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Fig. 1-1. Primary structures of (a) cellulose and (c) amylose, and higher-order
structures of (b) cellulose and (d) amylose.
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Scheme 2-1. Device configuration of cellulose dissolution treatment (supercritical
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8 ™ BL40B2 EHR AT —3 3  CEJii L7z, AR XHOWEEIL0.071 nm T, I AT RIZ
600 mm Tho7o, XHE—AITHESTH -2, SAXS & WAXS OFREITA A — 7
7L — N CRIFRIZRHE L7,

2—2—4. e —RBESKRNOHTH LIcFEEE L E — X
Fritcdh s re—2 (Fig. 2-1c) (X, BERAKLBZ ZUBE 2 24 FEEE L

THhBEN S H, W Sz (Rsew : EEESFKLEZ O ), BAEELR—ATh

% Rsew O WAXS ¥ — 2 KEHEIZ T, o FL—a v ¥ —7%1Ez 7= X Raldr

Synchrotron X-ray scattering
at intervals of 5-13 min

Cellulose/water slurry Supercritical water \l/ \l, \l/ For 100 min \l,
Conc., 5 %; Xc, 40 %; —3 treatment e ( :

DP, 700; particle size, 395°C; 25 MPa; 'I‘
10-13 um 0.04 s 0 min, 24 h,
rapid cooling WAXS

to standard state measurement

Fig. 2-1. Experimental procedure and cellulose samples before and after supercritical
water treatment: (a), cellulose/water slurry; (b), cellulose/water solution in a standard
state immediately after supercritical water treatment; (c), cellulose/water system at
24 h after treatment. The precipitate can be observed at the bottom of the sample
tube.



i (Rotaflex Ru-200PL, #E&thU 77 8) CHIE L7z, sk Xeld, —p7e e
— BRI LD FEEZHWTREE L, 32bb, o/l WAXS Ve 77 A/ Lxr—1L
VYUBBET T ABBTT 4 vy T 4 T A LI L IEREERN DD e — (e —
R7pEe—7) LREEEEN DY v —T =7 LT, ~e—0 v — 7w L (G
SEBELRE) L. (110), (110), BXO (020) @EICXHET 5ENZHOE—2 D
R L GREMERELIRE) oA (D) 12X Xe 2RI LT,

Xc= I1./(I.+1)x100 (1)

T OREERFY A X (ACS) ZHRAES 2 51EkE LT, XfEWT 7w 7 7 A VEfTT 5
FERSH D, ACS X X BT 7 a7 7 A BT AT E— 27 DJAN 0 IZEE 52 5,
BT — 2 DI D D> DG A R& ke 5 J5ik% Scherrer 15 & S0, Scherrer O

(2) 12XV ACS ZHtE L7=[32],

ACS = (k\/cos8) /n (2)
p= (B2 -p2 )12 (3)

2T, k1 0.9 ThHLHMEREEK, AT Cu Ko #oEE (0.1542 nm). 01% Bragg 4. B
WEEHT B — 7 O ARG 5 radian HALOAEME, b ixd 5> —>0EEEH (0.0035
radian) TH 5D, EHE DPIX. /L1 — Z/cadmium ethylene diamine (cadoxen) AT
sz S= X (@) ZHVWTRES - 72[33],

[n] = 1.84 x DPo.76 (4)
22T, MiEEARE AR,

2—3. MREBE

2—3—1. Bu—ZADK~DOUEMIREE & KEHE) b ORETZK

HBEG AL BRZIZE E L F 2 L— 2 O SNz L v — AR, #E, HITH
B EEZTHY (Fig. 2-1b) 0 THTHP TR 2 1T 0 IR EIIZ TR & Ak L 7= (Fig.
2-1c), Fig. 2-2a (%, HEFEHR/KT 0.04 FORILEE U Ciafit L 7=t m — 2 KK D SAXS 1
KON WAXS ORI RIERRZ R L TWD, BliE T/ = F itk 5 HfkiEkic
HE ST a7 7 A4 LO/NatEE (g<1nm?) ([2BWTIE, X BREGELIREE o 2% 288
X722 oz, 2T, BERKERHWZAEIZ L v — ARG TSR LT 2 & &R
LTWe, 22T, qliEn/)sin@ TEFRINDEALNRNYZ MLOREZEITHY, A & O1F%
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NENAS XMOW EB L OBELA O Y- THH,MD v = L— 3 &M L7z Gibbs
TR FX—DINTIC L > TR END KO IC, o F#EEIC L 5= b r B —fint, &
AR CoELa— ADOEMFEZ S 2T MR H 5[29], Ky IFHEEFIROKEID b
#5 M/ S < 23] FrAUFEE=RIL 0.1 MPa (K&UE) .25 CIZEIT 5 79 F/m 75 .30 MPa |
400 CTIE 5.1 Fim EFE LA LI24], KiZDTehb R BoR00 v h v 7 & oI
WD L 51252 F 512526l Liziio T, BERFUIREBOKN &L 17— 25518 OBk
AR EAER Z950, o —ZADBUKMERTZ ZELSE LD, Bru—2DOW%EMRE
FIEEZ LICARetEd & 5, B r — 28RO BRI BEER L, KRIZBIT 5 ELR
— ADOZFE AT HRERLER E LTI SN TWS[27,28],

Z D%, [ U (g<1nml) TOBELSRE IR & & HIHh2 28N L7 (Fig. 2-2a),
TAUIKICEM L TV — 2R EEE L TR Y REREELER LI Z L2 RL

100 min

WW 90 min

™~ 80 min
g W// 68 min
=5 58 min

- i /”'/ 48 min

T 38 min

28 min

15 min

S n |
T T T T T T
8 10 12 14 16 18 20
q.nm”’

Fig. 2-2. Time-resolved monitoring of synchrotron X-ray scattering from the
cellulose/water system at 5-100 min after quenching at room temperature. Fig 2(b)
shows wide angle X-ray scattering profiles enlarged from Fig. 2(a). Scattering
intensity is an arbitrary unit. Scattering profiles shift to lower intensities with
shorter durations after treatment.
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TV, [FIRFIC, JRAEBIT/ NS 2 — 7 Blsi s v/, Fig. 2-2b 1%, Fig. 2-2a 1 HJIRA
T AR LT WAXS 70 7 7 A V&R LTV 5, BERKOERZICERE TEH L TH
5 15 Zrkkita L2 C, ¢=14nm 1 F1T12 (0.45nm ORIREICHE T 25) WS —7 RN
By, 2wtk 38 mE Clidho v — 7 1 3BlE SN olz, T E TOMHE[17,18,34]
2L B e FAEELVa—AFEROBIEE RS IRO L B0 TH D,

(1) 'v—251OWEOEKXIZ RS X 912, BUKMEMAERIC L > TER S
F— b (Fig. 2-3a) %, B/ o —2KEE» O OFA L 0 — 2O RISV TR

" I,,_r-,‘
L -14:"‘ 1.
“L
T a*“
Lo
,‘<h 4" ‘.U-’* Rk
e}
L'L-“’:l‘-
"t. ‘\L
.1<L1..
Water molecule

h'\"

Cellulose molecule

v ~
>< N ;- o )a ...:- ? )
" ‘— r'"’ < v“ ¥ w?
) 7w
L-x ( ( L-\ e L. 4~ : '\ vh‘. i 8 \.

J" v

%
§%§§§§ éiﬁﬁ%

Hisi e

(b)

l

C

’ Wﬁﬁ% ___________ Y

i f mm:m “fm ggggm 423
ifmﬂgﬁm

m m ,¢ f : fitt%f;ﬁ

r 51 f:*r
fﬂﬂﬁiﬁ#”fﬁigiig# *,"fff i
Vol A
FH 45 st :

Fig. 2-3. Schematic model of structural formation of regenerated cellulose in aqueous
medium: (a), Formation of the molecular sheets by hydrophobic interaction; (b), Piling
up of the molecular sheets by hydrogen bonds to form seeds of crystal and amorphous;
(c), Contact and stick together of the structural unites to form regenerated cellulose
[34].

12



BN D, KEAEF D572 — NI, v— MRS 2 KB K 58Uk JOWHE
OBKMEFAERIC L0 ZELS LD, BUKIEZIER & 1%, FEMMEE AKTEIR T ClREsE L.
KoF 2R U, K & IEMmtE R & OHRlimeE 2 i/ NRICIN 2 Dm0 2 & 2 fed, B
OBLEN S | BUKMHEDRITEMR L CO2MEZ R0 B KOBRZRXLVF - TH D, H
R SURREIZ IV T L 72 KB R DB MZN RIE ., BARDET) LR F I, FiRIIR T
HEHOEND, LEN-T, ZAatbt s ) —RBRICBIT5-CH a0 KkZBFRF2HLT
WD BUKMER T A OVIZEER L C, KR T — b (Fig. 2-3a) 2T 5, 517
ZETVUCITHAY 7 FTHDH MM3 &l L= x VX —2B3 DA% Cid, BUKMEM A
ERIZ L o TR SN0 F v — FONET R LF—1T, KPP TOKRIE-EEIZELDmF
— MEROALE =RV F— L0 LD R Enz[834], Zud, BAEELEr—
ZOREETE R T 2 01 EECIEL o— 2 F 0 BUK MR EERIC k- TRt L. 4>
Fr— bR END E WO RHE KR L T\ A(35], Fig. 2-3a ITREN TS — N
B A o — A5 MOHEEET 0.45 nm & RAEL D2 X TE7-, 0.45nm DOREEIC
X T % 14nm I AT ICROICEN /NS e —2  (Fig. 2-2) 1. 2D A B =X L% KF
LTWiz, &'m—2/NaOH KA 18]35 L O v v — A /MA0OH KIEHRIIREEGR 170
BIHFZFRNT, MR O PIBFEICF CALE (¢=14nm?) [ZE—27 RS TV D,
I, Bau—ADOT H U KIERR EBESOKERR O FIZBWTHA LR — R
DYV BB OREETE OIBRE AL L TV D Z L 2R LTV D,

(2) BUKMAR EAERIC X W B S 72013 — NI, KEBEIC L > TR ICEAERY |
MBI OT BT 7 2SO & L THEET 2BV L& 4Bk T 5 (Fig. 2-3b),
(110) A SHOEFTFE—2 13, - OBBOMEERRK CHRLAD %, (020) &I H KT %1
INE 72— 7 TR KL S 38 ki ICENGAD -, (110) HICHET S E—
7 IXHER R E T GREE UK ICRIRE TRH L TH D 100 D% £ T) IQFERs
npinoi- (Fig. 2-2), Ziud, ZORBNICHEE YLV — 2D ELNRTE T Lo 72 2
LERL TV,

Fig. 2-2 127”7 SAXS 7'u 7 7 A /L TlE, el D X 91T ¢ < 1 nmt OFEIIZI VTR L
17— 25 OB KT D BELRE O LAB RO, ¢>1nm OFEK TIRIT L A
EEER R SN hr o Tz, THUE, BEEMR & IR D 72 5 AR¥)— o€ 7 L O S
TR~ —FNOEL T 1 7 7 A WMITW[36], 7T 7 Z V% &SRS ICE A S
ToHCELREER A LT, R B BT 2 FHET VAT A Z LIk, JIET
/O SAXS 71 7 7 A Ve +3IZi i+ 5 2 LN T E T, WIFH O E . BEELIREE I,
X B) ICRTHERIMTET ZENTED, ZIUTT T 7 X AR LOBGELICHHA ST D
LEZHND[37],

I(g)_fractal =k1/(1 + (D + 1)&2 q2/3 )02 (5)
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ZIT ki DBXUEIE, TRt 777 2 ko, BIOHHEARAZ#EK T, /T A

(a)

o  experimatal
calculated curve

[C)

o (b)
o experimantal
- - - (q)_fractal
— calculated curve

i{a)

(c)
o experimantal
- = - I(q)_fractal
.......... I(q)_ﬂat
— calculated curve

T 1 1 IIII|
3 4 5 6789
1
-1
g, nm

Fig. 2-4. Experimentally observed SAXS profiles (red lines) and fitted curves (black
lines). The time elapsed before the start of measurement: (a), 5 min; (b), 48 min; and
(c), 100 min.
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—X L, BHET 77 X NVORHEH A X (D OREEIRO YA X) ZRT,

e —AFEOYE. B — 20 FREHRREETH S0, D IE 1 1Iciinve 744
Iz, XA, T AT /LTI D = 2 A S, Ornstein-Zernike (0Z) o
BELBAgcR SN D &, BRI LN TS, o T, X (5) 1T, RY ~—REB IV
S EE AN OBELRICE T 2720l T T 7 A NIRRT EEAN LTEER O 0Z 2 A 7
ThdLEZALNS(38], BEMOEE, ZIRTHNIFEF TR E WEHCRIEE L, 2 (6)
THRITZENTX B39, PG IL, BEE Lo — 20K E L TabTE
D, DFmE S T2 2T BXO 17 2 F ] EFEN TV 5 [40-42], EIERD
5OFAR L —ADEERKIL, 51— hORAERER CHEITL, & & L TERIEK
WEZ AL 5 LN D[17,18,34], +0ZEMEDH 2 WS OBELITLL T O L 9IRS
N5,

I(@)_flat =k2(1/q?2) (sin(qT/2)/(qT/2))? (6)

ZIT, ke & T, TRENSREE PIRIRIBIEDIE S 2R

Table 2-1. Fitting parameters simulated with Eq5 and Eq6 for experimental SAXS

Time*/min Equation (5) Equation (6)
ke gnm D ke T/m
5 1314 0.96 1.00
15 1321 0.96 1.00 11.8 5.65
28 1337 0.95 1.00 25.3 4.89
38 1326 0.94 1.00 46.9 5.08
48 1342 0.93 1.04 69.8 5.10
58 1328 0.94 1.01 95.8 4.81
68 1322 0.93 1.02 128 4.94
80 1293 0.96 1.00 162 4.82
90 1283 0.98 1.00 195 4.72
100 1294 0.95 1.00 235 4.74

*1, Time indicates the period between quenching at room temperature after supercritical
water treatment and the start of measurement; *2, the lowest limit of D was theoretically

1.

AFRABICIE ] S - BGELEEE (R (5)) B L ONEEARICE ] S - BELES% (X (6)) @
MR, 7 AT AV TR A—FEFTETHZ LIZLY, WETELNT- SAXS 7
77 AMIT 4T 4T ST, BEMNKLEZIZHEH S TNL, TEFh 5, 48,
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BLO100 o L7ch o T ADBELIEEL T 2 7 7 A4 V% Fig. 2-2 »H@&ERL, 5k
“®%ﬁ’i074y74/7btﬁ%%Fg24Lm¢ 3 OOFIT T (Fig. 2-4a—2-
4e) IZBWT, WERERE B —FH L T\, 22T, eilko 3 204 7 LIS oL
T Ty AVEEIEL TS, 5O E T e T 7 A (Fig.2-4a) X, 777 XL RD
BELEAEL (X (B)) DATRLS —H L2 b, ZORPEMABOHLTHER STV Z
LR LTS, TNESDOH L TANDHELNTHE T 7 7 7 A VICEH R R — &S
D 72DITIE, AR S BEMICKIRT 57 7 7 2V ROBELREL (X (5)) &8 L UNEHIR
& ORELEIE R (6)) OMFINMETH Tz, TXTH U TINICBT LT 4T 47
INT A—%% Table2-1 12779, D DEIZTXTH 1 THY | IBFEOEL T — R 5051037
HiEfEZ2E L CHECH -2 L 2R LT D,

BEARRIZBIT 2B — 2B X OB —AFFERO S FI1E, WS 0 ESER3 5 72

Fig. 2-5. Contours of cellulose molecules with DP = 8 by MD simulation. (a), in water;
water molecules were seemingly erased, and the end-to-end distance was 3.73 nm in
this snapshot. (b) in vacuum.
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OIZHNEIZ 72 5 — 5, TR STV 72 WEGEITE, tORIE 722 &5y & 13 ISR TH
HAREMEN B B [43,44], FEBEHK T A X, RO X HITEZIND,

A= (<R2>y/M )12 (7)

Z 2T <R2>o 1%, FEHBENRIE TORY OB D E TOWH R CTH DL, OFED
AL, s FEM THR LS - mmiEEEC . WEPIC R @ FEHOMMEAZ R, B
FEA 0.49 OFFfEE /LB —AD AL, NN-VAFALTE 7K (FEFe=38Fm) F
TIL1.28X108cm, HA/VAT IR (=110 F/m) FTiX2.97X108cm ThHh-o7z, Al
¢ DEWEIE R CIIRVEEE R L TR 2 [EORE S ERoTW e, T DOFEREMND
Kamide &%, EEOMMEAHININT DI 23 CHEEFI ORI L | SEFZ > T
H— AL 725 & W ) fEEmICE o 7 [44], B m — R TEEHERIRRE D AKITITESR L 720
oD, KPP TORNL B —Z5FIZET DRI IIT O T o 7o, RIS HE 0D 5
TLAKPTOEL T —=Z2DEWIIMEIL, £ OBRWEEEFIZK > TW D ATREMED & 5, LIRS
Fhi SN/ MD v 2 b—3 3 SICBWT, MEEDKNB/ IV T KD 1.4 [FOEETER
EA—RAERYHA TS Z ERHLMNTRD, Bru— 25259 2 KOO AR
NS E U CHERET D 2 & CTHIMER @D D 2 L AVRIE X - [45],

KHIZBIT 5L =25 F0RS (O F#HOMm b E COMERHE ; B, DP=
8 DENE—AGFIZEBITAHEITLAmED C1 LIEEITLAED C4 O DOERE) % MD > =
L—ya Ui THEE LTz, 2ns DT 2 2 b— 3 U O&K%D 100 ps O RO LRt
FEliI, Bro—2ERoESD 0.95 [ CTh o= (Fig. 2-5a), *RMIC, BEZH O —
2Z5FIE, VI al—a VOBBRTR—LO L) pEEZEN L (Fig. 2-5b), AN
DRWEFRBES FFEER (R Ut — 23 FNOREMOMEEER) 2Ly, Brno
—AGFN IO LD RS A TERNT D TR H D, 2D ORERIT, B L - T
SFBANEIZ 72D &0 D BB ORE & BWAEFIZIS T2 D 23K 1 ThH (Table2-1) Z &
ZR LT AR RRORER 28 KFF LT, 7288, EfiL7z MD v a2 L—3 3 U&MT
WD ERBY THHo7T-, fHHEEY = — /1. Material Studio (Dassault Systémes S.E.,
Waltham, MA, USA) ; /18512, COMPASS ; 7> %> 7V iE, IE#EER (NVT) ; —%
A&y ME, BBEOBIR  REIX, 25 C; HEMAEFENRB LT 7 7Y — LV AFHEAE
Aix, Ewald i ; 7 v M4 7B, 1.2 nm, 2 OAFFETHH X7 COMPASS /15514,
HEE SN0 FICB W TEVWERMEDO®H 2 TRIAZ/OND 2 L HARFIETHEH S L7z,
COMPASS (2L > THEbLN-E =R N O T ER E B, W5 S & eI
ILCWzl46-49], Bra—X N OFE _mA & gauche trans (gt) IgH= > 7+ A —
g %, COMPASS 2L %Y 3 2 b—3a T LA -72134,50-52],

B m— 25 OEEARIE, R FUKLERE OB (WLPRIK 2 Stk 16 /ot L7z
B 1CBin 7 (Table 2-1), B —20F 32— bR 5 FRIBEDEE (T) OfF
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WEELX (6) 1B/ A= TiFN5nm THV, JMELEEZELTUEEAELL
L7aho72, bnm OE X1 Fig. 2-3a lIRdT L —R 05— D 7 JEIZKHG L., Table
2-2 12”9 Rsew O ACS (Fig.2-1¢) L0 D L/IhEL o TnD, AL E—ZH ]
TS & FRED YA R OREENBNZAS, WAXS ISR BT E— 27 BNl S
Mol=l-0, fifb =TT 512137 X ToOr L e — 25 FOFESALETH - 1= (Fig.
2-2b), SAXS ZfEMH L T, /v v —A/NaOH KB %D 6 OFAEE /L T — 2 DREEK %
TR LARTOMFZE 18] TIE, EBIRIEEDIE 2549 2.6 nm (4313 — bk 3.6 JE@IZxhi) T
HY . KR (Bvo—XEERKERR) THRLONTEHEEELE—Z2D ACS L0/ L/
Edot, o —AESKER R (Rsew) &tEr v —R/NaOH KIFERD DO FA
T a— 2D PHAREE DR S OFEVIEL, ACS DiFEWE L —H LTz, —F, ke DIE
IR AIZEIMLTEY (Table 2-1), #d KA A > CEHCIRER) OREENSK & & 18
MLTNWDZEERL TV,

6 8 10 12 14 16 18 20

q, nm?

Fig. 2-6. Wide angle X-ray scattering of the precipitate (Rscw) prepared from the
cellulose/supercritical water system compared with commercially available
regenerated cellulose fibers: (a), Rscw; (b), cupra (Asahi Kasei Co., Ltd. Japan); (c),
rayon (Omikenshi Co., Ltd. Japan).
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2—3—2. Brue—X #8EERKRL LI LI-FAEE L — 2 ORI
Fig. 2-6 |2, AL THE LN Rsew BLUOHAE LV —RBHETHLTHIROX =75
(Lmﬁﬁﬂ%iﬁ%&;@) =3y (= o UBRASHER) O WAXS e T 7 A L D HEg
Ert, WThoRE b L e —2 T ofEE (110), (110), (020) ([CHETS 3 50
FERE =7 MRS, ¢ 20nm T O/ E L THWE— 27 1F, FEST A A0 bEt
FH1LT20.03nm! D g ZFFONIBIEIED SiO2 1ZEI 0 T H vz, v — X I OfEsLmE D
R TH 5 dffiit. (110) T0.726nm, (110) T 0.446nm. (020) T 0.402nm & 5
ENTWA[47], Rsew IZBWTZENZENDOMEICHIET D dEiX 0.726, 0.444 35 L 180.403
nm ThHV (Fig. 2-6a), FLBOHRE S NIEELIZER L THY ., 0.5%DEAENTH-7,
EREOE— NHEE SN F 2750 difid, (110) T0.726nm, (110) T 0.441
nm, (020) TO0.411nm THY (Fig.2-6b), WMESNIAME LI 2% DR ARIFEL 78> TE
D, DTFMNICEL > TS, Fig. 2:6c R8T L—3a 00 dffild, ¥=770 dff LHEELL
TWAEICHRZTEN, L—a D WAXS 7 7 7 A MI7n—RTHY ., EM difix
HEETE 2o te, ¥ 7 TI2B T DRMAEDHEKRICH T 2 IEMZREHIZIARHTH 523, ik
{EEEDME L | FEfa T A AV NS W SEORERAEE DS DT NITER L TV D aREEN &
%, BEiEhiz Xe & ACS Offi% Table 2-2 12777,

Table 2-2. Relative crystallinity (Xc) and apparent crystal size (ACS) of
regenerated cellulose from the cellulose/supercritical water system (Rscw)
compared with commercially available regenerated cellulose fibers cupra and

rayon.
ACS/nm
Xc/% (110) (110) (020)
Rscw 40.3 13.3 9.8 8.7
Cupra 26.5 54 3.1 3.7
Rayon 235 5.0 3.0 3.2

Lyophilization and oven drying were applied for Rscw; cupra and rayon, respectively.

Rsew D Xeld, ¥ =27 7B XL —3a 02N L0 Hid20000m <, Reew IZBIF 5 ZEN
ZFnofEmmibkomRiT e —7 bR/ IS ACS IIF =27 7B —3a v d 2~3 %
Thotz, W7 nt 2%, Xe & ACS Ofi C%ﬁ“%fkiéﬁﬁbﬁﬁ%é Rk aw o)
DIZA—T2 ONEY) 12X D5l % Reew I L7c G, Xe & ACS Offild Table 2-2 {2
FRENTVWALD LD b ENIcEL fa?éﬁfﬁb'ﬁﬁ)ébéi)x Rsew BRAELTNHEEZ D
5T/ iEEROBEZRET 572DICA—T7 N X Dl TldZa <. BUETEALETH
272, Rsew DEmW\ Xe B LR E R ACS 1L, BEHL, F=27 7L b—3 D DPER*%
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NEN 820 & 280 THDHDIZHF LT, Rsew 1L 40 & W 5KV DPEIC L > THIEEZ &h
meEBEZ oD, R DPEIX, RERFREHFLTZOOERERD 1 >THY, DPEN
15 L{EWEL B —2DOEE DL r— 2 T OERESOERICKII L & W) BN S 5
(53], DP fEIXEENIKFRIZ K- Tl L, &&ICiZd 5 DP fii (LODP: levelling-off
degree of polymerization) T—EDMEIZ/25([54], FEE/LE—AD LODP %40 TH Y
[54], Rsew ® DPEIZFIYS T 5, @EiE/AKF TO DPEOK FIX, HEMNASfEE L TIAL
HONTEY, ~I'Brr—RO5MRIZ X 568D pH 2K F &8, B —2&0Ksy
g9 %551, AFFIRIZIBVCTHEA Lf:iﬁﬁﬁ%ﬁ%%ﬁﬁﬂbk@% FUREIT L VKL< 720 (23], K
OFERITIRE LA &IP3 5 [24]23 ) BEHERRIZ X 285 ORISR & [FERIC, AR
MHDE Rr=7 A4 (H0%) 12X o“C'IZ/I/u»—X/\%@jJ[UJ( IERDRE SN D,
BRFOKF~DT V71 ) T ITREE R OTRIMNE, HsOv & T+ 2, £7213 HsO+ 0¥z Bh
&, Bru— 200 E 2 THER S DP % 7= 53 ek’ H %, 1wt%® NaOH %
Ete 200 COfAFIKER 2R Lz ARG fERER T, R LT 74 hXLT
® DPE 20 53 OB X > T 740 705 605 &I Lz, —J5. 740U 2R
L72WEA T, 15 MO X - T, 740 15 224 ~OFEE 23800 13 & iz, LODP
(232 L7= Rsew (3, Nﬂu@aza WThHLILMT ) 74T =LA, fEmtEtre—=2
mEDE LT —ZAMROFRICI T HHEWE L L THEATE 2R H - 72,

W, HAEHR L TR O Rsew Z RIRIALDF ) 7 47— LTHWDHZ ENTED
WEMERT D=0, EERE FIEMSE (SEM) &k 2815417 - 7=, 5 517- SEM # %
Fig. 2-7 1277, Fig. 2-7a—2-Tc 1@ R ALERT ORI N V7| Fig. 2-7d-2-7f 1%
RS T LB S 24 REfERGH L 72 ICRIIL S 4172 Rsew @ SEM 4 Th 5, #ERFKIZE D
LB CIRUE L 0 IRt S TIWD b DD, F /) =X —DH A XTI R o7z, Tk

— 20 pm

200 um

Fig. 2-7. SEM images of freeze-dried cellulose (a), (b) and (c) before and (d), (e) and (f)
after supercritical water treatment.
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X MREBELRIE 2T GBEEAUKALFRE 25 100 2 ERGE) L= %I KA I ThiE
NEZ o7, HAOVIIHEEEZBR TR TOBREICLA2 LD EEZ BT, HIRD Rsew & K9K
TLAHEBRHADO T 4 F—L L THWAZ LIZTER Wl LT,

2 —4. flw

A r —ZADOKEIRRNDBAET LT/ EROE LR =2 &2 G501, Brr—2
Z R FURRE (25 MPa, 395 ‘C) D/KT 0.04 REELT 5 Z Ll X0 KEK E LTz, &
(2, B — ZADKASOUFRIRIES XL OMEIETER (BT HHhEaeR) &, /a5 A E TORGEL
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Fig. 3-2. Visible light transmittance for CNC dispersions at a concentration of
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Table 3-1. Turbidity for CNC dispersions at a concentration of 0.03wt%.
Transmittance at 660 nm

Medium
CNC-0S0O3Na CNC-COONa
Water 99.3 99.7
Ethanol 97.2 76.8
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Fig. 8-3. Small angle X-ray scattering (SAXS) for the two types of CNCs (CNC-
0S0sNa and CNC-COONa) in water and ethanol.
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Fig. 3-4. Kratky plots for SAXS as shown in Fig. 3-3.
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Fig. 3-5. SPM images for dispersions of 0.0003% wt% of (a) CNC-OSOsNa in water,
(b) CNC-0S0OsNa in ethanol, (¢) CNC-COONa in water, and (d) CNC-COONa in
ethanol acquired by the dynamic force mode in air.
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Fig. 3-6. SPM height distributions for individual CNCs of (a) CNC-OSOsNa in water,
(b) CNC-0S0sNa in ethanol, (¢) CNC-COONa in water, and (d) CNC-COONa in
ethanol.
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WERIZOWTEZE LT,

(a} Plangtary Drying
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latex +| agueous | mixer (4min) slurry 2 days master [+ ﬁ:Tez?:;t:Im
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¥ Knead ng by two-roll m
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CNF  |exchange | CNE Zinc oxide White |Grinding CNE
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dispersion | ™= " dispersian Stearic acid | == caxe P
(d} Drying
B © -
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Scheme 4-1. Preparation procedure of NR compounds filled with CNFs by (a) a wet
process and (b) a dry process, and production process of CNF powder by (c) solvent
exchange method: method 1 and (d) no solvent exchange method: method 2.
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Fig. 4-1. SEM images of (a) CNF-S, (b) CNF-M, and (c) CNF-L dried on a Si wafer.
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Fig. 4-2. SEM image of the zinc oxide powder used in the present study.
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Fig. 4-3. SEM images of freeze-dried CNF-M (a) before and (b) after blade-mixer
processing.
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Fig. 4-4. SEM images of cakes obtained from (a) CNF-S, (b) CNF-M, (c) CNF-L by
method 1 (solvent exchange) and (d) CNF-M by method 2 (no solvent exchange), and
CNF powders (e) and (i), (f) and (), (g) and (k), (h) obtained by grinding cakes (a), (b),
(0), (d), respectively.
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Fig. 4-5. Photographs of the external appearance of NR/CNF-M composites (a) C3-M
prepared by wet process, (b) C1-M prepared by dry-blending with CNF powder
obtained using method 1 (solvent exchange), and (c) C2-M prepared by dry-blending
with CNF powder obtained using method 2 (no solvent exchange).
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Fig. 4-6. SEM images of freeze-fractured surfaces of NR/CNF-L composites (a) and (d)
C3-L prepared by wet process, (b), (c), and (e) C1-L prepared by dry-blending with
CNF powder obtained using method 1 (solvent exchange).
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Fig. 4-7. Stress—strain curves of NR/CNF composites prepared by dry-blending with

CNF powder obtained using method 1 (solvent exchange) and NR (without CNF).
Each results are the median of 10 samples.
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Table 4-1. Tensile properties of NR and NR/CNF composites®

Sample SEsp " (MPQ) T.° (MPa) Ey % (%)
NR (without CNF) 2.31 (+0.01) 26.59 (+0.78) 685 (+ 9)
C3-S° 2.67 (+0.03) 26.97 (+0.37) 679 (= 4)
c1-sf 2.39 (+0.01) 25.94 (+0.52) 675 (+ 6)
C3-M° 3.77 (+0.08) 27.33 (+0.33) 645 (+ 5)
C1-Mf 2.90 (+0.01) 26.97 (+0.59) 665 (+ 4)
C3-L® 4.42 (+0.05) 27.49 (+0.52) 638 (+ 3)
c1-Lf 3.35 (+0.04) 26.90 (+0.41) 651 (+ 5)

#Mean value and standard deviation of ten samples (five samples were collected fromthe
vulcanized rubber sheet obtained by one-time composite prepartion and mechanically analyzed.
The tests were carried out twice.).

b Stress at 300 % elongation.

Tensile strength.

d Elongation at break.

*NR/CNF composite prepared by wet process.

NR/CNF composite prepared by dry-blending with CNF powder obtained using method 1
(solvent exchange).
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Fig. 4-8. Stress—strain curves of NR/CNF and NR/CB composites.
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Fig. 4-8 TR LIRS0 5H K 912, CNF-M % 1 phr 4 L7z NR TIEA & 22458
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