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Figure 1. Time-resolved SAXS profiles of cellulose cuprammonium solution immersed in water (a), and in
acetone aqueous solution (b).
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Ay JVEELNFRIFTRECTH D Z N aniz, ZOREEZ T, KFET
TR F LR, PKFE(LERICBIT DAy 7 VHEL OB 2 R T2,

2. EBR

KFEALIE 400-500 CREE DO EERETE X 2 H 0L, BES(LORKFIZ X
MIRE SN L2REMLEBOLEEBNEE L2 LR TFREIND, AEMLEOLE) T A
Ry T VEHELNRY = BB ST D, ANy 7 VEELOZAL B B
HHFHEBEICE DV EE LR, 4Bl X B2 FHH IR URBHML & 2 B
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x5, B/VICTPEEK BZ O AT T/MNABELEEICRE L, 2 b ORI X
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L. INAEGEL (EFER) L ORBHNZITOLERDY, ZDDHIC

IFAKRFALENVOBRFZILAXISICT 2 EORNRRLETH D, o, BRI



FAREBET A, L—F—Z W REANEVELBREHICET 5 L& 2 T
%,

intersection point
of two gold wirgs

Figure 1. Optical microscope view of the Nb-TiNi alloy mounted in the hydrogenation cell. Seven points of
Vickers indentations are seen. The present XPCS measurements were performed at 300 pum distant from the

intersection point of the two gold wires in the z direction.

(a) hydrogenation

t= 1800 sec
420 °C

(b) dehydrogenation

N t= 1800 sec
450 °C
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Figure 2. Observed speckle patterns of both hydrogenation and dehydrogenation processes. (a) and (b) were taken

at 0 sec, while (a’) and (b’) were taken at 1800 sec. Both processes show no clear change.

[ 5% 3R]
1) K. Hashi, K. Ishikawa, T. Matsuda, K. Aoki, J. 4lloys Compds 368, 215 (2004).

2) KT i M FSBL kA 75 4 BRE % 7 2017B7254.
3) M. D. Abramoff, P. J. Magelhaes, and S. J. Ram, Biophotonics Int. 11, 36 (2004).
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iahas e L T2 W7 —# 2 IUE LTz,
3. RLEBZE

g DA K Z W AEIE O XR B2 BUEL K 43 (non-specular XR)D fEHT 247 5 Z & T
REENPICRR T 2EREO S -@SHEAMERNGE LN Z ERREITWY

%D, AN g0 ThH D, Wb Yoneda 7 A > LD GISAXS D i £ 4y 4ii % HL

12



B b OFEFRE C R L TR F 0 DAY (gx) D BIE & A 72 L, 0.3<¢x<0.6
nm! OFFH T I(g)=4/[(g) 112 HNT 7 4 v T 4 7 %47 > 7=, Figure 1 I
PMMA ® 2 nm EL F v 2 NED /T X —X DIREE(LEZRT, LTI 50~
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E3 5 A LED, Figure 1 L RIEEDHE KR BIE I T,
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1.5E+05 60 1.5E+05 60
oA A oA 3
1.0E+05 | ® 40 1.OE+05 | T4 40
— ] —
= — - -
= = e
= = K =<
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)
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Figure 1. Temperature dependence of fitted parameters 4 and &, where diffuse scattering from PMMA
films as a function of horizontal component of scattering vector gx. Definition of parameters is
described in the text. Thickness was estimated to be 2 nm (left) and several micrometers (right). Angle
of incidence was 0.01 degrees.

CEBTN
1) Young-Soo Seo, T. Koga, J. Sokolov, M. H. Rafailovich, M. Tolan and S. Sinha, Physical

Review Letters 94, 157802 (2005).

2) K. Shimizu, S. Higuchi, A. Kitahara, H. Terauchi and 1. Takahashi, e-Journal of Surface
Science and Nanotechnology, 10, 591 (2012); C. Yang, R. Onitsuka and I. Takahashi, Furopean
Physical Journal E, 36, 66 (2013); C. Yang, K. Ishimoto, S. Matsuura, N. Koyasu and

I. Takahashi, Polymer Journal, 46, 873 (2014).
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Y &R R O B A B S C T D, EAEE L, L-HPC #90MEE B0
JEOEINEIMEZE 2 5 Z & T, L-HPC OO ESNDOHEBIZHOWTIRE LT-
D, T, maTarARYy hOFERICHWZ BIEORE LI 62T 5
72T, @R L-HPC O EEEREE 28/ a3 X OV X BECEL (USAXS B
K TN SAXS) . KESHEE Ap 1 A B AR B M E IS L0 BB LT,

2. EBR

~ N U v 7 221X Polymer Source £ & D A U 72 70 1 & My 53 100x10°(Myw/Ma
= 1.06)D PS & H\\ 7=, HiEIC i )y T B 120%103, ELEHLE 0.26 D
L T3 0 L-HPC %R SEU TR Ue, 2 BB L3 o1 =0
Wb dE iDZMMh@%J%ﬁMMﬂHJHC%ﬁ$$ Aﬁéﬁto\ﬁ
BAZIZT P R 7 7 (THR)B X O 14-UA V26 H L., &ESHIC
D372 L-HPC AR v g vV OKEZNENOGRIREIZE B L=, L-HPC 4%
ARy a P LIEEFX v A MEIZEVEOND 7 0 v 2R A B 22 N2z
MRER CHEZEF 150 °C T 24 hrs OBVLELZfi L, JE X 1 mm, 8 mmgD T 1 A 7 IR
(2R U C B R S E L D T

SAXS. USAXS M| I%. SPring-8, BLO3XU, % 2 /nv F THEJi L7=, SAXS
IZOWTIEHI ATER2m, E 0.1 nm, USAXS IZOWTIEH AT EH 8 m,
KR 02nm OFMFTHEZIToT, WTFNbEHEF v 2 FMEO IR (25 L THE
ERFMPL X AR L CREZITo 0, BB EEREIZ, VAA—X
MCR302(Anton Paar)% W THPERME SR G RO, HIRHMESR G o J& I ik 77 1%
A L7, WIEITERZRS8Smm DT LA FL—hEHWT, 150 °CI2HBWT,
O 7 0.1%. 1 E I 0P 0.01 7> 5 100 rad/sec £ TIT - 7=,
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3. RHRLEEBER R
Figure 1 (2, 2 FO&EEHIMNIZ X
V f##% L7~ L-HPC % i\ C. THF
BLO14-UFxH 2z nEng
BT 52X a bR
B v 2 N TER LAYy

Intensity (a.u.)

e THF (4.0 vol%)

|

]\ %ﬁ*LI'L:OU\T . /FE'f % j/l/f: USAXS - e p-dioxane (6.0 vol%)
. SR S R B K R 1 SO R L X
BLOSAXS TV m 7 7 A L&D/ & oo %W) ‘
& TRT, =2 T, L-HPC 7 I
5 E/E A7 75 PS [F[ I ﬁj\jﬁ:ﬁ( LT Figure 1. Combined USAXS and SAXS profiles for
PS composites with L-HPC prepared from the
Wb ERE LT, Beaucage & e — 2 suspensions in different dispersion media.

VeHNWCT7 4y T o735 L
2LV, 7wv vy 7T L-HPC DAL
TAHMEEDOH A X R, FT-HEEDOH
BERBIXOERmBTZ T 7 VIR (Dnm

BEOD) & RBb 57, LHC ~ &

D & E O EHUINEE S D e WA §

X, RIS K ST, 1IFIE—E T, ’

R I3/ 13 nm, Dn B XD DT Z 1 poioane 4 2.
ZNR 28 BLXO 24 LAFEL D e e
N7z, ZHiL, L-HPC D EEHEIREENS .  (rad/s)

%Eﬁﬁz r(f‘i@i@ A= i «Cﬁ; D H X . Figure 2. The angular frequency dependence of

viscoelastic moduli for PS composites with L-HPC at
THRIEIZEIVZEDLR WD & E 4.0 vol% prepared using different dispersion media.
bbb,

B aryRYy FEUEHI R U THE & 3L 7R HAME 2R O of K 77 1% % Figure 2 1271
. L-HPCIRMOEEIL G" LY GICEHFICA LN, KRefHIkICB T 5 GO ofk
{EMED PS MO G A L VLTI e o7z, £/, THF £V & 14-U A4 FH
YD FPENITIERD GO ol FE%Z R Lz, Z#uid, L-HPC O3 & EMEN 1,4-
DEXHHFOHTPENZ EICERL, RCHRMETSH, L-HPC 7 v v 7 Dk
ERLDEELS ol btEZ LN,

EE ATy FEUELO BRI E I MCR302 2l s CW\WiziZ X F
L7=W'E - MR ICHRE O NR B 1 LI W= L 97,

[ 2% 3R]

1) S. K. Kumar, B. C. Benicewicz, R. A. Vaia, K. I. Winey, Macromolecules, 50, 714 (2017).
2) SWARFHE, SBEIEH, EHEEHI, 20174 EFSBLAR w54
3) T. Chatterjee, A. Jackson and R. Krishnamoorti, J. Am. Chem. Soc., 130, 6934 (2008).
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2018A7207. 2018B7257 BLO3XU

R X BEIFTRIEIC LD 7 vr Ly a0 0MmERER(LEEFFAE
WA T(BR) - BUR TR 2 JUNKAE S DJIEUR |- KAEMEN T BB B
Pl s sn gz e FORIRER] 2 - R B

Wi

1. #S

MEMMLE X, B rHEMET D EHMETM /kﬁé\qf
R L7 TR E R T 288 THDH, KA &
TLhEHRDE LT ARITI LBV TEAI NS Figure 1. Chemical structure
2D, Z O RBHEHEIC SV TIEHRMII O b Z 0, of polychloroprene

FREITLATROL ) RFHMELBEOTSARD LD ME T, ME/SL
EVFREENBEBICEE L CW D AEEEN S D, 7/ rr 7 L I A(Figure 1)iT
fEmMEDOERILTHY, TLAFRIZHHINL TS, ZrR L T AT
WTIE, BEARMHIC LD ESEEOREIII TR TETWD —F, HEMKMBILZE
BRI B AR TEBITAGR D TR 2,

AWFZETIZ, R EBREICB T2 7ee Ly I LA0MERKMEEE %L
A X FREHT(WAXD)HIEIC L > TR L., 7 v e 7 L2 3508 s i &
pbIC G 2 2B RO NCT S L2 ML LT,

2. EBR

a7y ILDOMET 4 VA EREREE Lz, Table 1 IZR T4 27 1
07 L2 A(CR-1, CR-2, CR-3)D T 7 v 7 ZARIZEEAbd sy, MEIEER, B
BB IER Z WM U=, Z ORISR I LS 7 AKBKEBRTE LTI I v o 7
L— b2RESE, BONTEESH 02 mm D7 4L L% 130 °CT 20 4y MANEL
T5HZETHEREZERL 72,

SPring-8, BLO3X. % 2 /v FIZEB W T WAXD HIE %4772, BIEL 7=k
SEAME 2 EBR N FOLRE FICEB L CZ e XLy IO T 4 VL %K
N TN 600 % E 721X 900 % F Tl L, 7 1 /L ATk L CHEE W)
O XMMERS Lz, MIESRMIT. W ATET6mm &5\ EL 77 mm, X #HKE 0.1
nm & L, BHEIZ1E SOPHIAS % 7=, WAXD @ 2 R ITHUELE I DV TILIE
gz 0° &L, KEFRFEIVICER L2 HFALfA 857 ~95° D#uPHIN CTHUALIH
a2 (RIEE) L, Ny 27 7790 REELE 72 L g\ 72 BUELBE 2 UL
X7 MbglzxfL T ey LT,

Kf7 a7 LI AOREBLEIX EFE TS L2 EHE 0 %D WAXD 7
— &b, zuu 7Ly I AHKO (12001220 THk i ik R L OVFE & iE Ik
oML, TN ENOBOoMELZHEST L2 & TR, EHY 7 ME
PDXL2[(BR)V T 7 8= Hw, ©—27 7 4 v T 4 VU ZITMK S OLLE P FFIZ 7 4
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v R T BEIINC~Y=a TN T 4T 4 T HiTo7,

M b EIXL FToRICHE-» THEE L,

AR L (%)=t o v — 7 miE/ (FEsaE o v — 7 mE+IESE O ¥ — 7 i)
X100

3. MRLEBZE

CR-1. CR-2, CR-3 ® 2 Rt WAXD ¥ —BIURWAXD 72 7 7 A L %
Figure 2, 3 12”9, FEMLE DBV CR-1 (2B W T 5 i 5 R 5 I
BN 2 KE 2008 8BREN DD, AN EY 2T ANREN (FHESEY) &
WOMEIZEZEL TWD,

—J7. Figure 2 12789 K 912 CR-2 B LT CR-3 [T\ CIXEMATIZ 1L CR-1
THEB SN LS 2R FRICERT 2 KA IEE S 355k m —n
O, 900 %E TIHEMT 5 & BGMHE S ORIk K7 5 8 7= 7e KO
(ROVEEINT, ZORFITEMHBZITIENERS EHRLIZZ NG, HE
A LICHRKT D LD ERBEIND,

4. K5

WAXD HIEIC LV 7 eu 7Ly I a0k oSS 288 2 55 L
oo FEEEENEWEAICE, bELEHFEL TV DRIy BNEMIC LV E
S0, fEm b EMRWGEITIT M ER S I D BRI & O K H
Bl S T, S%ITABHEE (BEE. REHE) SHEERboZ o7
SOEBEALICL, MEKBILOME~DHFEEA =X LERP LTV E
EZ2TW5D,

[2% 3R]
1) J. L. Bernstein and S. C. Abrahams, Acta Crystallog. B, 25, 1233 (1969).

2) hikEZ, HARIT LG, 79, 472 (2006).
3) C. C. Birkett, Proc. Roy. Soc. London, Ser. A, 180, 100 (1942).
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Table 1. Physical and mechanical properties of CRs

CR-1 CR-2 CR-3
crystallinity (%) 57 0 0
THEF insoluble gel content (%) 2 37 79
500% modulus (M Pa) 10.2 1.66 2.28
tensile strength (M Pa) 36.9 18.8 12.8
elongation at break (%) 950 1250 1150
(a) CR-1 710
120 — 0% elongation

— 600% elongation

1/ cps

Stretching direction

0% elongation 600% elongation 0 10 20 30 40
q / nm!
(b) CR-2 e . (b) CR-2 .

— 0% elongation

— 900% elongation

&,

o

3

Ty 120
¥
0% elongation 900% elongation 0 10 20 30 40
g/ nm!
CR-3 -
(c) » (¢) CR-3 710 .
/ P — 0% elongation

— 900% elongation

3

=

120

ol bl Stretching direction PAN ok
0% elongation 900% elongation 0 10 20 30 40
g/ nm!
Figure 2. 2D WAXD patterns of Cured CR films. Figure 3. WAXD profiles of Cured CR films.
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20187208, 201887259 BLO3XU
REmD TGO ZEIEE (A% -aTi#E) (T 5%

EAAL AR

V9 FHERE « AT

1. ¥65

P—F ba 'y ZiRME S T(LCP)IL, BT« BRI 2 O HEHE R SR
SHERAFRERT L P =T Vo T T AF v 7 L LTHLATNS D, flix OIS
L% LCP ORJERIZL, £ OWNEIZE 7 FOBLFMEDEWZ IS ZEtEE (Ax a7
) AT D & RICE DTS, LCP B ARDOL ML, RIBARDORECRIE
WHEME, 7 =L REREZR EOFEMIMEICRE S EEBE B 5 L Ex bvd, LavL, ik
& ZEEE OB OBIR Z BRANCTITARFE T H T STy, ZEihs & Wtk
DOEURMEZ I B NNCT D Z & T BN WMEZ 773 LCP M EIOBIFS IR OF AN E B
5 EHIRES D,

Hox T p B — LR X BRHBELE(-WAXS) & LCP BBARICHEN L, @B TE D
2 JEMEE DI 5 0 OREEZ A TR DBFFE 2k L T 272> T\ D, ABFFETIEL, (1)
T4 T—TCHDHHTAT 7 A N—GHEEEZT-BEO LCP HHATARDBL AL & |
Q) 7 4 7 —REAHHIGARDIEIZN X DBl M AL 2 i~ T,

2. B

BN T Y SRR =5 -2 V2, R 0.2 mm~1.6 mm OHFHETEARE . FEh 1 &
JEAH TN AT 72 CRlEHEA 100 pum OFERIZEIY L CRRA & L7z, p-WAXS
TE1E Spring-8, BLO3XU, 2 /v F TiTo7z, 1um?IZEX LZ p B —4 X5 (FE 131
A) W, X BRI K DB O RFHRE 2 S 5 72DIc~ Y ¥ AFRFHA TS THIE
L7z, p B —AORBHRIIEIL, B — AT A UEREORICEIERIC L 0 E LTz, R
JFENZ 2 pm UEt (1)]0 10 pm [RR RE )] Tp BE—L% A% v LT p-WAXS
e 2 FEf Uz, 2 ot X i eI PILATUS % JHVWTIT o7,

LCP [ZAAEELIZERBW T, ¢ = 144 nm  ZBWCHRENG I TRE R G A e —27 &
R, ZOE—7 %, FHHEIEIC X A REN TS AT A L7z LCPICER S5 Z &
DHISI TS 2, BLAREIICIE, JAABELCE LT —2 035 ¢ = 144 nm™ TDO T
74 50 5 53 AT O B IR > S (180-AFMF)/180 X 100 DX THEH &5 [HLIf B (Orientation
degree)] Z& MV 7z,
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REREBE
)7 4 T—EIMZ L 5 LCP DERISAHRDOELL

Figure 1127 4 7 —A&&4 LCP,
RHWNI, LCPIZ 7 4 7—¢ LTH
TAT 7 A N—% 25 wt%., E72IE,
40 wt% & A L72/EA 0.2 mm OHfH
FTAR D IEIE 7 6 DRL 6 FE 4347 %2 77~
9, fkFmaha 0 um & ER LT,

LCP+GF25wt%

7 4 T —RKE&A LCP TIXEmEN 60 - | | > | -e-I LCP+GF40wt% !

T L7z SOOI S DSEIEAR D 0 50 100 150 200
WK 30 um o723, 7 4 TN Position / pum

zrvzm ﬁﬁtﬂy D E é Z))i'EElE'jJH L7 . Figure 1. Distribution of the orientation degree of LCP and LCP filled with

filler (glass fiber 25 wt%, 40 wt%).
T4 SRR HEE T O WA
PECTHoT, a7 @IZEM LIZ T T A7 7 A 73— &> THRAZ LCP OFLMELI 47z &
2 biLd,

QEFEIAEDEIRZ L5 LCP DR MDA DEALL,
Figure 2 (ZJEAH0D 872 2 5 HIE

RIZBT 5, BE ST M OBL AT o
T, WITNOT T R =
ROHFRIBIZEZAY 100 pm FRED =3
FMEDMEWE (27 8) BAAEL ok
TUWe, Fo, BRI ETM i
OREIT, FRE LY bEREME 2

100

TLTWDZERynots, 2ol
/:/\?(ﬁ\ 5:\— & @ﬁzﬁ:ﬁ %%%f‘f‘% L/\ EE 188 = . 1 N | N 1 N 1
I & (BREE, RRGHENE, Tt [1.2mm|

95
B OEIRE TR RO 2ok
=

FHEHHCET 2R A G TETH 85|

5 ° 188 H . 1 . ] A 1 . 1
i 95

[ 3Ck] E 90

]

1) NHELZES, Wl R Y ~—oBg T

i -rEtkAe - EtgRE k-, CMC 2004) . o

7 -mEe - EkRE L IR ( ) 0 400 800 1200 1600

2) A.Romo-Uribe et.al, Macromol. 29, Thickness / pm

6246 (1996) Figure 2. Thickness dependence of the orientation degree in LCP.
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2018A7210, 2018B7260 BLO3XU

X BETHESNEEFRAWETSAFTD 7 4 5—DF A F 72
ERTLATEKRKESH - J-PARC B % —2 - JASRD
WA E T - BgHFETR b 2 - BT R n L AR L e Bk 3

1. %8

HIEREBRBE ~DOEBRORELEZEEBRPEELT, A YHNHBHERE L
R DENKI20%H 0 | AR TH DR EMERE (BRE) &7V » 7R (£
A) WA SETARRE S A YORENREEL > TS, o, HARAMRE
FHEEEOBIICEW, gl RE b IcmIF CTEE L 2500 [H &L
DEIRTH 5,

ZATYHILIEWKERDRY ~—IZMAx, 747 —CEEAI 2 L 10 B FEE
uiwﬁﬂﬂ%%&éﬂt@%+faé Z LT, TREN DB E 22 (]
CHFM A —Nicbhi Y EEEEEZER L TS, ¥4 ELToO~ 7 aik
X OBEHEE EBRELREERD D Z LD, MEORZRBEEEEOK AN
BENHEDIT, FATYHMEHZB T A4/ RXR—Ya L IZERDLEEZOND,

Fexix, SO EHBEEBEEZHONICL, BEEX A VYT LEZRET D
7O X e+ 2MEICER L T&E 7, X# T 2D-USAXS (R IeHi
N X BRECELTE) B L OV XPCS (X #OEFHBIE) 2 W T T ANEIZERK S
N7 47— O EH PR E 2T L C& 7= DY, Zhf TO XPCS DA%
NWHE VY BEETLATHWOND Dy TV U THIFEICL > T, FAHFTOTY
NDEAFTITANRENT LI LEEZHLNITLTVD,

TLAFDTVIDOEAFI 7 AT TV D5 TV ) I REORERY ~—
B [V ITRERER)—DHE] OFNENOEELZ T TCWVDHEEZILN
L5, ZOUY ZIFICONTIEHSICEmA 7RI TWARY, £ 2 TARMIET
. VU IO ERESIOD v SV T RIORIGEDEWZ LD U XA T
R AOEERETHZ L2 AL LT,

2. EB
AREBIZHWEHAE O AR L Table 1. Composition of rubber samples.

RLIRT . ARRTHE, bz Sample  SBR Silica Coupling agent

n—/LDICCTIRET A& TH
LoV A ESEwESEL, — b
HLLZEITLDZENENE 150 °C
TTVUVAEFM 2, 30 0 &z, YU I REWRER) ~—EEB{LI T A
Z W L 7=,

RELO U BaEE, T A Y by RN X BECELEE 2 E (NANOPIXmini,
RIGAKU ) ZHW T, o, YU TR ERER Y ~—EO G XL

SBR1 94.2 5.1 0
SBR2  94.2 5.1 0.7
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ToOlHEZH -, LI, 7VALEHBYILZR)~~—0OBREETHD
ML T L, YU BISREELARAWRY v~ — &2 I S =%, w058k
WZEoTlREL, XUy bERILE, XLy NORBREREMEIALORE L
NH U Y R mWaERY v —&Z L7,

XPCS ZZB# 1% Spring-8, BLO3XU, % 2 Ny FTiTo7z, £ty T v 7%
Figure 1 [Z/”" 7, X M- RV F—(X 8keV & L7z, ab—L v N XHBEFEKT D
7oz, AEHRTIZE AR 20
pm DO E R —L AT v k ﬁ?‘ﬂgﬁ z%ﬂi 2F YL
AR L. REHEATIC X % 9 5n = 1= f)ﬂ

= SR gy~ L _EZAAb

YA LARY v NERE

BZE/)NZ : ~3m

.......

SOPHIASH& g%

LaEilzREi L, = Figure 1. Schematic view of experimental setup.
Wt X fE R OH R I I
SOPHIAS % H 7=,
3. BRLEZE Table 2. The amount of silica adsorbed polymer,

T LB, Lz E# Mick 52U ﬁ@ which is standardized SBR1_2.
WHERY v —RICOWVWTHM AT, K21 Sample — 7L X Adsorbed
SBR1 DET L R[] 2 43 & JEVE & Lﬁiﬁ% FF[E](77)  Polymer
LA R ~—FEnRnd., By7 UV 7H  SBRI 2 % 100
ZUWM L7204 (SBR1_2, SBR1_30) 121X, SBRI 30 30 119
WaER) v~ —BOEIT/NS VB, T YyT7 ggro 2 2 67
VU ZHNSDETLABEMICE T SBR2:30 30 19
R AERY ~—ENIK 3 fFICELT D
Z Engrino7- (SBR2_2, SBR2 30),

Y/ QNN ui*JrEP@ U T D5y HCK R & R o —IRBHEIRE
I 5 72T USAXS 3R # 1T - 7=, Figure 2 jg:} —RHIF
’m%htU&WS@ﬁ@KmMy7H/F N o

/Tﬁ‘ Ty N TRND DGEITIE,
WEEEMEE I INT D g~0, 003A fird 107_: SERlSBRl_Z

Intensity*q> /a.u.

v — 7 M low-g flllZ 7 K L. high-q ] O ] -~ SBR1_30

GLEREE D g KX —ET D Z ENoho ] SERZSBRZJ

Fo TOZEETU @eﬁzrﬁ%%%%ﬁfﬁ ) e
R F ORI b B, —KEHE D .

YA Xz))j(% < wH Ik %%%‘a—éo if“ Figure 2. Krathky plots of SBRI(No
BT AR L > T, —RIBEREO Y coupling agent) and SBR2(with coupling
S RFIEE AL ﬁ{h L72an = & /\75)0 710 agent), respectively.

T ok 2 v T XPCS #JIE Z 1T
ST, BN TIRIT ANy 7 g SRR ¢ (g, HEGT-, T — 2R
PricidxfRiEmpas (XD 2, /D TRIBCED 7 4 v T 4 2 72T VR
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FOREM « 2157,

g(q, ) =1+Aexp (-(t/r(q))") (1)

Figure 3 (Z:() 2> BT ¢ Z 7 FlglaxtL T 7 ry b LT,
ZORER. Ty TV T EIEZBIM L7200 SBR1_2 & SBR1_30 % kb L 7=
B, TLAREHIE T L AR R IR 3, BRI « AL s v oizxt L,
7V TEIBLE T A SBR2 TIE AT L AKERI N E L 72 5 EREFIEER 1T K
XL o, THIE, AT DOEEBMENMETLEZZ EE2EKRT S, B
TV ARMIC L DY AR EBRERY v —FOZEINPL, BT L AL 5Ty
ﬁyﬁyfvVﬁﬂ®&ﬁﬁ@ﬁbf&ﬂﬁ«@ﬁA@%é%ﬁ%m¢ékw
X5, LTEMoT, TARZTVY IBRRMEINTIZOICT U I OEHENK T L
EE 265, —F., SBRI_2 & SBR2 2 @ttf,ﬁxf IZ. SBR2 2 ® U 4 Hm
w%ﬁU7~%ﬁ9ﬁwE\%ﬁ%%rﬁmé<\@%@ﬁ%w:aﬁA#o
72, USAXS FEBRDOHERNS, SBR2Z 2 DN U O —RIBENKEL > T
:Io‘@ :hi )

°] ® SBRI 2 *] ® SBR2 2
UK Tt B8 A 3 28 “ A SBRI 30 T N A SBR2 30
j( % < mH e T 8 b 2 .t
= 2 H < 24 = =
IR Gk 26 A5 15 T "1, S
EE %ﬁ 75) 7N D o =z 100 100 " s
& CHEENME N S < v | 1 |
. Ab ) . 2 3 4 5 6 7 8 901 2 3 4 5 6 7 8 901
7o o o WHEME D B i -
2 ° Figure 3. Relaxation time 7 obtained from fitting using Eq. 1.
[ 2% 3k

1) Y. Shinohara, H. Kishimoto, N. Yagi, and Y. Amemiya, Macromolecules, 43, 9480
(2009).

2) Y. Shinohara, A. Watanabe, H. Kishimoto and Y. Amemiya, J. Synchrotron Rad., 20,
801 (2013).

3) MERAGH, FEARNEE, AT LHEES, 90, 190-194(2017).

4) A, O, 30, 123(2017).
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2018A7211, 2018B7261 BLO3XU

7 =/ — VR IERRAL @R DO E AT
EAN—=7 T4 MRS - B2
PR - wakESE - SRiligeal

1. ¥5

Tz )= VBIRITBIC L o THE R e R Gy U — 7 BIEEZ TR L .
BEAU TR BV . B PE . BRI oMt R BB T Dm0, Bk, B
THEg, EER A REESHICBVWTHEASATWS, 25D\
fEtEA Bl X - 7-01ci. By e 20EENEERETHY . H{k
WRRICBIT OMELLOEENMLEL DL, 46, Harx 2IBESFHETICET S
WAL FE D SAXS Z DG# 21T - 7=,
2. EB

JRT w7 I~F I =1.0/0.12 (wt/wt) DIRE K ZE Vv, 175°CT 3 min ®
JERERIE 24T, RS 1.6 mm O Y-{L B IE A % 157, SAXS JI &% SPring-8.
BLO3XU, 2 /v F (U A ZHEE42m, K 0.1nm) 3 X O BLO8B2, 2
v F (B AZHEE2.6m, HE 0.1 nm; fEEE S 2018A3330) THEME L7, M
ZRIT1% Pilatus 1M & W7o, BUBHE IS/ NRIINEVE (7 A = A i) 2Rk iE
L. JNEVE N CTHHIE OB L ALEL 21T - 7=,
3. MRLEE

WALIBFRIZE T D SAXS 71 7 7 A VAL % Figure 1 8L 2 2R, \WT
NOBALSEMHICB N TYH,, LIS EITIZHE > TEREMICHELTRE ST 5
MmN BE sz, 723, ﬂ{mqﬂwéﬁfﬁftma%% (3 HE G 1 DAK Sy F Bk 4y
W EICEY O LHETE L TS, —f%IC 180 °CTOMALJEIX 6 h um
56T 9D M., 6h BERFC iob\f%%&EL%@T“OML@LEW&&WMWE SN TWabH T
D, RA R EOBEZEPEITL T EEZ LN, £, BLLEE
DOHHFBFRIZ VT, 180 CHEAL DA TIEETD g FEIIZ IV THUELTE FE A3
D U T2 DIZkE L (Figure 1), 180 °CREALHIIZ 150 °C, 1 h DALEZ X 5 Z & TK
RS 722 L 9 D b LT X v 72 < 72 O (Figure 2). AEALATO ATALEESRMFIZ L -
Ti‘%f;%.6%ﬁ%%iﬁ@iﬁi%ﬂﬁféﬁﬂiw%w%%f%%.60

AP SN Figurel BLO2 OBGEZREHZIZ, 16 2722 B fEk o Bk B
MR T & | JERE RAT KR 2 B & A ~v@%ﬁi%>%%@éhéo % Z T.BL08B2
E— AT A4 02T, R TZ7 4+ 7T v 7 20/ E W X fEHY, RO
FEBREAT - T2 fER, WEZREI D BN - 72261372 < 180 °CHEAL I 2 0 BUEL5#
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FEH RN 2 & N2 i B35 B L7z (Figure 3), Z0E L7ZdlifE R 215 5 72D,
FEROEGREICB T 2B LA = DORBIZONWT LA BMIET 5,

(a) —— temperature / °C (b)
0 30 680 90 120 150 180 210 240
| f f f } } } f T T 240
480
A5 106 — 210
5 — 180
360 10 g
4 == E — 150
E 300 10 % g —— temperature -5‘
= o foyg - =1 — ol
s 240 10 & & = =D o L -
5 = — g=010nnm g0 o
180 10° q=050nm™" e}
120 10" —160
60 v —30
Eo v b 1
2 3 45678 51 0 60 120 180 240 300 360 420 480
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Figure 1. (a) 2D and (b) 1D SAXS profiles during curing at 180 °C for 6 h measured at BLO3XU beamline.
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Figure 2. (a) 2D and (b) 1D SAXS profiles during curing at 150 °C for 1h and 180 °C for 6 h measured at
BLO03XU beamline.
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Figure 2. The g-dependence of relaxation rates /" measured by XPCS
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(a) Polarized-optical micrograph of the spherulite

isothermally crystallized at 115°C for 62 min. The overlapped mesh
with 20x20 5 um squares represents the areas scanned by

microbeam.

(b) The distribution map of y-fraction (green

concentration) and the direction of a-axis of a-crystals determined

by WAXD patterns and I(q) at each mesh points.
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Large apparent internal deformation of carbon fibres in tension
as observed via single fibre in-situ microbeam SAXS measurements
RUpkAatt ! st/ L Vb —F o2 —2
BEme ' - Pz THE - [MH—E 2

1. &5

Thanks to the excellent combination of the mechanical performances and the
low specific gravity, polyacrylonitrile (PAN)-based carbon fibres are playing essential
roles today in various important industrial fields. Amongst them, especially,
“carbonised fibres”, which have the Young’s moduli of around 230-300 GPa, takes a
major part of the demand due mainly to their superior cost performance. A major
challenge in further enhancing their performance to allow them to fit yet wider
applications is to obtain clear insight into their complicated nanostructure, which
consist of the crystalline and amorphous regions?.

Amongst available techniques to characterize nanostructures in carbon fibres,
Small-angle X-ray scattering (SAXS) is one of the most widely used techniques. In the
late 1960s, Perret & Ruland? and Johnson et al.®) performed the SAXS measurements
on Rayon-based and PAN-based carbon fibres, respectively, and suggested that the
X-ray scattering originates from the internal voids and the density fluctuation within
carbon itself. In 1985, Shioya & Takaku discussed on the size, the volume fraction and
the number of voids in PAN-based carbon fibres*. SAXS measurements for the carbon
fibres often suffers from the intense total reflection of the incident x-ray at the fibre
edges. Lozano-Castello ef al., in 2002, characterised the pore distribution in activated
carbon fibres with the microbeam SAXS measurements®, where the fibre edges were
not illuminated to avoid the total reflection. Recently, Zhu et al.® and Sugimoto et al.”
performed in-situ SAXS experiments for PAN-based carbon fibres under tensile,
compressive stress, respectively, suggesting a stress dependent deformation of the
voids.

In this present study, we perform a single fibre tensile in-situ microbeam SAXS
analysis for the PAN-based carbonised fibres, with an expectation that the complicated
internal structure of the carbonised fibres are reflected in the shape change of the

scatterers.

2. FEBR
Intermediate modulus, high strength PAN-based carbon fibres “Torayca

T800S®”, which has the Young’s modulus of 294 GPa, was used as a representative
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sample for the carbonised fibres. The measurements were performed at the beamline
BLO3XU/FSBL in SPring-8. Incident beam, which has the wavelength 4 of 0.1 nm, was
focused down to 1x3 um at the sample surface, with the long axis being parallel to the
fibre axis. Pilatus3S 1M (Dectris) was used as a detector. Each single fibre was
scanned radially 15 points with 1 um interval and axially 3 points with 5 um interval
(Figure 1a), thus 45 points in total. As shown in Figure 1b, the 2D SAXS patterns
obtained near the fibre edge show sharp equatorial streak that is associated to the total
reflection at the fibre edge, whereas near the fibre centre, only butterfly-shaped pattern
was observed. As have been shown elsewhere [1], the total reflection streak usually
overwhelms the butterfly-shaped internal scattering in the conventional SAXS of the
fibre bundle. The SAXS equatorial profiles for each position as shown in Figure 1c
demonstrate that the fibre centre is free of intense total reflection, which facilitate the
accurate analysis of the scatterers. The length and the average orientation of the

scatterer were estimated using eq.1 after Ran et al.¥.

1 _
Babs(‘g] :l_E 1+ Bm (1)
f

where Bobs(s), By, s and /r correspond to the full width at half maximum of the
azimuthal profile at scattering vector s fitted with a Lorentzian function, the

misorientation width, the scattering vector and the scatterer length, respectively.
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(X0.15)
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Figure 1. (a) Geometry of the single fibre microbeam SAXS measurements, (b) SAXS 2D patterns obtained at
fibre edge and the fibre centre, (¢) SAXS equatorial profiles plotted against the scattering vector s (=2sinf/4) for

the fibre edge and the centre.

3. RREEBZ

Figure 2a shows the plot of Bobs against the reciprocal of the scattering vector s
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at the applied stress of 0, 3.7, 6.8 GPa, where it can be seen that the slope and the
intercept depend upon the applied stress. We translated these slopes into the scatterer
length using eq.1 and then plotted them against the applied stress ¢ as exemplified in
Figure 2b. The scatterer length /r was found to be 44 nm at zero load. Quite
interestingly, the value of the scatterer length /r showed a significant increase of as
much as 25 % from its initial value to 58 nm (at ¢ = 6.8 GPa) under tensile stress.
Elongation of the fibre itself, on the other hand, stayed only around 2.3 % (= 6.8
GPa/294 GPa). If the X-ray scattering in the PAN-based carbon fibres originates from
voids as generally assumed, a strain concentration of as much as 11 times around the
voids would be required to explain this considerable change in the value of the
scatterer length. However, considering that the stress concentration at the equator of
the spherical void is 3 times, this significant strain concentration would not be

justifiable. We thus expect that the X-ray scattering in the PAN-based carbon fibres

comes not from voids but from other sort of density fluctuations as have been pointed
2).3)

out in the earlier studies
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Figure 2. (a) Relation between Bobs and 1/s at different applied stress o, (b) Applied stress ¢ dependent change in

the scatterer length /r.

e

The microbeam SAXS measurements were carried out at the second hutch of
SPring-8 BLO3XU constructed by the Consortium of Advanced Softmaterial Beamline
(FSBL), with the proposal number 2018A7214, 2018B7214.
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1. ®E

A U = X7 /L[Poly(ethylene terephthalate) 4L PEICEE L C. #5dafb D #iliC
L AEEER ESORatLELR O HERIEEENE LTS Y 7 XL — |
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HEREIETZ BB FR & on-line JIIE L 7= Y, X #IFIZIEX BLO3XU @ Undulator YeJF %
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RE T I SR MR OIS ) CHER L7286, RS bE A T 7 AREIN LA
HDDHETIZ, KV EWVWKMZET LERICRD,
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Figure 1. Integrated intensity of smectic (001”)

diffraction.
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Figure 2. d-spacing of smectic (001”) diffraction.
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2018A7215, 2018B7265 BLO3XU
Ay a— MBRICKIT 5 PS-b-P2VP HIED A CAL(LHEE~D
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(PS=b-P2VP)IL, N7 TIET A THEEEZ KT 2RI W T, BRICEE S
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Figure 1. Comparison between observed Figure 2. Sliced image of 3D silica
SAXS curve and simulated one by RMC for coordinate determined by RMC simulation
colloidal silica model. for colloidal silica model.

Figure 3. SEM image of FIB cross-section of

colloidal silica model.
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Figure 4.1. (left) Distribution of silica size in diameter for colloidal silica model. Circle
shows simulated value by RMC and triangle shows observed value by SEM.

Figure 4.2. (right) Distribution of distance to the nearest particle for colloidal silica
model. Circle shows simulated value by RMC and triangle shows observed value by SEM.
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Figure 5.1. (left) Comparison between observe SAXS curve and simulated one by RMC

for tire model under the condition of isolated particles.
Figure 5.2. (right) Comparison between observe SAXS curve and simulated one by RMC

for tire model under the condition of overlapped particles.
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Figure 6. Image of 3D coordinate of silica Figure 7. TEM image of silica material for
particles simulated by RMC for tire model automobile tires.
under the condition of overlapped particles.

[ &% k]
1) K. Hagita, T. Arai, H. Kishimoto, N. Umesaki, Y. Shinohara and Y. Amemiya, J. Phys.
Condens. Matter, 19, 335127 (2007).
2) fhs Ak, dbAr#h ., fth, FSBL &5 7 Mk B E S E 54 (2018).
3) A, MNEEF], 2R, BEAE, SHEM, AT LABREE, B2EE4 ST,
152 (2019).
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1) K. Uchida, K. Mita, Y. Higaki, K. Kojio,

and A. Takahara, Polym. J., 51, 183 (2019).
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Figure 1. Schematic illustrations of the lamellae
orientation of iPP thin films on substrates; (a) flat-on
lamellae and (b) edge-on lamellae.
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Figure 2. GIWAXD patterns with incident angle
0.16° of
carbon-coated Si wafer and (b) a graphite substrate.

iPP thin films prepared on (a) a

GIWAXD measurements were carried out at room
temperature.
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[ 2% 30k ]
1) M. Shioya, H. Inoue, Y. Sugimoto, Carbon, 65, p.63(2013).

2) Y. Sugimoto, M. Shioya, K. Kageyama, Carbon, 100, p.208(2016).

3) M. Shioya, T. Kajikawa, K. Takahashi, Y. Sugimoto, Advanced Materials Letters, 9,
p-885(2018).

4) \AIER, HFFRE, RIIER, &ERWA, O 2e, 7ar7 47 Y7 b~ —%
HHE— LT A EFEEE R R WS FEQ017 F )

Figure captions:

X-ray l
~——
(b) )

(a) (c

Figure 1. (a) Specimen before milling, (b) specimen milled for removing the region except for the central part of

the fiber cross section and (c¢) round shaped specimen. The direction of the incident X-ray beam is also shown.
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Figure 2. (a) to (c) are the SAXS patterns obtained for the specimens shown in Figure 1 (a) to (c), respectively.

Carbon laver stacking

UOT)IDIIP SIXE J2q1,]

Nanovoid

Carbon laver stacking

Figure 3. Schematic illustration of carbon layer stacking and nanovoid in the pitch-based carbon fiber used in this

study.
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Figure 4. (a) to (c) are the WAXD patterns obtained for the specimens shown in Figure 1 (a) to (c), respectively.
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(c)

c* axis

s (100) plane diffraction

}\ (101) plane diffraction

(101) plane diffraction

(d WAXD pattern

(101) plane diffraction
(100) plane diffraction

(101) plane diffraction

Figure 5. (a) Distribution of the a and b axis of the carbon layer stackings in the irradiated volume of the

specimen, (b) reciprocal lattices, (c¢) diffraction beams and (d) WAXD pattern of the round shaped specimen.
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Figure 1. WAXD/SAXS profiles of the films before elongation. (a)
WAXD, (b) SAXS.
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Figure 2. SAXS images of the elongated films. (a) a film. (b) smectic film.
Annealed smectic film at (c) 110 °C, (d) 120 °C, (e) 130 °C, (f) 140 °C.

1) FExRgR, JbifE—, ff, 20174 FEFSBLAK R #® &5 E, 54-55(2018).
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NE—% B SED L THILOa Y P TR MEELSETENRETNOEKELE
BT FETHDL, R TIX, Bbifigh 2 52 SBRIV—AHR 7 7 v 7 (CB)
FEHERICEB W THEH O K kWIS IT T ASAXS JIEZE4TH Z &tk - T, i
ShoEIER M E CB OEEREEZ DEEL T CB BHEAZTO L OOHEEEH L
[ S TN - W Sy

2. EBR

AHFGE DY > 7 V1L SBR/ICB/ZnO/Hi B /2R G R 2 RS L CIER L 7=, Yo
TV ORARK % Table 1 (2779, ASAXS Bk (X SPring-8, BLO3XU IC TR I 7 -
7o WA TRIZTS3m Th D, AH XBOZRLX—% 9.636,9.651,9.654,9.657,
9.661 keV IZFXE L CTHIE Z1T - 7=,

Table 1. Characterization of Samples used in this experiment, phr (parts per hundred rubber)

Code SBR CB gtk 277V U Bt 245 TN AR 2 A1)
SBRCB20 100 20 3 2 1.5 2.5
SBRCB50 100 50 3 2 1.5 2.5
SBRCBY5 100 95 3 2 1.5 2.5
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3. MRLEBZE

Figure 2 ICAH X O XN F =52 B S TWE T 7 7 ANV ERT, &
DO T NVICEBNTH, AN Yy bU — 7 i H RO & BEEKRICH K
THanrF—REllETnD, REENREL kDL, BEERICHKRT LY
NV =N > TETWDEIDORDLND, FTo. AR X oL ¥ —nNE
Ib325Z 128D ¢=0.01~0.02 nm™! TOWELFRENZ/LL TV 5,

1N ——9.661 keV =
g 3 9.657 keV 3
9.654 keV
9.651 keV
——9636 keV
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Figure 2. Energy dependence of SAXS profiles.
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s R ER D 4y A i B AR
: HiEN-CB O 7 f ik BA %k
Scc CB D57 # 15 BA
poi k57 i @ Thomson BELH (JRF&ESF) oD ar v I ANT 77 X —
p’z(B) :High D HLIBIHEH /N DI N T AN T 7 7 X —
p”z(E) SN D ILBIEEHL NSO DI N T A NT 7 7 X —
Z: &, C:CB

}:$<_k75>f%5 KXoT, 3208 R LX— @%&EL%@F#%L_LEE
REMMS ZLICL o TH AL 2 RD D Z LA TE %, Figure 312 H4 #UAL
B %~ T, k@,fﬂﬁ}z IZBWTHCBOEABELRE K Z KD H Z LN TE T,
SBRCB20IZ3 Tk, CBO A HELRIEIZIL., [(¢.E) TR SRy NU—2
WCHET /MO BENBH ST, CBAXRy N — 27 #EZEK L TV
WZERRHENT, ZOEWL, [(@ENbInDEE LRV RTHD & E
bbb,

69



I(a) (a.u.)

i(q) (a.u)

I(q) (a.u.)

SBRCB2

10 2 3 4

o ©

107

q(m’)

Figure 3. Partial scattering function Szz, Szc, Scc obtained from Figure 2.

LLEX D ASAXSHIEZ1T 9 Z & IZ L - T, e ORI & CBO#E & B %K
ZHEL CCBREAICOLODOHEZMONICT LI ENTE LI ENRDN-o

7’»
—o

[ 51 H k]
1) T. Koga, T. Hashimoto, M. Takenaka, K. Aizawa, N. Amino, M. Nakamura, D. Yamaguchi, S

Koizumi, Macromolecules, 41, 453(2008).
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2018A7221, 201887271 BLO3XU
B Xz Ve T 7 X NREOSHIEEREE (2)

#NER)! « JASRE « BT R3S
VEREFOEE L« KBRS Y« R H—Ht 1 - DR =2 « S B3

1. #&

FEBERIVT IR (77 IR) M, &R, mtEsRo sitkneikie & U CrESEEM
Rig7e EIIRSFIRA S, R THURENRATHT Z I N LTRY AT 7=
T LT VT R RPPTAMEHENS BT S5, Fox i3 PPTA BURHEIC SW Tl A2 V=
X BREHTEWAXD)C & D AEER I RRESC, <A 7 7 B —2 WAXD (2 L 2 Bl EPE o
IR 04T O i Sl A 550 L C & 7o, ARFFETIE, SIRMMERO e 5 PPTA fikifElC
DNT, FEREMERE KOS ORT Y U O BB E BT LT,

i

2. B

B PPTA flffE & LT, 519EHM4ER)% 80 GPa(ST) & 100 GPa(HM)™D 2 /K #EA V=,
ABFORMEE AT SEM IZ L D IR L7z, FEBRIX SPring-8, BLO3XU, 2 Ny F &ML
T, XHRIEE 006 nm, B — A48 100 um T, SOPHIAS #iHige4 F =, /1 — O,
B ERB 2 NMIE 27— (U 0 24 12 L0 R U7 DR £ COMKEOT
HEREERH L, [FIRFC WAXD 2~ — > 28Il U7, MHECEIOBLEIX, PPTA f5dhd
(006) I DR E— 27 23 20 OFciE & —Ed 2 X o 1Tl 2 X SRS S ANkt LR =
HCHIE LTz,

3. RERLEBE

PPTA i DHEARTTD WAXD /3% — % Figure 1 \Z~" 7, 5 AIZ PPTA(004)iH
& (006) M, ZRE AN (110)E & (200)i O B — 2 DI Sz, AREE—7 O A4
EED B3R D 7= fb b EC ) DI I AFYE % Figure 2 (27, Z2FEAIHAOREC AL ST 12k

1.000
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Figure 2. Variation of orientation degree Fc of PPTA

Figure 1. 2D-WAXD pattern of PPTA fiber.(a) ST. (b) HM. fiber as a function of applied stress.
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i L CHM 23E <, IO E & S ICER R B TS U, &S CLRXTRSE ORI EE &
72072, FIIELAEE OO DIHERIE R B O L T\ b B 2 b7z, Figure3 (T
PPTA f&da i OO A — IS AR A=~ d,  (006)EBINEDZE L) B3R b 7= ¢ Bili7 1o Dk
=R 1% 150~160 GPa T ST & HM TR E IEWTRED DI o7z, F7o, hilkfdh -
AT 5200)H, (110)EIZOWTIIEMEC L 2 ADHEMIER Sz, Zhbo0§
IS DMEZ DL EFERE ORT V) A RO T-FER% Table 1 IZF & 7=, (010)
HORT > HIE Q00 & (110)E O FEEREA S PPTA f&iR (B g (ZHSW TR
HEMETH D, HoNT-ART YV o hOfElE Nakamae H OS2 LB W—E 2R LT,
F72, O1O)EDRT VU HMEL 725 DIL PPTA FEa D b 85 AN oy TEE OKERE & %
BT DB LIRS TN D,

[ZE K]

1) C.Riekel, T. Diaing, P. Engstrom, L. Vincze, Macromolecules, 32, 7859 (1999).
2) K. Nakamae, T. Nishino, X. Airu, Polymer, 33, 4898 (1992).

Table 1. Microscopic properties of PPTA fibers

Poisson’sratio v
Er(GPa) Ei (GPa)
(200) (110) (010)2
ST 82 151 0.23 0.09 0.20
HM 105 159 0.28 0.11 0.24
Kevlar® - - 031 024 0.20

3 Calculated from v values for the (200) and (110) planes
b Measured for Kevlar49 and Kevlar29 2

2.5 2.5
(a) ST (b) HM
20 = (006)plane . 207 = (006) plane
= (110) plane m (110) plane
15— ® (200)plane 15 ® (200)plane
c 1.0 £ 1.0
g g
7 ®
8 05 & o5
IS 3
0.0 1 0.0
u
-0.5 — [} -0.5
-1.0 T T T T T T -1.0 T T T T T T
0.0 0.5 1.0 15 2.0 2.5 3.0 0.0 0.5 1.0 15 2.0 2.5 3.0
Stress (GPa) Stress (GPa)

Figure 3.  Stress-strain curve for (006), (110) and (200) planes of PPTA in the stress of parallel to the fiber axis.
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BT D4 FEL M EETRE D GIWAXS B8 L4l
DIC{#)
REEM « BREBAEL - D HhiE—B8 - HAHER
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BAE, T4 T LAMITHFET 4NV LREICBWNT, 740570 8D E~
BYEEZMET D20 FRAEBEZFOBEL KT 2 FIEAHW LT
Do ZOTIEITEBWTIE, WIRBMA» LIRANGE, M, BATRELZ R CBE
B TEREMANPERIND, 2O FRAOFME LT, & LERIZE T SHE
IS TD SAXS R° WAXS BNEMINTE77 D, LrLAans, EEOLEFESR
BloBWTiE, FR6 TREIZY—LA LV AITbTWAS, F 2 TAFE CIIs
ANBHIA A X BREBGEL (GIWAXS) ZHWVWT, ZNHK LRICBWTED X 512y
FRANPEREN TV DA T = X LERAZHAE L, UV BEEMERS % Xt
B L LB S 7 BLW T BGE FR I D W CTET RN 2 1T - 72,

2. EBR

BT UV EAEMEW S (UL F UCL) [DIC #R: U418 UCL-001, *~F v 7 &
S OEBIRE 42 °C) &2 g 2- A R & 3 -1- A F /L= F v (LLF PGMEA) 123
BRMGEGAI & & HICEME L, 25wt s 72 d L OB L7z, UCL 0fbF#EE%
Figure 1 (2R,

GIWAXS #IE % SPring-8, BLO3XU, % 1 Ny F Tirolc, PESRMELE LT,
X BRI RIL 0.1 nm, #UB-R 2R EBEIX 117 mm, 7 v 7 3 — & < Mo 60 um,
i HH 28 13 SOPHIAS % AV, ASH4 1L UCL BIEE (2% L 0.12° & L7, WK1
DHMAEAI TR E COBMFNT, B F IS LERZFMIZ X HE2 AW 5 X
JICHBBTHAZREL, MEBTHEO LTH T 2R EICBAA L CTEM LT,
B LV GIWAXS FHHIZBR4A L. wAlzEE GEINEY) | In#Edk L OmA TR
ZHFE B TR EZ T o772, MATEIZ., RABTHEoREEDODE —FRAT—
REREIC X v nBVLEE (JRPEHIPH=30 °C~80 °C) Z#ITWARNLEM L7z, wHAT
Bix, ABEEA2REECTFREBICTEHRILE, MIFicks i, EEDE
ELTE—ATA VTSN CeO ZHWTE—LAHFLEDOIATEOR

HZ1T > 72,
H,C=CHCOO O — O CsHq4
H2C=CHCOO©—QC3H7

Figure 1. Chemical structures of UCL
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3. MRLBE

Figure 2 |, BANE % B L OAAIHLEEEE GEINEY 180 #12) @ GIWAXS 2 IRt
Ta T A NERT, BAEZIL, T s A NVCIEEY =23 AN
T T ORMRMEITT XL THD S:?E S M7= [Figure 2(a)], REMFRIE I REV,
In-Plane & Out-Plane [ ® &t & J5 A1 I RBINTL 52 & Z2EiR L 7-[Figure
2(b)]le ZAVE D HLIRITPES T, ?ﬁia%ﬁj\%tﬁﬂﬁﬂﬁﬁﬁzL‘L“C%L?ﬁ)ﬁxﬁkéﬂ“(
WhHEEBEZLND, o, BAICEEZOMATRICEN CHEBEEIZIT <
IZONE—=ZFHEELTVWE, ZOBROBAITRIZEV E—IRHFRALND
ZEEMER LI, KRUCLIZX~T v 7k Th Do, i FrhiE#R & LTk
SEEL A EFIZ 1 Out-Plane ], T E A AIEFIZ 1L In-Plane I ICE— 27 NAHA LN D, #
DHFMICE — 7 BDBNTZEHIZOW T, e 0 T35 E ORI 2Bl m L
“Cl/‘é DTIEFRL, BIE—H T AR AT ETIEH 7 2SI LK T71H

(LA L B o225 — @R ST < AZHE - TR 0 F 8 FIE T [~ L T
WAENAT Uy REEMZEFK L TWA 72 EHET 5, RRETPEEZBRIET S
7o, EX—BEREOOBERMELZTHO DL LY I HENMA T T L%
FERICEHRI L7, ZO/FR., VXU ZABBINETNZ | B — 7 (L& 7% Out-Plane
MA~BENT 52 L 2MB L ERETPEPELWEBR LT,

(a) (b)

Figure 2. 2D-GIWAXS Patterns (a) just after coated (b) in drying (after 180 sec)

[ &% k]
1) B.J. Factor, T. P. Russel and M. F. Toney, Macromolecules, 26, 2847 (1993).
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Z DAy M DML @ E TR Do TWARVVIREE THIE SN D 2 & 28— %K
Thy, HRLE THOBREBMEOELWHMEIZE > TWARWD ERLN, 2
TEAXITET VR 2 A0 o#EIicBs T, BEFMom IRy — 1L Thd
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BB T D2 2B L= D, RFFETIE, ¥ U DR BRI 0 BAl 2 iR
U725 % AW CEIWr iR E T USAXS JHIE Z1T 2 7=, 20 B O TR D E
ZIG C7e, BIETEIINC K ARER FOE—27 7 NOEWEBRAIL, Z0EN
IZOWVWTEREITH T,

2. EBR

BT U BRiADREF£2 0.1 pm, > — 7R A X —KE-P10 (H AfifE) ] & kB &
WAl E LTAF L7 7 VVEiEZ, BEEAER I % —% T 2000 rpm
TI3IDHMEAEL TR LY Do E AW, > U DR ORI 33 vol%,
AN DIEE TS U DRI L TO, 1, 5wt% e b K oIl L7,

751 USAXS H|E % SPring-8, BLO3XU, % 2 /v FTIro 72, HIESRMAIE.
X #R R 0.1 nm, #UB-M 2R EEBER 7.9 m, M 481X PILATUS 1M % AV,
T T % — I3 U (Ain) TEOCR T 30 B CHlE Lz, WIEIX T kiR E A T —
Y (U L8 CSS-450) A, BAMBEBIEHOL KT 7 ZAE I X HE—L0
ZETDHEOMEZICL TTo 72, BIEREITEIR CTITo 7, BEEIINIZ DV
T, BIMrZFEIN L2 velREEDN D A7 » 7RIT 1, 100 s & B b /72, fETIC
BWTiH, EEMEL L -7/ v TSN Za T =Y E2HTE—
LAHFLEORIATEORE N EIT T,

3. MRLEZ

Figure 1 IZ A Z WM L TW 7o U Bk -0 BUA D USAXS 71 7 7 A )L
MoOGFONTEEERFE TR, WMEELEZLSELZ LTI E—JAAED
BlolicExB T DL, BiMEELY FRSED LI MEREAMICY T T2
RN Sz, SR 2L TWORWERRCITMSRIEETH - 72k 728, 5
WraFEind 2 2 & CRIFRIBEBES /NS <o TW0nE, EEEREZEHR L2 T
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boHEHER NS, WIT, Figure 220 BH %2 >V IR 12 LT 1 wt%l 2
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U IRl ’ﬂbfswt%ijuzt YHAD USAXS 7 7 7 A A bELNT-
&R %2R T, DBAIRNE 1 wt% TIE, OBHZHRML T nRER T
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En, LoL, DEAITGINE 5 wt% Tk, SIRELSICE 2 — 7 LED
U7 MINEL D 1sTE 100 s CHETAEE—IAENT T B LTV
W, ZTOXIIZ ﬁﬂ@ﬁmE@@b X0, B EAIC LA — I LE
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fliLTw\<,
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Figure 1. Structure factor profiles of 33 vol% silica water dispersion under shear. Red: no shear, blue: 1
s'1, green: 100 s°!.
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no shear
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Figure 2. Structure factor profiles of (a) 33 vol% silica water dispersion with 1 wt% dispersant, (b) 33
vol% silica water dispersion with 5 wt% dispersant. ~ Red: no shear, blue: 1 s°!, green: 100 s°!.

[Z%& 3Cik]
D) sidbiEE, BEATHER, s R, RMEBR, SRE, 20165 FEFSBLA R 5 FHE,
65-66.
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EICHE S X FEE L=, BB ICEB 1T % PS ki BGESE) %, A 378 O B )
B L7 B HEREMNESRE T I AT EAVCER L, F—&hoRi?
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3. BREEBE
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[ &% 3R]
1) D. P. Penaloza, K. Hori, A. Shundo, K. Tanaka, Phys. Chem. Chem. Phys., 14, 5247 (2012).
2) K. Nishi, T. Hiroi, K. Hashimoto, K. Fujii, Y.-S. Han, T.-H. Kim, Y. Katsumoto, M. Shibayama,
Macromolecules, 46, 6225 (2013).

78



20195 EERAVN— HERER—E

e — SPrin
o s g-8
B RN | RRER | RELR Rk :
e REE | MEF— r—
- N Observing the Kinetic Pathway of Nanotub 1
BiE AL RMTILRE Formation from Bolasmphiahies by Time- 1 REBR LK bty Yo ro
Resolved Small-Angle X-ray Seatte SL | 38369 | SBBHIOS—7 4 | e ol of Physical Chemistry B praidon Kamta Naohro
ring 4 # 123 B19 F4T4 2019 H 4340-4345 2018 201787282 Lee Ji Ha
2018B1370 Fujii Shota
201887283 Shimizu Toshimi
Sakurai Kazuo
Gan Hongyi Rk Crystal Structures and Crystalline Elastic Modulus N RERXHLRX Gan Hongyi
of Paramylon Esters Gl 38867 | BHEHTOS—7 1 | SN, 2017A7252 e st
Ohx # 172 5 20 S474 2019 H 7-12 019 201787281 i e
2018A7232 Hikima Takaaki
Takata Masaki
Lamellar Orientation in Isotactic Pol e
ypropylene
WE A =3tk Thin Films: a Complement Study via Grazing RERX LR 5813/\7218
lsncwdence X-ray Diffraction and Surface/Cross— L 37492 | S BEEHT OS5 |GOVMeL Journal zn}gigfg i
. . e Journal azuki
ectional Imaging D22 % 51 5 2 174 2019 K 183-188 2019 201587267 Hisaki v
ojio Ken
2016A7217 Takahara Atsushi
ne ® ERR—s5 (R |Network Structure Evolution of a RERXHLHRX 201787287
Hexamethylenetetramine-Cured Phenolic Resin T 37611 |/ EBMATOS—T glymer Journal 2017A7209 Jzumi Atsushi
LR 51 % 2 {74 2019 H 155-160 2019 201787261 Shudo Yasuyuki
Shibayama Mitsuhiro
. Encapsulation of Albumi i
am ‘ umin in Organic Nanotube 3§ . i
HE JLAMTILKRE Channel: Structural Investigation by Small-Angl i REERE WX ied Bi i Ta:::::h'lRlTk‘
Ghannel St nale L 37626 | REHIOS 5. |ACS Applied Bio Materials 2018B1370 Kameta Naohiro
LR # 25 4 F1TH 2019 H 1652-1659 2019 201781354 Fujii Shota
201787282 Lee Ji Ha
Shimizu Toshimi
Sakurai Kazuo
_ = Dispersion State of Carb
P —EAn P ate of Carbon Black in Polystyrene =5 . e
(G I—F) E;:dnﬁed WC\th Different Dispersion Media and its | %L 38130 REBX BB |polymer dournal 2016A7206 Fuji Yoshihisa
ects on Composite Rheols | P T 2016 o o
ological Properties # 51 2 2 8474 2019 H 275-281 2019 znniggg Taumura Yoshinro
201787257 | ase s
Torikai Naoya
Effects of Dimensions and Regulari T S
. —— L o gularity on the . Onee e
B2 0 (iﬁgifj) Mechanical Properties of the Smectio Phase N REBX LK Koo
Formed during Orientation-Induced Crystallization | " ar495 | ARBEHTRS—7 1 |50 2 Oiosh vetaha
of Poly(ethylene terephthalate) VIR # 164 5 RATH 2019 7 163-173 2019 158767 Orada Kavup
201587263 Okada Kazuyuki
Masunaga Hiroyasu
Kanaya Toshiji
Katsuta Hirot
Funatsu stm:ugu
o 201387266 Kishimoto Mizuk
B T [P A Study on the Isothermal Grystallization of N it ez
Poly(3-methylbutene-1) BL | o788 | SEERMTOS—T 4 |Rolmer Journal 201487266 et N
= # 515 74 2019 H 173-182 2019 201587267 Takahash fobuakd
2016A7217 Quawa Hirki
a Koj
201687266 Kanaya Toshis
2017A7215 Takenaka Mikhito
2014B1069
2014A1287
2014A7209
e Microscopic Structural Response of Nanoparti ¥ . 201467259
BR it (ERA LS —7) |in Styrene-Butadiene Rubber under canfpa flee 7 RS L@ 2oisatess it Hron
Uniaxial Elongation yolic zL 37078 | /I IO |Gol¥mer Journal 2015A1620 s Tomomi 4
oz # 518 2 FA74F 2019 H 161-171 2019 2015A7209 N oo
201581425 Hattori Shouta
201587259 ‘Yamaguchi Naoko
FRAN Amemiya Yoshiyuki
2016A7209
201681512
3 Elongation Induced B - to @ —cryst: 201687259
— BARYTZAM) [T fon and o in
SRTSINILT) [Fimac“ Polypropylene as Revealed by Time- Bl 37720 |/ BERHTOS— ¢ |Gomer Journal gglgégég Kiade Sl
. er Journal inichi
esolved WAXS/SAXS PZES # 515 2 AT 2019 K 199-209 2018 2016A7218 fehino Kazuyukd
s . 201687268 ety
iR Bk ineous Measurements of Structure and = 5
Bk MBS Water Pormoabiity in an olated Human Skin HBL REBX WLBX |, 2015A7208 | Mo n
Stratum Corneum Sheet ¢ a7t | SEREMTAL—TA %O ¥r1"e%rs5 SET4E 2019 2019 201587253 S i
. ki Mika
VYR H 829 2016A7203 Akakabe Matsuki
201687253 Hatta Ichiro
Kato Satoru
- Fabrication and Ch: fzati ity
o Rk i aracterization of Elastomeric B . c
wE 5 ¢ REHL MLR Summete
HERR=I51-T L—T) Cf;“slsc\?:ﬂ:ztwe Thiophene Polymers by Peroxide L 38128 /ﬁsﬁﬁﬂg‘/l% Polymer Journal §8}§§§§;§ Ma:’?“‘r’n‘?;":z\’ﬂ
¢ 51 B oS54 201 9 2019 Horike Shoh
P23 4 2019 B 256-263 2016A7210 Koshiba Yasuko
201687260 Ishida Kenji
Mori Atsunori
Nisino Takashi
‘Yamamoto Kentaro
N " Kawaguchi Daisuk
WA AR ) #w%i-w Aggregation States of Poly(4-methylpentene=T) at| . S
a Solid Interface L | as127 Polymer Journal Voo S
# 515 2 {74 2019 & 256-263 2019 2016A7217 e o
chida Kiminori
Mita Kazuki
Ogawa Hiroki
— Takenaka Mikihito
e ole of Strain Rate in the Strain-Induced " s e
A BITUFRRY  |Crystalization (SIC) of Nat Symtheti ; REEEX /WX
ural and Synthetic HL S 20147218
Isoprene Rubber AL | 38126 | gaEH OS5 [Soymer Journal 2014872 S vl
Toa # 518 2 ST 2019 H 221-226 2019 anes Okeda Kivoka
15A7215 Masunaga Hiroyasu
201587266 Hikosaka Masamichi

79




FSBLEEG A EEROERE

EERBE AR
" HEREH A PSR BLEE | .
AL BINYFEER FoNyFRER | GILAR R2F | sEAEITOSIsr
ARRE)
B 497 249 Ik 50 &7k 142 ¥k 45 2Tk 12 YTk
2010A 41 BEA S~ 307 1,992 B5RE 400 B¥RE 1,136 B5RE 360 B¥AE 96 BFFH
A~ 190 20.1% 57.0% 18.1% 4.8%
EH 467 264 Ik 47 2ok 141 ¥k 63 2Tk 13 ¥k
2010B 37 BEA S~ 310 2,112 B5RA 376 B¥AE 1,128 B5RE 504 B§FE 104 B¥RE
A~ 157 17.8% 53.4% 23.9% 4.9%
EH 462 252 LIk 45 Tk 153 L7k 42 27k 12 YTk
2011A 31 BEA S~ 284 2,016 BFRA 360 B¥AH 1,224 B5F8 336 B¥AE 96 B FH
A~ 178 17.9% 60.7% 16.7% 4.8%
EH 413 246 Ik 54 STk 147 ¥k 35 7k 10 ¥k
2011B 30 BEA S~ 248 1,968 B5RHE 432 B¥AE 1,176 B5FE 280 B¥AE 80 B§fH
A~ 165 22.0% 59.8% 14.2% 4.1%
EH 400 249 Ik 59 LTk 135 L7k 4327k 12 YTk
2012A 29 BEA S~ 261 1,992 B5RE 472 B5AE 1,080 B5E 344 B5AE 96 BFFH
A~ 139 23.7% 54.2% 17.3% 4.8%
B 425 276 LIk 60 >k 151 &7k 52 L7k 13 ¥k
20128 30 BEA S~ 250 2,208 BFRE 480 B¥AH 1,208 B5RE 416 B¥AE 104 B¥RE
A~ 175 21.7% 54.7% 18.8% 4.7%
B 385 227 LIk 4 2ok 129 ¥k 42 27k 12 ¥k
2013A 27 BEA S~ 244 1,816 B5fHE 352 B¥Ad 1,032 B5FE 336 B¥AE 96 BFfH
A~ 141 19.4% 56.8% 18.5% 5.3%
B 378 198 7k 40 27k 106 7k 4 2Tk 8Tk
20138 24 BEA S~ 186 1,584 B5RE 320 B¥AE 848 BFRE 352 B¥AE 64 B5RE
A~ 192 20.2% 53.5% 22.2% 4.0%
B 414 219 LIk 43 Ok 129 7k 35 LIk 12 7k
2014A 25 DA~ 263 1,752 BERS 344 BERE 1,032 B 280 B 96 RS
A 151 19.6% 58.9% 16.0% 5.5%
B 449 288 Ik 52 7k 175 ¥k 49 Tk 12 ¥k
2014B 25 LRA— 280 2,304 E5RS 416 BERY 1,400 BERS 392 BEFE 96 B
A~ 169 18.1% 60.8% 17.0% 4.2%
B 395 258 LIk 36 Tk 158 L7k 52 7k 12 ¥k
2015A 23 BEA S~ 238 2,064 BFRE 288 B¥fH 1,264 B5RE 416 B¥AE 96 BFfH
A~ 157 14.0% 61.2% 20.2% 4.7%
B 416 252 LIk 36 Tk 168 7k 36 Tk 12 ¥k
20158 25 BEA S~ 247 2,016 BFRA 288 B¥fH 1,344 B5FE 288 B¥AE 96 BFfH
A~ 169 14.3% 66.7% 14.3% 4.8%
B 376 270 LIk 38 LTk 187 L7k 3327k 12 YTk
2016A 26 BEA I~ 217 2,160 BFRA 304 B¥AH 1,496 B5FE 264 B¥AE 96 BFfH
A~ 159 14.1% 69.3% 12.2% 4.4%
EE 498 249 Ik 15 LIk 159 &7k 63 27k 12 ¥k
20168 25 BEA S~ 305 1,992 B5RE 120 B 1,272 B5FE 504 B§FE 96 BFfH
A~ 193 6.0% 63.9% 25.3% 4.8%
B 466 264 Ik 35 Tk 165 L7k 52 7k 12 ¥k
2017A 25 BRA— 276 2,112 RS 280 BERY 1,320 BERS 416 BERA 96 BFRE
A S~ 190 13.3% 62.5% 19.7% 45%
B 325 300 YTk 34 2Ok 203 &7k 51 &7k 12 ¥k
20178 29 BEA I~ 203 2,400 BFRS 272 B§AE 1,624 B5FE 408 B¥AE 96 BFRE
A~ 122 11.3% 67.7% 17.0% 4.0%
B 416 273 LIk 25 Tk 191 ¥k 45 Tk 12 ¥k
2018A 27 BEA I~ 271 2,184 B5RA 200 B¥AE 1,528 B5FE 360 B¥AE 96 BFRE
A~ 145 9.2% 70.0% 16.5% 4.4%
B 417 279 LIk 18 LIk 198 L7k 51 &7k 12 ¥k
20188 26 BEA S~ 287 2,232 B5RA 144 B5RE 1,584 B5FE 408 B¥AE 96 BFRE
A~ 130 6.5% 71.0% 18.3% 4.3%
B 406 275 LIk 27 27k 204 2Tk 32 L7k 12 ¥k
2019A 29 B A~ 240 2,200 BFRS 216 B¥AE 1,632 B5FE 256 BAE 96 BFRE
A S~ 166 9.9% 74.7% 11.7% 4.4%
B 239 290 Ik 18 LIk 219 Y7k 47 27k 67k
20198 21 BEA S~ 157 2,320 BFRA 144 B5RE 1,752 B5FE 376 B¥AE 48 B5fE
A~ 82 6.5% 78.5% 16.8% 2.2%
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