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Figure 1. The circular averaged SAXS profiles of the

1(q) (arb. unit)

cuprammonium cellulose solution in coagulation bath
at various immersion times. The dotted line shows the
Debye-Bueche function, I(q) = lo/[1+Z%q%]* with the
correlation length, Z =45 nm.
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Figure 2. The normalized time-correlation function of
scattering intensity, [¢®(r) — baseline]/f at ¢ = 0.0285
nm! in the range of (a) immersion time, tw = 161 s —
195 s and (b) tw =195 s — 409 s, respectively. The solid
lines show fitting curves by the KWW equation.
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Figure 3. Immersion time (#w) dependence of the invariant, O, and “velocity” v= Tg.

[ % k)
1) BARERL, fkHET2258, vol.76, No. 6, 214 (2020)
2)  FEEEFN M, 2018 4EE FSBL sl i =4, &5 2018A7201, 2018B7251
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1) FWXDOFER
fo#iEE4 © SPring-8/SACLA FIIFAFZERRSE 10 %£(2022) 3 &, 305
DOI : 10.18957/11.10.3.305
=TT 7 AT ¥ —7F L URL :
SPring-8 Jii R GkNe : 43836

(2) Abstract

T =T 0 — AR O IFE B AR T HE S B 1 RIS TP AR &
in-situ Ultra Small Angle X-ray Scattering (USAXS) TilBBF L7, JIK % EEEIKIE
155 £/ N EIRIC B WD CRELIRE N L, £ Dtk & 2 58RI %
1289 10 nm OAHGBEEREE DB S D 2 E NG NITR -T2, RIERH 60
BB W TR/ SIS AL Y 2 V2 — D3 BlEL S, & OREE Y1 X134 270
nm THDHI ENDNoTZ, ZTDOWELY 3 /W H —ITRRIFIICARIARIC /2 D &
FOWELA~E 2 LTz, /N ATEBUIEILE SIS I IR E 234 100 nm
ThO ., BEFAIZEER T 2 ATREED R S Tz,
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Figure 1. Small (a) and wide (b) angle x-ray diffraction profiles of the temperature dependence in model lipid
membranes mimicking the human skin stratum corneum lipid organization. These profiles are shown by subtracting the
background profile of the membrane filter. The thermal behavior within a temperature range of 25 — 85 °C are illustrated
from red to blue curves with increasing temperature.

[5E&3Ck]
1) M. Jageretal., (2006) Preparation and characterization of a stratum corneum substitute for

in vitro percutaneous penetration studies. Biochimica et Biophysica Acta 1758, 636—644.
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ZNENOEREERDE 7 +
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[NanoViwer (U % 7 ) ]¢&
AFMISPM-9700 (& E#®ME , . .
B Figure 1. AFM images of Si(100) wafers: polished surface “Flat
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3. FERLEBH

Figure 2 (27 vk /L A% EE L LT Flat R EIZF v X MNEEZERK L7ZEEO
GI-WAXS @%’f Figure 3 (21X Rough Ffk L2 ¥ 2 MEZER L 72D GI-WAXS
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FEALE %;‘ﬁ'\: O BT, 100°CIZREF L TR R S B 7256 (Figure 2b. Figure
3b) T 200 pit LIFIEF—DEIFFAZ AT 2D 110 K D37 — AIFEICKE
TRIEEY @mbgﬂﬁﬂotobﬂbﬁﬁgﬁuﬁ{LTF%%%%%@K& E=SITRES
TR T 5 L Flat ER A2 HW25E Tl Edge-on iE LR NERTHD

(Figure 2¢) . Rough JAk % FHV 72856 Tld Flat-on il E U 72 SR s BRI i &
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BREUITIEBIC L 2@V H Y | SRIAWEEEOF TlE7 v v kL A0EAICK D
HECThH-oTmZ AL TEL,

a) b) c)

Figure 2. GI-WAXS images of PLLA film on Flat substrate. 200 and 110 reflections are recorded: a) at room
temperature just after evaporation of chloroform; b) at 100°C; c) at room temperature after melting.

a) b) ¢)

Figure 3. GI-WAXS images of PLLA film on Rough substrate. 200 and 110 reflections are recorded: a) at room
temperature just after evaporation of chloroform; b) at 100°C; c) at room temperature after melting.

[Z3& 3CHK]
1) X. Sun et.al.,, Langmuir, 30, 7585 (2014); X. Sun et.al., Macromolecules, 46, 1573
(2013).
2) Khasanah et.al., RSC Advances, 7, 52651 (2017); Khasanah et.al., Macromolecules,
49,4202 (2016).
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BT AEEL Y F T A MO SRINT ABEBRE A 5, 2o 2 &k, HERE
BEMTET TR, B—MabXRICZL, TOMESMEA A= TTHZ %A
AEIZT %, SAXS JIETIX, B 6 OMELLEZ ot omitigszfi> 2 & T, 2K
T E L TEOND, FHELARY Mg EOMRE L, B HREEFRZ Kk LT\ 5,
Tex OWMEDORE T, % g7 MVORELRENS CT A2 HHRT 52 & T, &
R oMEEERE TN VENICEER T EaME LY, ke TRIHT S
FEO—2L LT, FREFHFBRC, THRIED g X7 xS LTz IR ITT O ER
WMEESDLZLNTED, TORD, ZHHOFBICEIT 2 BERE L, (EE ORI A
IZBIT OBEHFHREA L TWD, ZIRITCBN TOFRED AT 5 BELTREN D
CT B % BT 5 & AR O MEFRZ Ak TcE s Z L MESN TS Y,
B 2 ODEEN G, BG4 X2l e D CTHE LTHDZ &ENTREIC
72%, SAXS-CT {ETlE, FEEAEIZBWTREE y FIANZER LT SAXS HIE %
FhETLH2MEND DL, ZOHE, AR XHBEFEEFAZ Yy FRE LTERT D, H
B LY | BHEEAPICB T 25 REMLE () TO RGP G605, BRDIEED
g MEEIZBIT D HELRE A IR T 5 Z & C, CTBREZFERT H720D Y ) 7T Ling
T 5y DA A=Y ELTELND, 22T, y FH~OERBICE L TE, k%
FTEVWTAF Y T HMERD D, skt & ZER T EH Sy Tl FEE L TRFHREGELE
NAECAERE S0 EL, HEAEIZE > TI, AN XERREoERmC, A
RS S D Z & T, £l - A CORFRWEN A N —7 ORI b, Zib
I3, TRITEBICBWTARYE 2o 7 F VL EOBELERE & L CTEE SN HERNH
5, BELTETOND 2O OEIL, HIEFIEORIIZT TIL, RSN ETH
%o &I C, AWM TIEL, Tikhonov 1EHIMEIE &\ 9 B ALELE %2 SAXS-CT {EIZIGH
T2 LT, WZERDRERMG OB, 1ERL Y b WRE T — 2B %
Wk, 7—7 4777 FRETDHZ L 2R AT,

2. EBR
REW AR IEE DT CTh D @B ER Y =F L (HDPE,Toshoh Coporation) % £ 1
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RITHIE L2 2 @ I Wiz, B Y1 XL, 0.98%0.86x22.5mm® T - 7=,
HDPE (%, SAXS #HIiEIZ LD T A THEEHROESTI72 )  7RRZ =B ELND
Z L DBEOENSRE SN TV D, IBENREN SRRkt % 2 & T, B
B 72 S N EREENE TR T %, 2D Z X, FyMETELND XX —U BRI T
HY ., ZONE = HROEERNE RS T 5, 6T, AEA31°PC)REWN T &
SIS L7 RiE T, RBIRE ICB T 2HEENEM T 5 Z £ 7T v MMeRmEBIR T
BT EmMT&E D, 2D, UIHNZ X VB A X&2HI#4 2 Z L BB H TH
e TNHDEEMNS, ATEU A ML —Y 3 v ERTim/piRk e LT HDPE %%
L, HlERAREZE R LT,

3. BELELZE o fa) I fb) r
Figure 1 12, RELSE N ke - " AT /N
SAXS 14 %7~9, Figure 1 ()iZiE, U274k
ORE Y = PRERLTEY  Shidisy e il
FHEBT O ERETT ATHEE |~ S -
B L., ZOfbdh L IEMOTEBEEN T 4 il
LR LTND Z 2R LTV D, Figure
1(a) D "R IR % s B AR E ST 1T o TR -
TAIAALLEMO ~RTT a7 7/1’/1/’5_) U N—
Figure 1(e)iZ/r9, U 7 E® ¢g=0.21 nm’ dp : mpdidi
EEIC BT T o — FAE— 7 (CBARE 0 Sioems
BILTEY ., ZOMEIXT A THEEMOEE v
FICHIGLTWS, ZORF—2 0%, y K
IZEA L7 SAXS HIERAT, ASF X #Rasek
ﬂW%%‘ﬁLkﬁ:%%ﬂé — 5T, A
X ROBBI DM IR LS L
ﬂéﬁ%%ﬁ_ﬁE@%J@mﬂ®H®_m gt
¥, Figure 1(b) Tl&, HOMLED HIRER S Figure 1. (2) 2D SAXS image without streak patterns.
ISIEFICH A b Y = AR LI I (0 R io s s e onans
qy > 0nm! )5 M TCHOARY—2 75)6@ <, Zh along the horizontal direction. The down-pointing arrow
BB BRI T I 5 C RS LT X %Wﬂﬁgﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ?mmmm
ZOHMITHEETICBEINTND Z &
ZRLTWD, —HT, e 3l osEER ORI L72RFIZIE, ¢ <0 nm! 51
THOA Y — 7 2358 < B 5% S 47 (Figure 1(c)), %1%, Figure 1(e)® Y ‘/7/{’5“—‘/
OV —J47E ¢, =0.17nm! IR L, ¢ & y [ZBT 2 HELRE 2 ot EiT
v NLTev ) TT A A=V ERER LT CT 1 ﬁﬂ@@ﬁﬂn_%wf#%_
FRWNT —T 4 7 7 7 hi33EEL L 7= (Figure 2(a)), — 5 C. Fx OBEF L7z Tikhonov 1E
HAHEIZ LD 7 b —L U — T i, ) A REBRE LTS T TG DY ) 7T Lk
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CT B % B Lo/ % Figure 2(b)2/~d, wEER T DOT —7T 4 7 77 MIRRES
NTEY, REERNSHEICEBERTE -,

Figure 2. (a) Original CT images reconstructed. (b)
Improved CT images reconstructed from the sinogram the
scattering intensities at point A in Fig.1.

(3]
ABRTEIL, IST S &2 TRHAIE & SRR OMEIZ L 51 7 ) Y= v R
W - AT FIEORIE L ISH L, 7T > M IPMIPRI672 OSXERIZ L - TIThiLT,

[5% 3ik]
1) F. Schaff, M. Bech, P. Zaslansky, C. Jud, M. Liebel, M. Guizar-Sicairos and F. Pfeiffer,
Nature, 527, 353 (2015).
2) E.T. Skjensfjell, T. Kringeland, H. Granlund, K. Heydalsvik, A. Diaz and D. W. Breiby,
J. Appl. Cryst., 49,902 (2016).
3) H. Ogawa, Y. Nishikawa, A. Fujiwara, M. Takenaka, Y-C, Wang, T. Kanaya and M.
Takata, J. Appl. Cryst., 48, 1645 (2016).
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PEMEER Y = 2T V& AW TR — 7 2HE ORISR &
Yottt e O IR A E AR AT
FORBEES ' - JASRE AR - HHAA5 12 - I gR = 12 - DA

1. &
AU b Rexo 7Ll o EEPHA) O —FfE
THHARY [(R)-3-E FafFvr7FL—h-
co-4-t Fu%v7F L — K]  (P(3HB-co-
4HB)) (FENT AN Z | AR
HELETHED T THD I &G ERSE
~ORERNEEND, BIfE, PGSR T
FERISNTWARY 7Y a— LR Y 1
FRld., ZMEICZ LW H ORLE
PO, BEERREDIR S WD ITREGHRINL & Figure 1. Optical images of elastic porous fiber
BT CARHEE N RIEA - L CLE  withwithout loading and cross-sectional SEM
5. —JiC. PBHB-co-4HB)IZ Rk T Lpsp  Imeseorthefiver
D> BEAF QAR BHIIZ R b e o e it 242 D, Lizdio T,
BEAT- O T FRE S R OB 72T CTidde < | mIEhs A~ S 40T & 7o 3R R o fH
MEMEMEFORBDBIIFRE SN D, AR TIEL, WIS Z SR S, oL & I
FIDBIRIL S D & D FEAMRBMESC, fE5E (R OVE) 2/hS< T2 &2 AL,
P(3HB-co-4HB) /> & fAENED R — 7 AfHEAIER L, € O @RGSR 21T - 72,

i

2. EBR

P(3HB-co-16 mol%-4HB)|X =217 AL btk &b o & L7z, 170 °C T
WREEGR L, Kigs (4°C) ([CTERERD Z & CIHBEMMEEL 1S, TDH% 4°C T
72 hr #E L7o%, IR T fFICEMT 5 2 & THfEEE AT 28— 7 AHEE 15
72, F7=. SPring-8, BLO3XU, % /v FIT T, MHERBRZ1TW 7203 5 IS A X #rEldr
(WAXD) X OV X BREEL (SAXS) % VU 7 ¥ A ARRFHIET 2 Z LI K 0 fif
HEWRF O i A& 2 i dT U7e, RFERER I IR 1.5 em (O340 %) 2°5 10 mm/min
D TH 2.4 em (0T 760 %) £ THIERL, ZO®%ERM L TIS/1% 0 MPa IZR$
A 7 VERER (R 2 4 B IR LT,

3. MRLEZ

TERLU 7213, K9 L6 f5RUet2, IS 2 BT 2 & IRE e DIRRBIZ R S i
AL TCWe, F7o, flkifElm 2 E AR E FIMEE (SEM) TeMili L7z & 2 A, fkiE
NI~ A 7 ath A XORT 26 L TW5H Z &2 yh- Tz (Figure 1), ER L 7=l D

12



FSBLO3KU

iR OG22 53 5 72 O I HREABR 21T W28 & | in situ WAXD/SAXS Il
AT T2, HIRRI% O WAXD 2B\ T, S 1% 03T 1T PHA Ot b L E LT i
BETH D o ML LIZEHT O BB I, IS &2 T 5 & a flInZ TRy
T TREED BT DT BIEE ST (Figure 2), Z D%, BRETICE> T B Ml
DOEPFFREITTH< 720 | BTl Lz, F72. SAXSICTEL TIET A 7 D1
FOREE I SR T D EELAS ARt BicBlgt S, MRICHE > TRBASINEZ (LD Z
ENBIE SN, MEDRDPDo TS & XX, BREMOBEINC X > THGELDS /NI~
BEILZ, £/, BELBREOE TIX, 7 4V AJEE OB LFEE T A 7 O JE kG H
TS E LB BN D, HIEHHEEICIZ, FESE (T A ZRIAAET 5T v
ZIaAf VD07 U —723Eq) & B D a5 03 % 5 L TV 5 (Figure 2),

Before stretching

100 r o g In stretching
. a-form crystal - . -
~ (lamellar crystal, 30 Bform crysta
o 24 helix structure)
£ 60
=
7y
£ w -
& "
20
0
v— 0O 10 20 30 40 50 60 70

Strain/%

Figuge 2.  Stress-strain hysteresis loop and in-situ wide-angle X-ray diffraction (upper) and small-
angle X-ray scattering (lower) images. SAXS images were taken at the corresponding numbers
indicated at the hysteresis curve.

[5E&3Ck]

1) Omura, T., Komiyama, K., Maehara, A., Kabe, T., & Iwata, T. (2021). Elastic Marine
Biodegradable Fibers Produced from Poly [(R)-3-hydroxybutylate-co-4-hydroxybutylate]
and Evaluation of Their Biodegradability. ACS Applied Polymer Materials, 3(12), 6479-
6487.
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Mechanical properties and highly-ordered structural analysis of elastic

poly[(R)-3-hydroxybutyrate-co-(R)-3-hydroxyvalerate] fibers fabricated by

0y

2

(&)

partially melting crystals
Graduate School of Agriculture and Life Science, The University of Tokyo!
Japan Synchrotron Radiation Research Institute (JASRI)?
Katsuya Komiyama' « Taku Omura' + Taizo Kabe!? + Tadahisa Iwata'

R DIEH

Po#iEE4 « Polymer Vol.247, Issue 28, J81T4F 2022 EH 124772
DOI : 10.1016/j.polymer.2022.124772

SPring-8 Jii R B d%Ne : 43993

Abstract

Poly[(R)-3-hydroxybutyrate-co-(R)-3-hydroxyvalerate] (P(3HB-co-3HV)) elastic
fibers were prepared at temperatures close to or below the melting temperature by partially
melting thin crystals with no associated reduction in molecular weight. The obtained fibers
exhibited elastic properties and good long-term stability of their mechanical properties,
even after aging for 330 days. Cycle tests were conducted with simultaneous in-situ wide-
angle X-ray diffraction and small-angle X-ray scattering using synchrotron radiation to
investigate the mechanisms governing these fibers’ elasticity. It was determined that the
main factor contributing to the elasticity is the reversibility between the random coil
structure of tie molecules and the planar zigzag conformation of molecular chains in
response to loading and unloading.

£33

This work was supported by Grants-in-Aid for Scientific Research (A) (grant No:
19H00908) from the Japan Society for the Promotion of Science (JSPS, Japan) and by the
Moonshot Research & Development Program “Research and development of marine
biodegradable plastics with degradation initiation switch function” from the New Energy
and Industrial Technology Development Organization (NEDO, Japan). The synchrotron
radiation experiments were performed at BLO3XU, SPring-8, with the approval of
Frontier Softmaterial Beamline (FSBL) (proposal Nos: 2019A7234, 2019B7270,
2020A7223, and 2021A7204).
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REWERORRD 72— 5 RV TORATIMZ L 3
BT RY y b ORF4rH & R R
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1. %&
BTNy MR RRECRERE 1T, MR E N E N FFOMEE 1T T <
~ N U v 7 AT OBEARL T O 53 BURRESCEERIE O RIC K& <IKFT 5, — %I,
B2 ARy M SR CEREL L 7o s I EARL A B IR 5 2 &
TERINAN, (ERENTEmS Ty B Yy ORI O4 BORRE L 32 1B 72
RS LVIRED, — T, DRbIUIT AR v a AT & ESEhau g
RAREAEH 2 TR O 431 - BERIRREISIE W2 /B D HE DIEBE v 2 MEIZX Y
T aryRYy NEER L, &0~ MY v 7 AROEERRL 001 - BEEIRE L
BT R Yy N OREEMERE & ORI E TR TE D,

ARG TIL, KL DOFeMEE LT, R MR B2 5 BIK M L OBKMED 7 20— 4
Ry U DERAGENT S 2L TEVHIND &Y ORI Do - BEEIRRE L =2
Ry b OREBPERRE & O BIFRIMEZ R,

2. ER

WKL -& LT, BAKRMEZ 22— R U (FS) BLORY U AF AL mFH T
R ST BUKME FS 2 W2, Z3E 1 FS O— KB F£81% 12 nm 38 X TV 70 nm
Tholco WIFHD FS b HAT kAt L vk iz, ~hJ v 7 25
Oy FAT O T B 5y 103 100x 103 D H3 R U A 5 L 2 (PS) % Polymer Source
L VIEA L THWE, PS O B a RV AW E S L 5 FS 2y a vk
LU, PRI v 2 MEICE Y 7 4 v BROa v Ry y bRRE A ST, 2R ar R
P MRREHE, BUE T 150°C T 24 hrs OFLELZ LT HHEIEICH V=,

FE/NE R L OV X BiEL (USAXS 38 LU SAXS) HIEIL. SPring-8 @ BLO3XU
BN T TIThRoTe, TNENAIATREIFIHNESmBL 2m, XHOPEEAUL0.2
nm BELN01 nm DEFETH o7z, WEIZ. 7 1 VLRI OBEm I L CHRE/RTT
6 X #a A L, 557z “RITTHGEL S % — > % Pilatus IM IC X WEIHIL 7=, =
ZTERENTa R Yy FRBHIR T 5 ZIRTBEL Y — U N E ST Th -T2 T
B, MBI XV EELRY ML g (=(4n/A)singd, T Z T2O3BELA LR T) (TR
HEGELRE 7 0 7 7 A LV EST,

PR AR E 1L, MCR302 (Anton Paar) Tii7eo72, 7 4V AROI AT » b
B BIRCTOBT L RAIZLVEA 1 mm, B 8 mm OF 4 A7 RITHKI L=, Hl
FEIE, B8 mm O/XF LLF L — FZH, 150°C TEEZEN A2 70— SELN
HHIEZITR ST,
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3. MERLEZE

Figure 1 |2, FS ZIEAEWM L 7= PS =2 7R
Ty MZxF LT B AL USAXS 3 LT SAXS
T Ty A )N DR E  HELNT MV g DK
&L TRT, BUKMER L OBUKMED FS 22
FRHEMTIHRMLIZa R Yy F T, 2ihS
D g PLEIE—RRLFERORE BT, —
PRI RED/ NS WHEIKPEFS (¢~0.03 A1) ©F
BKPEFS (g~0.006 A1) XV % high-g IlZ
Ronil, £72. FS #iREHNM LI Ry
v N TCIE, FS OIRAHIZS U T, £Eio
FS 726 DOWELOEFEG-OEWNEBI Sz, 7
F 7 ZNVENT Vv v MY w7 AHD FS O
8777 X NVIRIT D lE, BUKME FS DRSS
HAMEN G BIZITBUKTE FS BRI R 5K 2.1,
WHZBUKYE FS OIRA TN & WIGA T IXBRK
FS HMIZUTW 1.6 & ED Sz,

IS PS AR Yy Mk LT, BhRkLH
PERIEIC L0 | AR B T ORI CHIE
L 7Rt =R GO A AR S ol 71 % Figure
2127”7, FS OWIMNEE LI
HEDL BT, — WKL TRO/NSWEUKE FS 23
BRI S T2 D — BB DK E W BRK
PEFS OHMAEINE Y &, £ FS ZIRERINL
T2 A ClE— B R D/ S WBUKYE FS Of
A EWVIEE | RofEEiCBIT 2 GBmnZ &
ST, T ZITET —F R L TR,
BKMER KL OBIKME FS O — KB -8 D K/

10 ‘ =
10* }f B
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© 1 \
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Figure 1. The combined USAXS and SAXS
profiles as a function of ¢ for the PS composites with
hydrophilic (phi) and hydrophobic (pho) FS at the
different blend ratios. The black lines in the figure
are the fitting results by the Beaucage unified
equation.

G (Pa)

0.01 0.1 1 10 100
w (rad/s)

Figure 2. The angular frequency @ dependence
of storage modulus G' for the same PS composites
at 150°C as those in Figure 1 along with pure PS.

ERWDOEE L+ A2 LT, PS 2R Y v NOEMEROBEIN T KB N
INSWEIKME FS OIS B TH D Z EDRH LN o T,

[Z%3CHK]

1) Y. Fukunaga, Y. Fujii, S. Inada, Y. Tsumura, M. Asada, M. Naito and N. Torikai, Polym.

J, 51,275 (2019).
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1. %8

AU Zurrly (PP) IXHBEHERM, FEMM, Mﬂ RN, BRx TR
TIEHINTWD, PP ORI, ¥ 1 E%i%ﬁw IZREFESIND LI 72—
HEE72 T TIE e < SR, FRHARAL, —dhatfh . EhIE(HR e & O T HESSZE O
FFICRESERAEND 2D, MEBRR 2D 5 - CRVE & BItR T 2 kil D 551
EHONCTHZENEE LD, FICHEREER FO—>2& LT, MmO
EZFonbd,

it il OBC 70 2 IEFEIZ SR D D72 DICiE, MmN E2E0 Z ENEE LV, Mm%
%6k@@ﬁ%kbfm\mzi\ﬁ%z7 CEMHL, fix e Hmns XEA
L THOLNDEEOEIT Y — DR ISR D FENETF o v, Zh
FTORFITIL, —HIE 7 ¢ L ADIEM 7 % MD, 7M1 % TD, JEA )7\ % ND
& L7z & &2, Figure 1(@IZ/rT X 512 MD Z[aldzdfl & 3 A HEZ21T\V., SFH5n7z
f i (Figure 2) BNERE L O®E 2 LFLIORERZ R L, JESCH S X~ D ZEHLN
ZUBTHDH L EWE L2, 360 ERELEITIUIE S ORMEEE B N—9 5 Z L3
T& 50, Figure 1@D¥ v 7 4 7 TILTD & X MO FEATICHEWAE TIEIAT —
Lo TXBNESNDTZDRENTE R, £ 2T, ARFITIL, Figure 1(b).
(IZRT & 91 ND Z[ml#zdff & L7~ MD-ND Wi & TD-ND Wi 2 - O Cilll
EEATV, WRMOEKEZ RN T 5 2 & 2Rl ATz,

2. EB

PP &3t 7 ¢ )L 2> MD-ND Wrii, E721%, TD-ND Wrim 2l L., =%
U WAXS HI7E % FSBL 2 /v T TiT-o 72, Wil & BWELIZ X BRA2 A L7=Rro A S
AEAZ 0L L, -60 FED 45 FEE T 5 ERE T ND 28 AT — Y & [Alfs ST
\W&S@ME%ﬁOﬁo%tﬁWi OOMEIZHOET 1 E LT, HEIX0.1nm T
WIE 21T > 7=, WAXS O H#Z SOPHIAS # 7z,
%A%ﬁﬁ?@@ﬁﬂ&~y#%ﬁhﬁﬁ%ﬁhLt& (110), (040), (130)iH D
FA7T a7y A NVERE LT, ARAEOHEENRELS 2D L 72 imiEd
A XBEOMMENEL AT, AFRAFEICS U ELMIEE{T > T, EHMIEEITo
T2 MRS ]~ DR Z AT o 72,
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Figure 1.
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Setting of a uniaxially stretched film sample for the WAXS measurements. The rotation axis is

parallel to the MD (a) and the ND (b), (c) of the film. The incident X-ray direction is normal to the MD-TD
plane (a), the MD-ND plane (b) and the TD-ND plane (c) of the film at the rotation angle 0°.

3. BRLEE

MD-ND W35 L OV TD-ND Wrmic 1o L7237 iz OWCHIE L THE LIV

PP & —#liEfH 7 ¢ L 2 D(110), (040). (130)[H DO SIX % Figure 3 1Z/xd, Zhb

DOFEFITWFT NG TD 23BN, Figure 2 & FIEEIZER S DS 2 & FHEL RS #
ZRLTEY, WESCHmAXA~SOERIZY THDLEE X BILDH, ND Z[Al#&fEIZ L
72356 ORIE TIZALB ST B OB b & O THURKINE DN D Z E PR T2, 4
[ D HE CrXEHE A FE23-60 E2N D 45 FEE TO 105 D =R E H/3—T& T
W23, ND Z 8l 180 ERlis s & CH o 7 v %

DR 2G5 Z LN TE D,
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— 5T, WMEORE TIZT > TNV OEENAE LT W ERZ 0o Tz, U7 An
ENTWe/od, —8liiE 7 L A2 H D LT MD & HEE 7 [ O[E i@ AL 12 8
PER B BAL, BTN MD ERERFANLRO0TN TN B HND, 51,
TV OREE T IESST — X2 B RO WEE R D,

(2) (®)

20°* 90*

270° 270° 270°
longitude longitude longitude
Figure 2. Pole figures of the (110) (a), (040) (b), and (130) (c) crystallographic planes of uniaxially stretched

polypropylene film obtained by the WAXS measurement. The rotation axis of the sample is parallel to the
MD?®.

270
longitude

Figure 3. Pole figures of the (110) (a), (040) (b), and (130) (c) crystallographic planes of uniaxially stretched
polypropylene film obtained by the WAXS measurement. The rotation axis of the sample is parallel to the
ND.

[ 2% k]

1) Y. D. Wang et al., Polymer, 42, 4233 (2001).

2) ER EEE», VH7 Vv —T, 50,9 (2019).

3) R REEIED, 2020 FE T 0w T 4T YT My A —HBHMAE— LT A VPET
AR RS EE (2021).
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Figure 2. Two-time correlation function C; at tw = 8237 — 8837 s in the 150 °C post curing process at g =
0.0178, 0.0226, 0.0276, and 0.0326 nm’'.
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Figure 3. Two-time correlation function C; at tw = 8907 — 9507 s in the 150 °C post curing process at g =
0.0178, 0.0226, 0.0276, and 0.0326 nm".
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Abstract

Epoxy resin is indispensable for modern industry because of its excellent mechanical
properties, chemical resistance, and excellent moldability. To date, various methods have
been used to investigate the physical properties of the cured product and the kinetics of
the curing process, but its microscopic dynamics have been insufficiently studied. In this
study, the microscopic dynamics in the curing process of a catalytic epoxy resin were
investigated under different temperature conditions utilizing X-ray photon correlation
spectroscopy. Our results revealed that the temperature conditions greatly affected the
dynamical heterogeneity and cross-linking density of the cured materials. An overview of
the microscopic mechanism of the curing process was clearly presented through
comparison with the measurement results of other methods, such as 'H-pulse nuclear
magnetic resonance spectroscopy. The quantification of such heterogeneous dynamics is
particularly useful for optimizing the curing conditions of various materials to improve

their physical properties.
AR
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Figure 3. WAXD profiles of /PP during (a) isothermal
crystallization at 7.=130°C, (b) heating at the rate of
10°C/min and (c) holding at 164°C.
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HEH D, £/, B—7 CICTHYT 2R THRET S 2 HfEMEIZ. BE—27 C LD
BT TER b N 0.07A FRE/NE L, BEXRMBODIN, K0 &SFFREY 2 H D a2
HTHLZ ENEZDLND,

B
IRBRFRFG I TRAZOER FRBZERICIARRRT A AT v v
I EATO TV EE L, RSV Z LET,

[2E 3R]
1) M. Hikosaka and T. Seto. Polym. J., 5, 111 (1973)

2) FREZEDTF, A5, BRIRE Z, (LHETEE], @0 e TR, Vol.70, No. 2,
1G12 (2021)

3) K. Nakamura, S. Shimizu, S. Umemoto, A. Therry, B. Lotz and N. Okui. Polym. J., 40,
915 (2008)
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RY ~—27"F 7 MRIRBLF DB HI 4
HR TERT - WS 2
JESRSEIT 1 e RS L FOKHHER] ! - fndlfd— 2

%%

ﬁwﬁ%§ﬁ~®f)7~ﬁ®ﬁ77bi Ty ARYy MEHZE T DR+

SHER EEZHBE LI Dlc & EE 6T, WAL T2k T 2 BT IRE R0

VA ba vy ZREER V. B CORLFELS P7e EREANHIZERN 2 S TE TW

5o ARWFZETIE., ~~ A + (Hem,Fer03) MUK FOREIZARY TF VAKX U L

— bk (PBMA) #2777 b L., BIEITIC XV EAR (EERED) REECEAIT 540 %

1T 2T, BT ¢ v S ORI D BC AR AR W[ BREERL - 2 88/ M X A cEL (USAXS)
TR L 7=,

2. EB

Hem Ki+f-1%. WA AL k/im% 7 —(3/1 wiw)DIEB AL 64 g 12 FeCls + 6H0 (7 g)
ARSI, BT Y UL (20 g A&, MTHEZAZRT 180°CIZ ALLT 100 KEfEN
L CH LY, R ORRIZEERBEMET (SEM, HSZ TM-4000 Plus 1) CHER
L7z, Hem Hi{ZFKMIZHE S S 72 (2-bromo-2-methyl)propionyloxy hexyltriethoxysilane
(BHE) ZBIGHNC T TFAALZ 7 ) L— NERFBEZ VW NVEAIETEAS L,
PBMA N#EHIZZ 7 7 b L7z Hem ki1~ (PBMA-g-Hem) % 757=, 77 7 k L7z PBMA
Doy ¥ (BOEE) )18 Ma=T73k. 73 FEOMIER PDI=14) (%, EEOERICHEFES
727 U —BRIAH ethyl-2-bromoisobuthylate (EBIB) 226 %z L72AR Y v —DH 1 Xk
br7 v~ ~77 74— (SEC) THREL, BNEESW ORI, 777 bR ~—D
HEDRITe=41%Tho7=, oMb, KFREIC, R ~—#HIEE 6 =0.73
chains nm™? (#EWR /L7 T 7 FEE 6¥=0.77) T/ 77 SN TWAHIZ L aMER LT
Y. USAXS #HI%E1% SPring-8, BLO3XU 5 v F TITo 72, X #ikEIX02nm, # A
ZRIZ8m & LT,

3. MRLEZ
SEM 14 C. Hem ki DR ME 460 £ 43 nm JE X 49+ 9 nm OHAIRTH D Z & & Hf
mbt(ﬁ@mmnIME?%@%ﬁﬂmﬂhmﬁ%ﬁﬁﬁ®U&msﬁﬁfm774
i, B DEZIZHK T DA ¢=0.16 nm™ & 036 nm™ IZR 5417 (Figure
w%
150°C T 54y, E/3MPa T7 L A L7z PBMA-g-Hem 7 (/L A%, 7 4 /L A
ST AN R W T 72 USAXS B %27~ L= (Figure 2a), 7 /L AHEAN 7 A O HGELTH
E7'a 7 7 A W2l ¢=0.0261,0.0514 nm™! (d=241,122nm), 7 ¢ /L AENF I
1£¢=0.0140 nm™" (d =449 nm) |ZHRN A S/ (Figure 2b) . FRELSREE D F 517>

32



FSBLO3KU

o, Hem ¥i 1%, ETFHEZ 7 4V AEISEATIZHAT TRIM L TWD Z &, 7 4 /b A
JE X OBELRERR KD g @25, 7 4 )V KRS ok R OEREX, D=
190nm CHRESIND, ZO D OfEIL, alltrans 2> 7 5 A —3 3 % & o7~ PBMA
ORI (260nm) D 0.73 (5 TH D, —FH. 7 4 /VAHEWN T R OEELIBK O
M (d=449 nm) 13Xk OlE (460 nm) (ZIFIEZE LV, BN T HITKL 0N EIZ T
HLTWDLEEZD,

(b)

Intensity (a. u.)

Il il 1 d
0.1 02 03 04 05
q(nm™)

Figure 1.  (a) SEM image of Hem particle and (b) USAXS intensity profile measured for a Hem dispersion. The Hem was
modified with BHE and dispersed in tetrahydrofuran at a fraction of 5 wt.%. The arrows indicate the positions of intensity
maxima.

(a) (b)

thickness
Intensity (a. u.)

0.01 0.1
g(nm?)

Figure 2.  (a) 2D USAXS image measured for a PBMA-g-Hem film by irradiating X-ray beam was irradiated along the film
surface. (b) Scattering intensities measured along the film thickness direction (on the meridional line on the image) and along
the film surface direction (on the equatorial line). The arrows indicate the positions of intensity maxima.

E =GN
1) K. Ohno, S. Masuda, H. Ogawa, Polym. Chem., 10, 2686 (2019).
2) Shen, M. Matsubara, M. Yabushita, S. Maki, A. Muramatsu, K. Kanie, Nanoscale Adv. 2, 814 (2020).
3) L.Chen, X. Yang, J. Chen, J. Liu, H. Wu, H. Zhan, C. Liang, M. Wu, Inorg. Chem. 49, 8411 (2010).
4) Y. Tsuyjii, K. Ohno, S. Yamamoto, A. Goto, T. Fukuda, Adv. Polym. Sci. 197, 1 (2006).
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RV~ —FEIR O eI A S BERE
WL (BR) 1 (BR) HLUP—F B H—2
AR L - BERLAT L - FEJINIEAT - TP T 2

I

1. %5
TS 72 KA R & 15 5T, @B 72K O R 23 AT RE 72 40 BERBEI S X 2 ZKALBR N f L
TEL., EVbIFMIMHEICENT-R Y ~—ROZ B BEEN AR I LTV S,
R~ — R IIRE OIRW IR 2 Bl S8 5 2 &L THDBEZFE L, 2K %2 E
BT 5 IR A LA L (NIPS) 1E, < O ERHE SN TEBY | ZALIEOHE
T DAk A e SR ERHRE STV D D, — T FREIEOFIEIC K 0 F OB BN
# < BEEREGRRR & RN LBl b 72, ABFECIE. IR ORGHEE &
HIEIZT D720, BEEZ2 W/ XBEELRIE  (SAXS) #1772, R T,
ZIBERIASFIASIN DGR v —ikE LT, AU 7 vfke =Y (PVDF)
? N-Methyl-2-pyrrolidon (NMP) %7125V T NIPS FR A BLE2 L7278, FREE & HEfid
ATDR Y ~ —EHRICEELD fL B A, BEEEIROAED R STV e P, AL, PVDF
D BRI T &% 5 Hexamethylphosphoric triamide (HMPA) % H\\ 5 Z & CIEABEREfR AT
ICH B REELSR N S22 PVDF SR & 725 2 & s L, & @ NIPS 182 & #8142
L7z,

2. EBR

ARk 2 & FAREIZ, PVDF IBi® % Si 7= EIZJEA 250 um TEATE. Si VT ZiE
2.0 mm OFEE/ANICE v F L, FHEOHIEHK 100 pum O X #4 PVDF K DE
TR U CHREICHRS Lz, 20%, IFRELE L TEIROKE B/AVNIZHE S 1,
PVDF A&7 /K & it L. PVDF IR O/NAELN LT 2B+ 28182 Lo, B
RUAIRT7 4%, IMEEGELIE 0.5 sec %A Trtdk L7, PVDF (X VLA &
NRYXNT A R) v = A D N BRSO Solef6020 (FE &7+ & @ 680
kg/mol) . Solef6012 (FEF FH#)4y7-# : 380kg/mol) % FV>, HMPA |3E 7 A /L AFn
AR A L D BB 2 B RS I VW -, PVDF ISR 20 wi% & L. 100 °C
T 4 hr BB U CIafE L7-t21C, IRICHA LT SAXS HIE A L7,

3. MRLEZ

Figure 1 (2., PVDF &K NIPS MBFE(ZH31F D in-situ SAXS 707 7 A V& R~7,
PVDF IR K D3 efih U 7= W5 % 0 sec & L7=, ZKEEfiAi (0 sec LAR) ODiRfa~r 1 7
7 AMZEBWT, EEVEHS 8 Mw) 2 380 kg/mol 33 &2 Y 680 kg/mol DN FLD
PVDF {2 & R 22 HELIXAMER S 49", PVDF 13 HMPA (2 RAF 72 MM 2R T &
EZbivh, KEMZIL, ¢=0.6 nm! TFIZBW Ty a X —E—7 DIH ERD &
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INMERI~D 7 N PBIZER S, PVDF OF GBS L OBEREZRL T0WH EE X T
W5,

10

380 kg/mol 10 680 kg/mol

10" E

10 E.

Intensity /arb.units
Intensity /arb.units

10" E

8°388888
oas / awi pasde|g

10 %3 2 5 4 5 6769 10 75 2 R 567891
A -1
g/nm q/nm

Figure 1. SAXS variations during NIPS process in PVDF solutions.
Left: Mw of PVDF is 380 kg/mol. Right: Mw of PVDF is 680 kg/mol.

ZOVanNF—r—7ZxL, ¥=
Ty D RS o T EME R 10

(Rg) #MERICH LT ry P45 2 —380 kg/mol
& T, WS IE R O A R A T I —680 kg/mol
K% Figure 2 |7, BEEVEST&E
MR EWHD, Rg DRLEDFERLNIT 2
LM%~ L, Al 20 PVDF/NMP &
FEEDMHE T -7, ERPHS &
DI RIZFEVY, PVDFE DF&EHE W &
S TREERERIfl SN & B2 Tk 1
. ZHBFROBZIHIBNTHY < 1 . _ 10
—DREHEVDREETH D Z & BRI apsedtime (sec)
iz,

Rg (nm)

Figure 2. Time course of Rg estimated from SAXS

profiles.

[ 2% 3CHik]
1) E.M. V. Hoek et al., Ind. Eng. Chem. Res., 50, 3798 (2011).

2) EAHE, fEJIIIEAT, fh, SPring-8 R R, FREE 52020A7211.
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IRFEBHEIZ BT DAER T DEEMA I L 5 EARREBOAENT
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A BEIRE T - |HPSOS 1 PHER 2 - il {3 2

1. &

PR FGHEHMEII LIRS « LM RICEND Z &0, MIEFEHARZIILD & LIokkx
RN ST D, REMHEISEED R D 77 7 74 "B 72 DN
EEE b OEINTED, _@W%%ﬁ@%%mﬁﬁiﬁﬁ@é%ﬁémﬁ’E%
Th D, REWHEONETMEE T H S NOLET MERBFI SN TEY . FRTHESEMED S
Y74 7774 N4 T DG OB OB N KR SN TEZH DD, ﬁaa%@ﬁﬂ
] & B JEITIRIEDBIRITEfE STV o Tz, £ 2T, ARETClIm it 2
Eﬂﬁ%ﬂ:b ﬁq@f%‘ﬂfi@rﬂ: ZORT DT80, RO R 72 D RSB DWW TRE ST
DOEdm & B - IS TVIREEO SR &2 L7,

]]Llll

<~—L<~

2. EB

HI7E X SPring-8 BLO3XU D — Ny FTHfE L7z, ke LT, B L HF) LR FE ik
M b L AI@MA0 & VT2, M40 O HEHE A B A D 5ok 2 W TS 2 Fin L |
p-B— A X R 0.12nm, B — A% A X 1.0 um) % VN CTIAff X AR EIHT(WAXD) % H|
E LT, B/ REZ— BT 5 AN O/MEE A EERL, AT L
DEHT /S — 2 DFEHTIZOWT, 27 OIS T) o0 ZFIIMLTICRED 75 7 7 A4 K
D c il (FEREHM) OEAZ. (002)HDEH goory& L TG dooyD It JHEAFIED
HEHE L7z, mE#IE Bragg O HEH Lz, IRZFO f, i IXTFNZF1UbJIEIN%
B L OHEHINRTORREZ R T,
d(oo2),r — 4(002),i

d(002),i

(1)

€(002) =

fEEn T DI TNZDONWT, fEmTOINNT v Y VvE 6, BMERET > Vv E B, EH
TUINVE e ETHE ML EDITHIRRITROBY Th 5, 2, AHETIE
e pn M K D AT O BRI~ DRI B BT, HMHAREIZ- OV T Table 1 (2
RUTEBERD 7 7 7 74 FOMEZREL Y, R Figure 1 O X 95 I E LT,

o = Es (2)
011 €11€12 0 0 0 O €11
022 C12¢11.0 0 O 0 €22
033 [ _| 0 0c330 00 €33 3)
Taq 0 0 0cyy 0O Vaa
Tss 0 0 0 0cyy O Vss
Te6 00000 Coe Y66
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Z T ARRESCTHATRIGE E T 5 oo TR O BSR & 727,

€33 = €(002) 4)

033 = (33833 )

9725, basal plane DIEE T HIZ DUV TIL gooy?> BT o ZHHFRETH Y | &
FTNZDOW T Fifam L 72

3 2

Figure 1. Coordinate system of graphite crystallite in carbon fibers. The 3-direction is perpendicular to a basal plane of

graphite.
Table 1. Elastic constants ¢ and Young’s moduli £ of graphite
cu ci2 ci3 c33 Caa Co6 Es;  En
GPa 1109 139 0 3877 50 485 387 1092
3. MRLEE

Figure 2b—d |Z M40 R E4KHED X BB 2 — 2R d, T 2 Tl g — k)
T B EMEDOBLE T Figure 2(2)D X 9 72 BHRIZH 5, Fdn T OEMA o 13555 7-[002]1C
FEELZR[100] 23 ik HEdh 717 & 703/ & L CERT D, B\ ¥ — > Ll DJRE 71
21X 277 7 74 FOO0)HEIZ RS AEIFTNEIEE S LTz, (002)HE D> 7 F/VITIRE
Fmzazr—7 by 7 LTRIEINTEY, —iXHY72 PAN RRBEMHE & [FER, M40
WE D 77 7 7 A Ntk 1-1d basal plane 235 MERD 7 AN SEATICELA LT\ D 2 & & ff
L7,

[100]

 (c)141GPa  (d)232 GPa
[002] .\//// e i

a
-
meridional /

Fiber coordinate Crystallite coordinate

(a)

equatorial

Figure 2. (a) Schematic illustration of the meridional and equatorial direction of a M40 carbon fiber in real space, and
definition of orientation angle in reciprocal space. (b-d) Graphite (002) X-ray diffraction pattern of a M40 carbon fiber under
stress of (b)0.04 GPa, (¢)1.41 GPa, (d)2.32 GPa.
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£7°. (002)f DRI ~NZ — 2 OMJE G RIZ 7 7 > kL, pseudo-Voigt BT 7 1 »
T 4 7 LTz iEfE TR L 72 Blm oA B34 % Figure3 (27”73, T800G & M40 %tk
B35 &L M40 D5 ASREHER 5 N ER A L 72 T2V o2kt L, T800G 14045 43
JR S BRI MW Z E R B T o T,
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Figure 3. Orientation distribution function of (002) plane in T800G and M40 carbon fibers.

W T, G ae OB A & EAOBRREZ T L=, M40 35 X O, i EMET O T800G?
DOELEF o (29 D Ak dhF DIt /1% Figure 4 (2759, M40 OB a0 DIEAFEMEIZ D
W, AR OB AN NS BRDIFEEANRKREL LN R o7, Lkl
A DOBARIZ DWW TIL, 00226 15°F TRUAAD KR E < 725 LIS AT 56
T, BEE2MRELARD T L E2MER Uiz, BRANKE 72 251F E1002]A5 fkHE
FFINCEL S 5 7o flkAEdh 7 I AER 3 29I 1 DB 2 T3 < D Z L i
EMERNCZ Y LB 2D, 728, 15° 80 HE A O K Z WEFIZ DWW TIEEHT R E MK
SHHBKETORNTZITO Z LN TERNoT,

M40 & T800G DifEidh ¥ DIt DWW TR T 5, 1EH L TWAISIIZ DWW T,
M40 D1E 5 23 T800G LV &/NSWER & 72 o7, —IUIZ PAN R R FEHEIZ I\ T
IXRHMERTH DT ERB T O A ARMEIET BN LN LR HILTN DD, M40
DOHEFEMEF(392 GPa)id T800G D 5| EHMEH (294 GPa)L D b REWNWZ &b, XD
fEgn T NN ERTFRIND, £, BAAIIHT DS OELIZ DV TIHE 78
HTHY, EHEOLEMANKE L RDIIEIANEML TWD, FhbihF 2B
DICINTAABL AT DT OEICEEL T 5 2 LTI, B AN A
VY T800G D7 BRI A K DIG I DB/ NI N EZZ BNDHD, REROFERT
I R RIRO b e o Tz, ZOBBE LT, b To7 AT MR L
OFERMNTFAEIN, NEHEED X MR NEEEE XD,

bz FE LD D L RBMHEDBMESROEWIC L - THE M 7(002) i IZ/EH T 20577
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Figure 4. Relationship between strain on the (a) c-axis and (b) a-axis of crystallites and their orientation angles.

[%3 K]

1) A. Bosak, M. Krisch, M. Mohr, J. Maultzsch, C. Thomsen, Phys. Rev. B, 75, 153408
(2007).

2) A%, BEGCE, APz, hHEy, ME—E, Zusr7 07 Y7 v X —F%E
B BL PESFHE G AR RCR s 4R, 2020, 34-38.

3) F. Tanaka, T. Okabe, H. Okuda, M. Ise, I. A. Kinloch, T. Mori, R. J. Young, Carbon 52,
372 (2013).

4) M. Tane, H. Okuda, F. Tanaka, Acta. Materialia 166, 75 (2019).
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R FRNRANBRISBERAB R OREERFHT O 72 OFFHRIELE L T 7 LV
PR (TR - SRR

1. S

T, % AT T ARG BT, 1EkOWAE, WIR, ZAFiLR SlClxTEHE v
X—ThHHrZ EMbERAINTWD, TWAGEICITELE—RARY A I Rl
DEFTHEe, B4 74 b, RFE, VU B EOEBEEBENGFEL, DR CTRFEMR
1L, — RN T Ay A A CTHBET 50 e LTaonTnd Y, REMR
DERFFME T 2 T A ZEEC D HER I L BE T 2 EHE RN T A —F Th DK
FHEE R O LY A KL, BIBEARDOFFECRER ST EIC L D H PR TH D5, Lol
RN D, BESGBFRICI T DALY A XOEAIZEET 2 0011, IRFBHEIE DMENT D L
WT BT 7 AEETHATZONEEAERENTE LT, READES DL,

INFETEXIL, REBET O A XEZFMT 5 HiEE LT, EFEPHES
XRD (2 & 0 [ 2 RE U T Al ooy BEfR S & OB 2 54l L C &
Too LALLM L INGDOFRITMERE CTH D Z L0, MEAL 723 5 OHIE D
LWZ &, JERENRTHN T & B ICIRER 23 230> 0 REE 0 FRRE MR & 5 G
NV | BERGEBREICB T DEEE LA D Z ENRETH 7=, & Z T, SPring-
8 DEHEE X AT L DR RO M S LEEMKOBHEOE I ZIEN L, KE
FEE R ARBE BT O in-situ WAXS JITE I K 5 R BREIERENT 2 /5T L 7o, A i,
FHIROMEE L, BT AT E LT, AU ~— &0 FmtEd m < RFE M DS
AE T LTV ENOLRNESETAFHEK T CERIBLES AT I 774
MEEZTZRR LT W & THHILD Kapton® 7 ¢ /L A% VW, BESGEFRIZEIT 5
in-situ WAXS HIE L7-fERIc oW THET 5,

2. EBR

SPring-8 BLO3XU ' — A7 A 2, KERAEFTRORIR T - 753 L O
MBS XD SHNEYE (IR-TPS) Zi%iE L7z, HEMOREIFR/LF —~5 mm
A v b LImiR® Kapton® 7 4 v A%ty ML, 7 4 /VAFREICH LEEIC X
MBS AG T2 X 5 ICRHEMEVFE IZE D ()72, MEBVFOBIEREIIT 7 A0D
Kapton®~7 4 /L AZEE L X BB TE D XL 512 Uiz, BERSMFIL, ERFHR
FC 100 °CAH>5 1100 °C % CHIEIHE 100 °C/min THEA L, MMEAF D in-situ WAXS
BEZIT o 72, EBRTHEH L2 XHRO E— L4 R34 100 umx55 um, K& 13 0.1
nm, # A7 KIX58.89mm THo7lz, XHBERRIT 2 7P, BELT — & BUSRIRIX
4 FCHIE LT,

BERK L7z Kapton®DHUELT — Z 1, ERHP TORELSC, BB LE L THWE
Kapton® DEVEMEIC L D BELEAL OB EZRINT 5720, HEtE2 &> M LIREET
ML T-8ELT — 2 v, 7707 & LCRENE | v FETIME L 72 IRIE TORLEL
T =2 a2 LW TESS LT,
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3. MERLEZE
Kapton® 7 - /L 2 O B AR (5 1) "
BHEELT — % % Figure 1 (279, #Edh
(ZHEELAREE . RRHhIZHGELN 2 hL g & or
BoTky, FEELT —ZITHIET 5
MBGEE XA T — = |ZRT8Y T
5, MMEWIH 100 °C~300 °COHFH
T, FEMRE—27 PEEA LN
72o ZiUE. Kapton®BIED R Y ~—H% i
BT 4V DR 7R SN K B 4y 18
BAIZEVAELCTEboEEbhs, oL — E - - -
SIZMEL TWL ERBlICE—I B g[nm']
)[j{yfﬁ Ta— RNz i z;ﬁﬁ@jﬂ% Figure 1. In-situ WAXS profile of Kapton® film
E 410 °CY P L2 T’%jé ﬂﬁ 2 during carbonization under N» gas atmosphere.
B o7, TNEARY ~—ORMBEMOREBICLD EHEIND, EHI
500 °C~700 °CHIiT TlE, R — 27 ZHRK L —E 7 a— Rl/eo7zt%k, ¢=17
nm! fUTICY a V=3B U, ZOREBIT, Kapton® 7 /b L ONERESE A= 77
AGHTDFER D26, CO R CO2 H DT AFAEIZ LV i b HEJD DI L WIRE
L =L TR, R ~—T A 7 &N D, BRI L 55 FHUIMEDOZ
BT TEN TN CEBMEN I L2 LI OEEORRFEENE T L 7 e — R
b1, S HICRAEDHET e Z & TT BN T 7 2T A 7 RIRFEHEEICEN LTI EEbh
%o ~1100 °CIZHT Tl FolZE Uy a VA =N @RI 2 52 o T~
VT RTLEEBIZU Y =T RIBIR~EZE L TV E | 1100 CRE R TOE— 7 i
ElXg=193nmm"' T TH-o7=, ¢=193nm'(d=0.325nm)i£7 7 7 7 A L D(002)
AR TH D d=0.335mm 2TV 26, MENREENS & < 22 D122 Tk FEdm
MIEL, 77774 b T4 7 RRFHEEICENLTND EBZOND, KET L
BIEDOFERIL, TG-DTA OFER LI L THZ Y TH Y | 7 4 )V NRFIBRIEDBERK
EWREOHEEZLZIE D TOOMER E LTHRIHAIEETH D Z LR I, — )
T, Kapton®IIRTIE L7= L D12, 77774 MEEEZFEKLLTWEE CTH D720
IRACKEF OREE AL DBIRINE S TH o T2d, TENT 7 AT A 7 72 [RFEAEE % FHm
THHAITIE, SHICHIEREZBD D TRN/LERAREENH D, S%ITEED
R FENERTERAR 2 -T2 in-sitn WAXS JIE D> B BERGBFRIZ 35 1T 5 IR FEREIEZ 2 B
BT U, [RBIED T A Sy B RE ) A2 M) 7o Sl BERL SR 2 TR E T D T2 9O D HI AL
w2 BT,
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[ 275 3CHk]
1) Meha Rungtae et al., Carbon, 115, 237 (2009).
2) FRHEIEFR D, BR3E, No.154, 244 (1992).
3) AHE, =L/ hu=7 2EEZATE Vol.4 No.7, 640 (2001)
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WAXD/SAXS [FIRHIE 2 F V72 43 F & Poly(ethylene terephthalate)®
MAHERE ETERK
BMRT - WL U —F o 2 =2 L3 JTHRF - JASRE
Rt &2 B - PR EBCC! - w A - K kEd !
Fifi B e 32 PR LS - LRIEYS - &8FE Y - IR =S

1. %&

ARY =TT LT L7 H L — K(Poly(ethylene terephthalate) LA  PET)fkHE 1345~ 72 H
ETHELONOIHMMETH Y . HEIcAabY TRERFZREILTIMNEND S,
oo |l THOESRMD O By FEICHER L, o FE0SHHERE S TP A& 8 TRl D S i&
28 KIFT BT OV TA BL THZE A s TRz, A ENEE &L 5513 19,600
DOH &7 L— RTOREZITV, BEF/TWDLERT —FOIEREK Y, L VFE
A7 RHERE ST R D 0 T BV R 2 B e L7,

)

2. ZEBR

PET XL v bk &#5R8E 300, 1500 m/min THREEY . E&EFYSFECLT M)
23 19,600 @ as-spun FHHEZVERL U 7=, 5O fiHEL IREET A L —V —DWREHIZ L -
THNEA L, Table 1 DIEAHSAEITHE > THAEATHE U7z, (EAH H Ol |2 R
Jiii% SPring-8 O =B E X FR(IE 0.1 mm, B — A1 X 40x80 um?(VerticalxHorizontal))
ZHRE L, 7 ATEKE 95 mm ONEIZFPD, # A F £ 367 mm D& IZ SOPHIAS %
RiE LT, fHED RIS LT oy 7 ETEAEZ 0 msec & Lo A RBEREHICIIT 5
WAXD 4 & SAXS 14z [Fli# ICHIE L7z,

3. MERLER

WAXD {% i) 5k ¥ 7,,:% EIEéI % }E index O H# Fﬁﬁ% ’ﬂﬁ % Table 1. Experimental conditions

Spinning Drawing Time Take-up

Figure 1 {2, SAXS # X 0 R 7= smectic FHOMRIBED | smea | Do | swress | resoluion | speed

ratio

/ m/min / MPa / msec / m/min
IRFMZ A% Figure 2 (2R3, JEffIS ] 99 MPa UL T 48 61 0.13
3 AL EE index OIS LICIAREZRIEMIS DITENE | o | 54 | » | on
5.5 114 0.13 110
DR O, £7-mERE 0.3 msec £ TOfE % 0 msec 58 s | o

6.0 162 0.10

(ZHME L 7 i IR VA AR i 0o U CIERR AN L oo T 5a T e T o

7o FEAH)SS) 99 MPa LI EDFER 2 VTl L 72 EARDOEE N HRD =% v 7 B EEZ O
B ) 2 850K 0 R e SR E 1% 25 GPa T o 7=, — JFIEMIG ST 92 MPa LLF Tl
FEE L DOBIREEL 720 | FERALE index DHINEE LELS D LY IR XD, &5
12 0 msec (ZAMF L7-HMEIRD. 99 MPa LA L CROZEMEL D K& BT H, Zh
D OFERIT, FEHIST) 92 MPa LU Tl v 7 BRERIT 8IS0 D DL
SISO TFLL A U, Zhuc s TR bR RKRE < EBRD Z L 2R LTV D,
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ARIOFERFER A, $58% D M, 78 13,800, 20,900, 28,300 DR Y <~ —IZ D>\ TH
SITZLARIORER D L Ll 95, AAFZEWM, 19,600) DAL )G 99 MPa LL_E O HIE &
(ZDWTHE DAV AG AR s B | s A L FB B R[] 0 R, £ 24 1800 - 2800
sec!, 0.2—-0.4 msec, 25 GPa TH V. M,20,900 DRV ~—% /) 104 MPa THEfH L
725 BT OV TR 4172 2500 sec!, 0.3 msec, 32 GPa[2] L 1EIFE L -T2, T Dk
R, EHEMISDEE COBRBM L MR T 2 L, T —FOEFEEEZR L TE T,
F A ST T BEO BT HESRIEL M, 28,300 (2D THF B AL7- 73 GPa?lZ
HEARTHBRIZ/N S, JLDNT PR IFIE R N 2 X2 G D 0 FHHO RIS L BE S
NTEO Y, S FEPETIE EIEMIFICA 22 500 FHEPEZ D Z LIRS
N5, —J5T, FERTIIITOR) 272007 92 MPa LA FOIEHOEE . M, 28,300 %
FEMR U723 A TS EEE: S 7Rk 7 smectic FAEISIFR 0O K & 72l o fs st b oD FR AL
IR IRV, ARSI 23S OIEMIS JHRIFPEIL, A% X 0 SEmI R
TAREFJPEEE XD,

1.040

Il(

0.6 . A

0.5 Lo
é gl.'ﬂ% o %
£ 04 L o
z N «:@
£ 03 g iy
= -3 CH ok
E £1.030 o 2
£z = J-l:'-_k R
o t ——

01 (b) (a)

1.025 e ‘ ‘ : : ‘ :
o0 Ll oo oo S 0 30 60 90 120150 0.0 02 04 06 08 10 12 14
0.0 0.5 1.0 1.5 2.0 25 3.0 3.5 4.0 drawn Drawing stress / MPa E]apsed time / ms
Elapsed time / ms

Figure 1. Crystallinity indices estimated from the Figure 2. (a) Smectic (001’) d-spacings plotted against
wide-angle X-ray diffraction plotted against elapsed time after necking. Drawing stress for each experiment
elapsed time after necking. The fitting curves are is 61(#), 92(<), 99(M), 114([), 138 (A) , 162(A) MPa for
also shown. Drawing stress for each experiment is spinning speed of 300 m/min. spinning speed of 1500 (@)
61(®), 92(<), 99(M), 114(J), 138 (A) MPa for m/min is also shown in figure. The d-spacing of each
spinning speed of 300 m/min. Spinning speed of experiment is extrapolated to the elapsed time of zero, and (b)
1500 (@) m/min is also shown in figure. the extrapolated values are plotted against the drawing stress

applied during each experiment.

[#5E] 2 OBF%RIE, BEAFER A4 22K05226 OB 232 1T, %< OFA#E
D 11D T ST

[Z%3CHK]

1) R. Tomisawa et al., Polymer, 164, 163, 2019.
2) REHEHN, 2020 FHkHEFSKFIEHR RS TRRE, 1C19
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RART LA ZLEBE LZEOBAREEADLTO~A 7 v —A LA X BREHT
S A/

T TSl 7 - BRI LR 2 - (R T U F R h o ?

TR - PSR - JH LS 2 - B — T e T - A E

1. #E

PO I ARG O S MHEREE0/ M - R EA LR EOEFEICLY, =T X b~ —0D 7
I IXRBR OFE CH D, TT A h~—%lET D Z LIk > TED FHENER
M LiGae b3 2815, Wb b “OT ik il dh{k(Strain-Induced Crystallization; LA T
SIC EHET)” 1T L <FNDBAIL, RIRT LR A V7 L2 T A TEEOMIEE TN FEE
S TWD, FFiT, SIC HRO EEE(LICEE LTk, mHERFOET O LIS,
BT COOT AL L 2 AZLER O/ SICHw 535, RIKT LDk
XA e EOBEEGAECEEHEENLERFRICESER SN DO, RIKT L0E
WCRBENTMAEZFFOMETH Y | ZOBRIIRINT L OEN T SIC YEREIZH
HEIRSBZLNTWS, AIFRETIX, BEEROIMHNCIERT 5, 2 E TOMSE
Tl —lf REERHI BT 5 BAERIHIC DWW T SIC & OBEIZB N TELES
NTW5D, Fio, FEFEEL, %5 il RERROBIEROMENZ SOV THE L
(Figure 1), & Z CTAMETIL, RARTLAZEHME (—HOHLOMHET, MES
] & BEE RS ENIIOEL O E 720X DI 2R L 722D Lo/
GHERINHE DO A =X LDELEHNE L, v~ 7 b —2% HWzIaf X BREYT
(WAXD) ~ v v ZHIEIC & 2 BEEmELE COOT HFERM M LRI, 5
i OO BC 6] 5 [6] D 43 AT % fi -~ 7=,

2. EB

»

Figure 1. Schematic illustrations of the experimental set-up
for the case of the equibiaxial elongation, where the red dot
indicates the position of the microbeam (20 pm) was
irradiated.
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AW RUBHIIMRER IR = Ly — b

(g 40mm X H#HE 10mm X EA 0.25mm)

Thsb, fiEHE 140phr fA5 LTI L7, 72720, I—ARr 77 v ZIERmL T

VN, T AT — NI, EREL
AKEFF N 1.6 M E L,
PIICEESNTWATD, MiteZ &N TERUY,

RTE D, TOIKTE Tf%#ﬂ/ BARDERLZ2ND

WS (RUVERRCor L72f83K [3.2mm X 0.6mm] )
I~ A 7 —2Ah (E—ALH%A XL Figure 3 1T
MR L7z) & BBEF L SPring-8 « BLO3XU (2 T
(25°C) T WAXD ~ v B> ZHIE (MR & B 1T 40

um A7 v 7)) EiTolz, XMOFEREIX 0.1nm, 2
WotHiHgE & LT PILATUS IM Z W=, 1fEid
720 O X MRIEEEE 02 B ThHoT,
3. BREEZ

Figure 3 IZEBEOREIOBHDIRELZ KT, DL
R TH D, U FRMOBANHAO L TV SR

NEIZREINTZ, 7B, LWWVROBIWEEROD Y 71T
oA CRE L7ed, BERotr 2 LD
BlEasn=n, REHIBWEHSTH D, £/-. 2D
BEHOAWHTORRICYA 7 v E— AR S
T3,

Aluminum holder
Edge of the specimen (crack)
Brass support

Open space as a result
of the expanded notch

Irradiation position of the X-ray
microbeam (at the crossing
point of the white lines)

Brass grips (see Fig. 2)

Specimen (Black rubber sheet)

Image exhibiting the real specimen

Figure 3.
subjected to the WAXD mapping with the quiescent U-
shaped crack. The microbeam was irradiated at the
crossing point of the white lines.
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ZDO Xz

3.2 mm (81 points)

0.6 mm :
Mapping Area l
(16 points) l pping

Beam Size
0 -
"89um
16 mm
(A=1.6)

Figure 2. Schematic illustration
of the WAXD mapping for the
specimen subjected to the planar
extension with the microbeam.
The mapping area was shown
with broken rectangle and the
step of the irradiated positions
was 40 um for both horizontal and
vertical directions.

Figure 4. 2d-WAXD pattern
obtained by irradiating the beam
at the position just below the apex
point of the crack.

CRE2mm 0BHEE D v X —F A T TANTZ, D
% X ARBCELINE B L7=3lBb A v 7 — (Figure 2 OFHED T ) |
ZOWE, BREHEICEREHIMED O & T D08,

(ZHLY fFF

Z DD
2. B RR A E
EERER LTz, ORI

éﬂf“%ﬁﬁ%ﬁﬂ% SIC LESESIT 5729, Figure 2 ITHRAXCTRLZ X 9, BHAE

4 cm (fixed)
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Figure 4 [ZBAD IO B — 2% B U CHIE 47z 2 IRoC WAXD /34
— &R, 200 EAHE 201 HIE O — 7 NIFAREICBIER S, 120 mRE T
— 7 3BEIN 2 hoTe, THETOMEIZE - T, FHfEOEAIZ, M5 SS
Bl 35 2 L2k ->T 120 mKH E— 27 MBI 25 2 ERbhoTWnHT®),
Figure 4 (R HERIL, FHBEOFEDBBENL TS EE 25, £70, b DS
E—7 OHBLL TWD AL, WEEmOBLm 5w (c SioBdmFm) 1%, K¥EH
HTHDHZ ENDND,

Figure 5(a)lZ & T OALE CTHIE L TE LT 2d-WAXD /X% — 2 &R LTz, IRVE
FROBBRIT, 2d-WAXD /¥ — 2 OFEENRZE L Ble> TV AR EZR LTI H DT,
ZO/MFRE Y BT, 2d-WAXD /8% — TR EEL L EINL TR WD B
FEDMEWDIZHR LT, ZOH#RE D FETE, XF e —2083EHZ S ST b7z
B, 2d-WAXD /¥ — 2 OBEENRE, ZAUTEICT TN T 7 ANB —DFRE & [k
LTV THY ., fdbEZERL TV LD TIEARWS LICEENLETH D,
7245, Figure 5278 L2 RWERO R IL, EEEOREIOBAE DR & 52 &I Bk
L72b DT> T %, Figure4 IR F K 91T, 2d-WAXD 7% — TG dh i BT K
HE—7 BRI SN TWD 008, SIC fEdh DHIL TV D i 2 HIr 5 7= DI EE T
HY ., ZOBREND, Figure 5@)IZIRVEE Y 1E L OIHIT, SIC &g BN TV A ER
ZaRlLiz, 20Xz, BENOLHREKATH 0.4 mm B LEEL TWO R0 EROVGEIR T
DIr, SIC FEELNHER ST, 7235, Figure 5(a)D8ZLICIRD FEROALE TlE, FRVER
VI8 L DO IEIDS K IEICEARAIICIE ATV D 2, Z i SIC i S DIFEAE DA D5
RAETRLTWDE DT TIEZ <. mapping area 23+ EN TV 72720THY . b
90 L FE O T H SIC i DAFED B O E THEFE TE TV 5,

Figure 4 |Z/R L72 & 912, c Bh2MEL M L CUN D 86723 Figure 5(a)Difiidh B — 2 2381
NTWNDHETOD 2d-WAXD /NF — U THER TE 72, £ 2T, c BhORLm 0 D53 %
mapping fLE XIS S TRT 72912, Figure S(b)ONEBICR L2 ERIZIES T, 1%
fEmOBLE F M2 AE TR L, AT LTk E R LTz, TOME, B
L IFHE T, RS OB S TR OIRITIHR O Lo, ThbbRAOER )
MEELLRoTNDI ERDLND, TNERUAERT, MEOREETHRE Lz,
QEHHRIC & bR Y BHOLGAICHLELN TS, —J7., Figure 5(a) TlX, &R SE
AUVTALE T, oS oRcm A E (e BoE M H W) 1XIFIEKEHETH D 2 & H
weE, REHZD DO THO LB E —HLTWD I ERTFHREIND, BIfE, e
FRED D> TWDJRFTN 7R O B m%E2, X7 aler VX VEGFEBEIC L - THEAT
LTCWbHEZATHD, 7238, Figure 5(b)DA7 v D GEIE Thlfb LRI R S LT
L3, ZOWFIREDO T —ThHhDHAREMENE L, BB EZ5%ERTITETDH
%o
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(b) Distribution of the orientation angle of the crystallite (¢ axis)

¢ axis
. A Orientation angle 0
“-16°

Fig. 5 (a) 2d-WAXD patterns arranged according to the position of the irradiation
point of the beam in the mapping area. The solid red curve indicates the border of
the sharp change in the appearance of the WAXD pattern, which indicates the
position of the crack edge. The filled red circle indicates the border of the 2d-WAXD
pattern exhibiting the crystalline peaks or not. Note here that the horizontally
arrangement of the red filled circles at the bottom line, which is located just below
the apex point of the crack, is due to the fact that the mapping area was limited.
Actually, the crystalline peaks were observed when the lower portion below this
mapping area was examined by conducting another mapping experiment. (b) False
color mapping of the orientation angle of the crystallite (c axis). The definition of
the color bar and that of the orientation angle was schematically shown in the inset.

4. K&

AW IR, TR EOGIERIE - SIC & OBRERSNCT 5 BTV A
7 e —AL%& M7 2d-WAXD mapping Z17 -7, ZORER, BHNPHRKTH 04
mm FREEEN 5T TlE, SIC fEfIT R onhoT-, BEO ZaFE TR, BEO
TEIRIZHI U TR b OBLIA SRS C X 7oy, £ OfaIE 2 < k< £ L 0 AMAITIE,
Pt i OBLENTIKR Y TT A, $72b b, MEGEISHATTH -7z, £z, SICIZE»T
AU T AE R T, AL L CWNA D EAVHIBR L7s, 2D ORI, ML LT
PR OB AEOMRED LRR D RGN H Y | FHITRORB-ATTNDEEX LT
EMNTED, Btk 70T VX VEGAHBINEDINT 21TV 2 D% A2 Bk T
HTETHD,
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ASAXS IZ kB A7 4 T —RERDGZEIREBIZET D458
S LR - BT
FH AL | PNEHZAB D« PEIEREARER 2 - HRPEPESE 3 - Mg A3

1. &
TN/ T 4T —IRERIZEB N Mass fractal D
_ . . dimension m
T, 74 7 —ILFigurel ® L 5z -

BE#EEEHE L. ZD7 47 —D
SECIRBEIIMEREIC K& < A
%%, MLigh(ZnO)ix, Ik
fREBA & U CEEB N ITB W
THEREHNE R T —FH. 7«
T — ORI EEE 5
HT=0IZ, ZnO BEROSHIRELEETHDH, TN E TOMIE T, B2 5 EMIEET
YESLL 7= EPDM/ 1 —7R > 7 F » 7 (CB)/ZnO FUZEBIT D Hidh & Mn DO HeIRER | %
INER X BRAE T (u-XRE)NZ & » T2 D, 2 OSSR, #ign O/ HeiRIE DS IR0 L
ko TEMNT D ER2EEMICRE LTS, LrLaen s, u-XRF THHTE 5
DEREE DY A XiTIum A —F—TH Y . nm 4 —F — D EIRBIZOW IR TH
%o nm A —X —DOHRREAZ TS50 172 FiE E LT, /M X BREGELIE(SAXS) A3 2%
F 540523, EPDM/CB/ZnO IR &R DEE . CB & ZnO D43 HtEE DOV A X3\
D, FNENDOLGEIREEZTERET L Z ENRRETH S, ZOMEEMRT 572012,
Bz 13/ X B EBELIE(ASAXS)IZTEH Lz, ASAXS 1%, JuEEA O X BRI TS
T CAS X MMOZ RN X —%2 2L I D LIL-T, 2 T A MEE(LEE
T/ X EELIE 21T 9 FIETH D, ZOHIEZRWD &, TRENDORS DSy
BELBIE 2 RD D Z LN TE, CB X° ZnO OGHIREEZ LN T HZ ENTE D,
% ZCARMFZETIX. EPDM/CB/ZnO (28 THLEH D X MR imUT 5 D = % /L F— D X
WA AE L, ASAXS #17-72, LT, CB & ZnO O HEELES 2RO T, £
DO EARTEDFRIT 21T - 7=,

Primary J
particle

aggregate

agglomerate

Figure 1. The hierarchical structure of filler

2. E®

AREERTH = EPDM/CB/Zn0 1% 2 > ® step TIEM L72, XL HIT Iststep Tl
Process 17> HID 3 DD HIETENENIRM LT, T DORFOFHRL L 7 vt X% Table
112”7, WRIZ 2ndstep CTld. 2-Mercaptobenzothiazole (0.5). Tetramethylthiuram
disulfide (1), Sulfur (1.5)% 1% T 6-inch two-roll mill T 5 Z>[HiE# L 7=, ASAXS
I% SPring-8, BLO3XU, # — /v F TV, A X #RO =R /LF—|F 9640, 9650,
9656, 9659 eV IZF%E L7,
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Table 1. List of compositions and mixing processes (15t step)

Component (Weight ratio)  Process I Process I1 Process 111

EPDM (100) Banbury- Kneader 8-inch two-roll mill
CB (80) type mixer  (for 5 min) (for 30 min)
Paraffin process oil (50) (for 5 min)

ZnO (5)

Stearic acid (1)

3. MRLER

Figure 2 {Z CB DO#B87 BELBAEL See 27837
Process I & Process 11 D Sec 11T & A EZAL
IR TeH3 . Process L D See 13D 7 1
774wkm&fdﬁ@@ﬁﬁﬁﬁw:&
75>zb75 %, CB D4y eiRig z & BRI SK D %
Tl _@71:’774’/1/ Zxf L CELF D
AT i'% X 7L % Unified Guinier/Power-Law
ApproachIZ L > C7 4 w7 4 7 L, &M
INT A =B ERDT,
I1(q) = Aexp(— q*Rg/3) x q~Pm
+Bexp(— q*R;/3)

+C exp( — q*R2/3) x ((erf(qRy/V6))%/q) e
+D exp( — q%RZ%/3)
+E ((erf(qRs/V6))%/q)Ps

10 1 1 LI II 1 1 LI
10° .
10’ s
Q
4= 10" -
1()'l —— Process [ -
—— Process 11
102  —— Process 111
'3 1 1 11 111 II 1 L1 1
10 2 3 456 2 3 456
0.1
-1
q(nm )

Figure 2. Partial scattering function of CB

D7 70 AL — DA T T 7 ZNVIRIG, RJIIT 7V 7 — F OB, RIE 1
WRL T DIEMEEE, Ds IZFRME 7 7 7 X NVIRITLTH D, Table 2 \T7 4 v T 4 > 7 Dk

RETT,
Table 2. Values of various parameters in three processes
Process I Process II Process III
Dm 2.61 2.53 2.97
Rg (nm) 40.6 43.2 40.3
Rs (nm) 7.36 7.51 7.69
Ds 3.26 3.33 3.46

Process (2 &5 T R 1XIT & A EE L L7205 7253, Dm i Process Il DEKf, KX 72 fHIZ
Iolzy DED . Process Il DRMTIENIR ST 7V 77— FREICRD E VWD T LN

ootz
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Figure 3 |2 ZnO DERy HELEEEK S, %
7~9, Process I & Process I @ S, 1%IT &
IEEZENRL, HENR4 ThDHZ b
Porod HINZHE - T 0  BLHIE BnEigk L v
RE LGOS BH S TV D
EEZ NS, —JF. Process Il D S, 1%
g =0.04~0.2 nm™ TR F-NFH0 5 O
T rUBRBRESATEY . Ik,
Process I & Process II XV /NS 72 ZnO
OEENBR SN TNWD & LlThDd, 2
D Z L 1E Process 11 IZ31T iR & b
Zn0 OGN ENE N Z L EZRLTHD
Do

[Z%3CHK]

1 || LI IIII 1 1 LI
]02 — —— Process [ -]
|~ —— Process 11 _
—— Process 111
10° 4
10°
10" F
10 2 '; zltgflj 2 3 456
0.1
-1
q(nm )

Figure 3. Partial scattering function of ZnO

1) Y.Nakanishi, K. Mita, K. Yamamoto, K. Ichino and M. Takenaka, Polymer, 218, 123486

(2021).

2) G. Beaucage and D.W.Schaefer, J- Non-Crystal. Solid., 172, 797 (1994).
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fean e R T T AR O R E R SRR
SHE I MR A
At - 4G HBHEF - AEHIAR - PR - T
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BT MBI ORMEIZ NN T L3R IR MR BESCIEZ R T Z E RS
NTWD, FrICHREEETER 70 T DG A TS ks T HEC T A THEfh. Bkdt & Vo 72 nm
2> B um _{Eéﬁbbiﬁﬁfﬁ%ﬁ%ﬁ%ﬁiﬁ“Zo EWVWIFENRH D, b O] iﬁ*ﬂrm@
PR & BRI BT D720 BRSNS 2 2 L I3 S s sy R O MERE M) |
HfFT ECEHETHD,

ARl REORERES D MBI THLRI = F LT L7 X L— F(PET)DOFKMH
R L OVE S H i OREEZ b % SPring-8 Dpt™— A/ X #REELSAXS) A X H
HEL(WAXS) & FIV TR L 7=,

i

2. EB

HIEIZ X, SPring-8, BLO3XU, % v F&fiH L7z, KX 0.12nm (10.3 keV),
71 A7 FlX WAXS ; 60mm, SAXS; 1.3m THh 5, fHigsiE WAXS ; SOPHIAS, SAXS ;
PILATUS & L7-, E—2AH% A X 1.1 um @ X B ZHE 10mm X £ 20mm X JE X Imm FRE
O D PET OFER 2% LT edge MRS L, HxZFm A5 1 pum [FFE T 100 43
OHIEZ Ui, HIEEEIT=E., ZEREIZ 1sec Th D,

3. FERLEBE

Figure 1 12, WAXS 7'u 7 7 A VORI L DOERIAK A EE RT, REITIBWT
IFE— 7 DURFBH ST RN ORE MRV EHEE SN D, TR R D120 T
fmatE e — 27 88, FFIC ¢ =18 nm M AFITIZ 100 HEHZ XIS 5 B — 27 23R ICBLT
Sz,

Figure 2(a)lZ 100 233 2 E NG daoo. W2 =T —D L 0 R 7=fEdh T
WA X LaooDIESAEGFMEZ R~T, RS EcmBbEas/hE < 72 0 ks 191 X)3
RKLTWBDZ ERbroT,

Figure 312, SAXS 7 7 7 A LD EEMN L DR SKFMEEZRT, ¢=0.6 nm1 ﬁ‘
IICT A TREmHROE— 7 BBl S i, REIZBWTIE 7 e — RTHRS LRIy v

SN B T LR ST,

Figure 4 I27 A Z k@ D DR SKGFEERT, DIZFEBIZB VT 13nm BETH

DR 2 DI ONTHRIZED T2 Z BN o7,
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Figure 1. Depth dependence of the WAXS profiles.
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Figure 2. (a) Depth dependence of the repeat spacing d corresponding to (100) plane. (b) Depth dependence
of the crystallite size L corresponding to (100) plane.
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Figure 3. Depth dependence of the SAXS profiles. Figure 4. Depth dependence of the lamellar
spacing D.
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Figure 1. Typical SAXS profiles during a) heating process and b) cooling process.
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Figure 2. Typical WAXS profiles during a) heating process and b) cooling process.
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ﬂ‘éiﬂ%ﬁi\gt —7 BEIHIE D Z L EZYL“CU\ D, ARH 7 Figure 3a L0,
118 °CIZ S DOWERN " — 2 T 23, 90 °CHRHEIZ Ts DREAE — 7 R TE D,
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Figure 3. Temperature dependences of gmax and Imax plotted with DSC data for a) heating process and b) cooling process.
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DE, Tn & TIDEDPRENVTEOWFERDOEZELRB LT RocDTHA 9,
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LD RGBT 25~35 %fEEETH VD . BERTE D gmax DL RES DD ELY
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[5E&3Ck]

1) SO, FAE, BIESL, IRESE, Mo, 77 2AF v 7 BIN LR E
29[RRI L2 AR Y7721

2)  RERf—, ERRAE B TAA S ~— - AT RS B ORI, v —
T L —HiR (2003)

3) D.J. Quiram, R. A. Register, A. J. Ryan, Macromolecules, 31, 1432 (1998).
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Figure 1. Hierarchical structure of filler in rubber Figure 2. The change of the radius of aggregate

F@m3 ZOT 5% 0%, 100% FUINEFOZ 20 “RociELEG 2R3, O 4
0 % TIEFESRHELZ R T DI LA 100 % TEAZ T T A 87— LT
ﬂé@ﬁﬂﬁﬁ G IR BEL SR STz, silica 1R - SORREE IR O AR BAEFHIZ
£V SBR TR —IZHBLTW\D, ZOZEMARLE—MESEEMIZ L0 I L2729
WNETTANZ—=U PR LT EBZBND, ZORE—MEIZONT XV EEMICHH~N
% 7=8®1\Z., Polydisperse Born-Green #T{EL(PBG)?IZ7% H L 7=, McGlasson & /% SBR {Z

56



FSBLO3KU

silica X°> CB Z# Bl & L72 R D aggregate Dt horizontal
SEIRMRERE: & % . PBG % U THRHT L -
=, ATk, cokErAnT |
SBR/silica &R (23 1F % silica ™ aggregate
[ DOFEREA 1 g R N CTED X 51T+
B DINZDOWTIE B RN 21T > 72,

vertical

elongation

isotropic anisotropic

Figure 3. 2D scattering images at strain 0% (a)
and 100% (b)
2. EBR
AHFIE Tl SBR(Mw=500,000, Ty : -39.5 °C)iZ silica & 15vol%FHE L, T v
Vo 75z ITxE L 8 wt% Il 2 72 R & U7, A3 0.1 Hz, iz KO A 100 %,
HIERE %2 25 CCOGMEDO T, —iEH R T TR E/ N X B IEL(USAXS)HIE
%47 - 72, USAXS IZ SPring-8 BLO3XU, % — /v F TIT\ . AH X O T R/ F—
1% 6.2 keV IZFRE LT=,

3. FERLEBE

Figured (ZZNT & D —REREEIR
MEEBE (Gno) OEILERT. Gme [ T e T ] oo
e G mogE, OFThesd 240 |- {gp ——
ZHIL, OF AP TL LR 1 .
LLTWD, —F, ot Lc® 8 20 1€
B AIFOFHE L BICHS LT 8 0 a0 B
WDDY, T DEALITIER 518 D4 i 7
LI HRTAE Bnt, oz 2[ 1%
D, HEJINIC aggregate |d &L 80 ' ! ' 0
0 A D B RICIE AU L ©? e
DM E NS T LERDro Figure 4. The change of the distance of the
7=
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1) Koga et al., Macromolecules, 41, 2, 453-464(2008).

2) Guinier, A.; Fournet, G. Small Angle Scattering of X-rays; John Wiley & Sons: New York,
US, 1955.

3) Alex McGlasson. et.al. Macromolecules, 53, 2235-2248(2020).
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Figure 1. Normalized autocorrelation functions at ¢ = 0.0326 nm™! of epoxy resins heated to 180°C at temperature rising
rates of (a) 5°C/min and (b) 0.7°C/min.
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Figure 2. Two-time correlation functions at q = 0.0326 nm™' in the 180°C curing process of epoxy resins heated at
temperature rising rates of (a) 5°C/min and (b) 0.7°C/min.

[5E&3Ck]
1) T. Hoshino, Y. Okamoto, A. Yamamoto, H. Masunaga, Sci. Rep. 11, 9767 (2021).

2) A.Duri and L. Cipelletti, Europhys. Lett., 76, 972 (2006).
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JE A 2 CTHAMERBEBROZILIT R o N0 o7, ZTHUTEKS 7 A% —fEED Y
A RIZH LT X OBV IABIESINENWERIE L oo ToTod, BEELAH 720> 72 FTRE
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Figure 1. 2D GI-SAXS images of Nafion D521 thin film at various humidity. X-ray incident angle
is 0.12°  and measurement temperature is room temp. Arrows indicate g=2 nm’'.

80%RH

Figure 2. 2D GI-SAXS images of Nafion D521 thin film at various humidity. X-ray incident angle
is 0.08°  and measurement temperature is room temp.

[ k]
1) M.S Wilson, S. Gottesfeld. Thin-film catalyst layers for polymer electrolyte fuel cell

electrodes. Journal of applied Electrochemistry, 1992, 22, 1-7.

2) T.A. Zawodzinski, C. Derouin, S. Radzinski, R.J. Sherman, V.T. Smith, T.E. Springer, S.
Gottesfeld. Water Uptake by and Transport Through Nafion® 117 Membranes. Journal of
the electrochemical society, 1993, 140, 1041-1047.

3) G. Gebel, Polymer 2000, 41, 5829.
4) D.K. Paul, K. Karan, A. Docoslis, J. B. Giorgi, J. Pearce, Macromolecules 2013, 46, 3461.
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Figure 2. Mhx dependence of fractional

ﬁa:ﬁﬁ%qj®a:j—7 - ‘/f;%@j@l Lﬂ@é}]ﬁ:ﬁ amounts for S, PP and P at 1= 0.
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1)  D. Kawaguchi, A. Higasayama, Y. Ogata, T. Kabe, Y. Matsushita, K. Tanaka, Polym. J.,

in press.
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Figure 1. 2D SAXS images and 1D circular-averaged SAX profiles of PS-b-PMA blend systems (The
weight fractions of symmetric block copolymer are indicated beside 2D images).
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Figure 3. SAXS from quasicrystals from the structure observed in the PS-b-PMA
blend systems. (Left) [llustration of microbeam experiment, (Right) SAXS pattern

from a 12-fold symmetry quasicrystal (2D quasicrystal).

[ 2% k]
1) K. Yamamoto and H. Takagi, Materials Transactions 62(3), 325-328 (2021).
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iz, BIEIREEZ 321K/326K, EIANSIMREE A 151 ~150 s OHiPH CTRRE L., K5
FH T ARE A FE L0 BREIEREICT 10 oFEE L7 BT, SAXS X2
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Figure 1. 2DSAXS images at (a) 1s™!, (b)20 s!, and (¢)40s!, and the scattering profiles along
shear direction at (a) 1s!, (b)20 s, and (c)40s™.
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Figure 5. Comparison between the critical shear
rate estimated from the viscosity measurement and
that obtained from SAXS experiments.

1) A. Furukawa, H. Tanaka, Nat. Mater., 8, 601-609 (2009)
2) M. Doi, A. Onuki, J.Phys. /I France,?2,1631-1656 (1992)
3) P.J. Carreau, Trans. Soc. Rheol., 16, 99-127 (1972)
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Figure 1. Schematics of Simultaneous SAXS / X-ray Imaging Measurements.
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Figure 2. Output from Simultaneous SAXS / X-ray Imaging Measurements. (A) X-ray imaging for micro-chart
(RT-RC-04, JIMA) (B) The cross-sectional analysis of (A). (C) SAXS image from silver behenate.
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Figure 3. Transmission x-ray image (middle rows) and SAXS image (bottom rows) from stretched
(oriented) and non-stretched part of the biodegradable polymer (P(3HB-co-3HH): polyl[(R)-3-

hydroxybutyrate-co-(R)-3-hydroxyhexanoate]).
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et 497 249 7 1 507 b 4227k 4527 b 127 b
2010A 41 SRA 307 1,992 W 400 #E[H) 1,136 1] 360 HfH] 96 [
A 190 20.1% 57.0% 18.1% 4.8%
et 467 264 7 1 477 b 41v7 b 6327 b 137 b
2010B 37 BRAI— 310 2,112 K] 376 W5 1,128 M) 504 IR 104 FER
A 157 17.8% 53.4% 23.9% 4.9%
et 462 252 7k 4527 b 1537 b 27 127 b
2011A 31 BRAI— 284 2,016 B[] 360 5] 1,224 IR ] 336 I 96
A 178 17.9% 60.7% 16.7% 4.8%
et 413 246 7k 5427 b 1477 b 3507 b 1027 b
2011B 30 BRAI— 248 1,968 K] 432 R 1,176 IR ] 280 IR 80 R
A 165 22.0% 59.8% 14.2% 4.1%
et 400 249 7 1 5927 b 1357 b 37 127 b
2012A 29 SRA 261 1,992 ] 472 BER) 1,080 Ffi] 344 Wl 96 1]
A 139 23.7% 54.2% 17.3% 4.8%
et 425 276 7k 6027 b 1517 b 5207 b 137 b
2012B 30 SRA 250 2,208 480 () 1,208 1] 416 [ 104 5
FHA 1~ 175 21.7% 54.7% 18.8%! 4.7%
et 385 27 v7 ~ 47 1297 k 27 b 127 b
2013A 27 SRA 244 1,816 352 W fH] 1,032 T 336 HfH] 96 I 1]
A 141 19.4% 56.8% 18.5% 5.3%
et 378 198 v 7 k 407 b 106 ¥ 7 | 47 b 87 b
2013B 24 BRA— 186 1,584 Wfi 320 R 848 7] 352 W) 64 IR
A 192 202% 53.5% 22.2% 4.0%
&t 414 209 7 K BT 12927k 3527 b 2v7hk
2014A 25 BRA— 263 1,752 B 344 BERE) 1,032 FRFRE 280 ¥ 96 FEfH]
A 151 19.6%) 58.9% 16.0% 5.5%
&t 449 288 ©7 k 5207 b 1757 b 497 b 127 b
2014B 25 A~ 280 2,304 B K] 416 W] 1,400 R[] 392 B 96 IRF{i]
A 169 18.1% 60.8% 17.0% 4.2%
att 395 258 ¥ 7 b 367 b 158 7 |k 527 b 2y7hk
2015A 23 LRAVI— 238 2,064 B[ 288 I (] 1,264 B[] 416 96 I5H]
A 157 14.0%) 61.2% 202% 4.7%
&t 416 252 ¥ 7k 3627 b 168 7 I 3627 b 127 b
2015B 25 REA 247 2,016 R 288 [ 1,344 1R[] 288 BF ] 96 15H]
A 169 14.3% 66.7% 14.3% 4.8%
att 376 270 ¥ 7 b 387 b 1877 |k 33v7 b 2v7hk
2016A 26 LRAVI— 217 2,160 B[ 304 I 1,496 B[] 264 5] 96 I5H]
A 159 14.1%) 69.3% 12.2% 4.4%
498 249 7 1527 b 159 v 7 | 6327 b 127 b
20168 25 305 1,992 R 120 1] 1,272 W51 504 5 96 H£[K]
A 193 6.0% 63.9% 253% 4.8%
att 466 264 ¥ 7 b 357 b 1657 1 527 b 2v7hk
2017A 25 LRAVI— 276 2,112 B 280 I 1,320 B[] 416 96 I5H]
A 190 13.3%) 62.5% 19.7% 4.5%
&t 325 300 ¥ 7 k 3427 b 2037 b 5147 b 127 b
2017B 29 A~ 203 2,400 FF[K] 272 5[ 1,624 1R[] 408 ] 96 R[]
A 122 113% 67.7% 17.0% 4.0%
att 416 273 27 b 257 b 19127 1 4527 2v7hk
2018A 27 LRAVI— 271 2,184 B[] 200 I[H) 1,528 B[] 360 ) 96 I5H]
A 145 9.2% 70.0% 16.5% 4.4%
&t 417 279 ¥ 7 K 187 b 198 7 | 5147 b 127 b
20188 26 BRA— 287 2,232 WEH 144 BERS 1,584 ] 408 BER 96 IERT
A 130 6.5% 71.0% 18.3% 4.3%
att 406 275 ¥ 7 b 277 b 204 27 b 2v7h 2v7hk
2019A 29 LRAVI— 240 2,200 BF[H) 216 I 1,632 K] 256 5[] 96 I5H]
A 166 9.9% 74.1% 11.7% 4.4%
&t 340 294 27 K 1527 b 2147 b 477 b 187 b
2019B 21 BRAI— 226 2,352 K] 120 ] 1,712 Wi 376 W) 144 15[H]
A 114 5.4% 76.7% 16.8% 6.5%
20204 att 69 70 7 b 3v7 b 367k 257 b 67k
(FE1~E3HAY 26 SEA— 34 560 HE[H] 24 1) 288 5] 200 HfH] 48 1T
» A 35 1.1% 13.2% 9.2% 2.2%
20208 &t 289 291 +7 k 167 b 2147 b 407 b 2127 b
(2020A%54- 55 25 BRAI— 174 2,328 H§fH] 128 ] 1,712 Wi 320 BERH) 168 F[H]
FATN) A 115 5.7% 76.7% 14.3% 7.5%
att 307 270 ¥ 7 b 07 2527k 277 b 187k
2021A 23 REA— 155 2,160 BF[H] 0 FRF[H] 1,800 #E[H] 216 5 144 HFF)
A 152 0.0% 82.4% 9.9% 6.6%
&t 321 285 ©7 b 07k 257k 3627 b 2427 b
2021B 23 REA 168 2,280 F§[H] 0 B 1,800 R[] 288 BF ] 192 B[]
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att 318 290 ¥ 7 b 07 24227 | 307 b 187k
2022A 22 REAS— 180 2,320 B 0 FRFfH 1,936 R[] 240 5 144 FER
A 138 0.0% 86.7% 10.8% 6.5%
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