT PCL F 54T 745 1Y 52 1. SAXS/WAXS B
FHRBIGE 5 53 F 45 AT R i —Fh o0 A 3800 T
B AESCge Rl B SR ) WAXS FiT SAXS % ds &
A n] AAH 6 e, DT A R 45 21 58 R v] 58
2. FATE SedE WAXS 4 it T PCL
) EE B 45 B, aF SR AR LR B RV,
(WAXS). fEAN[F] T, T 45 db ) PCL A& iy V,
(WAXS) BI85 T 50% . XF SAXS i 2% i — 2 AH
KPR (1DCF) 437, W3R45 T PCL @b (9
mn SR (L) MICE BRI (L,) . FRAT R 4
T LA /55 40 F 45 b 0 P AR AR AL R, T
IDCF 45 5L 30 i i X R BE (L, ) MARFR G i B
BN WAXS 75 2] 9 K4 B 4w . PRk, FRATT A
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() 15% ~18% X A i B S B A EE R W, s 358 DDA S AT, 2 R fbAl 24 5835 , 4
T, FFi5 , PCL SRR L, L, o E B3R #RK B L, R V,(WAXS) K 61%.

AR AR R, (A5 45 @0 B LTt 7F 50°C S5 L 45

BRI, R0 L, B R T L, B W LR A T S A
W E MIARBTRN. %530 10 KJ5  PCL Sk SAXS B
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STUDY OF LAMELLAR MORPHOLOGY OF POLY (£-CAPROLACTONE )
BASED ON SAXS/WAXS SIMULTANEOUS MEASUREMENT AND
ONE-DIMENSIONAL CORRELATION FUNCTION ANALYSIS

YU Xiang', CHEN Erqiang”, ZHU Chengshen' , HE Suqin', LIU Wentao'
(" Department of Material Engineering, Zhengzhou University, Zhengzhou 450052 )
(? Beijing National Laboratory for Molecular Sciences, Department of Polymer Science and Engineering
and Key Laboratory of Polymer Chemistry and Physics of Ministry of Education, College of Chemistry,
Peking University, Betjing 100871)

Abstract The effects of isothermal crystallization temperature (7,) and crystallization time on the lamellar
morphology of poly ( g-caprolactone ) were investigated by using simultaneous measurement of wide-angle/
small-angle X-ray scattering (SAXS/WAXS) and one-dimensional correlation function (1DCF) analysis. On
the basis of the weight fraction of crystallinity obtained from WAXS result, we calculated the volume fraction
crystallinity [ V,( WAXS) ] of PCL, which was slightly larger than 50% . The 1DCF analysis of SAXS profiles
gave the long period (L,) and thickness of the amorphous region (L, ). Comparing the data deduced from the
WAXS and SAXS experimental result,we considered that the “three-phase” model is preferable to the “two-
phase” model for the PCL crystal. The calculated thickness of the transition zone between the crystalline and
amorphous region (E) was of 15% ~18% of the L, ,showing great influence to the lamellar morphology. With
increasing T, ,the values of L, increased faster than that of L, and FE,leading to the increase of crystallinity.
During isothermal crystallization at 50°C ,the L_ of PCL was increased with increasing isothermal time , whereas
the L, and E were decreased accordingly. After isothermal crystallization at 50°C for 10 days,the PCL sample
with V. (WAXS) of 61% gave a SAXS profile with the multiple scattering peaks up to the fifth order,
indicating that the lamellar structure was rather perfect.

Keywords Poly ( g-caprolactone ), Wide-angle X-ray scattering, Small-angle X-ray scattering, One-

dimensional correlation function





