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Studies on composite sheets of pulp fibers and functional powders using papermaking

technique.
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Figure 1.1 Paper-structured catalyst with porous fiber-network micro structure30.
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Figure 1.2 SEM of a cross section of fiber. The pulp is lumen is lumen loaded with

titanium dioxide to 13% by weight24.
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Figure 1.3 SEM of in-situ synthesis of zeolite and cellulose fibers3V.
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Figure 1.4 SEM of nylon film prepared on the filter paper surface3?.



1.3 Bru—2xnI a7 o7 AR AR

e — AR ETROZREICHFET DM A~ ATHY , BUE, WAt EIR%Z B
L7 RS 2 [ % <, Bl m — 2O BRI L < IEML L TE TV D,
FCh, B — 2R OREBEICER L)) 77 A S—HEOERIZIER L, i
DEG P AT 7T A TIra7 0 7 YNV ETHBEET 2%, £ L TERLE
FETEHIE U 7= S REM BB R M ED ST\ D 3840 F o (P /Tt AT/ m
T4 7 UNBAETHBEET 208 E LT, R, BESICL - T, trw— 2 ofilji
B L B 5T o Vv ZIEDITE R S - (Fig.1.5)41043) ) Z 3K o T30 7l & 4k
122,2,6,6-7 T AFNLERY Do-1-AF T UHL (TEMPO) il U, B{bAIE L
TEEHFET MU v o ERRAIE LTRIET P DA ZHWTRIGSED &, fht
DEAR—=ZAI BT 4 TARBDHDE 6 (LD 1 FKERIEPEIRICE LS, IR
FIUNIEPBEANSND LW O RO TREMZREZENE TH S5, £ LT, TD TEMPO i1k
FOVT H KR TS 5720 T/ m 7 4 T U VENLICE TERSIND E VW) DT
b5, TOEBOFEITEL T —ARMEEAN SN HIVRF VRO RERKRE & 2%+
NRIZED D THD, BT /) 77 A /3—FE 3-4n m TH— TR I pm & D
TEL., BIKSHTHESE B =AY 4 A — LT —RE2BETIHDOTH D, &
DIZEDTF ) 77 AN=b 7 )V L EFRBE L BT, StretE, N 7SO
WIPESRAT S ED DTN D 4445 F 2 sV TR T T 5 Z & A LITHE ) 0 B Tl
BF 2 51k 4647 OfEH & D HIE SRE AR SN TS, 2O X RF T A
Vo7 AT Lo T, BAK 40pm OV TREHED dnm IR ES N D & REREITH
10000 fEHEREND, ZD X7 4 7TV REEEZ A SED HikE L TR TH
BMThb,

TER & THLPE R IV T, MOBSWRHREZ T T 5 Fiko—o L LT, AL
FEWSTeSVTHED 7 4 7 VAL TER B D, Z OIFEITEKIRRED 7L 7B
W72 T VIS &5 2, SV TEENO I 7 a7 4 7 U VRBICKEZ2< 0 (NEE7 «
T U ME) . SATHEOIMUAD I 70 7 4 TV N EER TS G714 7V k)
FETHD, WHEEL L TEFTAVT A ATV T 7 AT —E08HY, T4 A7 DHEOE
PRIC X0 BEEER. KRR B IS Um0 ki (BARMEE . SRS 2322
MTED, WLV THDE, MFRETIIELE—ADSTEOK FiTbT 2T,
LB L L2y, 72 b MIRALER Cld UL 7 oy DAL X8 L L7,
7L, REMEPEMT 5720, REH VR VEREITRNT BN+ 5, 22T, K



WRIETIL, 7L T kHE & BEREVERL T O AAER 21 LS 2 L WS BLEN L SIVT DT 4
T UNHEEICEH LT,

Figure 1.5 TEM of cellulose nanofibers prepared by TEMPO-mediated oxidation4V.
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Figure 1.6 Compared with conventional mats and new composite sheet image.
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AT EANT 2T VR v —V AT LA THY, 2EORY) v — &b bE TS,

ZOMDEREV VAT LELTIE, T4 oan s N+ (auAf FLv ) 15%)
ENFHMER =L baa A XNN—FT 4 IV AT A, 7=/ —)VRKR)v—¢&
J=A e MAR ) v —DR) =ZF LA FY A K (PEO) I2X5 hr—U 7 U AT LN
EEINTWD, TOFTHLIDOT 2T AR ~v—T AT ME, A7 «+ 7— (RED
N L) AT A b, R LT Z D X D AR A L — b ICmE O R T
FFSHDRFCEWVIRE TRTZ ENMBNT NS 1829, Z b DO TIX, BF AR
V~—& LT, RITTINANTAFLT E=y L7 R (PDADMAC) &7 =44
ORIV T 7V NT I RAPAMNRT 27 VR ~v—¢ LTEIHEHINTWD, RETIL,
HFF MR ~w—L LT, KYTIRKTIv=ts7unk KU (PAE), 7=4 MR
~v—L LT, BARFLAF L LE—Z(CMC)%E AW CHS 2B LT,
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2.2 EBR

2.2.1 #p

SHEBINE R 2 77 F 3L (SBKP) ROVAEREH 2 77 F L7 (HBKP) 1349 90%
Da-wru—AEEHiRmEHN, ZLT, 200V TMEE A T AT e—X
— (FEA PR TEMASHR) 2AWT, Bx 07 ¢ 7V ALEICHEE LT,

#ky (RKH, FFgLFEMRNSHR) 13RO OEIT 2B 7oz, £ ORI Lk

(Fes04) THEINTEY, MK 87% ThoT-, Z DM ONELRIEE, R
KO —HEAITXZE LI 45um, 3m2/g, £ LT, -12mV Tho7-, IEHER (DALRT 7
4. BRTZ AL vl I AREESHR) ORI 43um, HRERE N O — # AL
ITZFNZEH 1000m2/g £-24mV Th o7,

PAE (WS4020, 25t PMC X &418) & CMC (HE1500F, 25— T35k a1k 8)
XZENENIF AL ROT =F R ~—E LTHEMLEZ, 24 REEICLYHELE
PAE OHEEEIX 3.2meq/g TH Y., CMC OEHEIL 1.30-1.45, CMC KIEHRDOFEEE X
2500-3500mPa-s (2%JEFEE, 25°C) Tho7z (A—h—HhZuJ/fE), £ LT, PAE KO
CMC I dwt% & 1wt%lZA R L T, BEE v m Bl & LR L7z (Fig.2.1),

222 aVRYy b— bOFESGE

Bk, 2OV THkME, TEMEIROZNENEREILT 75%, 15%, 10% (RHEE 75g) %, /K
EARH (L) RIS L7, AT U —Ho 35y (27— halsy) OREIL 7.5wt%/v %
W2ty L7, £L T, 120rpm TR TV —ZH# L, — Mo OREREICK L, PAE
& CMC #ZNnZH 0.5%, 0.18%% ZDIETHM L7, PAE & CMC OFEMOREREIZ 30
& Uiz, £ D%, 100 ORISR 2 foe 1T 72 % ZKIEZK T 0.1%IC AR L, 250mm X 250mm
YA XD — v —r (ERHBHASHE, VA v—A v a#80) 2D Z ik
DIRRICHE L7z (Fig.2.2), — MR ORFBEEIT 100% 58 £ 0 D546, 240g/m? &
DN, FEEROPEREIL, v— MO DOSEEV ITKGFET 5720, e lZBbT 5, ZDk,
PR cHELREEEY =72 —2—) — RT A RNT A ¥— (REAHEMHKASHE) 2/
WT, = hDOKGRN 1% TIZD &5, 110C, 3 i Lz, £/, & — bk
SOBEED FIT, ARV EH L,

+

S

BE Y R =Dtk ORI E R (g) /A TR O [ 4y H H(g) X 100 (1)
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Carboxymethyl cellulose (CMC)

Fig.2.1 Major chemical structures of PAE and CMC.
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) Iron powder
(average particle size 45 pm)

Activated carbon powder
(average particle size 43 um)

l———

Suspension (7.5% solid content)
Cationic polymer
(PAE)
Anionic polymer
(CcMmC)

Water ——»
Suspension (0.1%)
I

Handsheet making

!

Heating sheet

Fig.2.2 Sequence of heating sheet making.
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223 ARy b¥— NORGOERTTIE

v— MO 3G H BRI AT D720, BVERENIERE (Tg) Ik DMata To7z,
RO S e — M7 (8 16mg) 77 F /3> L, TG/DTA-6300
(BA a—A 2V Ay MERSH) 28T TglllEicti Lz, Tg 7 A MOT s T
AT RO LS ITERE LT,

25C~105C, EHEEHK T, FEEE 10C/min
105°C~800°C, ZEHZFEHR T, FAHHE 6
800°C~1000°C, KRFEHA T, AEEE 10°C/min

BonTg H—7 06— Mgk, 7V FRHE IGVER DAL R A2 LT, 728,
Xy )T = a =7 3EmOE ., IV TRHE, TEMERBRETE o TR L,
2.2.4 NV HHEDOZ BT

PIVTHED 7 4 TV IMLEII DT 4 T AZ o — R T ) —3x A(JIS P8121DIZ L Y
A L 7=,

7OV T R O FE RS AT Je NIRRT 1213 KAJAANT FS-200 (V304 » hd— k2
—va VRS AHWT, EHINWA R SMEOME CTRHE Lz, MESRMITT 74N
— 2R EE LT,

IV TIBHEORIERIT 2 v A NEEEE W an A REEED 2 FiEEZRWTTo 72,
auA REEET VT HBHERE 04%D AT U —% 10g h> 7V v 7 L, ZOWERLT#
i FE e B E 2 (PCDO3, Muetek #EfY) 12T, #F 4> AV ~—& LT PDADMAC
(Muetek fHBUEIER) 2 HWTEME L7z, F72, WEEE T, 0.156wt%/v %® <)L 74
#ElZ PDADMAC (ALDRICH #E:#, very low molecular weight) % 0.5 wt%/v %2/ L
72 PDADMAC % 1.5g #s/1 L., 500rpm C 120 A8, U ¥ 7 4 L% — (<0.45um)
ZHWT, 10g o7V 7L, 20RERI = F L AAVERCEEFT Y 7 A (PES-Na,
Muetek #EBUGITES) 2 AW THEZITV, 2OV TS L72R ) ~— B bifE s
K7z,

T, IVTHEHED T VAR DOVIEEITILLT ORETEIZ LD R T,

WM B 0.5g O/ VT Hli#EE 100mL B — A —I2 & Y A A 22k E N Z TR T 55mL
L, Z£212 0.01M kT b Y o AKEK 5mL 212 CTHOBiRzEMRm L, L 7l
TN D E TR 2 Lc, Z om0kl 0.1M HlgZz 2 T pH % 2.5—3.0
WCHREE L, BENEELEE (AUT-50, #ifli DKK RS8R 2 My, 0.05M KEg{bF RV
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U LIKEEIR &R HIREH 60 ORI THABIRICHE F L, 142 & OEEE KO pH Ofi %

HIE L, pH11 BREIZZ2 D £ CRIEA KT, EEEMBELGL, ZOEBGEMHEO, KEE

EF MU U AEEREZRD, RAUZL D VT HHEDO I VR VSR BEERH L,

ANRF NG E (mmol/lg) =/KERLT F VU U AfEEKE{LT b U U LKERE
B (0.06M) /ST & (0.5g).

2.4.5 rIVTRHEDBIE 1L

PNV TREHE~ O Ry e OVEPE IR DWW DREF I = > B 7 X2 F L s X (Olympus
UPlanFLN-PH) &5 2% L5 2 (Olympus PD20) % i 2 7= Y5 B#%: (Olympus BX50)
XV BELT,

¥— bR OEATE BB TE N O E - BIT, ANy # —4&E (Hitachi E-1030)
ZRAWT, 40 B, 77 FF— TV aa— bk Liztk, BT SEM (Hitachi
S-4300SE) % T, 15kV ONLEEE CHIZE LTz,

2.46 aAVRYy b— b OBBRYHETMTE

— b OFIRIREL JIS P8113 ICHEL CHIE L7z, E7o. v— MNEMHHER G TREE S L
IFEAF MO — MREFE G 7 — MBI LY BETHE L7z, 24mm @O 1RO
BET—7 (=F NS, ko r—7) 2y — FERERICREL, N Fa—F—
(1Kg) AW, — T2 &I2L-oT, v— M RICTF—7ZIEEE Lz, T0%, F
WZEoTTF—7%2HBEL, 7—7 Rl -7c v — MR A BHRIC KV BIE LT,
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2.3 MERLELE

231 arRYy b— MORSER

= MO 3RS EFEMICIERT 2 2 L3y — FoWmE a2l LSRR T 5 ETRAIKR
Thod, LnLaens, Bga Ry hr— METRIZHO BN TWDIK31E (JISP
8003) TIX, /L THEHERARIT MR DIRBEL CLE D 72D, ZO3ENE2 DT CERT D
TEIFTERWY, 22T, TgEIZ KDoA Z A L7z, Fig.2.3 @ LXK 7
ARV y h—hD Tg H—7Th b, 25C-105CRHIANHE Z 5 HERIL— hIC
FET DRI OEBICED LD TH D, 105C-500CH(C)DEER A I1X, VT DE iR
2 KD HBMHEACE Y ~DOZEHUTEIK L T\ 5, 800°C-900°C R D EH & 1T BV iR S A7z /X
VT R ONEVEIR D RAL) DFRLCABEIC K > TA T 2 ZBLRFICHKR L TV 5D, [FIFEC
L 800 CLL EDFEFAF(E FITHWT, BbEkIcm b S, TOERIIRBITIEMNT 5,
Z LT, BLBkIZ 7 T FF 30 cikil & L CIEET 5,

BE, VTR, FLTOKGEITITg V—7 X 0ELN., IEHREITZZINGOEE LD
U TVERENPORERNING, £, SE, UL R Tg ik EEHE SN D
DT MERERNEL 78D, 88, ST IEEROBEMO®EEAWDS Z &
Lo THELNIAHER A Fig.2.3 O FHIZRT, 3O ETICBNT, EREORELHIE
IXRWEMBRASE S E WHBREEZ S Z N TE T, Y UTF A0V T 0K 15%
IFBR IR, IR & L CTRICEEL TS (Fig2.3 O TR &), Zo ki — Ffo
B OEH R LK EIT FRROKQ)-B)NSHEMT 5 Z LR alRE L 22 o7z,

e

Moisture content (%) = WA %100

_B><0.7O>< 1 x100
0.94

w
Iron content (%)=

Cellulose content (%) = _C x100
0.85xW

Activated carbon content (%) = 100 — Moisture content — Iron content — cellulose content
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2T WY=L oigEERTHY . A-C X Fig.2.3 ICHGT HEETH D,
0.94 & 0.85 DfEIL. Fig.2.3 D#I K N LT DFNEOMBEMOME X 58 En 5,
flEH L7-8miE., £ OMIERE 0.94 M OHMEBRORER L L CZORMmICHE{LE(Fes04) )3
183%HENTWDH Z LT D, £z, MRS 0.85 (/ST HED 85% D RIC X -
T, HRET AL LThRbi-Z & 2nd, X@)FD 0.70 X, #& (M=55.85) & Ea{kek

(M=159.7) O FENPLIHAEINDHETHD, ZD LT, Tgihlck-oT, aryRKYy
Fo— MO 3Gy (B, ST JEVER) OERSITNATREE 72570,
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Figure 2.3 Typical thermogravimetric (Tg) curve of iron powder/cellulose/activated carbon
powder composite sheet, and relationships between actual weights of iron powder, cellulose or

activated carbon powder and their weights measured from Tg curves.
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232 AT VISV THHEL T 2T VR =—V AT A K B8 OHEEY
Fig.2.4 ({2 £ 0 6] AR OB DK T TO OV THHE TR & OV L Tk~
BBy DI FBMEE T H A R T, TEMERITEER RO & LT i RIC RS RE S
Do JEVELR (1.6-2.1) T r—2 (1.5-1.9) &IFFFEUEELEEA L, 1000m2/g &\ o7z
RO TREWEERHETH D720, 7L TR OVEVERIZIEIC~ A T A DK HMEL A
L. FFEMNICIEIKET D00 LT, 7OV Tl L ISR O 7 7 T AT — L 2
MNENL VB> TR BIEATE D LIRS 2, —J. ST v 7 bicize o
EWRAE IR, THUTEmAR 7.8 L EWEELZA LTS Z LITES<,

Cellulose + activated carbon powder

Figure 2.4 Optical microphotographs of slurries of unfibrillated softwood cellulose fiber and

either activated carbon powder or iron powder without any additives.
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Fig.2.5 1Z SBKP X (N HBKP % 7 ¢ 7 U Ll L, HFBEMBIC L o> B LR CTH
%, SBKP & U HBKP $:(Z /L T HER HEIZ 7« 7 U A B STV D703 R S 4L
%, Fig.2.6 1 ZMfELEE L7 SBKP O SEM B ThH 5, X7 LU NDT 47 VLR ERIC
BIRIND, £, ZOROIMEFEHMER & EE 0% Table.2.1 1Z7~d, 717 Uik
FEDOHEITIZHE . SBKP & U HBKP $: 2 SEEJgHE R (30 L. 0.4mm VLR O EEHU A 231
ML7z, DFED | BHEHES I L7 2 & 2 BWT 5, 0.4-2.0mm BOEESAMILT 47
U VOHEFFIZEN, SBKP 1IN 2 olzkt L, HBKP Tl L7z, Ziidicx HBKP
IEHER 2N SICER LTV D

F|br|IIated softwood cellulose _ Unflbrlllated softwood ceIIquse

Figure 2.5 Optical microphotographs of slurries softwood or hardwood cellulose fiber with or

without fibrillation.
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Figure 2.6 SEM of fibrillated softwood cellulose fibers.

Table 2.1 Average length and frequency distribution of softwood or hardwood cellulose fibers.

Frequency Distribution(%)

Length-weighed

Cellulose Length: Length:

fiber CSF(mL) a"er"’;g]en:‘)angth <0.4mm 0.4-2.0mm

SBKP 65 1.69 2.7 26.0
150 1.86 12.6 428
500 1.08 11.2 39.9
700 2.09 7.6 38.0

HBKP 50 0.58 271 72.8
130 0.63 212 78.4
300 07 15.1 847
650 0.75 8.4 90.7
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F72. Fig.2.7 137 4 7V HULOEITIZ L 57OV T R EMEROELLZ T LR ThH
5. Fig.2.7 O ERITzm A FEETRDIAE, FRITHE w1 FEETROIZIETH D,
MaXHEDFEIZ S D DD T 4 7 U MEOHEITIC D, R E &I MOMEMIZH 5,
¥1Z HBKP X EH-E13E <, Z OfERIT Table.2.1 T/R L7 0.4mm LU F O FER A & AHE
Wb, ZOMBITEHEOWIMZ LY . 7OV O R A L2 2 LR
%, Table.2.2 |XEERMNE TRl L7 L 7D I VR F 2 VB E R,
CSF75mL-350mL (23 T, H/VRF IV EITE(L L TRV, T USRI X 5
7 4 7 U METE SV THEHEO BRI X DL OERITE Z 57002 L2 BRI 5,
LI RATFEEE 7 0 T ET B T 212k 0 . SBKP & O HBKP 4517 Rk 5 73
T L. %2 HBKP Tid 0.4mm LU T OB AR TN L 7=,

Table 2.2 Carboxylate content of fibrillated softwood cellulose fiber.

carboxylate content
sample

(Mmol/g)
CSF 75mL 60
CSF 150mL 60
CSF 350mL 70
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Colloid titration method
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Figure 2.7 Relationship between the Canadian Standard Freeness of softwood or hardwood
cellulose fibers and charge density of the cellulose fibers. These samples were prepared by

beating method. The slurry to be analyzed was prepared using ion-exchanged water.



Fig.2.8 137 4 7 VU Wb ET2I1FZR 7 1 7 U /L{k SBKP KO HBKP 2 7 U —HIZ8H) & IR
MU, 7Ll & S OMBER 2B LR Th D, 7«7 Uik SBKP, HBKP
W, HERENAFT O > TV T D 7 4 7 U v~ F U v 7 208k 3 P
IR SN DT SN, TDO XSV Tl D 7 4 7 ) ABIZER ORI
FWIRRH D Z LR SN,

Unfibrillated softwood cellulose

Figure 2.8 Optical microphotographs of slurries of iron powder and softwood or hardwood
cellulose fiber with or without fibrillation. Weight ratio of iron powder/cellulose was set to be
9:1.
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ZIT, INHDO7IVTHHER VT, BRI X 28 OB £ 0 il 217 - 72,
Fig29 (21X 7 4 7V HLDEAWEE X, T aT VR <v—V AT LN TR EZIT-
TG E DR OBEE Y FRER LTz, BEEY M AR LTRT ¢ 7 U b L 7 i
ZHAWTSA B E 0 1T SBKP L ONHBKP #£12 40%LL F L K2 - 72, % L T 100mL
CSF £T7 4 7 U ML LTSV FRHEDO SRR £ 0 RITK) 70% & IBRICHIN L=, 7=, 7
2T VR v = AT D HWTEGE B E Y RITRKT 1« 7V vk SBKP KU HBKP T
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Figure 2.9 Retention ratio of total components (iron powder + cellulose fiber + activated
carbon powder) prepared from unfibrillated or fibrillated cellulose fiber with or without dual
polymer system (PAE 0.5% + CMC 0.18%, percentages are based on the weight of total
components). The original slurry contained iron powder/cellulose fiber/activated carbon powder
of 75:10:15 by weight, and the basis weight of the sheets at 100% retention was set to be 240

2

g/m®,

29



Fig.2.10 137 4 7V MO EEWEEZ T 2T VR Y ~—V AT LE ATk E1T-
a0y — MERE, U= MOFRSERE, KOS EVE, £ L Tr— FOFRR
Exrd, 747 VLD EEWBHEMNT 5154, ¥ — N OEKEA RITH 62N
MU7ee —hH. WA THHE L ERROGHABITIZIEALE—ETHoT, ZDXIHIT,
PAE/CMC OF 27 VR Y ~v—Y AT AL 7 4 7T VI LT OMA GO L DEE Y
AT KDIATRERIRY 2 OB EEHAE SEH 2R Y vy v — FOFBEICEB OIS E L
25, H 3 BTHERT AN, BMOERMLEERN T U v TR KRB A v — MTIER AT K
To b,

£, ARV by— bOJIEMRE L SBKP, HBKP 3£, 7 ¢ 7 U /LN & 4t
[CBEFE A B L7, SBKP X Wil S -y — hOSIBRIME XM U7 ¢ 7 U WAL THg
LTbHWFICEWMEZ R L, Zhid SBKP O EHi#E (1.7-2.1mm) (X, HBKP
(0.6-0.8mm) XV b+4rcR < MHERIRE S IREE A M L35 2 LICRERT 5, 20 7k
DHPBIRDY—MIBWTH IO X RHRIIRS MO TEY, 2Ky br—F
TH OB SN TS, v— FoEREIT, BEAMEL L TOT7 X7
RBEAENZHRT DTDICITEE R 7 7 7 F—D—>Th b, o T, ®LFETEHH
EEieal ATy NOFRIZITT 2T AR v — 3 AT A EOMAEGDLEIZL D7 4 7Y
AL VT OB D B Tdo D & flm LTz,

30



Softwood cellulose
—3 Iron O Tensile strength
[ Activated carbon A Retention of iron
B Cellulose fiber

Highly fibrillated Unfibrillated
300 T T T T 5 7 100

l H4

250

200

50

Retention of iron powder (%)

0 1 1 1 1 0 Jo
In slurry 0 200 400 600 800

Canadian Standard Freeness of cellulose fiber (mL)

Weight of each component in sheet
(g/m?®)
Z
|
|
Tensile strength (MPa)

Hardwood cellulose

T 300 . . - - 5 - 100
£ 2s0f {4 § Jeo 5
5 l B = 2
S 200 l I = 3
8 ~ — [ N_| 13 5 60 ©
§ E 150 | bl ] — o 2
S = B 12 © Ja0 B
© 100 | Q@ c
o @ 2
5 _ _ c
° 50 | 18 420 §
5 &
g 0 | | | | © 0 Jo
In slurry 0 200 400 600 800

Canadian Standard Freeness of cellulose fiber (mL)

Figure 2.10 Weight of each component in sheets prepared from unfibrillated or fibrillated
cellulose fiber with dual polymer system (PAE 0.5% + CMC 0.18%, percentages are based on
the weight of total components), tensile strength of the sheets, and retention ratio of iron powder
in the sheets. The original slurry contained iron powder/cellulose fiber/activated carbon powder
of 75:10:15 by weight, and the basis weight of the sheets at 100% retention was set to be 240

2
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2.3.3 arRYy b— MHOGH DA
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SEM image

Figure 2.11 SEM and reflection electron microscopic images of surface of a composite sheet

of iron powder/cellulose fiber/activated carbon powder.
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Fibrillated softwood cellulose Unfibrillated softwood cellulose
7 SN ’ ‘?‘ 2 W

Figure 2.12 Reflection electron microscopic images of felt and wire sides of iron
powder/cellulose fiber/activated carbon powder composite sheets prepared from fibrillated or

unfibrillated softwood or hardwood cellulose fiber. Sheet-making conditions are the same as

those in Figure 2.9
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Fibrillated softwood cellulose Unfibrillated softwood cellulose
Wire side Felt side Wire side Felt side

Fibrillated hardwood cellulose Unfibrillated hardwood cellulose
Wire side Felt side Wire side Felt side

Figure 2.13 Appearances of adhesive tapes pressed on wire or felt side of the iron
powder/cellulose fiber/activated carbon powder composite sheets. The sheets were prepared

from fibrillated or unfibrillated softwood or hardwood cellulose fiber.
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powders.

Figure 2.14 Schematic representations concerning interactions between iron powder and either
unfibrillated or fibrillated cellulose fiber by dual polymer system (cationic PAE and anionic

CMC) at slurry stage.
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Figure 2.15 Flexible composite sheets consisting of iron powder/softwood fibrillated cellulose
fiber/activated carbon powder at the weight ratio of 182.2:22.3:18.5, respectively. The basis
weight is 223 g/m?.
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R — OV —F 7T 73— 7T 7 ¢ JEEE . AVIOFEIL : TVS610, 7 4=
v 7 AR AW, HIES: - 25°C~90°C DR EERRH 2 HIE L=,

breathable film side of sample bag
Temp sensor chip
Reference temp sensor chip

Cover with
cotton flannel
5 mm in thickness

Figure 3.1 The apparatus for determination of temperature of the composite sheets or mats

according to JIS S4100.
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Figure 3.2 Magnetic moment - external H Field Curve(M-H curve) according to Vibrating

Sample Magnetomer(VSM).
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S-4300SE) # T, 15kV ONEEL CHIEE L7z,

U= hPREOBHOSHTIE, KA X BEEE (RINT2500, VA7) ZHWT, AESRME
X CuKa 40kV,. 120mA,. 10deg/min. step 0.0ldeg THT-7=,
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3.3 fERLELE

3.3.1 BB DOER{LIRE

Fig.3.3 |28 DI bL DA 2777, A RMEH U728 @F R~ Comba s
<Tow, S FEAELEL (FesOs) DORBYRRKIE CHAE SN TR Y | T OBERITHN 13%
Thbd, €D FesOsIZIERFEDFE T, NaCl KSR i 25 &, ZOREAEIET Cl
AF RIS L, Fezt| Fedt& 7o TKHIZHR S v, REVREREE N Offigk sy 238 H LMk
DIRE D,

FROFALFEERIL IR D X 12E 2 BT 5 E(9)1820, F3° gRITKDET D &
BRUICETFZR LT, Fetll/2 b, £ LT, KT &KW T @Iz FRETZ2Z T
OH)’TE %, Fetr: OHIIFEU DN T, KD Fe(OH)s L £kt 5, & HITKFOMEHE
FEROE L, FesOs~E 2 kL, $kRIEITMNET D OREE . FEERITIT 16 FEOEKDIE{LH)
BENHITWND,

Fe + 6H:0 — Fe(H:0)s + 2e

O: + 2H:0 — 40H + 4e

Fe2*(H:0)s + 20H — Fe(OH): + 6H:20
4Fe(OH): + O:+ 2H:0 — 4Fe(OH)s
Fe(OH)s — FeO(OH) + H20

2Fe(OH)2 +1/202 — 2FeO(OH) + H:0

3FeOOH + 1/202 — FesOs4 + 30H (4)
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-\ Thin Fe 0, layer protects inside iron from oxidation

Inside Iron is stable without oxidation

in water under papermaking conditions
with low CI-ion content

The original iron particle (Ave. diameter 43 um, {-potential -12 mV)

02
— Fe?*, Fe3*
Warm steam
; . NaCl * Pulp fibers form framework of sheet o« < g«
& and retain NacCl soln. Poos

« Activated carbon powder catalyses

NaCl - : .
Fe oxidation for suitable temp. ¢ s
H,O
When NaCl solution is attached to Fe;0, in the presence of O.. A

Fe,O, is dissolved in water, and iron can be oxidized by O,.

Fe +(3/4)0, + (3/2)H,0—— Fe(OH), + 402 kJ

Figure 3.3 Principle of warm stream-generation from composite materials containing

iron/activated carbon/NaCl solution

3.32 aVvERYy b — FORBARUVEKTRELER

%2 ECRLR L7 4 7 U bV Tii#E L PAE/ICMC OF 27 VARY v~ —3 A7 L%k
L 88, SV e TSRO IR A A B S E o a Ly R Yy by — R AR LT,
ZLTC, ERVATER L1270 —T Ry 7 AR T, o7y — MZ 5%NaCl KEiK %
BOWt% IR L, Vo 7RI AL, BEHICe— by — &40, 24 BflarF v a=
VI LTt REWIEOFHMEICH L7z, Fig.3.4 12, %3 — bOMARKER, KKIEE, 40C
LI EOFREF R 2 "3, > — MOS0 E R B T0%LL EORE(Sampled-5), i kK%
BUREEIT 40°CLL E &2 o7z, SIS, 40°CLL EORHGRER & o — i Ok Ot B 31
IT 2NN LTz, —J5, 8B O EH DR 50%LL T (Samplel,2) Tidi KIEEA 40°C
LI &£ 721 40°CLL EO R R 238D T o T2, SR O G/ EPMEWEA, v — o
By ORI EE B D MERH Y ZOMR, — MEEIIHEML, - MIES 7L X
VI RIT D DI D, Thbb, ARERRY — N OSmOELENIE S
TN, RIFHOBMEES T VX O TNRBS — N B LD BETH DL L E2R
LTWb, ZOXH, 7o R BT 28HOBEE VM EFa R Yy h—F
DOUEREZ AT HHERT 7 7 X —D—D2Th b,
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Figure 3.4 Relationships between weight ratio of the three sheet components and either
duration time at temperatures of more than 40°C or maximum temperature, when exposed to air

in the presence of 5% NaCl.
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Figure 3.5 Temperature profiles of the composite sheets with different sheet component ratios,
basis weights or thickness values. Determined just after exposed to air in the presence of 5%
NaCl.
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Fig. 3.5 ZFFEZIFIE—F (2o ARV vy b — M 4ER) ICL, xR THLSH
fea Ry hi— N ORI Z RS, #K R R I 39:10 F720F 71:12 (Fig.3.3
DODNBID EXD 1,2 BEHDT A ) O, 6 RN THRAFEUREIL 44 CLL LITE#EL
ZO#%, 3TCETAMICIRER TS5, 20k 5 I ii#IT AR L E SR EEHFIR R b
Fi< R AT 2IEBAHEL LTR#EYTH L, Aa RV y ho— FOgE, gk
MINEPEER RS 6 LATNIT/2 D & TEMER ORI L 0 8k O S 03F R < E#ITT 5,
Flo EMERD Y — FICEE LR WGE ., SEEGHE 3D TS, 40CICET 2 ETO
Ref] A 8 RS EL L 720 | 40°CLL RO FrgelR & Aed TRV, IR #h#R DN e & 2 E T
ABRTEMERN RAT I BV D 40-42°CORENRIE A EBLIT 5 v — ML, 868 - -V 7 - 15
PERDIHIN 86:6: 8 MHAFDL I ENTE, ZD X IIT 3 OHSITEE AR, K
REENEFE, B 2 IR ET A EER T 7 7 X —Th Y, T ek R8T, =
DIREFIZ—BIHEDO VAT LEBET HILERH D, TOFEMICOWTILE 4 T
5,

Fle, aryFRYy b= bEHATLIRY =F L U REOZZL[OBRME S i KR E
ORI AR ET DEER T 7 7 X — LD, BRMEOEE LS LT, ZRE JISK
7129) 5.1, 1.1, 0.4Kg/ (m2-day) O — & HW 86 OFEMREE fif X O
»4E% Fig3.6 lR”d, 22 TOTF—HIL 324 DREHNECEAMETHY, a Ry
v b= M, BB oSOV THEME  IEPEIR DL 75010 0 15 ZHV., FEEIL 350g/m?
T D, bwt%NaCl KIFK T — Mk LT 60wt%dshn L7=, HiRE 0.4 Kg/ (m2-day)
DR — M EAWESEA, REMRLLE T, 4041 CORMFRER LRV, —F, &
TN E S R DITHEV, AIEE S 50°CLLE L AMIcEm < Y | RN EL b, %
LT, AXUIRKNEEDNESWERS LT D,
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Figure 3.6 Temperature profiles and steam generating amount of the composite sheets with
different moisture permeability of the breath film of the polyethylene bags.
Composite sheet of weight ratio : iron/cellulose/carbon =75/15/10.

Determined just after exposed to air in the presence of 5% NaCl.
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2V RYy b — hD 3K THHEH, SOV T HHE, IEER O L 40CLL LD R}
fileEl D 3 AAHK % Fig. 3.7 \Imd, Fio, &7 —% (FERE, B, 40°CLL LFHGERFRH]
RARFEENREE) % Table.l (278 Lo, {EMERENIZIE—E (5-8wt%) T, #rEz %< L
TW< & (Sample1l6—15—14—13—3—4) . 40CLLEOFHGERERE $ 199 FEf] (Samplel6)
25 645 IEfE] (Sampled) &9 3.2 55 < 72 5 (Fig.3.8), #kky&iL 35wt% /> D 84wt% & # 2.4
BEU— MICHE SN TWDIZ bbb 5T, 40CU LRk T 3.2 ffLm L, H
S8R & & T BIREfRIC A 72, Fo, v— NERT ULV THEN DT 5 2 i X
V. 1.9mm» 5 0.8mm £ 60% bHELS R>TWNDH, DED, aKRYy bi— bREEK
b S, $kky &L TiikE (NaCl KBS &2 W) EIEMER QAR A > b 3m B L, 8
B OSSR HEIT LI b 0 EHERI S D,

Flo, BhEE—E (19-23wt%) (Z LT, EEREEHL L T < & (Sample12—11—
10). FEEMRFERFEI N LS 72 2 L RIRF ISR R BN E 231\ £ % (Fig.3.9), RIEM ThH 2
WRY— hOBREZE LEGE (Fig.3.6) LFRU L O REEHRE <RI, ik, fit
BECH DIEVER EDNEIICR L TE < D & HERICHEE STV D EER 18k O
FIGERET 260 EEZ 6D, £, EERITBEOMGILIEIT TIER, EFOUR
nNEEE b, Blbxm LS5 %BENH L L5 TN5D,

Fig.3.10 1%, &Ky, » UL 7 fllife, TEMER OLLEN 84:8:8 D LRy v kv — k(450g/m?2)
2 ERAE DY — MAREEICK LT, 5%NaCl Kiaik &% 21k (20, 40, 60, 100,
150wt%) S E7-HEOFRERE AR OFEE TH S, 20wt% TlE 40°CLL L ORI 238
< 100wt%LL ECIIFEEMIEE Z 5720, 20wt% CTld, FHELUSIZLERK G BB RETH
V. 100wt%lh ETiE, BB — FAFOBEEBNRKE 2D 2 LITNA., #HER KT
e S, BEOMGELHNEIZ RO EHER SN D, il 7R BRI 2 3B 5N
BT 40~60wt% TH D Z L BNbind,

Fig.3.11 [ZF L — b2 AW T, HINEZ 60wt% —E & L, NaCl KR OMEE 2B (L X
HIBEAORBEEHBROFEETH D, 0%, 1 % TIE 40°CLL EOFHEREM 234, NaCl 2
FE 5%LA ECHREMNHEIT L, 156wt% 03 i b R WG 278 L7z, 20 X 912 NaCl KiEiR
HD ClA A U REITSOBIL AR ST Al L U CEEREFIZH > TS,
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Figure 3.7 Phase diagram of duration time maintaining over 40°C for weight ratios between

iron powder, cellulose fiber and activated carbon powder in the composite sheets.

Table 3.1 Heating properties of composite sheets with different sheet component ratios.

Weight ratio of composite sheets(%)

sample iron Cellulose fiber activated basis wz:ight thickness Maximumc Dureition over
powder carbon powder (g/m?) (mm) temperature(°C) 40°C(min)
1 39 51 10 1009 2.19 446 174
2 71 17 12 929 1.64 46.4 351
3 82 10 8 933 1.24 443 503
4 86 6 8 1123 0.83 413 645
5 87 13 0 826 0.95 40.8 138
6 56 24 20 914 2.09 46.7 249
7 58 12 30 990 2.02 47.6 271
8 38 13 49 950 2.64 45.8 103
9 35 39 26 918 2.52 50.3 149
10 21 23 56 923 3.20 49.2 35
11 23 42 35 1024 3.29 45.7 66
12 19 71 10 1020 2.30 43.0 92
13 65 29 7 959 1.65 46.2 326
14 52 42 6 975 1.80 43.2 271
15 43 52 6 975 2.29 43.8 246
16 35 60 5 1000 1.85 42.6 199
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Figure 3.8 Temperature profiles of the composite sheets with different sheet component ratios,

basis weights or thickness values. Determined just after exposed to air in the presence of 5%
NaCl.
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Figure 3.9 Temperature profiles of the composite sheets with different sheet component ratios,

basis weights or thickness values. Determined just after exposed to air in the presence of 5%
NaCl.
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Figure 3.10 Temperature profiles of the composite sheets with different content of NaCl

solution. Consistency of NaCl : 5%. Basis weight of composite sheets:350g/m?
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Figure 3.11 Temperature profiles of the composite sheets with different consistency of NaCl
solution. Content of NaCl is 60wt% based on the total weight of composite sheets. Basis

weight of composite sheets:350g/m?
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Figure 3.12 Relationships between basis weight of the composite sheets or mat samples and

steam generation rate.
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Figure 3.13 Relationships between basis weight of the composite sheets or mat samples and
either thickness or duration time at temperatures of more than 40°C. Determined just after

exposed to air in the presence of 5% NaCl.
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Figure 3.14 Relationships between thickness of the composite sheets or mat samples and either
steam generation rate or duration time at temperatures of more than 40°C. Determined just after

exposed to air in the presence of 5% NaCl.
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4y T 270X T AL MITHEREBRT 57D THERRNA LV M Thd, A
AR L BRI, SMESR RO A XRE DY A X 54, v — PR TOZENLD
Gifii. £ LT, #8 & g ORI C & DIEMER I IS 1T DAL E R EAERIZ L - T
HFahd, F2ETHRR7=L0, PETeERCEoT, SEHNAT U —hTLLHH
S, SHOEEEREATHI LAYy hy— ML, ZOY— MIZEWT, 8k LiE
PR D/ S IR BEARR SV T M~ B Y > 7 RCE)— AR IE CHEF S L, 8k &5
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R~y MU L L I LT BN REVERER B 726 Lz b 0 L HEI S 5 (Fig.3.16),
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Figure 3.15 Thermographic image of a steam-generating sheet.

59



/ Conventional mats \ ﬁ\lew composite sheet image\

Hulose fiber

Granular mixture High retention ratios of iron and carbon

powder in pulp fiber sheets are needed by
. king techni

packed in a bag ranular papermaking technique

et S ___ay

Figure 3.16 Compared with conventional mats and new composite sheet image.
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Figure 3.17 Oxidized amount of iron in composite sheet and mat sample.
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Figure 3.18 Relationships between duration time and either bending strength or oxidation

efficiency of iron, when exposed to air in the presence of 5% NaCl.
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Figure 3.19 SEM and reflection electron images of the surfaces of the original composite sheet

and that after steam generation for 8 h.
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Figure 3.20 X-ray diffraction patterns of composite sheets before and after oxidation.
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Figure 3.21 Bending strength of the composite sheet and mat sample before and after steam

generation for 8 h by oxidation of iron.
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FAE  TaTlRI~—TATAEAVESHOSEE R
4.1 #E

B2 BT, B K2 Ve R A & LTI EEFa R Y Y b v— R ORFSE
BTV, 7SV THHED 7 4 T I AL BT AT =4 D 2 BORY ~—I12 L 5T
2T NVRY 2=V AT L EEDT 47 VMMV T HECEAT 5 2 itk > T, 2Ly
Wit~ Y v 7 2 AR CTHETE2 22N L, £, 20/
AYRY Y Fy— NI = MO OEH RO FEEEREA A L Lo
Y= hOT7UXFITAMELM EL, EHIT, RO~V y MUV ERIERE Tl L
BE. K 2 BOERTREWERE (40°CLL LRk ) 2R L7z, 2k, 747V
TSV TR~ R U > 7 T B M ONEME R 3 — o BE CHER S AL, BB
il L7 SOSH OIS L D b o EHERI SNz, £ 2T, KBTI VT HHECEEOR
WK A TR T TE 500, TOSEE VAT L Z L2 HICH L O
AT AT > T2,

Uy b RTOVTGHE, BOHE. 7 ¢ 7 —. B E D W AN ORI T3 B
FM N A RRLFOBROIRE R TH D, Ostwald DEF (KL F-OKEX &2 Inm~1pm)
MM DS b & DD, RELFRICIE, 2 e A FPEE LTS 2 &R TED,
FSNVTRHERL T 4 T —OREFKF TRICHFEL TEY . T LORMICHEE L TR O
BWOAZ —VEBEREN TS, & HICZEDOIMINTITIEA OB NRIET 5 I5HUE
BOEEN, ZORZ—VEEEHED 2 DTER _EBEBE2FEERL WD, KTOEHE
MEZDRAZ =V EOFEIC L VHERTRETH D720, ZHUfbs &L LT, 24—
VI LB OB R E O mICBIT DHANTOBMAHCLRDS (LB, [FUERE
FFORL R HITEKHNCKIE L, ZOMMER RE WSS, ROHZEMEZTRT 5
ERLT-TI D R T D3 D LEEE T 5 0,

an A R OEE « DEITRFFICERT 27 7 o T AU — L 2Ty &R — B
KT D ER HE % %E L7- Derjaguin-Landau-Verwey-Overbeek(DLVO) ¥ i (12
LoT, EEMICGERSND KO ORI RMEL 1 HOMAEERICET 2~7
2R A~ & RER STV S 2, DLVO B Tl BEENEL Y 7 T AT =L 251 )
ERARMEIERL SN TV O ER _HEMOMEERIZ L > TRET HRERIONT
ALk TRED, TbL, KFRIENT 28R T vy Lo F—Vr [ TR TE
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ENb, Vi=Va+Vr VAlZTZ 7 T VT — IV ABIJJORT ¥ % LR )F—T, VRIZE
BIRT V¥ VTR —Th D, ValThiTE B L > TRED , BB Da

FE—VIZARAEETH DD, Vxy b= RTIE, AEEVMREAICED, VRZ= Uk
=L L, Ve Z il T2 %81 H 5, Ve ofilill, 778bb, ZZTE7rFal—iar
OHEOZ L ZEHR L, S EVERICRELSBEBRLTND D,

— RN VTR SR OBREED B LS LDIXAWERED 2 ODIEHEB AL
NTWD, ALY A v — EICHHEDHERE ST GBFE TIT i, WaE XM 2ok %
RHERm IR AE SEHRREEY 2 LS5, VAP —0HBHXI3EE 150pm FE TH 55
O, BT 2 o0 XD UKL (0.1-0.2pm) AAREE D SEDICEIREER 2N L&
LN D D,

WEERZH EXE, SEFVE2E O L7202, &4 (coagulation) & EE4E
(flocculation) % 9 ELHIEHTDHZ ENEETH D, %ok &1, Ko CEEmEE O
ORIV v —IC Lo THMEET7ay 7D L THY, FHONEABTENTLE I M,
AW ZIEDDE T 7 VT AT =L ANZEVFEREAE LB EDO TRy 7 IZRL 70y 7 D
ZlxrWD, il EOREMRL IO BRIRINT 2 &R Y v — O PR RIS
INT, WONCEEME S T2y TR I ND, T Oy TSI OA BT
DAEE L TR Z 2, BELIT, R F-HOAEIC L DMNEENRE LD | BB L
STALLZ7ry Z7I3RETH L2, —HEND &b LITTRLRV, ZEDO R TMA
B E D 1A EANCIE— RIS Em S TR CREMEEOR Y ~—2 A5, kLRI
BINTHDZ M LA v WRPICH DBPE 2N —T 0 SNy &2 7 — /L &I
O, KPR a2U4G oEx & D,

CORRE EBEEZFIE L2 AT ANT 2T VR v =V AT A THY, 2HEEDKRY
~—ZflAEDETEY, PIZIE £ BO TR GEMEBEEOV T AR ~—%2H
WTAy Frgk s, 222, mofe, BEWMEEDOT =4 RN ~—%2Mad L,
EBRIO/Ny FICEHOT =4 R Y v =Nl WA INT, ZOT A BRI T & [F]
B IEBMA Sy FEMx TAGET 2 EICkVER 7 ry VAR T 22N TED Y,

NVTHHE E~DITFFH MR Y ~—DWREFEHIL, R ~v—DnF &, WEHE.
Ay T A—var, £, B pH, REENKRE BEET 5, Sl S8 E
v 1) ERIOMEAEICBI LT, HH S I3AFEREE DR 5 PAM O/ 7 e~ D W & Rk
RS, e EE D PAM ISRV IRRE TS L, SV O MFLICIRE T 5 =
& AR B O ARV PAM 13OV AHER 1 TS 2 & T — 70T A IV IMFAETS
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HEWol-ar 7 A—3a rOfEERE L TW5 45,

van de Ven O3V FhikiE~DORY =F L oA 2> (PED) OWEEBREZITV., &
DRV A EARWIGE TIIRE D FICET 2 £ TORMENRZRY | HFEDEWGA .
WNEIDETRMIET D Z &P FEMMPIEVGEIEL, @ F&O PEI MRS T
DO PEIBRAETHET NVEREL TS, £72, pH bUWSEICEE L 5 2, pH6 & pH10
TiX, pH10 DB WEENEWZ E &R LTz, Ziud pH © EHIZ LY PEI 04 1-E
faf SCFE DI LT OIEMEEEED NS < 72 0 | R 2L 7 HHE O BB M S AN 3 2
R, PSVTHHEORIFLN R IE L CTRAET LR ~—ENHE -2 SITEK L5, pH
ICHESNIS W 4 T V=V MMEERTLOR) T INDAFALT 2=y b7 0]
K (PDADMAC) & £7=, pH ®_EFIZ L0 VT~ DOWAE BN EINT 5, T ik
REOT =4 NN L, FFEMA AR NREOBRE I L 72> T 5 9,

o, LV THEO R HMEEZ LS, R ~— L OWEFRB@BITIC OV T, BEES
X, IVARFINVEE ) =F D AF LT I REICEB LT, VARV LEET vy
7358 TAXRATT oA ~— (AKD) RFOWEMEMET L, A4 NI 72
WZ LR PAE 3707 v VB EROREBME T T D L AR LT, Z LT, LS
%, TEMPO filt iz {bIc L » T, DIVRF NI ALEITE A LTV 7 ##E X PAE 4+
OWHENERT BT 52 E2R L, DARFVAEOFENBEEV ICRKELSFLHLTWD
ZEEW LML 10, Zofth, RY~—LDHAEHOIEE LT, AT MEE T~
7R CMC OWAETER 1119 kAR ) ~ —IZ K 5 7V T~ OWRAERILOBIEL 10, T
VX =T DMEEW O SV THEME~ DR AE BN 171933 E STV D,

HAIZIT D70 T HHE &R DM BRI 2 0F7818, AfRk 612 X > TRIIZH
HINTe, BIRERME T TV KL B4 T A4 b O AEAFH Z BT X > T~ /3
VTR HEDO R > b T — 7 FEIEITRLA D3 AUE £ 7 I BRI I K EE L, ISR D
BEDPHE L TS ZEPRSNTND 1920, X652, BEOIT/7 VT HE L RIED LY D
LINDIRDH AT ) —IIWHIHE Z TN L7256, B E VR ET 22 LB 6MNnE LT,
T VI EHIRIAE DAFAEIC & DAL R BB OIS Y = v b~y FOBEKICE 2 DT
o % 21.22),

Pelton Hl1E, 7~V ikiE &R OF BAEH A2 DLVO BEGR 720 CTIERi 4 2 O3 &
HEL, TOMEHAZ VT HBHEDOREEN T4 -16mV THY |, BHEEOBIELSb s+
10mV ([ZIEWZ & &2 H T 7, £ LT, LT ¥ SRR S 0T Vol 2L 7R
EEO TV OLANEORNTHT 7 VORI BODIEN TH L LHEL TS 2, £D
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fih. 2OV THEHE L B LT & L IRER D LS DNEDHREE £ 0 258 & ORI OB 7 e 4
HMED VAT AP W ST D 2429,

PEDEF NG, KETIHH, 7L T HBHE~ORY ~—DWEEE), R)~—DFx T/
ZYVVB =g BTV OBKR, o, COVTEREOLE E LT, 74 7 Uk,
HIVREF LV A LT e, B m— AT ) T 7 A S—OFINC L SR E ) %28 %
AT L. 7SOV T RRHE & BRI O F 0 B ORI 21T o 7,
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4.2 FHEE

4.2.1 #p

POV T SHEERNE 2 T 7 h LT (SBKP) A 7T B —4 — (RERFRHE T2
HASHE) 2T, EED CSFIZFHHE L=,

by (RKH, [RIFnk R A8 o SRR, R i & O — & BALILZ L 45pm,
3m2/g, Z LT, -12mV Th o7, IFHR (WAVKRT T 12 BRZ U 3A v/l I 1 VRREA
S OSFEEPRIAT 43pm. HeR TR N O — # EBALLE N E R 1000m2/g & -24mV Th

277,

4.2.2 HEEY H LA

ARFFECTHW = F AR ) ~—D5y ik % Fig.d.1 ~T,
RYFZIRT7IvzvsZook FU 5 (PAE)

TUEVBEYZTF L N T I VEMAGIRIEAITIRT IV T LR v —lco
ymamt RY rafiist, 65-710CITMNEAT 2 Z LIk ZoRY ~—RaGD4 BEOT
BFU=U L (AT E=T L) 2RRSETEITA MR ~—ThHY, EIZR
R s A, EEBAIE LTEREND DV, Fio, LD SEC-MALS 12 X A6
MR NG TR — b P EEZ B L, WAV FESAEZA LTSI R EbDb
Mo TE 29, MOMMEFEBEMIL PAE B OHCARBIZL 2D, 7V T DIV RF
NEL PAE DT BF V= A TOT AT ANKERA THLR EORENRHY, TEFY
=7 DFEIC K DAEFREE AL N ER L > TND ZERBHA SN E RS TG 803D —T5
Tvs/rnrt N UHROBIRIE E L THEBERILAEME G ATWD D, BEMEOHE T
DOFBED %DM, BIRER CTiE PAE £ 0 b ER 7RI ANITE% STz, PAE L4
ORI DA E LT, RV b=ATIv, ¥, 7AT7e FEZGTFRNICHET S
AP —NVZEWPAM, PTAVTE RF VT U ERNDH D,

B 7 WS4020, WS4030 (256 PMC #RA= i) | G3X-CEL (B U — #4k:(
SE) ARV,

RIVCTINTVRAFAT E=UL71Y K (PDADMAC)

ESROEmDFTHY , 4%T =0 DMEEZ IS ST, FMTH I F A M2
FTIo2LNTED, M FEAA T TIIEBBEL 2D ZLbWESNTND R, Ky
TEIATIEL, EvFarhba—LH0T a7 VR =V AT LOHTF AR ~v—L
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LT, @OTEOT=ALMRV 727 IAT7 I FEHLTEREND,
B 7 VX Average molecular weight : very low, low. medium, high (Aldrich #=NE&4%k
LOVE S LAY

~F LA I (PED

EEREDT T, HER, 3P Bo 7 out R K D EE#EZZ L TW
5o PELO7T I 7 ED 1k, 2k, 3MOFELFTIT1:2:1 THD, FIT pH4.5-7.0 D
FEMEBRBE P CE S b,

T METRO S D& W,

Average molecular weight :600, 1800, 10000, 100000 (FnYeifisk T 3k 4EM)
Average molecular weight 70000 (i iE{b RS0

AR =173 (PVAm)

P LRV AT I REEAEL, RYE=ZAFRLLAT I RIZLEHIC, KRSESHA
ETRY E=T I UNERE LD, PAM [FERIZ KIS C PEI [FIER D &V B A 4
HZENTE D, AL BEAREAIE LTERSTH S,

Yo 7T VSH, VMP, VFH (&% PMC #laHi) 2 vz,

Y

4lm

RY NI AFARAZ 7 ax T ATy E=v A7) K (PTMMAC)
RER D F A ME ) =D RAF LTI ) FNAALZ T ) L— D 4 FibE ) ~—
BT UANEESTARUBELZLOE i 82,

o, T4 R ~v—L L THWEILRF U AF v ra—2F U A (CMC)
oy T A Figd.2 79, —BIICIZT N U D AERITH D, Ay AR EBELY
FET D, CMC ITHARSLEUKICIEMR L, MEABEHORMED H DR E 720 | HIF, k%
BRI, HLER & LT, B, A, SEETIEAS RIS TWD, BlEkE L
TlE. WISV T EZFERE LT, TAB VB —REE ) 7 o afifEO BRI XY
RE—EFRE CTREE S D, BERIBKBEE LR IEO 2 FER H 0 | WEE Tl — %
IZ TPA MR EN D, Bra—ZDEAK T L a—ZA~DHVRF T AFLEOBWE (=
— T JALE) ITBERAYIC 3 L THEETH £723,0.6 75 1.6 FTHA—RMICHIEE N TN D
FEEEIX 1% T 10000mPa-s O EREE D 2%5mPa-s BLFOERKEEMRETHY . vtk
Na—ADQEREICEVRESND, V7 MEE 2.3 LR UL, HE1500F (55— 1.3
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U A SR 2 VT2,

I H cr
o ¢ N + NH T H
NN/ \/\N/\/ 2

c
Il
o
- OH -n
Polyamideamine-epichlorohydrin resin
(PAE)
K | ' '
// \CH—CH/ \\ 'r'a' NH
| | //\/ \/\;l/\/ \\
HC_, CH2 lﬁ
|-|3C)I\CH3 L NH, Jn
B In Polyethyleneimine
Polydiallyldimethylammonium (PEI)

chloride (PDADMAC)

Lol
NH

H
ﬁ—OCHZCHz—N_cH3 2 {CHO
° CHa cr Polyvinylamine
Poly- N,N,N-trimethy-N-2- (PVAmM)

methacryloxyethylamonium
chloride (PTMMAC)

Figure 4.1 Chemical structure of cationic retention aids.
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CH,OCH,COONa
0
~ OH o
\\
OH
- =In

Carboxymethyl cellulose (CMC)

Figure 4.2 Chemical structure of carboxymethyl cellulose of anionic retention aids.

4.2.3 7V TREMES OB R OTEHEIR OB A BITHT

Dynamic Filtration System(DFS 03, Muetek #:5) % FH\ T, 2L 7l ~D 8 & Y
TEPEIR DWW B2 b LTz, Z @5y, Dynamic Drainage Jar % (Britt Jar %) (12
DNEbDTH D, RIERHEIT VT HE & TN ENORA 572 DIREHRIIA 7 U —
WZT7 A NVE =z L o, FiclshnioREgTHisn s, £L T, 205
WOE & A DEI D EN D, 7SIV TGS SR> TR+ DB E D 25
BT DZENTED, TORAZEIMN LRV T HEHERRBIR O DB E D 2 HE L.
X () IRV EEELRH L,

W= (ARDEEY —HHEy OB OB/ FLA R ORL 1 OE 7 X 100 (1)

424 ARy b— FOFRAGER VT vy 7 BRERIE

Bk, VT HE, IETEIROZ N TN E R T 84%, 8%, 8% (&EE 15g) &, 14
ZHAKH (200mL) IZIRMLa# LI, A7 0 —Hod 3 sy (— Miksy) ORER
7.5wt%/v %ty hL7e, LT, 72 v ¥ —7 XX —(0DA-10, =—= 1 pRsrti)
ZHAWT, 120rpm TAZ U —%HHE L, v— Mo OEERIZX L, PAE & CMC ©%
NEIVEEDOEZ ZDIATHRM L=, PAE & CMC OFRIOMMEIX 30 B & Lz,

T, BEIVARNEO 7 0y 7 ARGRRICBIT S MV BlbEE=X) 7L, 7
v 7R A PE Uiz, D%, 100 B EICHIE 26 72, KEKT 0.1%ICARL .
250mm X 250mm A XD — hvw—r (BRAREERASHR) 2HVWsZ L2k
it L7z (Fig.2.1), €%, PRTHoNTEBEY 272 —4%—U —RILRKTAF
— (RERERE SR 2T, v — hOKRDERN 1%L FiZes k5. 110C, 3 &
Mgl L7z, 7o, By — MR OBEE D R, 2.22 100> TR L7,
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4.25 TaTNVRY=w—V AT AIBITDHENT  AOFE
4.2.4 TRONTKEKTHRAD 3 sl DEEAT Y — ([EB5 T.5wt%liv %) &, ¥
Y Y7 44— (MILLIPORE #:#4, MILLEX HA 0.45pum) Z MW TA@L, £DAiE
(10g) Zpkir-ZFmEm E&llEZE (PCD03, Muetek #H#) 12C, #FF R ~v—& L
C 1/1000N PDADMAC (Muetek tH8HfIEM), 7 =4 KR Y ~w—& LT, 1/1000N K Y
TF L AR UEEFT Y 7 A (PES-Na, Muetek fE8UIES) % W CHiENEALOE N

Prz R T ETRELITV, A7 U —OfENT U A2 [E LT,

4.2.6 SVTREHE~DHEE Y 1) LR OTE BT

0.15wt%/v % (1000mL) &V 7 HEHELZ 0.5 wt%/v %l AR L 7= & FEAR U ~—0.75g. 1.5,
3g. 6g X ZLNENIRIML, 500rpm T 120 e, vV v 7 4% — (MILLIPORE
f48, MILLEX HA 0.45nm) ZHWTZE DA 10g 2% 7V 7 L, Z O &% pijik
D 4.2.5 HITHE- THRIE L7z, £ LT, TOMRIEL TEBWER Y ~—KEHR D O ff da & )>
5. 7V THHEICRE LR Y ~—8BEH T LT,

4.2.7 HEE YA EFIO SEC-MALS f#HT

SEC-MALS fi#tricix, ¥4 Xgbr7 v~ + 777 41— (SEC) (2. RI BHi&R M L4
FECHGELR H AR (MALS) 23fHAGAE 7z SEC-MALS v A7 A% Wz, AT SFHIEELT
RTIBY Th D, Yo TREIIRREAKEN T, 1%W/VICEMFEE. 0.1-0.15% w/V)
AR L 72, ARICIEAREAK LT 0.4M NaNOs/ 2M CHsCOOH # w7z, ZL T,
0.2umPTFE 7 ¢ /% — (Millex-LG, Millipore #+#) #@L T, Z 7 ALlZA P =r 3
YLz, D EFHEICHW do/de 1%, Optilab 903 interferometric refracto(Wyatt
Technologies #:51 X v & L7z,

BEfH : 0.2M NaNOs/ 1M CHsCOOH

P : 0.5mL/min

SEC #7 4 : SB-806M(RY & Kux A% 7 J L— K LFEH, Shodex #1:5Y)
HIEIRE - 30C

Yo 7V ©0.1-0.15% (w/V)

Aoz varyAR)a—254:0.1mL

A g (SPD-10° VP, Shimadzu )

24 LR H AR (ODWN-EOS, Wyatt Technologies #154)
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RIS (RID-10A. Shimadzu #8Y)

4.2.8 TEMPO fiER(iz K 5 7V~ D I LR TV EEA

Wz OV F eI RS ERNE R 7 2 7 b UL (SBKP), CSF 1% 650mL & L7-, &b
fifit & L TEMPO (ALDRICH #!, Freeradical, 98%) % f\ . HEE(LHITH 5kl
HFEEF b U v (FOEHBE TR, Clb%). R FY vA M TER), 2L T
pH FREEAI O AKELT NV U AT EEDOEEH W, £7, /17 100g % 9900g D
A F AWK T, VLT 100g 12xf L. TEMPO1.25wt%., RELEREET N ©
2 3.8mmol g, BT FU T A 125wt%E ZDOIETIHRML, pH 2% v KEHW, 0.5M
KT N U U AICTH F&24T\V, pH % 10.5, #RE 20CIZIRFEL, BLEUGEIT - 72,

I, 2 REEICH R Ak U, B b Vv 7 21572, EOWb/ VT % A F 2 28K T+
SYVEE L. BRI 21T 57,

429 BAB—=RT )T 7 AN—OFMGELE, 7T AT MEORHTE

TEMPO E{b /<17 10g & A # > sc#ik 990g % I % % — (Viita-Mix-Blender
ABSOLUTE MILL KBfb& (Bk) #) % AT, 35000rpm (2T, Tabled.4 |[ZGC#k D fiE
RRFF 72T 2 Z LI kD | MHEOAMEAARE 21TV, v m—RF ) T 7 A =75
iRz 157,

tm—2F ) T 4 N—OFEEEFEHEE (TEM, JEM-2100, HAE - 13,
BRI LT am A U ESF Cu A v o BICEUEE (0.01%KEHR) 20 Tk, s 7ealk
ZIEALTERE L BRI S, i QFHRY 7 =V RK) 220 RICiH L, HARK
WL THRAT ¢ 7% 51T TEM AR L, JESRMATINEEE 80kV TIT o7,

trm—=2F 77 A R=OFEEEHEEOREIZLL T O X 5147272, EEZIRET
0.0001wt% DSV FHEHMEIC K 22 THBi 2R L, Zoiiiz, ~A4 5 (ER) ki
WMTFLCHELEZLOZBEREE LT, KM DBEMEE (NanoNaville, SPA400,
Tapping mode, SII NanoTechnology t:#, v —7137) /& % — X8 Point Probe
(NCH)Z#E /M) # AW, BERph oo —2F ) 7 7 A4 _R—Dfffkm S 2 HE Lz,
ZLT, B —RF /77 A3=% 5 KLLERH L, £ D Ok S S 2 6 AR HERS
AR LT, —BICEEMY DR SN DB e —RF ) T 7 A N—DE/NENIT 6%6
DR FEHNMFFEAEOE TRy X 7SN TnAHZ b, AFMBTOI TE 5 E 3 %
WHEDNE & R7p9Z LI TE 5,

FRT AR FHIE, B m—2F ) T 7 A N=DRE A TR L7208k (Zre
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— AT T 7 A 3—=D 0.005~0.04wt%) OREENSREM L, SEUROREIL, LA A —
% — (MCR300, DG42 (M), PHYSICA #:#) % T 20°C TRIE Lz, i
DENT—=RF ) T 7 AN —DIRE & EIR ORI &L OBMEN S, Tie@Iic kvt
NA—=RF ) T 7 AN=DT AT MG L, Zha 7 A~7 he L, it
RKi(2)1Z. The Theory of Polymer Dynamics, M.DOI and D.F.EDWARDS,CLARENDON
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Figure 4.3 Relationship between retention of iron powder or activated carbon powder and
mixing speed. Weight ratio of unfibrillated cellulose fiber/powder was set to be 1:9.
Slurry consistency is 1wt%/vol%.
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Figure 4.4 Relationship between retention of iron powder and mixing speed.
Weight ratio of cellulose fiber/iron powder was set to be 1:9. Slurry consistency is 1wt%/vol%.
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Figure 4.5 Effect of PAE or CMC addition level on retention of each component in sheets
prepared from SBKP with 150mL CSF.

The original slurry contained iron powder/cellulose fiber/activated carbon powder of 84:8:8 by
weight, and the basis weight of the sheets at 100% retention was set to be 240 g/m®.
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Figure 4.6 Formation of composite sheets consisting of iron powder/soft wood fibrillated
cellulose fiber/activated carbon powder at the weight ratio of 84:8:8.
(a) PAE 1%, CMC 0.36%, (b) PAE 2%, CMC 0.72%
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Figure 4.7 Relationship between charge density of slurry and PAE addition level when
fibrillated SBKP (150mL CSF) was used.
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Figure 4.8 Relationship between CMC addition level when PAE addition is 1.0% and either
charge density of slurry or retention ratio of sheet components.

The original slurry contained iron powder/cellulose fiber/activated carbon powder of 84:8:8 by
weight, and the basis weight of the sheets at 100% retention was set to be 240 g/m? The
composite sheets were prepared from fibrillated SBKP at 150mL CSF.
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Figure 4.9 Flocculation profiles of slurries with different addition levels of additives.

The original slurry contained iron powder/cellulose fiber/activated carbon powder of 84:8:8 by
weight, and the basis weight of the sheets at 100% retention was set to be 240 g/m® The
composite sheets were prepared from fibrillated SBKP at 150mL CSF.
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Table 4.1 Characterization of cationic retention aids.

Sample meaq/g Mw (x10°)  Mn (x10°) Mw/Mn  <R,*>"*(nm)
PAE WS4020 3.2 197 34 59 44.2
WS4030 2.8 225 3.9 57 50.5
G3X 1.9 498 16 31 94.1
PDADMAC  very low 6.3 19 12 1.6 37.3
low 6.4 69 37 1.9 19.3
medium 6.9 368 98 38 66.6
high 76 393 86 4.6 69.0
PEI 600 1.8 1.4 0.9 1.6 56.0
1800 6.0 3.7 23 1.6 54.5
10000 8.1 15 12 1.3 <10
70000 9.8 48 16 3.0 24.1
100000 10.4 368 34 11 29.1
PVAM VSH 73 80 63 1.3 21.4
VMP 6.1 142 69 2.1 34.6
VFH 57 92 57 1.6 23.2
PTMMAC 1 5.2 71 36 2.0 13.8
2 4.7 1340 618 2.2 73.2

Flo. TOWRORENT A% Figd1l, 7 v v 7iiE0% % Fig.4.12 \Zx L7z, PAE
DG ERES B2 DAL, HROBEEY ZZRT HMENT VAR A FANZH S
ZEThHDH, ZHUTPAE LTI ONCE R D FBTH D, 71y 7 AMIED kL7 § PAE
CHBT D LR, LOLARD, RROHEEY 2FBLT 2D L2713 PAE & RIERIZLE
fELTWo, 22T, BEEVOEEZFARDLIDIZ, KRR Y ~— 0/ VT EHE~ DO WA
LEHT Uiz, ZORER, PAE X 3 f L& b ftho PTMMAC, PDADMAC, PVAm & [
LEBRICE R ERE R Z ENHBHA L (Fig.d.13), Z D7 4 7 U Ak UL e~
PAE O @ WREENRE VSR EV ZFREL LIz—20HEKTH DL Z L Bbhroiz,
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Figure 4.10 Retention of sheet components with various addition levels of CMC.

The original slurry contained iron powder/cellulose fiber/activated carbon powder of 84:8:8 by
weight, and the basis weight of the sheets at 100% retention was set to be 240 g/m? The
composite sheets were prepared from fibrillated SBKP at 150mL CSF.
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Figure 4.11-(a) Relationship between addition level of CMC when PDADMAC addition is
0.27% and either charge density of slurry or retention ratio of sheet components.

The original slurry contained iron powder/cellulose fiber/activated carbon powder of 84:8:8 by
weight. The composite sheets were prepared from fibrillated SBKP at 150mL CSF.
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Figure 4.11-(b) Relationship between addition level of CMC when PTMMAC addition is
0.27% and either charge density of slurry or retention ratio of sheet components.

The original slurry contained iron powder/cellulose fiber/activated carbon powder of 84:8:8 by
weight. The composite sheets were prepared from fibrillated SBKP at 150mL CSF.
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Figure 4.12-(a) Flocculation profile of slurry with different addition levels of CMC when
PDADMAC was used as a cationic retention aid.

The original slurry contained iron powder/cellulose fiber/activated carbon powder of 84:8:8 by
weight. The composite sheets were prepared from fibrillated SBKP at 150mL CSF.
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Figure 4.12-(b) Flocculation profile of slurry with different addition levels of CMC when
PTMMAC was used as a cationic retention aid.

The original slurry contained iron powder/cellulose fiber/activated carbon powder of 84:8:8 by
weight. The composite sheets were prepared from fibrillated SBKP at 150mL CSF.
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Figure 4.13-(a) Adsorption ratios and adsorption amounts of cationic polymers on fibrillated

SBKEP fibers at 150mL CSF.
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Figure 4.13-(b) Adsorption ratios and adsorption amounts of cationic polymers on fibrillated

SBKEP fibers at 150mL CSF.
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Figure 4.14 Relationship between C-potential of SBKP fibers and either PAE or PDADMAC

addition level. C-potentials were measured by the streaming potential apparatus.
PAE and PDADMAC samples with 3.2 and 7.6 mmol/g, respectively, were used.
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Figure 4.15 Adsorption ratio of PAE on different cellulose fibers, iron powder and activated

carbon powder.
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Figure 4.16 Top : SEC elution patterns, Mw, and RI plots of cationic polymers.
Bottom : Double logarithmic plots of radius of gyration and Mw of cationic polymers.
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Figure 4.17 Adsorption ratios and adsorption amounts of PEI on fibrillated SBKP fibers at
150mL CSF.
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Figure 4.18 Retention of sheet components at various CMC addition levels.

The original slurry contained iron powder/cellulose fiber/activated carbon powder of 84:8:8 by
weight, and the basis weight of the sheets at 100% retention was set to be 240 g/m? The
composite sheets were prepared from fibrillated SBKP at 150mL CSF.
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Figure 4.19 Top : SEC elution patterns, Mw, and RI plots of PAE or PEI.
Bottom : Double logarithmic plots of radius of gyration and Mw of PAE or PEI.
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Figure 4.20 Top : SEC elution patterns, Mw, and RI plots of PAE.
Bottom : Double logarithmic plots of radius of gyration and Mw of PAE.

99



4.3.4 pHDEE

PAE HIZTEIET D VR T I IVEN L THEHE~ DWW E I T E L TWDH Z L AR S
TR REZEE 2, pH 2B SV 56OWAEREZFM L7, Fig.4.21 121X pH IZKIT 5%
EHREROEAZ TR LIz, PAE, PDADAMAC 3£iZ pH & < 72 2 I120EV, 7 THikiE~ D%
BEROM EPRRD LN, ZZ T pHICL DR Y ~—DOFEBEEZMITHD L (Fig.d.22) .
PAE. PDADMAC #:iZ pH @ ERICHEW, ffEE IR T L7z, #F1C PAE 132 DK =
MREV, T 4T =0 AEORICENT LD TH S, PAE OWERNM L
TZBREIZ DWW TIE, AFE TR A7 B MKW PAE 3@ WA A BT DR & B <
—# L., PAE OREEENNESL 2D, L0 74 TV VCHE SRR T otz Z &, T
=AU RIEOBNINCEE S A A U AEA O X % PAE @ inssitu 4 AV ZEIC LD B0 &
B s, £72. PDADMAC (T T, far 585 B DA TS 5 [ A Ofi/ MBI N 2.
WHER O T =4 VBRIOWINCLY A A WENREESTZT-DOEEZLLND, PEIL I
pH ® ESICHEONKIBICHIEEEIME T Lz, ZAUL 4T =0 2B D702 LR
T5,
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O PDADMAC (7.6 meq/g, Mw:393000)
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Figure 4.21 Adsorption of PAE or PDADMAC on fibrillated SBKP at 135mL CSF as a function
of pH. Initial polymer addition : 0.5% on dry weight of SBKP.
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Figure 4.22 Charge densities of cationic polymers as a function of pH.

4.3.5 CMC O/ TFERUERE L HEFE Y OBMR

T = MERY w—& LT, CMC OfEHZ 2 ST a OARE £ 0 2~ F2HIC
Wiz CMC OFx v 7 7 %Y E¥— 3 % Tabled.3 |2, % CMC (B} 548 £V Off
R4 Figd.23 17”7, WMEEENREL. @O TRIZRDITEN, mWEEEY 2388 LT

(CMC-5 (XA =7 7 ATIFHERAT D=0, mmyFEE T, £/, 1wt%/v % PAE K
RIZ, 1wt%/v % CMC % 10 : 1 DR THRIM L, 500rpm/1 pEDORY A A a7
> 7 ADIREBIEE ZAT - 7o, Bl s E R OE s RO CMC-5 [IHH TRIZETE 513 CE
Ripgar 7 vy 7 Z&BRRT 5 2 & 34 L7-(Fig.4.24),

Table 4.3 Characterization of different CMC samples.

Sample meq/g Mw (x10°)  Mn (x10°) Mw/Mn <R,*>"2(nm)
CMC-1 1.8 48 16 2.9 43.8
CMC-2 3.0 86 46 1.9 36.8
CMC-3 3.5 151 60 2.5 57.0
CmMC-4 4.0 239 104 2.3 69.9
CMC-5 5.4 - — - —
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Figure 4.23 Retention of sheet components at various CMC addition levels when PAE addition
is 1.0%.

The original slurry contained iron powder/cellulose fiber/activated carbon powder of 84:8:8 by
weight, and the basis weight of the sheets at 100% retention was set to be 240 g/m? The
composite sheets were prepared from fibrillated SBKP at 150mL CSF.

CMC-2/PAE=1/10 CMC-3/PAE=1/10 CMC-5/PAE=1/10

Figure 4.24 Appearance of poly-ion complex formation between PAE and different CMC
samples.
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4.3.6 7IVTRBHME L S OSE E D EE

2 BIZBWT, 74 7 UMb VTR W25 G Bk & 2L TRHER o4l R
AV RBT 4 TV K o TN S, BEMMHAER O ST MERRHIIC L > T,
PR OLREIRRAEN AR /2D Z ERH BN E o7 (28.51H), £ LT, AFEIZBWT,
BRI TF A MR ~—DF v T 7 Z VB = a U & -V Tl ~DR U ~— %R
DHHTIZL Y, PAE IRV ~—L gL, 74 7V AEmICEBRE LH NI LIRS
Nilce T ST, "ATHED 7 0 7V VIIIE S, S E2 IR L3 < s T
LEHR SN, £ T, NATHBHEICEFERY) ~—Z IR LTZBRD 7 4 7 U L OfREER
W BEMEE A W CTRIEE LT, ZOREE% Fig.4.25-(2),(b)I2=+, PAE OB4E. HINEN
0.1-2.0%IZBWT, 74 7 ULDIERDITIEEAEERR LN, —J7, PDADMAC O
BAIE, 0.2% E TIET 4 7 U VIREBICELIZR S0 s, 1.0-2.0% I8\ TIE T 4 7Y
VDG LT BlER ST, ©F Y, PAE I FENANIAL &5 F & PAE %<
TAET 272, 74 7 VLD & TEWAE L. & 512 PAE O FRKIGICHFAEL TV D
TNVRXVNVIEERMO PAE & A A U #EGT D2 EI2L > T, O FHTOA A U REATRIZE
WisE & B2, 74 7V IVENTER R LT SN 7RBZHERF L T 2 EHERI S 1
oo TLC, AF ALY A NEETLHE LT 0 7V NVIC, EMEEENOE T TED
CMC #8NT 252 LT, D7 4 7Yk CMCIZEE DA AU FEREBK L, ZEND
REZR T vy JIRERIREE LI2b D &2 b,

2T, WIS, BB OBIERHER 7y SR F 0 IS RIET B OV TR 72 (Fig.4.26),
FERICHE L 727 7 A 7 U —SBKP I%. CSF150mL ® 7 ¢ 7' U /L{¢. SBKP % H B & 250um
DAY= HNT, KEKTHPITWEHFT D LICRVFER L, Bonl7 71
7 Y —SBKP @ CSF 1% 385mL Th o7z, 7 47 VL SBKP & 77 1 7Y —SBKP %
RAWESGAOBREE Y 2#d 5L, 774 > 7 U —SBKP T3 10-156% 5 £ 0 MK T
Lz, ZORERED . EEEOBIHERL Y b OSRE EVICKRESHFEL WD Z LR
HIB L7=, Table 2.2 O £454 OF5H 25 CSF150mL @ SBKP (213, 0.4mm LLF D
THIREHERR 55 350 18%AFE L TWAH Z E Do TWND, TS OBGHIRRAERL 2 1 TalHE D
74 7 VNV ERRRIC, PAE OWFEIC L o TIABR OV HL L, 808 & WEii it + 5 1% A
ZLTWHZEBHALNERS T,
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PAE 0% (on fibrillated SBKP fiber)

-

Figure 4.25-(a) Optical microphotographs of slurries
3.2meq/g.
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PDADMAC 0.1% (on fibrillated SBKP fiber) )

Figure 4.25-(b) Optical microphotographs of slurries of fibrillated SBKP with PDADMAC of
7.6meq/g.
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Figure 4.26 Retention of sheet components at various CMC addition levels when PAE
addition is 1.0%.

The original slurry contained iron powder/cellulose fiber/activated carbon powder of 84:8:8 by
weight, and the basis weight of the sheets at 100% retention was set to be 240 g/m®.
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R AVARF VNV EE L BITE A L7z TEMPO (b V7 igiE L 7« 7 U b L 74k
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AWT=84 O PAE OW#EH % 59, TEMPO B/ L7 DB VRS VERIIRT 4 7Y
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Figure 4.27 Adsorption ratio of PAE on different cellulose fibers.
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RETRD BN\, —J, TEMPO b L7 Cidd /ey CMC & T a fFrlic Bl L,
D%, BRIV A FT AN 7 F LTW5D, TEMPO it 3L 7 Tk PAE 232 < A&
LTWbZ D, hFAH A EREZWNET THLHDOT, PRICLEZ CMC &1F3Z 0 &
TRIL TV, ZRE T OMATH D, ZHid PAE 5 FHRMCFET 5 VAR ¥~
NEBRZEL D HDELEEZBND, T2, TEMPO Wb/ 37124 < & L7- PAE
iZ. PAE [t THFHBREEZITV., TORR, BIFA A R e UTHERZR BRI -
b LRSS,

Fig.4.30 (Zi3x7 v v 7 Aa@fE o My o 2% r L7, TEMPO Bk~ v7 D7, PAE
WM UTZRRZ MV BN LT, ZAUIZEITEA SN VAT V)N PAE & A 4
YREE L. 7Ry BRSO TH D, CMC &L, K7 4 7V b 7 L
C X9 Z RN, ZHUBHEDREWEDICHKR 7 v 7 BNERES N Z & 1ck
S, ZOT vy 7 BETIXEEOERITRD b0, S8 E VIEH S TEMPO
el VT DI BB T D, 2T TEMPO b/ v 7 1% &2 G LT PAE 1357 1-[#
BERGAATV, ZZICCMC BIRIMEND Z EI2 X > T, KW ERRN VA4 rarT Ly s
AN SINTbDEEZBND,
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Figure 4.28 Retention of sheet components at various CMC addition levels.

PAE addition levels to fibrillated SBKP fiber, unfibrillated SBKP fiber and TEMPO oxidized
SBKP fiber are 1.0%, 1.0% and 2.0%, respectively.

The original slurry contained iron powder/cellulose fiber/activated carbon powder of 84:8:8 by
weight, and the basis weight of the sheets at 100% retention was set to be 240 g/m? The
composite sheets were prepared from fibrillated SBKP at 150mL CSF.

1.2
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Figure 4.29 Relationship between charge density of slurry and CMC addition level.
PAE addition levels to fibrillated SBKP fiber, unfibrillated SBKP fiber and TEMPO oxidized
SBKP fiber are 1.0%, 1.0% and 2.0%, respectively.
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Figure 4.30 Flocculation profile of slurry for different SBKP fibers.
The original slurry contained iron powder/cellulose fiber/activated carbon powder of 84:8:8 by
weight. The composite sheets were prepared from fibrillated SBKP at 150mL CSF.

4.3.8 TEMPO Bt/ —RF ) 77 4 N—LAHEEE i

INETORHNDL, 74 7 VVDOIFEL, BEZ &R 2 PHEICS W THERD THE
ECHHZERHALNERoT2, TL T, TORHEMEBL VA T AZHESHEELTNDH
MPAE #Z< WAL, ZOFER, MERRNIAF o a T Ly 7 REBRT H I ENRRE
Niz, 2T, MEBEOEHNVELT—AF ) 77 A N—2{RNT 5 LICLHEED
ZEAE L~V ORERELZ AT H CMC & L7c, ZRIZHW e —2F ) 77 4
N—=DF 77 K% E— 3% Tabled.4 |Z7~7, Cellulose naofiber-2 ® TEM & ) AFM
% Fig.4.31 & Fig.4.32 1277 L7=, CMC |Z Tabled.3 ® CMC-1 % [l 7=,

Table 4.4 Characterization of cellulose nanofibers.

Carboxyl Mixing time  Viscosity fiber width fiber length Aspect ratio
Sample content (min)  (mPa-s)  (nm) (nm) (L/D)
(mmol/g)
Cellulose nanofiber-1 1.2 10 3226 3.3 990 305
Cellulose nanofiber-2 1.2 120 563 3.1 740 238
Cellulose nanofiber-3 1.2 300 154 3.6 680 188
CMC-1 1.8 - 10
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Figure 4.31 TEM image of cellulose nanofiber-2. Carboxyl content : 1.2 mmol/g,
mixing time: 120min.

Faw 707741

6.00

[nm]

)
[
L)

0 [rim] 3126433
Z10nm] 72[nm] BE= [nm] TEZE [nm)] BEE |
[ ] 2.34 3.31 0.960830 10.89 5.0
1.43 445 3.016503 1222 138
[ 237 326 0.303526 1710 3.0
[] 1.45 5.40 3947617 1710 13.0)
[ ] 1.37 353 2206074 15.83 78

B rotatsa) - 7.858E-01 ZIE o] | Edin s (4] | Siamisytn b
A (E2(P D) : 1.505E+01 | —
EALESE - 1.314E+01 5 e o
T e e Sv) - 1.807E+0 : ] L
TR AIRIES (S0 : 1.091E+00 0.45 0.00 100.00

’ b—felRERE 098 nm
TR AT (5zJIS) ¢ 1.098E+01 oy
FROTELS) © - 1.014E+06 [AfelpEst - 007 nm
FEAEEE(S ratio) - 1.020E+00
Dbt 2B ‘D FrA A 09120037 s

3441 samplet

Tk 2
T4k 3 ;. SI-DF40ALD

Figure 4.32 AFM image of cellulose nanofiber-2. Carboxyl content : 1.2 mmol/g,
mixing time: 120min.
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Figure 4.33 Relationship between viscosity of slurry and shear rate when cellulose nanofiber-3

was used.
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Figure 4.34 Relationship between relative viscosity of slurry and volume fraction on different
cellulose nanofibers.

10 100
8 L 80 3
- 5
S 6 | 60 S
c
S 4L 40 £
I S
IS
3
2 | m 420 ¢

00 2

0 50 100 150 2
Aspectratio

50

Figure 4.35 Relationship between frequency and aspect ratio when cellulose nanofiber-1was

used.
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Figure 4.36 Flocculation profile of slurry with cellulose nanofibers or CMC.
The original slurry contained iron powder/cellulose fiber/activated carbon powder of 84:8:8 by
weight. The composite sheets were prepared from fibrillated SBKP at 135mL CSF.
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Figure 4.37 Retention of sheet components with cellulose nanofiber when PAE addition is
1.0%.

The original slurry contained iron powder/cellulose fiber/activated carbon powder of 84:8:8 by

weight. The composite sheets were prepared from fine free SBKP at 385mL CSF.
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Figure 4.38 Retention of sheet components with microfibril cellulose when additions of PAE
and CMC were 1.0% and 0.3%, respectively.

The original slurry contained iron powder/cellulose fiber/activated carbon powder of 84:8:8 by

weight. The composite sheets were prepared from fine free SBKP at 385mL CSF.
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Figure 4.39 Retention of sheet components with cellulose nanofibers or CMC when PAE
addition is 0.8%.

The original slurry contained iron powder/cellulose fiber/activated carbon powder of 84:8:8 by
weight, and the basis weight of the sheets at 100% retention was set to be 240 g/m?. The
composite sheets were prepared from fibrillated SBKP at 135mL CSF.
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Figure 4.40 Flocculation profile of slurry with different cellulose nanofibers or CMC.
The original slurry contained iron powder/cellulose fiber/activated carbon powder of 84:8:8 by
weight. The composite sheets were prepared from fibrillated SBKP at 135mL CSF.
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Figure 4.41 Adsorption model of iron powder on fibers by cellulose nanofibers as a retention
aid.
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