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Figure 1 (a) Apparatus for simultaneous measurement of SAXS and NIR transmittance on phase separation of
cuprammonium cellulose solution in a coagulation bath. (b) Time variation of NIR transmittance, TN'R and the
invariant, Q calculated from SAXS profiles of cuprammonium cellulose solution in acetone aqueous solution.

Q is normalized by initial film thickness, d. (c) Q/d plotted against the linear attenuation coefficient for NIR,

& = -In(TNIRY/d.

3. BERLEBE
Figure 1(b)iZ. EEENEREICHBIT 2B IO NIR FZiE=R TNREB L OVSAXS 7' 7

FANEVEONTEZRER Q OB ZRT, 2 2 T.Q=[q?I(q)dg/2r TH Y .

B OBE d CTHIIE L72(q (XBELR 7 bb, Q) XBRELFEEE), Q 1% SAXS TH#
BIFTRE 22 8+ nm B E OB E R E 23 %, Figure1(b) X v . S BEICFE D
QML LENTNRBEENKTFTLTNWDIENATEND, NIRFEEE
TS DCEE DR E AT 5725, NIR FEil R A2 BIEE O BEE CTMIE LG E
12285 e=-In(TNRYd 2 457-, TNENBEFFEENE L 2R THELNTEREEQ
el LTrmy b LR % Figure 1)l L7z, EEICE 59 ¢ =20 cm?
T Q 2AEMLTEHY ¢ > 30 cm? OFEM TIE Q IEZALETIT e OABHMNT
Do ZOZ END, X7 a MBS ORERICENL T L 2O KIEIEDORE

NETTDHZEDRHLMNI -T2,

[53E 3R]

1) BEAACH fh, 3, vol.49, No.12, 45 (1996)

2) WARENL, #iHEF55E, vol.76, No. 6, 214 (2020)

3) BRIEFN fh, FSBL R R & EH4E, 8% 5 2018A7201, 2018B7251

e



2020A7202 BLO3XU

XA 7o —2brZHWrt NREARBIES FHOEERNT
BAVE fr KR iR B - RFE A - | ORI - NEE A

1. &=

Ferx O NRITEEGIZCEBEDLDN, ZORNECTAHRE (EX 10 Fum BE) X4EKO
W%k%ﬁ%@%#éw@@é&ﬁﬂ)7%%%%&#6”o:@QEWT
FEAIRA AL LR R OAERICELL TR, | R i o JE BE L
MREMEE (o127 I R, B, :VXTE—W&E%Im\kﬁé)@
HEBENEMA I TWD, MEMEEIXARBAN TREICITWE ) REEElL I
TEAIBE AR L. 0 2 S EE ﬁ@@ﬁ%ﬂ%#é ik, A
J8 ODREE X FEMICHT T A Z LN TE 5, WHEOMZEI . AR REIAEE TR
ROAEMAIZx U THAIE L < BE G RIZES] L, é% %m%#ﬁgbfﬂ
JAE EKERZEDO T XA TEEETER L TNWDZENRHALNE o TWND 2,
ZOMREEE OEFEREIZEE N TS L CEERERZHET L, &£
RN T 28I OMBMIEEREKEZ RO LENH D720, MiaFEE D&
NEND & WEORNMENEL 72D, £/, 7 hE—MWEERREDRERE
RLFENIVRIBICH 5N THENE T LIZABICBWTIE., ZoMEaEEg i
ﬂ%%mﬁﬂﬁébfwé’k%ﬁiéﬂfwéaoioT\EﬁﬁA)T”%
RS DI, ﬁ%%ﬁ“wﬁhéE% ROVENH Y, Thpz N

7%%@@%%w%xA%%6ﬁ T A0, MIEEEEOEEE 511X
w%%%ﬂﬁ?é’&ﬁﬁ%&ﬁ R ﬁﬁ TlEXB~A 7o —2%2H
WAHZ EICky, N THEREIC EE & %%t?ﬁﬁm%%%ﬁ@%ﬁﬁﬁ®

Mﬂ%ﬁ%%%ﬁ;#égkéaﬁTo%u I, BIBORS FETHEOMEE
MELY RN THREORBICEETH D Z L BRBILTWD Y, SPring-
8 BLO3XU OEMEE N OBRER~A 70 —LA XBERAWSLZ LICLY., AE
DIEEFBOEE FOBENICOWTHLMNZITHZ 2 HE L,

2. EB

X HRIE BRI % SPring-8, BLO3XU, 2 Ny FCTEE L7, n—X U —Ko 7
HZE T C—WBll R RE L2 — MRoe N REAE (BioPredic t, 7 7 v &)
., EERBEEOKSETH D 25 WL /KFRE L, FROREHMERFEEIC
EE LT X MREELFERR % EhE L7,

thNABIC X AR5 & NAEKIT ﬁmﬁﬁﬁ7f7ﬁkm%®@ﬁ
B —7 (s~0.15nm™?, s =2sindl/A, 20 1 X8ELA) 23, A A fEEIC (AR AE R AR B 5
Mﬂ%%(ﬁwW)m%®@ﬁ5~&(v@Amﬁ)ﬁﬁﬁéhé”O;m%@ﬁ

3



FSBLOSKU

LA FEERICEIT 24, XBOKEIL 0.08267nm (15keV)., T A T RIIBB LZ
60cm IZEXE L. MR IS I B Ak H 25 Pilatus IM (Rigaku) % AW CTEBRZAT
> 7,

AEMIEICBT A2 —2RE2BBELZ1x1 pm? IZREL, 1um BRECTHRED
%ﬁﬂ#%ﬁ%ﬁﬁ WCAF ¥ L TCBEBLELSO & CREIYTT —# #BEL. 1K
Jefb U CHERR AR BRI SRS E R kD /Ny X 0 7 ¥ — 7 OFE 4y mE & =Hi I
fiEAT L7,

3. BRELEL
X BE =2k L CKFEICHRE SN — MRogEREHoR L, R oMAlE

Frmns Xz RE Lz, fRx IC k2 XBRIZE ST 5 CRUBHR E A 5 IEE
FHEICAF Y CJELZEZA, s ~24nm?t (HEREEZ D hexagonal &
orthorhombic FH3€) & s~ 2.7 nm?  (orthorhombic Hi3E) fFUTIZHRE R T7 6] & 0
(2T — 7 ARICIEN o T R R E R T B N > F v JHERIPTE — 7 BB
(Figure 1), Z D7 —ZROEHFE— 27 OFEE X, HELOIFEE T EICETe I Lz
Do TS 72D, —EORIDE ZATHADICEE U7 (Figure 2), AEBOHEX &
@ﬁﬁﬁ@%%%%btﬁ?7@%%;b\%ﬁi%ﬁ%@@é@w~mumk
RIEL O, EEOABOREI LIST LI RN nhole, RIEOWIIC
ABITIRS FRTHEHEICOAER D, gL PR, ”f‘K“Cn’*Hiﬂ’W)%L%WAM#
HERERD BBLZ 3IBICKBIFREAREELZER L WD Z ERRREILTH
% Y, AEOWEE TP REOEPFEENE . TIITHIET D L 5 22 BEBREN
EERERMNMEONTZOTIIRWMNEEZEZTWD, 272 L, ko S S/ 2 i 1 1k
MRS ORI FEE L EET OMLEND DO T, FEEGEOEPHRO S
g DIEHToF DT O FERE, SRERZEREEREICERML TWVE 0,

AEIOPEIZED, RFEZHNDZ EICLD, 1X1 pm? &5 Bl sEEL O
FaEIIEE DR S HFa OB E DA LA LSRR D AREEN H 0 . A EIRE BLBRIE
HEZERTHIENTERLLEZ TS, ZOXIRESHETHBOEE %
RUTEMZEEANIT M E TRy, — &2 AEO X BEITTO 2 Rt/ ¥ — > Tk,
MAEREEED 7 A 7 EA# (s~0.15nm?t) L x7u—/LfEfE (s ~0.29 nm?),
MBNEL D 7 7 F o (s~1nm?) sk B2 EIFE—27 LHERTE 5 9,
SBIZIDICT = HEBOT I LICLY, ABAICKIT 2 2 b OEIED S
RELHONZILTWS PETHD, TR LZLHIC, MIEMBEOHEI S
[ OFEHT IR, BRI 72 E@%E@?ﬁ@ﬁ'i%ﬁﬁﬁﬂ‘éiﬁ/\ LRERBI %
REITDLEHFEIND, ABREHEHICEBHA LEMEN DO XS kK E2E-> CHARE
WIZIRZE L TWS ODEBITT 252 & BERENEEZEZTND



0.1

007 | o o

Integrated Intensity / arb. units
o
(=]
o

= 2,74 nm-? 10 15 20 25 30 35 40 45 50 55

depth / pm

Figure 2. Dependence of the integrated intensity of
mosaic spread peak at s~2.4 nm-1 on the depth from
the stratum corneum surface. The integrated
intensity reaches maximum at the depth of about 20
um, and then begins to decrease. The thickness of
the stratum corneum is estimated to be about 10-20

Figure 1. The representative micro
beam X-ray diffraction pattern of
sheet-like human stratum corneum.
The arrow indicates the arc of
diffraction originating from
intercellular lipid packing structure in

stratum corneum. pm.
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Figure 1. 2D-SAXS patterns of the metallic glasses

Shear-thinning @ Newtonian- (a) under strain rate 6.67x10°5 s’ at 448K.
NonNewtonian #xf 5 & —&4 % (b) under strain rate 1.33 x 10~* s at 473K.
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TEXDHZ ENREINTZ,

4. fEW

AMFFE Tl A X BRBELEZRWT, @B 7 A0 T 7 A6 JAFHE TOE
B AR | kwf BT AREBD T ERRRIC, "XE T T4 =V RNBEINDZ
EERH Lz, ThICEY, BT 7 AZBWTHL T 7 ARG DT & REICIEH
FHEEROENAELDLDZENRINTE, ELEERLEOHEAOTHEHEN
Shear-thinning ® Newtonian-NonNewtonian iz i & —#H 452 L 2L, =
DOIEN Furukawa-Tanaka O CRRM CTEx A Z 2L NI L, L EDOKE
b, EMFBEBERS IV ARKWEIIBWTEENRBEETHDL LB R
biod,

[2& k]
1) Doi M, Onuki A. J Phys Il France, 2(8): 1631-1656(1992).
2) Furukawa A, Tanaka H. Nat Mater, 8(7): 601-609(2009).
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/INA /TR A X BREGEL & AR B I R O IREY 3 e EEIZ L D
TR RIEESERD 5T REIKRREESICE T DA
BITE PR L PR BT - REERE

. HEE

?*7«\/1//;«/\7F/v%1&{§§&77/;««\71\w7@ck@1EE/EZ%WEW@ZJ\7F/I/ B
T RIRE) (& FIRE) CKFRE A ICER T HREE—RDBEN, S0 FOEKREED
TACIZIEF IR TH D, R 7 Va— L Ez (PGA) LR U FLER (PLLA) Ot &E A K
(P(GA-cO-LLA)) 128\ T, LLADE| & 7330 % 2 FE £ Cld, PGAKRERY~—THLI

Lt tEIE PO FRKFERHEH RO —205 P(GA-co- LLA)@?"?“\/I//Z/\N\
MMZHIBN, ZOE— 7ML ENLLADE| A B 2 DIZHEWVE RS 7 e R LT, 205
W H 7ML, PGARE d & 04y TR FHE A DML EEZBHRLTWA, -
P(GA-co-LLA) L E A RIZFH VT, LLADOEI G 7320mol%F2 E £ Tl PGADKE &
B LLARE Ay 2Nl dt b T2 28N BIC I > THRESNTWAY , KIFFETlE, TI~
/vyisotzﬂ1&¥&§&77/z/\7l\wmmr“wmﬁuEkSAXS/WAXDmmr“NmEIJ/E%
WAGDLELZLIZEY, LEAMICLOMEREMEE LD TRIAFEEEDOEIIZTHOWVTEE
HH L:*ﬁ%ﬁ“é:k% HryELT-,

2. EB

EBRICH W= EHT, & HBMGOP(GA-co-LLA) L E A AT, P(GA-co-LLA)
(LLA=10, 20, 30 mol%) @i = 1%Z 42 41£J200, 180, 160°C Td 5, SAXS/WAXDIH
R E CIlEE B2 490.5 MmO E A D& BT v v —IZ5E 0 2O T R 7 4V LT
FATEH D& SAXSIWAXDIR EEZ AL EIE At E LT, 7 T ~ vy 27 hVEIE
2%, BEESK100 umic 7 VA LT 7 4 v A& AW,

BIEDLATUNI, F2 Ny TFEFERAL BEY Y AL EREAT -V Y
ML, @#EBEELVA T U R TI5.1mm T iICWAXDR Hi#5 & L CSOPHIAS A L |
1798 MmO SAXSHE ZZ /X X T i ICPILATUS3SIM % #% & L WAXD/SAXS 7] I il & &
v T v Tl LT, ARXBOEREIZ0LInmTH 5,

T T AT R L O HIE IXADVANTESTAE I TAS7400 % W CiF i i1z &
DME L7, BHEIPE1240~150 cm™, FEERIX128[E], 3 fEREIL0.25 ecmtTH b,
3. BRLEZ

PGAKR TR U ~—3 L OP(GA-co-LLA) I E &K D WAXD D iR AL I E L v

(Figure 1), IRE O EH & HLITHEE DRIV, Gt T OBEE R I N, £
oy T TNV AT wv@m&“z%ﬂ:vﬁuluz# 1%, P(GA co-LLA) L E AR
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THPGAD I FEIAKFBR/EICERET 2 — 7 NBE O EFICHFEWVERE Y 7 &
AL, DFHEAKRFBREENTFL 2o TWnBH Z EnrENT=, (Figure?2)

F 72, P(GA-co-LLA)DSAXS/WAXDIE B E 2> 5. LLADE|E 7330mol%Fe & £
TIIPCGADFEREE 2 A L TH Y . LLADKAR L3 2 5 ICHE W6 A% 1L R
L, REAFIBLOTATORLENVRKREL D ZENTRENT, DSCRHIENDL b,
LLADEIE A X 21296, BAITERICET L TWS 2 ERRINTED,
P(GA-CO-LLA)IZLLAMNR 7 A FHERIZH —ICHFEET D2 =7 4+ — LT AT D3k
B ELZTER L TWD 2 ERHEIND,

— 5T, P(GA-co-LLA)EAEKIZKITH, EIRTOT 7~V AT ML a bl
T L L HFHAEREGICERT 28 —7 (C=0XOEAZAREE— ) X
LLADEIE R X DI Vw7 h &R LT, :@‘.E??&%w7 NI, o FE
KERENBLSRDZ R LTWD, £, BAAXRT vunbik, REAL
#5_k?ﬂ%@&@%kmuwmm%t@%fﬁk@%%ﬁAﬁ%méM5_
EWTRBENTZ, U EDZ LB P(GA-co-LLA) L E AR TIX, HfEdikd 5 2
& O E IS H e 2y TRAKFE/BAEDR S, REMIZS TRIKEREE D
ENTRLS 2D S FEAEFSICERT 2 -2 EmEHRY 7 FE2RLb O
EEZOLND?Y, FEHBICIV ALY = BNRERY 7 FERLEDIX, F
IRIZ & VU P(GA-co-LLA) L E SR DS bt FOEMMEA LA 0 | Bl S
KE/ELEOTHL RO LHETE D,

1.04+
@ P(GA-co-LLA)(LLA=10 mol%)
= (110)
80000 -
1.03
2 60000 o
§ I 102
o ©
+ 40000
- 1.014
20000 |
100{ ="
0 L * L L L + T T T  §
10 15 20 25 30 50 100 150 200
26/ Temperature/°C
Figure 1. Temperature dependences of the X-ray Figure 2. Changing rate of lattice parameters of
- - e 0,
diffraction of P(GA-co-LLA)(LLA=10 mol%). P(GA-co-LLA)(LLA=10 mol%). d and do are
lattice parameters of (110) and (020) plane at
30°C and particular temperatures.
[2%E 3R]

1) H. Tsuji, K. Kikkawa, Y. Arakawa, Polym. J., 50, 1079(2018).
2) A. Nishimae, H. Sato, Macromolecules, 54, 6440 (2021).
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—RBITFRBROBRRA T a2a—A2 K IORASEMCE S
BaFariRTYy b ORI TF4rE & kG
SEARELT MEFDT - BEIESL

. HEE

“A%Z/T//Fi B THWMELE LT, ITE, ¥4 YHMEZIZL DL
THSESERZHBICHOONTWD, 2R Y vy MR R TR EE X
FNERERT D801 5D WIS B+ OME 2N Z T, m’\%tlﬂf
DRLF D43 BOUR B EREEE DT 8 < KFFET D,

INFTICERAIE T 2a—Lb RV ) ARH—R T Z v 7 Vig EOEERK %%
NENEBERRM LSS a2 RmY Yy MIOWT, ¥ A MNABEOFECE Y F
& DA IZ L > TEY H S c BIERRLF D5 HE - BREIRREDE WD, “"%:ﬂ
YINY D OFSEMERMEICE D LD ICEET LN TE L, AT, —
ﬁﬁ%@ﬁﬁ&é‘@ﬁwﬁmi7z—APvUﬁ%FA%M?é*k’ié
maF~h )y 7 AP TORF DO « BEKRKEB~OZEL SHhfar R Yy
N OXEHEMEREE & OBR E T,

2. EB

~ MU > 7 AR43IZ, Polymer Source fh X W EEA L7, B FEW o & My 2
100x10%, Z 4 HLEE Mw/My 78 1.05 DR Y 2 F L (PS) Z AWz, BERkF& L
T, AR zw vt X0t e, —REF£25 16 nm B LTV 70 nm O
FEOBKET 2—2 N U B (BLT, ZRENs-FSB XU I-FS L &Rid) #fEH
L7,

WZXT DU ORI ES 5vol%d LT, s-FS & I-FS OREHNELR D
aVARYy FEREI AR L2, 3R Y Y FEREHI. PS O 1 v kL AR 4y
BEETHVV I AR a U DIEEX Y A MEICKV/ERL, BEZET,
150°C T 24hrs OBLER 24T 72 - 1=,

HB/IN X BREEL (USAXS) JEIE X, SPring-8 @ BLO3XU 7 a5 47 V7 b~
Z—BRERE—LT A OF 2 EFNy FTEM LT, USAXS BIEIE X #RO
BEE02nm, T ATZEN8mMOLHTIT/R-~72, WTiLdh 7 ¢ L LREEN O EmE
WXL CEERFTAMNDS X MERH LU CHIEZITR -2, B MR E 2
L7 A —% MCR302 (Anton Paar ft:) Z M7=, E&H 1 mm, 8 mmgDT 1 A 74k
RS L 723 EHZ DU T, 150°C C©, BEEBN OO T A Tz W T, AREEEK
o’ 0.01 7% 100 rad/s O &iH T, FPE MR Gk L OB R HIER G0 of K171 %
HIE LT,

1
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3. MRLEE

Figure 1 |2, > U I OREIMEN 5
Vol% T, s-FS & I-FS DIRA AN E
HPS A RYy FREHIR L THED
M7= USAXS 7' 7 7 A )L & HiEL~ 7
v E LRy, ZENENFS
ZEMTHRMULIZ=a AR Yy T,
—WHRLFROBENEZ KB L T, I-FS g A7)

(#0.006 A®) 13 s-FS (i) 0.02 A%) Figure 1. USAXS profiles as a function of q for the PS
£ Iow-q BN S R s, composites at total silica content of 5 vol% with the
L-FS o Z5dh A L 0 [Euy q LRI IC B different blend ratios of s-FS and I-FS.

T, HERE D g &FENS FS OF
B7772NVREDn RS 0T,
FS Z N TN HMEMLIZ%E. Dm
1% 1-FS (F9 1.9) @ J5 78 s-FS (9 1.6)
LV bEholc, £, MBZIREEGR
ML 7=8BE1TI, I-FS OREA B E W
IZ& D iEm < I-FS fEICE L 7o 7,
RIZ. 150°C T OB HIREFMERIE 5> oot o1 1 10 oo
&b GO ol 7% % Figure 2 |2  (rad/s)
AT BV GBI T, PS O G ot composies at ol s conent o
o @ﬁkﬁ’l‘i%ﬂf\‘ L7zDiTxt L 5 vol% with different blend ratios of s-FS and I-FS
T, s-FS B L O I-FS % & 2 B together with PS at 150°C.
X0 enEm<, FLHEMENFE LTS s-FS AWML= FH 0 I-FS X0 1T 20
G'NEMnroTe, —FH. YU MEREBRMLULIEEEIZIE, I-FS OREHAEWIZE
GUIEWEZ R L, ZZICERETHWRVWE, EaFaryiyy hoFBME
TEEMBEBE NS, s-FSILI-FS K0 PS~ b U w7 AR TRE Hu2 - THEE
TLHEMCH Y | I-FS BRI D Z & T s-FS DR E REBEKOIALE 15T 5k
FTRREONTZ, 2D XD 7R s-FSEBEERD~ b v 7 AR TOIER Y OEA VA 2
VRV RELTOGCDOREIIIRMENTZEEZDBND,

Intensity (a.u.)

G’ (Pa)

[5E k]
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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2020A7206 BLO3XU

BEREESHWERY o v Ly R DRGSR
FEEALE BORRE - SE A - FERE - &0 - BTG

1. ¥5

AU 7rE Ly (PP) IZHB M, FEBML, EME, ERLE, el
FEHTIEH I TS, PP OFEIT, HH 0 FEo R HAMEICREESND LD
PR AR TS IR <L BRI MR AR —EhAE AR, AR 2R E o T
FERZDOFMFICRELSELAEIND O, MBI EZED 5 ECTRME L BRI 5
BRAEE DR E R LMNCT D ENEEE 2L, FICEHEREERNFO—>2 L
LT, MmO mNZET b5,

FEED M D Xz Ag U TR NZ — U 2R ET 27200 TiE, fEdhOBLm
BT 2RONIZERUNED 2 ENTE R, MERORMSA A2 L0 EfICK
DHTOIIT MEANEZGD ZEREE LW BAKEGEDL DD HIEE LTI,
BlzIE, BEEA T =T E2HEH L, e hmnd XEzEz AR L TELRD ZHD
B8 F — BRI AR T 5 T ENFTF NS UV, KERTH RO L
THAKEZE T 5 Z & 2Rat Lz,

2. FEB

PP @ —#lisE{h 7 ¢ /L 25D WAXS I E %2 FSBL 2 /Ny FTiTo72, 7 4 /b A
DIERH TN AT H AN X2 A LB ASMAELA 0 BEL L, -40 E D 40
JE & T 4 RN CIER 710 A8l 2 T — ¥ & [AliE &8 T WAXS OlIE 247 - 72,
R HIL— 2D AEIZ O T 1 E LT, K EREIE 0.06 nm THIE A2 1T > 72, WAXS
DR H#:12 SOPHIAS % 7=,
HANGFAETORIPT S — 0 D ELEHGLZ PR L721% . (110), (040), (130)
mOGNATa 7 7y A NVERH Lz, AFHAEOMHIHMENRKRELS DL T
ZiEET A XMMOBEBNES b0, AFAEICISCEEAMEEZITo T2, &
BIFIEZAT > T RIS X ~D B &2 1T > 7=,

3. BRLEEBLE

ANFAEE-40 ED 40 EE CTEELZFOO40EO TN A7 7 7 A4 Vi
7z A=V 7 1wy % Figure 1(@II/RT, —HliIEMH 7 L A7 DT, (040)
I O EIPTREE I TIE R E D 0 ICE FIC R 20N Y TH DS, 7. iEahE b
DIZEEZE L TWH DT, AFAEIZ L THMNAT 17 7 A /WITEAL LRV OR
R EEBEZOND, AFAEIZIE CEEAHEEZIT o /R, AFAEICRT
LEALD DI T e 7 AN E D 2 LR TE 2 (Figure 1(b)),
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PP O —#IEfE 7 1 /L A D(110), (040), (130)m DR =% Figure 2 IZ7-7,
ZEfE A A (longitude 23 0 EE O J5m\) & FE 72 5 1A12(110), (040), (130)ME D [EHT
= NHhbbdZ &b, ¢ B AMICER L TWD Z EARBI T,
ERDICLEZME 2 LAKOKREZHHATECEBY, HIESCT — X LEIT RS T
bHEEZOLND,

SEIOBRFITIX 7 4V ADORE NS XBREAF L THIEL TWDH 2, iR
DIt (Figure2 O N) BT FEOT — X2 L5 ERRETH D 2 LR
LTINS, 5%I%, MEICOWTHRBEICHET S Z LT, L JEW
FHHOMAERZH/EOND X OICHRHFEITO TETH S,

(a) (b)
40 4
— — 3
[} [
£ 2 € 2
o o
(<] (]
S 0 S
() [
= ° = 0
{ oy { o
T -10 T -10
b= =
o 20 o -20
b o
Q2 [ -
2 -0 ‘ 2 -3
-40 r -40
-315 -270 -225 -180 -135 -315 -270 -225 -180 -135
Azimuthal angle [degree] Azimuthal angle [degree]

Figure 1. Diffraction intensity of (040) crystallographic plane of uniaxially stretched polypropylene

film as a function of azimuthal and incidence angles without thickness correction (a) and with

thickness correction (b).

(a) (b)

920° 90°

180°

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.
[2E 3R]
1) Y. D. Wang et al., Polymer, 42, 4233 (2001).
2) ER EEIEN UV HZ Yy —TF I, 50,9 (2019).
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XBAFHEIHIEC LD TLTDT 4 T —OEBENT
FEAC T L TEMASA - ALK 2
WHFAE L2 S HRER - RIRAIE L - AR TS

1. S

AAYHAILETFT 7 ar Ky hO—2ThY, ERSTHLIRI ~—IZ,
BMEEMNET O —R T T o R0V ) AR EOFTER (747 —), T LML
BT DA A VEEEAE, VI ER)~—L2REIEDH v 7V v 7B
ENTW5, FLAOmEBEER EICBWNT, Iy 7 U FRNTEE R EE A R
LTEY, fRax REBFENLS, DTV THICLD Y AREOXENRY
v —DEEBESLT 4 T —OEEEICEET L EBRHALNIRSTND,

ILAFDOT 4 7 —OEMELZFMT L FEEL LT X BHATFHEBES (XPCS)
EVIORHAWSNS, XPCSHIETIL, b —L > e X#aE R, 2B 58
ST XARIRE ORI ZLIC O W T HEHEBEEEE L Z L T7 4 7 —0EEM
ZEMlT 5 Z LN TE D, &5, Two-time correlation DEFE Tl BIEF DO 7 4
T—OEEBIEHNEDO LD ITHERERL TWDLINEFMET 52 N TE 5,

Fx X XPCSEZHW, VU MREOHEIZL > THRY v —OBEEENE 72
HERFRIZT7 47—y MUY= QOEEMERA LT 52 E2HLNTL TE,
—F5. TLERTTOY I I OEFBHSEEICONWTIEIHRDICHS NI TE TV
VN, 2T, ABFZETIE. Two-time correlation Z3&E L, EHRETOIT LT DT ¢
T —DEE OB L EBORFHEICHOWVWTHRFZIT-o 7=,

2. EB

HEHI T LS E L TCAF LT H YT o7 L EASIR (SBR)., FREFH &
LTy U kit (VN3), 77U 7| (TESPD, bis(triethoxysilyl propyl)
disulfide) . i # . {2 # %] (DPG: 1,3-diphenylguanidine, TBBS: N-tert-Butyl-2-
benzothiazylsulfenamide) % A\ 7=,
FlALhlX Table 1 ([2/r L7188V T axa @*T"n PESRL VU] B &
B, NN Y D B XU — / n@% g
MARIZ TIRBE YD 24T, — M AL
L L7z A0 170°C 12 45 CThiki BABELBL

«BKGLAJLHMEW
L7,

Figure 1. Schematic view of experimental setup.
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XPCS #|7EIE. SPring-8 BLO3XU % 2 Ny FTiTo7z, EBEOEY N T v 7%
Figure 1 12" %, XM=k /L ¥ —(Z8keV & L7, abt—L v b XMEFEMKT S
s, ERICERH20ym O AR —L A v M EHRE L, REBHENCA S v
YA LVAZY y PaFBE L THFARILZRE Lz, ZRoe X #iEH&E I
SOPHIAS Z M iz, AUBHIBEIERTIC O 2 100 %272 5 L o IR & &, K&
30 éj\ﬁé b {EIJ ﬁ & Eﬁ Table 1. Composition of rubber samples. All numbers represent the weight ratio.

5 L7z, HCHHEIRIE TesPD, DPG and TBBS stand for bis(triethoxysilylpropyl)disulfide, 1,3-
B X O two-time diphenylguanidine and N-tert-Butyl-2-benzothiazylsulfenamide, respectively

correlation Z & 4 %

OIS, BEHZR L SBR VN3 TESPD Sulfur DPG TBBS
C 2RI T R 100 532 426 15 23 20

Gz HE LT,

3. BRLEE
WMEICELD 7 4 7 —EE3EOELZFR 5 7= O, two-time correlation &5 L
7. two-time correlation [T FOR()IC LV FHE L7,

<I(Q't1)I(Q't2))¢ (l)
I(Q.t1))p(1(Q,t2))¢

G(Q' tl! tZ) =

ZIZT. QUERELRZ v, gl
TLOEEFEICH L CTEEL ¢=
0 & L7FHA%ERT, Figure 2 12
U AELA T LD 100 % E T T
@ two-time correlation O35
B R3, Figure2 D EX & HXIZL,

TR Q= 0.08 TR F 2 TR e b o s
WXt U CEE FEIZ-15° < ¢ < 15° scales are left is from 0 s to 800 s and right is 800 s to 1600

s, respectively.

ML L7 G (Q, t1, )DFERT

oo, FRITMEND 30 7k & s & LT 800 Mk £ T, AKIZIL 800 ##%
151600 HEETHO G (Q t1, )2 "7, =t THDHFKED G DEITEL., &
o DENRKEL 2D ERNPORE~E GCOEN/NIL D, vk, KREZENK
ELRDICONTEBOHEBENNSILS RD I EEEKRT L, MEVHTIZ, HFo
FRIE 2SR & & BIZIED > T DT L &5 800 #75 1600 70 £ TT
(T, FRERGE L COMIBRANE ETHRENEMLL 2N LR D, T,
MRICL>TELLITLTOL Y WEENEM L, U OEBHMEE L TTER

— 4
800 1000 1200 1400 1600 L
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800 800

600 600

400 400

200 200

0 t 0 0 4L 0 t
0 200 400 600 800 ' 0 200 400 600 sootl 0 200 400 600 800 ' 0 200 400 600 800

Figure 3. The two-time correlation functions for silica filled rubber. (a) —15° < ¢ < 15°, (b) 15° < ¢ < 45°,
(c) 45° < ¢ < 75°and (d) 75° < ¢ < 105°, respectively. The corresponding time-scales are left is from 0 s to
800 s.

REEIC /2 o722 L & MET 5, Figure 3 IR KT 2 G (Q, t1, )D H I AEKLF
xR, jﬂiﬁc:ioTﬁ‘y'irhE@ﬂﬁft@H#F'H'Wkﬁ'r_i;ﬁi‘ﬂfocD —Hhf R T TIiX
U OEEBMEDOEALNH AR FENEZ O LN D, MERICHES ﬁﬁf%
% 75°< ¢ < 105° Tl HRHEASHE < | VUﬁwﬁﬁﬁW%%m—ﬁf HEICEES
M CTH D 15°< <150 [ IR TEATH M & g U CRIED KL BN E <
CUNOEBNDHSL D THDI ENSND, MEICKDISHEMBRE T, &
U~ —% %%é?ﬁfmff«\w%ﬁﬁaﬁuééléﬂf_ L, RLLTYDIHET
TROLBREREE~LEELTHEEZLND, —HHEETTOY Y I OEHED
24k % two-time correlation OFE ZE L CiHMlid 2 2 & T, BRI - TELE
ALHOIRTGORE =N ED X IIZENML TS NERALMNCT LI ENT
L EHFEND,

[5%E k]
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) MR, FEAYEE, BRI LA, 90, 190 (2017).

4) REJRAEHL, O, 30, 123 (2017).
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H T ABHETRIL 7 = ) — VB D SAXS < v ¥ J#ENT
FERX—27 54 F1-CROSS? FnpgE+t1. yikE="1. S LFiL?2

1. &S

7 x /) — VB A BE EOBEHSOEEH LR SICEAT 25E. BRE -
B & D MERERT 5D 7= O MR & T T AR L OB AL TS, H T AR
HESRAL I HE O WIS & O JERFERMEMT TR L LT X CT BNE T b b0y, ofEEE
DO TTH / BERITIIRETH O | BTN IR M AT~ 7 v R g 22
MmN 7 I E 5, A, BT AMERIL 7 =/ — VB O#HT LW EEME
& LT, SAXS Wiz F /& D ZEM A AT IC OV TRRET L 72,

2. E®

JIRT v 7R, VY — Ve, T T
A HRHME 2 E Ry & T D ROE MR &
175 C THEMME L7, RRETT
180 C OB 21T 5 Z & TH 7 Ak
i 7 =/ — VIR (b 2 15 7. 11k
WAEEZ 2 mm 0 L, WrEfE L
b OEFHMEFEEE Lz, BRIESFOH
7 AMkAES A =LA 50 wt% TH D |
Figure 1 {Z7”" 9 X # CT BIC L v kD
DB IOEANREILT 7 L LBt
o2 & %EEE‘}S‘ L/TCO Figure 1. X-ray CT image of a glass fiber-reinforced
SAXS | E IE SPring-8 BLO3XU E— £ phenolic resin.
T A U2 Ny FITC BB SRR B o
Bt 4.2 m C Pilatus 1M # Hi#s & FV T E
fEL7o, NS X#BOWEEIL0.1nm, 3kt
AL TOE— LY A X (FWHM) % £ ¢50
um & L7z, BErmo~ » B 7 HIE
1. E SRR 50 pm TITUV, 1 EIE S
M- OFBFFRIIL 2s & LT,

I(q) / a.u.

3. MRLEE
Figure 2 [Z{LENLE CHIE L7z SAXS .
T Ty A N ERT, q<0.7nm O q/nm

_ = _ Figure 2. SAXS profile of a glass fiber-reinforced
S - 3.7 — 1)+
T I(Q) q @%%E\U‘ q= 1.3 nm™ (T phenolic resin.
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fLe—7 NEEIN-, 22T, REH
T EIRVBIIE A D SAXS TlE, R
RRICTE R S vz +~8E nm 4 XD
T RA RIZHEET D I1(q) ~ g3 OERE
RINBEI N8 D, A EFEHE L 72306
Wi, BIlE—7 / ARA RNimE & e TiE
MIZZWBIE— T 7 AR mnagENs72
. Figure 2 OFEFRANILINE — 77 25 00 03 06 09 12
HEEICHRT OWELLE E R D D% «/ mm
Thbbd, Fl-. LAMROEEL E— 7 X8 Figure3 Transmittance map.
BFIE L TEHESNLTWAATT Y Vi
WOITZATZRRAMICHET 2O TH
%

Figure 312 X #iiZB MO~ v v 7
Rrerd, BEERSEICE O TEIBEE
DL Z 3077 ZRRICEET LK
BHEACMMETRIER LW o o~ 7 v et
BEIZEA LTI —RRETH D & At
%, Figure 4a {Z q=0.05nm™t ®» SAXS 5# 00 03 06 09 12
S5 &, SAXS BREIC IR K & & X/ mm
INTHI 45 b OENEE LT, sprE (0)15
IEEME STV D72, 3BT O 1.2
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1) A. lzumi, T. Nakao, H. Iwase, M. Shibayama, Soft Matter, 8, 8438—-8445 (2012).
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Quantification for the Mixing of Polymers on Microspheres in
Waterborne Latex Films
Univ. Tokyo,! Shinshu Univ.,? Tokyo Tech.,*> JST CREST*
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SPring-8 Al A% &% No.39954

2. Abstract

Although tremendous efforts have been devoted to the structural analysis and
understanding of the toughness of latex films, in which soft elastomer microspheres
are interpenetrated, a method to quantitatively analyze the mixing of polymer
chains at the microsphere surface, i.e., delocalization of hydrophilic charged group
on the polymer chains by aging, has not yet been established. In this study, small-
angle X-ray scattering was applied to characterize latex films by assuming a
pseudo-two-phase system, which consists of an average-electron density
microsphere core and a high-electron density interphase between the microsphere
interfaces due to localized charged groups. The thus obtained parameter, i.e., the
characteristic interfacial thickness (finter), quantitatively reflects the degree of
mixing of polymer chains on the microsphere surface. We found that finer 18
strongly correlated to the fracture energy of the latex films. The proposed analysis
method for the microscopic mixing of polymers on the microsphere surface in the
film can thus be expected to shed light on design guidelines for industrial latex

films and on the understanding of the mechanical properties of such films.
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Structural deformation of elastic polythiophene with disiloxane moieties
under stretching
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2. Abstract

For the development of wearable and stretchable devices, insights into the
mechanical properties and structural deformation of functional conjugated
polymers are required. In particular, polythiophene has received much attention as
a typical hole transfer material in electronic devices. However, the widely accepted
polythiophenes are brittle because of the rigid chemical structure of thiophene rings.
We have reported on the synthesis and flexible properties of polythiophene with
disiloxane groups in side chains, and it was revealed that the polythiophene
exhibited greater than 200% elongation at break at room temperature. In this study,
we investigated the deformation process of polythiophene through in situ
measurements under stretching using X-ray diffraction of synchrotron radiation and
polarized infrared spectroscopy. In the X-ray diffraction measurements, orientation
of the crystallites occurred after yielding, while the relative intensities of the
polarized infrared absorption bands gradually increased during stretching. As seen
from these results, during the initial deformation, the polythiophene chains in the
amorphous region were aligned, and then, the whole bulk of the polythiophene,
including crystallites and amorphous regions, were oriented after yielding. We

succeeded in tracing the structural deformation of polythiophene during stretching.
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HEITL TS EEX LN, Figurelg ® L 9 2@ BEEOR RN ETZ & T, o1
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Figure 2 a-e |2, 150 CH{LIBFE TEH LN MRENRCEZRT, ZORETIL,

f g h

Figure 1. Two-time correlation function ¢; at g = 0.0325 nm in the 100 °C curing process at t,,= 1448-
2048 s (a), 2136-2736 s (b), 2825-3425 s (c), 4895+-5495 s (d), and 7648-8248 s (e). The insets in a and
b show the magnified plot at the last 100 s. The schematic illustration of the structure of the epoxy resin in
regions (1), (I1), and (I11) is shown in f, g, and h, respectively. The rod part represents the main chains of
DGEBA, and the red triangle represents the unreacted end group. (Reprinted from T. Hoshino et al.: Sci.
Rep.11. 9767 (2021). Copyright © 2021, T. Hoshino, Y. Okamoto, A. Yamamoto, and H. Masunaga)
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Figure 2. Two-time correlation function C; at q = 0.0325 nm™ in the 150 °C curing process at t,,= 825-1425 s
(a), 1524-2124 s (b), 3620-4220 s (c), 5007-5607 s (d), and 7762-8362 s (e). The schematic illustration of the
structure of the epoxy resin in regions (A) and (B) is shown in f, and the illustration in region (C) is shown in g.
(Reprinted from T. Hoshino et al.: Sci. Rep.11. 9767 (2021). Copyright © 2021, T. Hoshino, Y. Okamoto, A.
Yamamoto, and H. Masunaga)

[2%E 3R]
1) T. Hoshino, Y. Okamoto, A. Yamamoto, and H. Masunaga, Sci. Rep. 11, 9767 (2021).

2) BE KRB AARE ILAKEBR REEE 70T 47 Y7 b~ —F¥EEAE
— LT A VEFEAR 20194 E R RS EE, 35(2020)
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Figure 1. WAXD and SAXS patterns of PP-A: cooling rate 50K sec.
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Figure 2. WAXD intensity profiles of isotactic-PP at different cooling rates: (a)PP-A and (b)PP-B.
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Figure 1. Decay curve of (200) diffraction of
cellulose crystal as a function of irradiation
curve.
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Figure 2. SAXS results of dry and wet ramie
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F=090C,130°C,3.7 fFCiEf LT, HEIT= 0.17. 160°CILHESE 13.9 %D AL fif
AREVERL U7, RS U 72 E MR 2. LINKAM #3800 BEMEE FIEfR 2 7 — 2 & v
CTHIHITTE 0.05 cN/dtex. & &I 40 ~ 200°C, FIE&HE 5C/min THIE L. FiEF
DFEMEZ KA LS K hEER SPring-8 O EEE X # (K& 0.1 nm) ZRHT5HZ &
T, FAIRIEEOBUEIL 71 & WAXS Z[FRFICHEIE Lz, Zodb. X BOBHEFITIE
SOPHIAS (1 A Z & 97 mm) Z M7=,

3. BRLEE

FAREFE OBUNHE IS S & WAXS O [RI R E & 4 Figure 1127~ 3, IUHEIS ) D
ZALIZIE U T, WAXS B OB E N LT 2 F BN B E S, BULHEERE
2B HBUNEIS T &AM S (RS fa i) O RIEF in-situ BIE IS LTz,

BRI ) & Ak S (5 ) OB OFEMARNT 2D 5~ < IUHEIR 7]
DEALNIE TH > 7280 ~ 180C O & FHIZTIH W T, WAXSEBDOIRE F R D7 v 7
7 A ND B RO TG E & (100)H O fEfa T A A2 7l L7, FEMRERE i
Z 4 Figure 2, 3 1277177,

@R (80~110°C) Tik, BUMEL D EIER CTH 5 —F T, fEd T A
REFERILEIZT—ETHY b MIETEIT LN b5, 2t PET
DHTAEBIBECTCHDL ISCULETHD Z EAEFE XD L. BLREEIZ L 2 UG
TEWEIS D NER LT EEZDND,

FHE AR (110~150C) 12725 & BUNHEIC 13 B — 7 IZEZET 2 DT E- T,
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fhgm VA XEFERILENSEMLTRBY | MERE & ERERDETL TV AHZ
FABEINT, ik, BRIEDETT2ICoN T, MRk b0 FHOME
MERE D | ELAFERENBD Lz Z & T, BUNHES 1 OBEM b6l Shiz &8 %
bivd,

HEAFRRE (150°CLLE) CIXBUNMEIS 3B 3 21260, fSda 1 X380
TH—F, fEERLEIIE L o TR, RmAERL Y bEMEEGRbIcX 55
FR R NMBAL & 72 D EENBE SN, T, BRAEICI Y o F#EomEN
FVBELOALLT, BIETCHTFHOEBMENEE L Z & THFHBEOKAE
WMEE S, IFERE OIS I NMRIE SIS K o2 2 & T BRI ) 3 8
LimEEZLND,

UEDORREIY ., Bk EICX 20 THOME & ILIC, BUGHEIS /788023 1]
ENDZENGND . BUHEIG DRI AERE & ERRE (TRt 2
BETDZLENRBENT, 5%IESAXS ICX DM mREESC T ~ U oIk
DABAEEL A ICOW T HRME L, L VMR A D= X AFAZED 5,

0.4

2
[

o
(]

e
-

Shrinkage stress (cN/dtex)

0 Il Il Il Il
40 80 120 160 200
Temperature (°C)

Figure 1. Shrinkage stress and WAXS images against temperature.
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Figure 2. Crystallite size of (100) plane Figure 3. Degree of crystallinity and
and shrinkage stress against temperature. shrinkage stress against temperature.
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FEEFERIHERICST 20 FRORE
L) - (B L ) =T s —2
GERBLA L AT - TEJIIEAT L - S5 2

1. S

KRR E % BB S 72K O BERE 23 AT RE 72 0 BRI X 2 /K ALER 28 % L
EV DI HICENT-E S FOBEREII—RICASFERA SN TWD, B5F48k
FROBEFIEO—>Th 2 IEEEFHEMESBE (NIPS) X, &1 & BRIEHENS 72
LY — IR E KT EOIEE BT S, BRIRE & IEAEE ORI CEE 2 5 4
NEEEFIRALIZH DO TH D, NIPSICHEIT 2@y FIATER - JEEEERKR, et
ZEMEDOENER T LB LN L 0MEEOEDRRIT., 2HRBREINATHD D,
LU, HOBEEE DN IEEERECHRE T 2720, £ OMESHEEEZ £ 0585
THZEIEFICHRETH D, AT CTIEE D 15 BEE O &S HI N 1w 725 A
BEOT-DIZ, NIPS B in-situ BIE % FUH Y6 X EBELRIEIC X Vet L., &
LRI E LR B 2D ENMOENTWDHRY v — D0 FENFESBEEREIC 5
2 HEBERHRT D,

2. EB®

X BRBELIC X 2 ISR M BE OB IR
WL, KEIEEEE L LTS E . EEER & OR
IXAFRNTZ D | BIER R Th D &m0 FOEELOZE
IbER-ZDZEDE LT, T2 T, BEEK
3 X B2 (SPring-8. BLO3XU., % 2 /v F) & i&H ¥ _
T 5 LRI, e EOIREE OB Z M~ Figure 1. Experimental set of in-srtu X-
VHRIEBERT O KIE F M OE A% 2mm |2 L7z in-  ray scattering.
situ JHIER & ERL L 7= (Figure 1), +~VU 7 vikE

=1V 7 (PVDF) iR (BEENMP) % Si v BICEBAT L CIRIEZ/ERLL . &
ORNERHNIZERE LT, WEIC X # 2 BE L7222 SRERNICIEEE OK) %
KL, FEEIEREAE D SAXS 7' 7 7 A VORREEZBIZE LT, H\/- PVDF
DyFEIL, £ 685, 605, 385 g/imol TH D,

3. BRLEZE

Figure2 I, 7y 38 5 ® PVDF IRIE DA BB R IZH 1T D SAXS D7 1 7 7
ANVEATH D, Fnm=2E+ nm OEE I3 INT 5 SAXS fEI Ti, MoBERTIC
B <72 0.3-0.7 nm T DY g L F — B — 7 RKEERRL 1T AN AR~ RRERRY
27 b LTz, ZOva X —vE—7 3 BERTICBT 250 TEREROFEL R
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L. SAXS 7'u 7 7 A )VOEALIZH 7 BEEE THEE T OEBEEAEDREIIHISE L T
W5 EBZ TS, FRBRFH Z L ICF DAL SAXS 71 7 7 A b BIEMEFAE (Ry)
AFM L, RBEEFICH LTI ry FLzE 2A 1 HREUNICEEEDO S
BEENEZD, ZORITEONREE CTHRET 5 2 L3R I 7z (Figure 3),
Z OBWIREAT, WIET D PVDF O3 BN KR EWVIE ERIBICR DTN
BRI, BRL0T8EBOPVDFEENOREER L ZA D TEDPKRE
VW PVDF IRIZ Y. ZOFRFEILRITNS L RHBRN/E LT (Figured), HF &
DO KIZE BV, BOFHOEAEWENEMNT 5=, #HiERERO PVDF
BHOBEBMENET L, LOMKERIH SN EEX D,

10t | 42
— Change with
o ‘7 Shift with 4.1 + water contact
s 10 water contact
@ oo 4.0
> 102 pa E *
@ 300 Elapsed s 39 Mw
g i 200 time/ sec x 3. 680k
i 100
600k
o0 o 3.8 380k
8 2 4 6 8 2 L 1 1 1 1 1 1
0.1 1 3.7 =050 100 150 200 250 300

e
g/nm Elapsed time / sec

Figure 2. Variations of SAXS profiles
after water contact.

Elapsed time of 0 sec represents the
time of contact with water.

Figure 3. Molecular weight dependence of radius of
gyration change estimated from SAXS profiles.

(b)

Figure 4. SEM images of membrane surfaces prepared from PVDF with different
molecular weight of 680k (a), 600k (b), and 380k (c), respectively.

[2%53CHK]

1) E. M. V. Hoeketal., Ind. Eng. Chem. Res., 50, 3798 (2011).
2) M. Hanakawa et al., (2020, December). Super water permeable PVDF UF membrane for fine

separation, International Congress on Membranes & Membrane Processes.
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IRFBBHEICRBIT DREHETFOEMMAIC X D EHIRE DN
B - ()L Y F—F ko & —
HGINEL - BEGE - AP i@ 2 - fWE—%E2

Il

1. W8
R FAAE VIR EE - LM RICEN D Z D, MZEFEHAEZZIILH L Lz
x2S SN TS, REWMIIEREORLRL 7T 774 Minb7e D
BHELRNTBELZ DL INTEBY . ZONEHEEDREILS N FRED X5
LM FICEHETH D, IREBHEONTEEIIE S NOEET MERRFT SN TEBY
FRIZREREDOE WS 7 774 NI THLERTOREMOEENERINTEL
bOD, FEfaF OB & EA SITREBORBAMRITEMBF I N TV Ao T, £ I T,
K*ﬁ?ﬁ’(“ IINEREE 2 AL L. M om iR 5720 R T+ oRdm &
I TVREEDOBRBRIZOWVWTEE LT,

2. EBR

HIE L BLO3XU O 2 Ny FTHEME L=, ke LT, B L (BR)BLR FHhHE b
L 7 ®T800G IZFEAI & L Thrrxi4 4 K2021P ((BR)¥ 1 &) % 100 EEHS, iF
WL LTCET bR B F L —F K (BATF57I77) # 3 &
EMEA LR X UBIEHEEY 2 512 L, 125°C TRk L TERL L 7B i 212 A
N7 REHAWE, BIEERANT Y FEBIEOSIERBREZ AW T 3.0 GPa %
721X 6.0GPa OIS ZFEI L, X #R¥EE &K 0.08 nm TO A X #REIHT(WAXD) % Hl &
Lz, B ARZ —AZB T D FFB RN OaEL A EERL, FMNAD
EDEIFT/RE — 2 DIENTIZOWT, 2V ONEST) 6 ZRHIMLTZRED 75 7 7
A4~ ¢l (FERgJ71m) DFEHIX(002)H D 7E H g2y & L TG dozy D & 1K AT
M BEE LU, mERIE Bragg DX OHE M L, IRATFO i IXENZ LT
FIANt 3 X OEIINRT O MR EE & /R,

do2),r — d002),i - d100),f — d100),i

(1)

€(002) =
(002) d(100),i

E 7o BRI A 1 FEZE RN B\ CHHER 814 & i 5 - 00 [002] & 7212 [100] 23 72 3
LLCEHT S, £[002]ic >0 T, [002]48 basal plane PFICTEIE L7202 & &
S 44 7 7 1601 VA T ORI A 172 < B H Tl B L BEZ DR T LMD,
R OBARMBEL Y SLD,

d(002),i
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Q(002) = P(002) (2)
o IZEEMA, o IXHMATHY , ISAFIXmAFm%E 7, —7F. [100]i% basal plane
WIZTFIET 5 Z &6, Bragg DI TIRIE S D EIHTH Qoo & B, HALAIZ
DWW, X B E D D IZ OuooyalEE T 2 [BIHEETT ] Rx(Oo0)), Y B E 0 D 12 paogElEE T 5
[E#:1T 51 Ry(paoo) & HWAVIEIR D BRI ALY SL>, 2 2T, RZEMOEERITA
SX B Ay, e G m (B2 — OFFHAFM) Zziie L, £
OOERHMZ x d#hE L7z, raoylx[100]. rz iZAHESER 5 @2kt 2 BALAR 7 K
NTH D,

T(100) = Ry(‘P(100))Rx(9(100))1'z 3)
A(100) = cos'l(cos 8 100) €COS <P(1oo)) (4)
=72 L.
y)
9(100) = Sin_lﬁ (5)
1 0 0

Rx(9(1oo)) =0 cosBugpy —sinbo) (6)

0 Sin 9(100) COoS 6(100)

CoS P(100) O Sin(ﬂ(mo))
(7)

Ry (‘P(100)) = < 0 1 0

—sin@0) 0 €OSP(100)

AT X BEE. d IS 2EBBETH Y. (100)[EIFTFIZ OV TARER R T
0100)=10.9° L 72 5 7=, FEWR T DS HOWT, R T OIS T v Vv E 6, LR
BT NE E, BHT VY NVE e &3 DL, #A L T OITFIRRITROED
Thb, ok, ARETITEREICE /M T OMEFRE~OEBIIZELT .
BEMELREIC DWW TIE Table LIC/R LTEBER D 7 7 7 7 A4 P OMEEZRE L D, HBIZER
I Figure1 ® X 9 IR E L 7=,

o = Ee (8)

011 €11¢12 0 0 0 O €11

022 12110 0 0 O £22
0-33 — 00 C33 00 0 833 (9)

Taq 0 0 0cgy 00 Yaa

Tss 0 0 0 0cys O Vss

Te6 0 00 0 0ces/ Voo

I T, KBRFTHIT AR E T D )& ey TR DR 2727,

€33 = £002) €11 = €(100) (10)
011 = C11€11 T C12822 (11)
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022 = C12811 T C11€22 (12)
033 = C33€33 (13)
J 725 basal plane @ FEE 5 MOV T gy HIG ) o33 Z HHHFIRETH U |
B LIS OWTU T L, [100]D)8 7T 11 13E OHEINHEEE 7 A D TE 7> 622
LEBICHMETHDLHZ b, RERERNLOREBIIRETH D | [100[I2DW
BRI DM L TAT o7,
1

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 E of graphite?

C11 C12 C13 C33 Cas Ce6 Es3 E1r

GPa 1109 139 0 387 5.0 485 38.7 1092

3. BRLELZ

Figure 2 |Z T800G [k FifhiE > X MREIHT/ %2 — 2 &R, ki DFREF mIZIL”
7 7 7 A b O(002)M kgD BT AABLEE S v, MR A 1213 (100) M s 3
LEABE SN, (002FED Y 7 FIVIFHRE ST AICORBEISNTEY, —i%
B 72 PAN % (R Bk HE & [FI4%. T800G NEND 7T 7 7 A b i dh+ 1% basal plane 23k
MERE S A2 PATICEE M L CWD 2 L 2R LTz,

(a) (b)
X7 equatorial
(002)
equatorial N
meridional
(100)
meridional meridional
(fibre axis) ‘

Figure 2. (a) Schematic illustration of the meridional direction and equatorial direction of a T800G carbon fiber in

real space. (b) Graphite (002) and (c) (100) X-ray diffraction pattern of a T800G carbon fiber resin impregnated strand.
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BT, fEeRFORMA EEAHOBRENT LTz, BEMA o 23T 58EMm T 0
E A% Figure 3 1R T, ARE TIX, REBHEONTEE IZOWT, EMERHE
D LX) RfERFLUSNDOEEDEEIIBEE T, IHIZT 77 74 ~OHMERE)
CEEINAENAGBERESFEBORT Y N 0 THHZ LD, [002]&
[L100]H DO EAEHITEHE TE 2 & L, FHiF MOV TSI 21T > 72, B2
B/ agor DEAFMEIZ ST, [002](Figure 3(a)) & [100](Figure 3(b)) D/ 5 & &, f&
ERE OFLF AN NS R DIFEEANPRKEL RDERNE LN, [002]DIE7] &
Bola £ OBIRIC SV Tk, 90°/ 5 60°F CEIMIAN/ NS 2 b LIh1AH itﬂébn
T O T, 30°DEMEN TR A/FREL 2D 2 & &R L 7= (Figure 4),
(wmﬁ®éﬁmﬁ—&—_owf\a@%ﬁbtmlfw%ﬁﬁﬁ®méw
0100=10.9° ($100=0°) DI E . FLERIL 77 6.0 GPa |2k L T[100]D E #~1% 0.013 & 72 >
Too MWEANGEIZOWTIE, 18ie 28 5mMBORT YV UHENFETHZ L L
A — OB A ORE e I2B 1T H[100]D M & DEENARHTHH Z L b, [002]iC
FERTISFTIRBEBITEHE L & 2 B D, [100]D - A L B o BRI >V T, 30°
25 10.9°F THEUAMA N/ S 705 & BEANEMT 2@ MR 540, [100]D )& 71
BEPEIML TWD ZEDNTRBRIN D, FSAENS T D[100]~D 2 TIN5 & H#E
MENDZ &b, 2HLLRYRBEMEEZ HND,

(@) 03GPa O6GPa (b) 03GPa D6GPa

__0.025 lg _ 0014 ¢

Bo020 1 g ;0.012 E T

= o f g ooto f ataiaats

g o015 ) o™ o £ 0008 [ oo

z q oo

£0010 [°% o o oo o0 | mocmooooo o

o 0 0% o__ o™ mg_ ™ oo J0.004 F 07000

20005 f O 000" 0O, og D':'og - 2 00xP0c°

= 0000~ ~,00" O g o002

é 0.000 " s ¥ S 0.000 L . L L ;

© 60 65 70 75 80 85 90 0 5 10 15 20 25 30
[002] orientation angle (degrees) [100] orientation angle (degrees)

Figure 3. Relationship between strain on the (a) c-axis and (b) a-axis of crystallites and their orientation angles.

O3GPa O6GPa

INHORERNG, BHEAICIE LT £.:% o
S = oo
T OERIEILRS D = L SR EI L
z o o
. - .- 5 =
o, IWTNIREEG R D 2 L RIS Z04f% o o oo g
. o g © 970 9%00°  “oo_og oo 8"
iz, Filt, i de+ OBCE &S S IRRE il %0000 0 400° 02
= . . : Q Q
. - g0
IZ2U T, Mori-Tanaka O 2358 56 Z 60 6 70 75 8 8 90
O

[002] orientation angle (degrees)

NR— R L U= X 58RI 7T 7' r
— F T D R FEAE D N IR S O FRAR N
WAL TETRBY 2, AE0ERKER

Figure 4. Relationship between estimated stress on the
c- axis of crystallites and their orientation angles.
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EDBEMATER L RN ONEEEE T VOBRIELZED T,

[ CHR]

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

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

3) M. Tane, H. Okuda, and F. Tanaka, Acta Materialia, 166, 75 (2019).
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&> F & Poly(ethylene terephthalate) ® &S & T Ak
BEMKRFEL- WLV —F X —2- FWL 3. HKF* - JASRI
K&t B!l KEHE!. FEEHC! -
) FH—32 2 - iz ® - BBE K3 - &8FNE 4 - MER=°

1. S

RY=F L7 L7 % L — | (Poly(ethylene terephthalate) L T PET)#kE 14k <
eRETELN DI CTh 5, Fx ITEFIEHIEREIZI T 5 PET O IER K
2O OFRHER I RELZ B L T V) AR CTIEHEFEOERRTELRD LN
T TFEONREELRIET D72, K FED PETIZOWTEREZITo, BHi
72 WAXD/SAXS 75 7 4 7 U VIR [E AH (smectic #H) B L NS O BB L TP IR
DEACZFEM L. #tE & OIS 2~ 7,

2. EB

B AR E (LU, V) IV=0.56 dl/g @ PET % %R E 300 m/min T& X B> (5
BT as-spun fikMEZ | EREE T A L —F — ORI X - THE L | #FEAIZHE L
7o MEARSe{ % Table 1 (2779, FEfH HR ORHMEIC RS iR SPring-8 o = i
X # (FFE 0.1mm, B— A4 X 40x40 pm(VerticalxHorizontal)) % FREF L. & A
75 93 mm OLEIZ FPD., 4 A 7 & 448 mm DO{LE|Z SOPHIAS # & &E L T, X
v B DA B FFEIIZ I 1T 5 WAXD 18 & SAXD @2 FRIFICHIE L7, 5§56
M7= 5EfH % & as-spun fEHEIZ DWW T BIERBR 21T - 7=,

Table 1. Drawing conditions

Draw Drawing Laser Time Take-up

As-spun . .
Sample fiber ratio stress power  resolution  speed

(DR) [ MPa I W / ms / m/min
300-5.0 5.0 66 18.4 0.11
300-5.2 5.2 81 18.9 0.09
300-5.3 300 5.3 88 18.5 0.09

300-5.5 5.5 101 19.5 0.09 110
300-5.8 5.8 127 19.2 0.09
300-6.0 6.0 148 18.8 0.09
1500-3.5 3.5 87 17.6 0.14
—— 1500

1500-3.7 3.7 119 18.5 0.14
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3. BRLEL

Figure 1 {245 B 300 m/min THEHY | &fF2 TR L 72D WAXD & &
SAXS B & Rd, morF 8 PET & HEd % & smectic F/1Z FA 3k 0> (001" ) [=] 4 58 £
ﬁl'aﬂﬁ? WZ59< . @ T EPET CZOEFrOEREWAT L CHALMESEBEIPTA, AT
HERICEILT, moTF&EPET XV bR $<fﬁﬂ7io ZOEWI, 0%

Tl smectic M2 TR S L5 fibril fEER 32V DIz VIERGTFETIIEDE
fE=RTH smectic FHZ RV THEA I LD lamellae n‘%aaﬁ)%’?b\: L aERE LT
B, AETEIOFEERRE RN XV IRVIERER - IER S A& THRILT 2 2 & DN
WHhTo, 72, smectic HOFRE S, ®muy & PET L0 bEWERZR LN
7o — T, BIEIOEBRTEZDO R ONT-EHBREICE L TiX, HELRENRIETE
ol

Figure 1. WAXD/SAXS images of PET fibers at corresponding elapsed times after necking. The take-up speed,

draw ratio, and elapsed times after necking are noted in the figure.

[FEE] Zorzeid. B &4 JP19K05597 OBl 25 1F . £ < o4&
n%%‘@ﬁ%jj@ia @ Téhf;o

[2% 30k ]

1)R. Tomisawa, S. Oneda, T. Ikaga, K. Kim, Y. Ohkoshi, K. Okada, H. Masunaga, T. Kanaya, H.
Katsuta, and Y. Funatsu, Polymer, 164, 163 (2019).
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ERE I LD XPCS ZHWEF AT I 7 RN
BREHE TV F R b BYLERIZERT 2 LAt - BB RH 2

1. #=

JK#s NBR (HNBR) % 2 % 7 U VEE#ish (ZDMA) &/8—A4F 1 FTHREL
7T AREHEL, REF L (NR) RAF LT X2 A (SBR) ICH—RV T
Ty ERELTHETEBLIETLME (XA VIR HWDHE) 12T
ERETHDLZ ENALENTWS Y, Z® HNBR/ZDMA % = AD3RE L, ZDMA
DR FICES L CTAERT ML FICL 2lRIELEEZONLTWVWDS, ZNET
IZENT Fu P DE L IRL ZDMA OEA KIS ICET 20158 M3k £ < 1Thbn T
T, AT I AW, R X #ROEFHEBIS ETE (X-ray Photon Correlation
Spectroscopy; XPCS) M5 & § H KM O R WESIZITFE EREFN RV, 4
Bl DO FFET TIL HNBR/ZDMA 5% 2 LA DR B2 2 IR T D72 XA F I 7 A
EOXORFEEN BT L2 BIEE L,

2. EB

ML HNBR | ZDMA (#EF AL LT U WK+ 30 EEWEZ &) £V 7 2
NN—F %% A4 R (DCP) % Tablel ® X 9 IZhLA L. 160°C T 20min 2871 2 L
T2mmEDY— MRV 7V %57, 10 mmX25 mm f2E SRRz H L
7o 3B 12T XPCS JIE #4T - 7=,

XPCS |7 1L SPring-8, BLO3XU, % 2 /v FIZCTEE L=, H A7 HEEITH 8
m, X#OBEEIZ01im & Lz, EE20um OV AR— L E2FATH I EITLY
mab—Ly e X#ERYH LA, ZRTHRHZRIE EIGER 1M (DECTRIS )
Rz, 0.1secx500 7 L' — A TCTHEMG A TG L., BHREZHRT 5720, F—
B CHRNMELZE R RN 3 SRBEORIEZ Ef Lz, BXOBRRAT—
ZEV, FIE (830C), 60°C, 90°CIZ THIEEIT- 7=, BLELIEE(q,t) (q: B AL
7 bV KRR 26, R B CAEB B g, (g, t) =< 1(q, t)I(q, t" +t) >/< (g, t) >
ZHE L., ZDMA OFREERCIREN YA I 7 A5 258 EEEFE R LT,

ZDMAS ZDMAZ20 ZDMA35

HNBR 100 100 100
ZDMA 5 20 35
DCP 1 1 1

Table 1. Formulation of samples. The amount is described in parts per hundred rubber.
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3. BMRLEBL
BN A TR, "R 7 0 v T 4 v Ik VR LT,
92(q,t) = Pexp[-2(T't)*] +1 (1)

BB, T, alk, TNENANy 7 var M7 AN, EREE, ERORIRIC
BRI 28 TH 5,

Figure L ICFIRE SIS T D REFIEE (T) OBELNY v (q) KGFEHEEZ ST, [
— TN EROVELBIELLEBEONNTOEXNRKRENWILEEET L L,
ZDMAS5 & ZDMA20 (34 EIREFT U 72 R E# P T MmEEic RE 2 kR0 d
DEEZBND, —F ZDMA3S [THITEIRE O _EF IR OFEFrE E 23 5 2
KT L7z, 2O Z &b, ZDMA OEEE (77205 ZDMA DEEIZ XLV AL
LR D &) NEL 2ot GBI b OREEZLNE T, BEEOEE
KEENEDLSTbOEWETE H, —RKICFEKDFRO T L TIL, ZDMA OEE
E3 50phr B2 £ £ CTlX ZDMA £12/6 U CEmENT 5, 4R8I E I L7 ZDMA &
IZ X DBEMEEH OB, BRENMOEL 2@ OO\ ERRE KB L -85
DAFEMENDH D, SHRITFRELOEL R HBEICOVWTERELED DD, #
ETTCOXAFTI 7 AN EEERT 2B TH D,

0.02 0.02 0.02
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Figure 1. Scattering vector (q) dependence of relaxation rate of ZDMAs at 30, 60 and 90°C. The
relaxation rate of ZDMAS35 decreased with increasing of temperature.
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MIZR OGNS 3 DODAR Yy NROEIFTHIIZENZENBELNY ML g 25 10.1 nm-L,
12.0 nm13 XN 13.2 nmIDOLEIC R S, aft @ (110), (040)F5 L TN(130)H IZ
R L7zEr e — 7 CIRB Uiz, (hkO)mIZE K F 5 Bl B — 27 DR F 5 M
SLUTCERZRLEZABICHIRT S Z & XV iPP O4F sl iR F 7 micsm < i
MLTWDLZ EDRTDd,

43



FSBLOSKU

Figure 2@) CEET D FNM A3 LT q =10.1 nm1 IZF ) 5 B E %
Figure2(b)iIc 7 m v F L7z, ¢=90°Fm & & HIZ¢=170°FMIZ b/ 72— 7 »

Rohiz, iPPIXET7 A7 ? ac @
(2B W T80°40 VN /= 5T a Hih
EETDLFTATNRTET XUy
NMNRE L7 a2y FHEEEF
A2 eENmbnTnsd b, Lz
NoTg=170°FMICH B D E—
JIWEF 7 A7 OAL0)EIZER L=
mre—27 Th s, Figure 2(c)ic
PP fik#E o i fh G O &R
T, M HE R T 05 RS Sy - SH i S B )
LICB T AT L TBLEZER
L7EFRWCF T AT BHEEL T
H, ZZTHIATBIORF T AT
D (110)E 2> & O EIHTRE & Z i Z
AWIn Is & LT, +7 A7 OREELL

ra (L) TERT D,
=T (1)

iPP A, B ZNENIZDOWT rg 13X
0.009+0.002, 0.102+0.010 & sk
SN ra DIENRRKEWVIZE T T A
TNREZENZLEEEHRLTED . iPP
BDIZH N PPifEICEZENDF T
ATDEIENREN ENGNo
oo BH%FART D PP OREESCE
RS IC L 2 fE fn & O E W 2 7F
i L. Rt o@it & OfHE %2 A
LTI TETH D,

HUE R ST T &

[2%E 30k ]

o
IS
I

— iPPA
— iPPB A

© |

= -

e
=)
T
|

$ 10 12 q(,l,fi{') 16 18 20
Figure 1. WAXD patterns of the iPP fibers
manufactured via (a) iPP A and (b) iPPB. The
white arrows indicate the longitudinal
direction of fiber. (c) WAXD profiles along the

meridian.
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Figure 2. (a) Schematic image for defining azimuthal
angle ¢. (b) Azimuthal plots of diffraction intensity
at g =10.1 nm. (c) Schematic illustration of the

crystalline structure of PP fiber.
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Effect of Submicron Structures on the Mechanical Behavior of
Polyethylene

Institute of Chemical Research, Kyoto University,’Mitsui Chemicals, Inc.,
Mizuki Kishimoto,'? Kazuki Mita,> Hiroki Ogawa,' Mikihito Takenaka

1. @XOFHR
foiliiE4 @ Macromolecules & 53 JEATH 2020 H 9097-9107
DOI : 10.1021/acs.macromol.0c00896
URL : https://pubs.acs.org/doi/10.1021/acs.macromol.0c00896
SPring-8 i B Fk No.41175

2. Abstract

We investigated changes in the hierarchical
structures of polyethylene (PE) during tensile
testing by means of time-resolved ultrasmall-
angle scattering (USAXS), small-angle

scattering, and wide-angle X-ray scattering.

We discovered the enhancement of density

fluctuation on the submicron scale by USAXS, which led to the generation of voids and
necking. The spatial inhomogeneity of the stress fields associated with density or
crystallinity fluctuation on the submicron scale induced the inhomogeneous flow during
stretching. In other words, the change in the higher order structure than in the lamellar
structure dominated the mechanical properties of PE. The enhancement of the fluctuation
in linear low-density PE (LLDPE) was smaller than that in high-density PE (HDPE).
Mechanical melting in the LLDPE suppressed the inhomogeneous flow and delayed the
generation of voids and necking. As a result, the LLDPE exhibited two yield points on a
S—S curve, while the HDPE exhibited one yield point.

Reprinted from Macromolecules 53, 9097-9107, Kishimoto, M., Mita, K., Ogawa, H.,
Takenaka, M. Effect of Submicron Structures on the Mechanical Behavior of Polyethylene,

Copyright (2020), with permission from American Chemical Society.
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Effects of mixing process on spatial distribution and coexistence of
sulfur and zinc in vulcanized EPDM rubber

Mitsui Chemicals, Inc.',

Institute of Chemical Research, Kyoto University?

Yohei Nakanishi,! Kazuki Mita,! Kentaro Yamamoto,' Kotaro Ichino,!
Mikihito Takenaka?

1. XOER
PGS

Polymer & 218 JEAT4E 2020 H 123486
DOI : 10.1016/j.polymer.2021.123486

URL : https://doi.org/10.1016/j.polymer.2021.123486
SPring-8 Al L8k No. 41356

2. Abstract
Vulcanization of
rubber is performed
through mechanical
mixing of rubber, sulfur,
and zinc oxide (ZnO).
Sulfur
rubber by reacting with
the double bonds in the

rubber, and ZnO is an

cross-links the
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activator that efficiently accelerates the vulcanization of rubber with sulfur. The extent of

coexistence of sulfur and ZnO is an important factor for ensuring effective cross-linking

and sufficient dispersion. In this study, we successfully observed the spatial distributions

of sulfur and zinc as well as their spatial correlation in vulcanized ethylene—propylene—

diene copolymer (EPDM) rubber using microscopic X-ray fluorescence mapping with

synchrotron radiation. We found that the mixing processes substantially affects the extent

of coexistence of sulfur and ZnO, as well as the spatial distribution of each component.

The improved spatial cross-correlation and homogeneity of sulfur and zinc enhances the

performance of EPDM rubber.

Reprinted from Polymer 218, 123486, Nakanishi, Y., Mita, K., Yamamoto, K., Ichino, K.,

Takanaka, M. , Copyright (2020), with permission from Elsevier.
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DT, 100(F X)x10(H8)x4(E &) mmd ORER 7 % & H I ;OTWQLRO
SR R R 5 MD-ND E A T Lo iz 32 & ¢, argm Y
L FEIFREIC Edge-View HIEA EfE L=, 7-7-L. HHEREAF OO H LR B
DIE A (TD JFH) 1% 300um Th 5, X fRE— 201 X% 30x30um? &£ 0 . ND
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K|ETIE, BRBRAOEALRTRENSOHMA 2z L, ZWA2EARD TEH L Z
&, R A FERE 2/(D/2) =0, F i (MD-TD ) % FEHE z/(D/2) =1 L RHT 5,

3. MRLEZE
Figure 1 (21X, MD-ND 1D 7 11 A = =1 )L 54 F T sample 1 35 K O sample 2 @
RAtEEEGEZ L TCWDH, =— F PP THD sample 1 D FITiE, iz

MNEFHEMLOREMBAH Y . T LD NENTRE T TIERERICR 2 50 B &
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BREENFZINDLIDOICH L, X7 & DEBM TH D sample 2 Tix, FRAHT
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‘_“‘ 3 _ i (b)
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Figure 1. Polarized optical microscope images for MD-ND cross section under crossed Nicols condition for (a)
sample 1 and (b) sample 2. Arrow in the picture represents flow direction. P and A represents polarizer and
analyzer, respectively.

@ Ao o

Figure 2. 2D-WAXS images for sample 1 at (a) z/(D/2)=0, (b) 0.5 and (c) 0.9. Vertical and horizontal direction
corresponds to MD and ND, respectively.

| (a) " A ®) | © |

e —

Figure 3. 2D-WAXS images for sample 2 at (a) z/(D/2)=0, (b) 0.5 and (c) 0.9. Vertical and horizontal direction
corresponds to MD and ND, respectively. Arrows denote the diffractions caused by talc.

Figure 2 & 31Xz sample 1 & 2 ORITENE z/(D/2)=0 (GRBERF &), 0.5

(HBAPREEREOFRMAAE). 0.9 (720 BEISITWLE) O WAXS Kt
A A= Toh D, Figure 2 TIiE, TR TITIFIFTEE A O PPa BTN R 2 TWND
DR, RENTIEDIT24, ERAENBRS 720 Rl < TIEFRV ¢ #iEdm Th
HZENNRE = ERTCHITE 5D,

—JFC, Figure 3 ZR.%5 &, QORBRFHRLTITIZEFEFNRAFZ—ThbH
DIZxt L, (b)D z/(DI2)=0.5 DALE TH 720 # L7 ORI A58 < 720 | [[FRFIZ(040)
m D ND FRA~DOEHFNENLD X IR o TN D,
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Figure 4. Intensity ratio of (040) to (110) for the sector averaged profiles for sample 1 and 2.
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FEREL WD Enn, BEmEERIT c B mEI AWz m < —#Ed Az d O
EHEESND, —FH, ZNVTDA>TWHY T Tlik, ARV I RV E
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% OT a7 7 A WAZIXEEZ=DOFE 2 T #8EL DS Figure 2b K EHIfTUT (2 A 72
Nie, TOEEZOBERYEZ AEL D L0 45nm ThoTlz, Z OEEEITLNE
BEORY—EICERT 2 b0 LB 2 b, EEETO SAXS JIlE TIE+oI1c# 2
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50



Eﬁ“é & ﬁfﬂaﬁﬁﬁ@j’lﬂ 7 7 AV (Figure 2a) \ZIZMoH 7l ThH 7
ICBELDERE S 4L, 2 OBGELIIEEBER b B L 2o 7o, BUELO IR IT g
L@of%ﬁ%# KOS 2 &9 5D RV E U ERE SAXS )
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L ED X 51T GAN OFELIIZITLREE B O AR — M OFETEN R S 4L, I
I SAXS IEDERIE AR T H LN TE -, BIEME T HESCEREEYE
DRI DT ARX VB EZRFHIIN A TERBBIEDO R — 2 EMICfiT 5 & &
HIZ, ML OBEBREIRET LS TETH S,

DGEBA DGEBF
CH3 ) o
o= CH—CHp— 0 CH 0 — CHp—CH—CH
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CHZ—CH CH— O O —@o CHp— CH— CHy 2 2 2 2 2

GAN 4,4’-DDS

CHp — CH—CHCHp — N — CHCH—CH — CHy
N 7 N 7/
Figure 1. Chemical structures of epoxy resins and curing agents.

Table.1 Property of epoxy resin
Epoxy equivalent

Epoxy resin g-eq-t Increase rate of thickness
DGEBA 190 0.20
DGEBF 170 0.24
GAN 125 0.69
a) Before swelling b) After swelling
108 106
105 105 |
100 | 10t
~  10® & = 107 DGEBA
=) ~
- 102 - DGEBA - 102 |
DGEBF
. 101 .
o DGEBF A GAN
(. 100 (.
1o GAN ‘
101 \ I 101 :
0.01 0.10 1.00 0.01 0.10 1.00

q/nm ! q/nm

Figure 2. SAXS profiles before and after swelling. The red line is DGEBA, the blue line is DGEBF, and the black

line is GAN.
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HrofER, ZnO BEERE D 1 H>OEERTHY, ZnONAT TV VR LK
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AL ESNTWD YV 20X 5 ITFEOBBIIMIER EO 7= DIZRAI X T
%, I LAOMERIBRRIZI T D Zn0 OELIT DTk, X BRI %Al A% & (XANES)
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ML, MFRBEICBWT Zn0 1T AT 7 U U ERH SN (ZnSt) 72 £ D MK %2 £ T ZnS
ZEELTWDZ ERGno TS, ZhidFx o/ A X R EELHE
(ASAXS)IZB W T H AR DY > 7 /LT ZnS X° ZnSt DEELNER I ND Z & &
RHELTWD, &2 TR CITEB/NM X BEGEL(USAXS) & SAXS % F v Tt
WRRICEBWTERSILD ZnS X° ZnSt B LU Zn0 72 ED Zn {L &Y O E D EAL
EOEINVN A —)L CELIE L, HGBE TORISIERE & Z™OMHICONTOMmR %
B2 ExBERE LT,

2. EB

BTV T Table 1 1IZR$, o T NEAR Y A4 Y7L (IR), ZnO, AT T
U B, B, IERIEERZ 282 — /L TIRE LT 0.5mm [ED > 7L & {ERL
L 7=, HIE X SPring-8, BLO3XU, %~/ v F TIT - 72, USAXS, SAXS OH|ES
HixENZEI, BATENT78m, 1.0m, AH X#EE % 0.2nm, 0.1 nm |2 E
LTiToTle, WO VRIREY ¥ o TEEZHWT, 25CH56 160C~Y ¥ 7
SHTEREITo T,

Table 1 Characterization of Sample used in this experiment

IR Zn0O Sulfur Accelerator Stearic acid
Sample 1 100 3 2 15 1.5
Sample 2 100 3 2 15
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Figure 1. Scattering profile of (a) Sample 1 and (b) Sample 2 in Vulcanization process.
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Figure 2. Time changes in Vulcanization process on Scattering Intensity and Torque of (a) Sample 1 and (b)

Sample 2

[5% 3Ci#k]
1) Ikeda, Y. et al. Macromolecules 2009, 42, 2741-2748.
2) Kishimoto, H., et al. SPring-8/SACLA F] F #ff 7% % S 4& vol.9-1, 2021, 68-71
3) Shirode, K., et al. Status Report of Hyogo-Beamlines with Research Results \Vol. 4,
2015, 21-23
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SHEHT., BEO~1 W% Z AL X LT LT E R (GA) KIEEE ¥ 7 F Il
L CEEBRICSE, MR LD ZEafELL EoKEILIZ 3 mm BOT Z
Ax ¥y T Y —ICFEL, #HAE L=, SAXS HIEIEL, BLO3XU OF 2 Ny FIZE
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ATRF43mE L, BEOE—LAX A=V ERET 5720, Aul0 um OJEGEEKR
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3. MR- ER — poa odues
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ﬁ:ig}i‘ﬁﬁ LTCWAhE %}L ) ﬂf:o e Figure 1. SAXS profiles of gelatin hydrogels
= /f/l/@ﬁﬁﬁlﬁgik %%#%_}fﬂ/ L with various concentrations of glutaraldehyde

. N (a)0 wt.%, (b)0.05 wt.%, (c)0.1 wt.%, (d)0.3 wt.%,
T, UTFoXEZ#H LD, (€)1.0 wt.%.
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BEEL NN —HDOT IR — N7 A VA~OHIR - BTN A0, FFEITE
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BEEEMENRD BN TS, 29 LEKEIINED ORGFHEOE#SbR EIcX S
7— R ZHRE Wo ot R R SR ORISR N D LRSI N TWD
Do &<z, VRV RARy =D IfEbN DB A ITITIBEERE COMMEN LI &
INTEBY, BAIRET CTO 7 4 )V L5 OEFEE & L2 BH S 0 _ﬁ‘ék

CIHEBRBROEERED 1 SO THD I, HrHBELBEAERET CORE~
BIINyr—VHGBE L TRLERARRERTH S, KR TIE. ?‘Z—Fﬁﬁ
EEAELEDNDARY L Xy (PU) IZEB L, TR Y 4 —LD5y
FHEIED PU #EIEOREE K CNEEIRE T2 2 RIBFFEICRITTREICONT
MEtd o2 2B E LT,

2. EB

R Y A— & LT, Poly(1,4-butylene glycol adipate) (14BG/AA). Poly(diethylene
glycol adipate) (DEG/AA). Polycaprolactone diol (PCL) & T* Poly(tetramethylene ether)
glycol (PTMG)D 4 fZ HW\ 7z (WP 4L dh My~2000), ZNZEHNDORY F—L b A
YT = FREEALA] L A FER T T VISR S L 60°CT 10 RS ST L
FOG¥ & 457=, BIL PU EIX. VRIS Z ¥ % — LIZIEE | 100°CT 24 R X
iR B ST, BRI 300um TH o7, A a— bk PUEIE, UK
i) % 1-Methyl-2-pyrrolidone THAR%E ., BARBLEMAZ O ) ar v z—n E(Z
AE v a— h& 100°CT 24 BfH G « B S TR, REIZA) 60 nm TH >
770 L. PUZERT IR A —LOBHEZOEEFHABL E L THWS

/N X RRECEL (SAXS) K OVA A X #RIE1H (WAXD) I 7E 1%, SPring-8. BL03XU
F2 Ny T T oz, X#ER 0.1 nm, #0815 H &7 BRAE IS SAXS T 2291 mm,
WAXD C58mm & L. %1% SAXS T PILATUS 1M %, WAXD T SOPHIAS %
A, BIEBREITER, 7y 73— XIZEZ 20 um O Mo 7. BRI Lsec &
Lz, EFTICRB W T, EBEYE L L TE—A T 1 v TSN~ K
VOB bt D LAZHNTE =L FLROA A T REZRD Iz, BIRREHEME R E X
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Figure 1. SAXS (a) and WAXD (b) profiles
for free-standing PU films. The wavelength
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Figure 2. Temperature dependence of
tensile storage modulus (open circles) and
tangent of the phase angle (closed circles)
for free-standing PU films.
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Figure 3 1%, 85°C. EQRLFEMRE T
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SAXS/WAXS Il 7E Fe OVEh AR RS 5814 ) 8
DERN O RBINT-FEEEDENE
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RN DD FETH D,
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Figure 3. Neutron reflectivity profiles
under humidity conditions of 0% RH (open
circles) and 85% RH (closed circles) at 85 °C
for spin-coated PU films.

T OMOBPEFIECL DR ETFELR

NR HIEZ. J-PARC. MLF. BL17 (FR&EZE = 2020C0004) (Z C&HEha L 7=,

[Z%E k]

1) J. Dixon, “Packaging materials: 9. multilayer packaging for food and beverages”,

(2011), ILSI Europe, Brussel.

2) L.M. Junior, M. Cristianini, M. Padula, C.A.R. Anjos, Food Res. Int., 119, 920

(2019).

3) D.K. Lee, H.B. Tsai, R.S. Tsai, P.H. Chen, Polym. Eng. Sci., 47, 695 (2007).
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1. S

ERTNSA ACET D8 THEHCRB W T, Ml v 87 g e B AR KA
Oy DA T D EEE (N A A A T — NEEMENL, TN AR R 2 EA
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PEREEDRICESEBWOAAL AT — MEESR AT AV AEEZ R T Z b, &
VY —Da—T 4 VTR Ty 7T YN = A7 ADDS)DF v U ¥ — &
U, flx DT NAAEHENTETZ, £O—F5 T, EFE, §lPEG FLEDRE
EN, PEGILIEAIOE G 2% T TWHREFICROT A I b, kD
PEGFHEMKICEDLIHT-RAERKEEMER S THEORB LRI EEZN TV D,
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RUAXH VY UFERIIE ) v —ORBRICL D BB TRHBARETHDL Z
ENH AN F=T VT ELTHHFEINTWD, 22Tl AV F(2-ethyl-2-
oxazoline)fBAL Z IEHICH L, £z, A OER~D = —F 4 VT HRAERIZR D &
DBKMEEENALE LTARY AX 7 U ABEBPMMA)ZEAN LA M7 7 VAT
7 LE A PMMA-b-P[O(OX)MA] % 5% &t L . PMMA-b-P[O(OX)MA] D 45 1 SHEEEE 1K
NI AT — FNEFHEOBRICOWTHMBET A Z E2HIE LT,

2. EB&

Figure 1 1%, PMMA-b-P[O(OX)MA] P {k. 34 35 2 T & AJ\W
%, ~/nE/)v—L LT, VELIhTFAVHBRES G
iz & 5 & oligo(2-ethyl-2-oxazoline) methacrylate ?«

(O(OX)MA)Z FHML L 7=, %\ C, BASAHI & LC A Br e
%A 7 2% poly(methyl methacrylate) (PMMA) % F\ 7=  Figurel. Chemical structure
O(Ox)MA DEFBES OHLESICES X PMMA-b- of PMMA-b-P[O(OX)MA].
P[O(OX)MA]Z FHH L 7=,

PMMA-b-P[O(OX)MA]/ /L 77 JEIZ I v 2 MEICESE 5wt% 7 1 1 7k /L A
Ve % poly(tetrafluoroethylene) ik EICi T4 25 2 & TS L, 413K T 24h B4
A2 L7-, PMMA-b-P[O(OX)MAJED 7 7 AERFEIRE (Te) X, mZEEBEEHE
(DSCICESEFHM L7z, V7 IEOBEIRIEIL, /A X BHEL(SAXS)RIE 12 £
SE P L 7=, SAXS HIEIE, SPring-8 PIC %8 S 717z FSBLBLO3XU 25\ T
fa L7, XBMEEIZ0LInm, # AT EE2310mm Tb V. HHIS2E PILATUS3 S
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I£ 389 K Th o7z, —FH. PMMA-b-P[O(OX)MA] T
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Figure 3 1. PMMA-b-P[O(OX)MA] 3L 7 D 1 R
Jt SAXS 7u 7 7y A LB LW Kratky 72 v R TH
5o BELRZ FL(q) = 0.172nm ™t (B S s v —
7 1%, d-spacing = 36.5 nm (2% it L CTE YD . PMMA-
b-P[O(OX)MA]IL. 7 /L 7 IRHE T X & /L ERiEE 2 T AR
LTWbZ EnmRmeaii,

AD-XPS I E D& F . PMMA-b-P[O(OX)MA]E & D
R EEEIE. B X 5 nm 2 E O PMMA-rich J& 3 2
MENTWDZENbhoTz, —J, ST ELHE
ZHi L 7= PMMA-b-P[O(OX)MA]# R o I 7 it -
MH ., KEDEMIZEY, BERIEIICZIT. N R
T & &L P[O(OX)MA]7 & > 7 NMEHT Lz 2 23
Mol

Figure 4 1%, (a) PMMA-b-P[O(OX)MA]F X T8 (b)
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Figure 2. DSC curves for PMMA-b-

P[O(Ox)MA] and PMMA at the third

heating scan. Dashed lines are tangents

of baselines.
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Figure 3. A one-dimensional SAXS

profile for PMMA-b-P[O(Ox)MA] and
its Kratky plot.
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Figure 4. Phase-contrast microscopic

images for NIH/3T3 fibroblasts cultured
on (@) PMMA-b-P[O(Ox)MA] and (b)
PMMA films, respectively, acquired
after fixing them with glutaraldehyde
and staining with crystal violet.

1) J.-H. Hong, M. Totani, D. Kawaguchi, H. Masunaga, N. L. Yamada, H. Matsuno, K. Tanaka, ACS

Appl. Bio Mater. 3, 7363-7368 (2020).
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2. Abstract
INETAAMITRMEEZX D Z 7, R ~—MEOREFFED A %
T DR FENLEENL TS, KFETIL, 8 2DONITH L LR F
FF Y (POSS) 7 — L& A7 5 EBIEED POSS(s-POSS) &R Y A& 7 Y1
i A :)"‘/I/(PMMA) & D7 L v RIEE(s-POSS/PMMA)IZ I3 1) % £ mpk & 2% i
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Figure 1. Schematic illustration showing the surface
[35E) segregation of s-POSS in a PMMA film.
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RUWN-A4 Y7Ly 7 Y7 I R) (PNIPAM) KEERIZH 2IRE (Z .,
Tep) VL EIZIIEAS 5 & FABEL . EFRBICAET 5, OSSR % EfEIC
BT 5720103, REROSORZEMBRE L WVIBAND, T, LFICE
T oHEE - MMEDOIT R LETH D, ARBFFETIEL, /Mg X BIREL. KB
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) —PEZ T L7, ZOFEE. (1) PNIPAM KIEIK & Top VT 15 DRI THr
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WA, BREMESCEIRBER EOBERICHT T, REICE L FRATGEER T 7
AF v 7 ODRABNRRDENTWD, MAEMEERY = A7 /L (PHA) L, BEHEY
MAEJFE e U THAEMDBENICERE T L L b, TESEREOBARRE CA
DRSNDEDRENAA A~ AT ZAF v 7 ThDH (Figurel), AEMOFEES
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B2y LT3 Rex o N L UJLEE(3HV) . 3-E R o~ U (3HH) .
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Figure 1. Microbial synthesis of P(3HB), TEM picture of microorganisms accumulated PHA,

and chemical structures of 4 kinds of PHAs
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Table 1. Characterization of the materials used herein

Name Comonomer Mw Muw/Mp Density of the sheet (at 20°C)
H920 4-methylpentene-1 2.0%x10° 4.2 0.919 g/cm?3
H935 4-methylpentene-1 2.1X10° 5.3 0.937 g/cm?®
B920 butene-1 2.2X10° 3.2 0.920 g/cm?®
B935 butene-1 2.2X10° 4.7 0.933 g/cm3
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Figure 1 (a) Combined USAXS/SAXS profiles
application of strain. The solid lines in part(a)
vertically for clarity.
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Table 2 Characteristic parameters

Name 1(0) & Xe
H920 0.295 109  38.0
H935 0.199 112 50.8
B920 0.884 144 36.9
B935 - - 48.4
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# wREY A Bavois BLE .
AL BN\ FRE F2NUFRE | (LLAE REF | BELIOSO
ARGE)
att 497 249 LTk 50 7k 142 97k 45 Y7k 1297k
2010A 41 BRA = 307 1,992 B5R8 400 B[ 1,136 B 360 B[ 96 B
it — 190 20.1% 57.0% 18.1% 4.8%
att 467 264 Tk 47 27k 141 97k 63 U7k 1397k
20108 37 BRA = 310 2,112 Ff 376 5 1,128 B 504 B 104 B5R8
k= 157 17.8% 53.4% 23.9% 4.9%
att 462 252 Y7k 45 STk 153 7k 42 Y7k 1297k
2011A 31 A= 284 2,016 360 B[ 1,224 B 336 B 96 B
k= 178 17.9% 60.7% 16.7% 4.8%
e 413 246 Lk 54 SOk 147 2k 35 L7k 10 92k
20118 30 LRA— 248 1,968 B5E 432 B5f 1,176 B 280 B[ 80 B5f
it — 165 22.0% 59.8% 14.2% 4.1%
e 400 249 Lk 59 7k 135 &7k 43 7k 1292k
2012A 29 LRA— 261 1,992 B5RA 472 B5fE 1,080 BfH 344 B5ME 96 B
k= 139 23.7% 54.2% 17.3% 4.8%
e 425 276 L7k 60 7k 151 &k 52 7k 1322k
2012B 30 LRA— 250 2,208 B 480 F5f 1,208 B 416 B5f 104 B5R8
it — 175 21.7% 54.7% 18.8% 4.7%
e 385 227 Lk 44 L7k 129 &7k 42 Y7k 1292k
2013A 27 DA~ 244 1,816 B5fA 352 5 1,032 E5fH 336 B 96 B
it — 141 19.4% 56.8% 18.5% 5.3%
e 378 198 LI 40 7k 106 &7k 44 L7k 8 YTk
20138 24 LRA— 186 1,584 B5RA 320 B5fE 848 FfH 352 5 64 F5fH
it — 192 20.2% 53.5% 22.2% 4.0%
et 414 219 Y7k 43 7k 129 ¥k 35 L7k 1297k
2014A 25 BFA— 263 1,752 B8 344 B5H 1,032 B P 280 B5fH] 96 B5FH
A~ 151 19.6% 58.9% 16.0% 5.5%
&k 449 288 L7k 52 L7k 175 27k 49 ¥k 1297k
2014B 25 PEA = 280 2,304 B5RE 416 FB5fE 1,400 E5RS 392 B5fi 96 B
A= 169 18.1% 60.8% 17.0% 4.2%
it 395 258 LTk 36 LTk 158 &7k 52 7k 1297k
2015A 23 BFRA— 238 2,064 F5fE 288 B5fH 1,264 B5RE 416 B 96 B
St — 157 14.0% 61.2% 20.2% 4.7%
&k 416 252 YTk 36 Tk 168 STk 36 27k 1297k
20158 25 LEAS— 247 2016 BRI 288 5 1,344 BRI 288 5 96 E5fH
A= 169 14.3% 66.7% 14.3% 4.8%
a5t 376 270 Y7k 38 LIk 187 &7k 33 LTk 127k
2016A 26 BRA— 217 2,160 F5fE 304 F5ME 1,496 F5R 264 F5M 96 K5
St — 159 14.1% 69.3% 12.2% 4.4%
a 498 249 LTk 15 &7k 159 &7 63 27k 1297k
20168 25 DEAS— 305 1,992 B5R8 120 B5R8 1,272 BRI 504 B A 96 B
A= 193 6.0% 63.9% 25.3% 4.8%
et 466 264 2Tk 35 LTk 165 &7k 52 Tk 127k
2017A 25 BRA— 276 2,112 KM 280 F5fE 1,320 B5R8 416 F5MA 96 F5f
it — 190 13.3% 62.5% 19.7% 4.5%
aH 325 300 &7k 34 2Tk 203 Tk 51 7k 1237k
20178 29 DEAS— 203 2,400 B 272 B5M 1,624 B 408 E5M 96 FfH
A= 122 11.3% 67.7% 17.0% 4.0%
a5 416 273 YTk 25 LTk 191 &7k 45 YTk 127k
2018A 27 LA~ 27 2,184 KM 200 F5fE 1,528 B5R8 360 F5f 96 F5f
St — 145 9.2% 70.0% 16.5% 4.4%
aH 417 279 YTk 18 L7k 198 &7k 51 27k 1237k
20188 26 DEA— 287 2,232 B 144 B5R8 1,584 B 408 B5M 96 B
St~ 130 6.5% 71.0% 18.3% 4.3%
e 406 275 YTk 27 L7k 204 YTk 32 L7k 127k
2019A 29 LA~ 240 2,200 B 216 F5fA 1,632 B5RS 256 F5f 96 F5f
St — 166 9.9% 74.7% 1.7% 4.4%
aH 340 294 &Tk 15 &7k 214 STk 4727k 187k
20198 21 DEA— 226 2,352 B 120 B5R8 1,712 BRI 376 5 144 SR8
BHA 114 5.4% 76.7% 16.8% 6.5%
2020A Ehs 69 70 2Tk 3Tk 36 Tk 25 Tk [
(B1~E3H 1Y 26 LRA— 34 560 BFRA 24 F5fE 288 B 200 F5f 48 F5f
) 24— 35 1.1% 13.2% 9.2% 2.2%
20208 aH 289 291 &7k 16 &7k 214 STk 40 7k 21 STk
(2020A%4- 55 25 DEA— 174 2,328 B 128 B5MA 1,712 B5F4 320 B5MA 168 BRI
FAoL) A 115 5.7% 76.7% 14.3% 7.5%
e 307 270 ¥k 0v Tk 225 Tk 27 7k 18 &7k
2021A 23 LA — 155 2,160 Ffd 0 5 1,800 F5F 216 5 144 B5R8
it — 152 0.0% 82.4% 9.9% 6.6%
aH 266 285 LTk 0v Tk 225 Tk 36 Tk 24 STk
2021B 23 DEA— 141 2,280 B 0 B5MA 1,800 B 288 5 192 58
A 125 0.0% 80.6% 12.9% 8.6%

*2020A (B 1~F3Y A7)V [FAOF DAV RBEIEKRIZ &S, SPring-81—H—R(FT ANBEILFITLDRERFIE 2162 TH

* 2021 AIOOF YA L RABERIEKRICEDF vl 8O T A=AV Y—EREDER 2107k 28T

*2021BHIFIAEHIF2021 128 12 RERBETORR T EH
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