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Fig. 2 Apparatus for simultaneous SAXS/WAXS measurement
settled at BL-9C beamline in KEK-PF (Tsukuba, Japan).
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Fig. 4 One-dimensional electron density correlation function calcu-
lated from the SAXS profile.
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Fig. 5 Temporal changes in SAXS (middle) and WAXS (right)
profiles, along with DSC thermogram. SAXS, WAXS, and
DSC data were obtained simultaneously during isothermal
crystallization at 100°C.
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Fig. 6 Time-evolution of normalized crystallinity (X¢) determined
from SAXS (solid circles), WAXS (open), and DSC (line)
during isothermal crystallization at 100°C. The inset
represents magnification on the early stage of crystallization.
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Fig. 7 Schematic representation of simultanesous SAXS/WAXS/
Hv-SALS equipment installed at BL-15A beamline in Pho-
ton Factory of KEK.
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Fig. 8 Two dimensional Hv—SALS patterns for the isothermal crys-
tallization at 90.2°C, upon the quench after preheating of the
sample at 180°C for 10 min. (a) LLDPE/SEBC =80/20 and
(b) 50/50 samples.

L7:o TEMBZDOREE, 50/500 7 L/ K akHZ Fig. 11
IR R & D st e i B S 2 T L, 0
BB 75 4 Z1390.2~0.3um THHZ Ehbh- T
%o

Fig. 8 1 Z il 5 b (LR B Tc = 90.2°C T SAXS/WAXS/
Hv-SALS FREHIE L T 57z 2 kot Hv-SALS /8% —
VEIRY, BIRO Hv-SALS ¥4 RICH 1T 5 I 5 —HE
DRED Tz, WA= IETFEH5 L 2RETE TR,
BRSO, A, MYEO 7 O—N—RX2— B R
HN5P2 ) Fig.8 DX OIS/ ODIEL iR TET
WixWkWS T EThbH, LrLaRb, FTredOFIHTER
mn PR A E BSR4 AERIC, I OZEITT - 72,
TR v v THEE TR ERRICE A 2 7 0 — N —/8 % —
VIRBETERPS72LDD, EHLDT LV RRRHCO
W, BT HE—N=Z =3B LT 52D0H

gt Nov. 2006 Vol.19 No.6 @ 389



ZTx7-, LLDPE/SEBC=80/207 1 v F&¥ +50/50 7
UV Rk (40583 5 W 605 B8O EHFIRAE) OBFEL
%% il 5 & LLDPE/SEBC=50/507 1 v Rk DOiF
DD B =N /XA =PI, DE DK EVERFEDF
HELTWBI ERDM 5B,

Hv-SALS I R 2 @ BEWICHNT+ 57201, CCD
N AT THRE L7 2K HY-SALS /3% —VE{§ % 3
Va—RICRVIAR, V=27 =Ll T, HE% 0~
255 CTHEAL L /e TDODY, /82— D F i u=225°
+20° (FE/i3 R0 u=135"+20°) OHIFA P CTHELIREE
w0 (RIETY)) LTI kD, 7eds, HELAZ
Fig. 8 1C/R" T X DI T EMAE u=0"% L C, KEHED
ICEE LT, COLDICLTHELNIHEL BT + —ILD
V— 7608 (gn) 2 HRBICE > TEREFEE R &Rk 5
T EIPTE LU

Rs=4.09/qn 4)
gn= 4n/1) sin 0, (5)

CCTARRABFPTOLV—TF—ROWE, 0, F5HEL 7o
T4 =D — I B E Y 2 HEELAOFG Ol (b
B, 0, D2 EPEGELA, AR TOM) Ths, Fidkl
7o & D00, BB LAOMEBICAE T AHETHY, @
W, Y7z UrLEI B/ OY A A TH S, Fig.1
WCRL7cED0C, BRéhld, ffo A S DBBEHRICEE T %
CEIC XS TR IN S, fhidhT A T3 R X -
TIRITRBRL 5720, BFERFTEEEFT 5, HREATT
S A S PIREIRICOA L TN 50T, ORI
Bl RENIC A 5 C E 1275, Hv-SALS TIIJEHr=
O] L TREET HBELE R T 5O T, oA R—
STAF =B ENET FI5A P =1 BB E I BELS 4
e, B<ieb, —7, TNHITHL TLE DT
LTRSS HELABEHI NS, AR CTHW/RY T
FU VDR T HERGETIE, R—55 A —B5WET7F
G A= AT i AN, ZNHICK L T4 D)
(L CHELE AR KIC I %, £72, ERIROMEIC X SR ER
BAEFICXY, FHEROHELBK2EHNS, CThb2D
OBEEIC LD, BELER K2 I AL A45°TT I 4 2P B
Bic®, WYIED 7 ON—INA—UPBEINS C LIk
Bo DX DD 2, THMHEOBERKALE ¢n 7 5
DROBIRE AW TERED Y EERDL T ENTE S,
KE o 72 Rs OREFEA Fig. 910”4, BRGFEIT K
FVLOTHLH umBEETHD, HRMOBERE EL TI10
um LR ThHDT, HFBaME CHEEZBRRAED &
NTH5b, 50/507 L FREIZERE, RsiiT e A KR
AR FIFE—ETH -7 2F D, RGIIEE 4R 5
—EDOKRKEIT, ZOHK, YAZXAPIZEAEEDLR\ &
WO ZEERLTWA, FBEMIINEL, TOERET
LEVOTEHPOEZ DL EREBENRERTH 7, &

390 © gt Nov. 2006 Vol.19 No.é

6 L) 1 1
T_=90.2°C
5 - -
g o o
240 LLDPE/SEBC=50/S0 |
S
oy
[~
LLDPE/SEBC=80/20
ORI
3 L [eiecicese _!
LLDPE Homopolymer
2 L 1 1
0 500 1000 1500 2000

Time / sec.

Fig. 9 Time course of the radius of spherulite for the isothermal
crystallization at 90.2°C, upon the quench after preheating of
the sample at 180°C for 10 min.
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Fig. 10 Time course of apparent degree of crystallinity (X¢), long
period of crystalline lamellae, and Qsaxs for the isothermal
crystallization at 90.2°C, upon the quench after preheating
of the sample at 180°C for 10 min. (a) LLDPE/SEBC =80/
20 and (b) 50/50 samples.
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Fig. 1 Schematic representation for a possible mechanism of
spherulite growth in a phase-separated polymer blend.
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Formation process of hierarchical structures in
crystalline polymers as analyzed by simultaneous
measurements of small-angle X-ray scattering and
other techniques
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Crystalline polymers spontaneously form hierarchical structures, which provide us a potential use
as a specialty material. Recently, not only a crystalline homopolymer but also semi-crystalline block
copolymers and crystalline polymer blends have been attracting interests for the study of a hierarchical struc-
ture. In order to analyze such hierarchical structures in a variety of length scales, a simultaneous measurement
of small-(SAXS) and wide-angle (WAXS) X-ray scattering with differential scanning calorimetry (DSC), or
with small-angle light scattering (Hv—=SALS) are most suitable. In this review, we show some examples of the
simultaneous measurements. With DSC, exothermic heat flow can be simultaneously measured with X-ray
scattering. On the other hand, with Hv—SALS it is possible to analyze evolution of a spherulitic structure,
which is the structure at the highest rank in the hierarchy. For both cases, one can realize that it is impossible
to obtain good statistics for SAXS and WAXS measurements without synchrotron radiations.
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