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Fig. 1 Schematics of X-ray optical systems to generate a mi-

crobeam.

BRI RBANKEL 8D, £DIz®, FEA
phE L CHTHRE ) BEN TS~ 7aE—LA%
AT H7201TE, JCROME (BT, BAIRERH], B2
SRR, HAEE, BMERESCDICEHEIND XE
KFOBEERT) BDEWT ERBADOEEE RS, D]
B, U= AOBEE R4 Tl h - 728 2 HREEHE T
i, INABELA TR < 4 70— A% 1R 5 T FIRIEHEIC
Bﬁ%ﬁf?@/) 71:0

<A 7= ADERTTEL, KEL G TEETETE
Wb hks, <A 7BV ER—VTXHEY—L%TD
WITED 2208 HB %, EHFET (Fig.1&2H8K) 1> T
3, DXBCHTE2WEORBIIRSL L LD /I &
HFIE L7 X BT L v K22, (2) Kirkpatrik & Baez IC
FOEBRIN, MEXEEELT 2HD 5 —THr
K79 K-B 25 =19, @) WLARD/NSZ—=v 7 k-
T, XMOTHT ARG DA BRI E DX —V
TU— 12, (OFEFAOILE L% FIH L 72 Bragg-Fresnel
Ly R0, (5) X MEEES e KB B

A7 VR—ickbhx A 7t —LXHOE
BT H0E, SEERFEICNS LR FREFET
BLHD, Ty IRENWEREVR—IVEIERT HH T, X
ROMBENRIEFICEHNC &, DRETHAID, 7T/ Va
V=R —DU—ALF AV ThRTNIFFE EERITHL V.
T2, WS BEVER—INZEDE—AY A AE/NE YD
HLTAEVIR—U ORI E COMEIENL L, 7T
IV =R=T s —EITIC LD, U—LAY A ABIRB-TL
£D, £DI, VUR—IVEHERTHE, CVil—IVETF
POEABETCOEHZ Cx520R Lzdndxbix
W &, EVIR—IVD Iy U bOFAERELEY HKKk T 5
72IC, EVIiR—V FRICERRA Y ViR — VAR A T S0
BERB 5, #lziE, SPring-8 © BL40XU Tid, 2-10 um?
DO —)U & 50-100 um® O A BELE#RR A ¥ R — b
v, UV —IURIEREA 10 cm B ERE L CEUE A 510-20
cm ERICEREL T\W\W5,

2.2 HRAREREREE
~A 7Bt —A X NaEILAORHCEL Tk, ®
ICABIDOEZIZOWTHEEL Lt Nid 7 6k\v, AR

i —_— Uni-axial Hot
icroscop eU Drawing Machine
X-ray f ]______,_FFFF__O Polarized Light
1 | d
Optical \sp ecimen
Mirror

Fig. 2 Optical microscope setup to monitor the sample where the X-
ray microbeam impinges.
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Fig. 3 Hierarchical structure of crystalline polymers.
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Fig. 4 SAXS profiles of PCL/PVB during crystallization with an
X-ray microbeam positioned in the vicinity outside of the the
growth front of the band shperulite.
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Fig. 5 Intensity contour maps of (a) SAXS and (b) 110 reflection
azimuthal distribution from WAXS with an X-ray
microbeam scanning the PCL/PVB band spherulite isother-
mally crystallized at 41°C along its radius. Scattering angle
and azimuthal angle are taken in the abscissa, respectively, in
(a) and in (b).

E 15 15
g10 0
3 5 § e 2
50 N e £ i
[} 0.05 01 0 50 100 150 200 250 300 350
E scattering vector (4-1) azimmthal angle (degree)
(@ (b)

Fig.6 (a) SAXS and (b) 110 reflection azimuthal distribution
from WAXS intensity contour maps with an X-ray
microbeam scanning PCL/PVB band spherulite isothermal-
ly crystallized at 35°C.
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Fig. 7 (a) Simulated intensity contour map of 110 reflection
azimuthal distribution along the radial direction based on a
continuous twisting model shown as solid line in (c), (b)
based on the step-like twisting model shown as dotted line in
(¢). (c) shows the twisting manner in one band period.
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Fig. 8 POM image of PCL/PVB (95/5) crystallized at 41°C. A
‘line’ grown in the radial direction is clearly observed. We
made an X-ray microbeam scan the L (left) and R (right)
lines along the line.
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Fig. 9 Intensity contour maps of 110 reflection azimuthal distribu-
tions in WAXS with an X-ray microbeam scanning the L line
(upper) and R line (lower) of PCL/PVB band spherulite
shown in Fig. 8.
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Fig. 10 Change of microscope image of PBSU/P(VDC-VC) =60/
40 during isothermal crystallization at 95°C. The circle indi-
cated by the arrow in each image shows the position of X-
ray microbeam.
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Fig. 1 Time development of microbeam SAXS (a) and WAXS (b)
during the interpenetration.
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Structure analysis of polymer by microbeam
small-angle x-ray scattering

Yoshinobu NOZUE

Petrochemicals Research Laboratory, Sumitomo Chemical Co. Ltd.
2-1 Kitasode, Sodegaura, Chiba

Yoshiyuki AMEMIYA School of Frontier Sciences, University of Tokyo,
5-1-5 Kashiwanoha, Kashiwa, Chiba

Abstract X-rays with high brilliance from third generation synchrotron source enable us to perform
microbeam small-angle X-ray scattering (uSAXS) experiment, which requires a small-beam-sized, parallel and
high-flux X-ray beam. Though uSAXS is a powerful tool, the number of researchers who can design and per-
form uSAXS experiments is still limited. In this article, we describe the experimental technique of uSAXS and
structural information which can be obtained by uSAXS by showing some of its applications to structure ana-
lyses of polymer spherulites.

gt Nov. 2006 Vol.19 No.6 @ 363



