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D EThHM, o M & L TBEDOKKS VTR HZH STV 2 OIEARMH 5
& LTIV THRME RSV Th DM, 19 RIS RA 2B W TARM L 7 o filidEH:
WASPHIE S5 £ TIE, R e EARMEHE (B, =0y IV ~272 L) PMOEEE LTE
AEncuni=E,

T CHERDELIZ DWW TR EICIE~ 5 & -5 < ) OFAIALITHT 1~2 i T E TR
SN EN TS, BARIZIT 7 il REFR) Ik Lo Shbn Tl 0, BIRRHMRIC
FEER O ML (B EH ) 238 A S5 F T HAM B O TRAEL LT,
ZOHAMADOTIETESN A TFIK) ThH Y, FEEXROEMKIE TIES ISR TEERKY
EMEEN D, 7ok, RimSCTURE T SR LEL O IER] TSN b0 ET5,

K - FERRO T BGEIC b 92 Z &A%, DKIZAO B S Eciifez Mo Bicit~, ik -
VoK%, B SE T — MRICT D) L0 ) B THD, IR ERORYE TR OBIX % Fig.
1-1BNZRF, REIZRENTWD EBY | KM ST IEZ08IEIZ L - T, b3 v
(Chemical pulp: CP), ### </~ (Mechanical pulp: MP), Hi5E/3/L 7" (Deinked pulp: DIP), @ 3 f&
FIZKBIT 5 Z LN TE D, CPITMLFMIRIISIZ L > TRM A5 L TR L7 v 7oz
T, WY — X FEOT VA VKRS 2 T 7 RoLT (Kraftpulp: KP) <0, HRfiEETE %
o7 7 A hoUL7 (Sulfite pulp: SP) 72 8238 5, MP IIERRY 72 TN K o TARM % 43 iR
LEY L7z OV 7D Z & ThH Y, DIP 13— EHRIC 72 o 72 b O & FERM%, el LT
bND I IVTMEDZ L TH D,

Fig. 1-1 ([ZIIR &N TR0, FEEORMRTREICB WL, 7~V 7 ili#E%a Tiifig) L7720,
POV THEHELIAN OFR 2 703 SO 2 LA L2 0 L O DT 2 2 &%V, 2 2 CHlfE
ClX, HRHEAFEMRAOICTE L2 OIT L7e 0 375 2 L2 S0, fikkEE ik (N7 + 7 U v1k)
L7z VMR m 2 BPINLT2 8720 N7 « 7 U k) 325 2 & T MRICHEIE S 47z BR O fkiE
MOFEEmEAE KL, MECEEEEZ B2 W2 L0 75720107 b, &5
<Y OBICHEIN S N D BRI SOV TR 113 LR T4 5,
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Fig. 1-1 Process flow of papermaking./? (©1985 i Hi hiikk e 4t)

1.1.2 OH®&

DT & LT < 3W (write, wrap, wipe) & W9 EBBREDN S, 1.1.1 Tilk~7= [Fn
H OBAE, ZO W ETEE—ORTIT) ZEMNAHET, i< L0 BARTIE MERK) EMRE
NHMAEER L, IS CTEWS T Tz, —F 0 TR o581, FARZ EIEY 5
Joi, AT RIER S K& R D, RFEEE L D2HEROSFTIE, &R
HEL FIRD - TR, LA AL, BRI, MERERE, & AR — U RORE, RRERARHE. HERGRK,
D 8 FEIZ/TITHNTEY (Table 1-1) . TNEFNOENEFEEOEEIL Fig. 1-2BNR4-L B0 T
b5, EHFET, Ea~v—RX (@ERE) XX R— NV EROFBERIEML B, £
FAF v 7 OBEIZL Y Sy — VBB TOROTFEIMI>oH W, M, HAKR S
ONZEIRI - IE B & Vo T2 FIRI AR OO FEIZOWTIL, HRIEAR OB IC X 2R
HEATHD, LML ZHGHIRARIEZ, TFEORENS MAIUTRIEREROTFEO PRI &
HOTED , HFHCRORSto F |-G L 7> T D,



Table 1-1 Categories and examples of paper

Category Commodity Examples
Paper Newsprint paper in rolls Newspaper
Printing and communication paper Magazine paper, paper for plain paper copy,
recording paper
Wrapping paper Wrapping paper, kraft paper bag, paperbags
Sanitary paper Toilet tissue paper, facial tissue
Miscellaneous paper Cigarette papers, baking paper, laminate base paper
Paperboard Container board Liner board, corrugating medium
Paperboard for paper container Confectionery box, gift box
Miscellaneous paperboard Building paperboard, tube and core paperboard
Container board
B Paperboard for paper container
B Miscellaneous paperboard
Newsprint paper in rolls
B Printing and communication paper
b 1,0001] B Wrapping paper
35,000 .
B Sanitary paper
30,000 B Miscellaneous paper
25,000
20,000 - - - - -
15,000 | EEm e
o I I I I I
5,000
| .
0

1990 1995 2000 2005 2010

2012 2013 2014 2015 2016 2017 2018

[year]

Fig. 1-2 Historical changes in domestic demands of paper and paperboard in Japan. Statistics are

provided by Japan Paper Association.®!



1.1.3 #oOTMY

L12ICR LB, MITHBITIIE U THOLL V3T b5, £ L TRIE, 2D BAARMS
NT 2 EFHC L THRES LD, L7edi> T, VDR OFIESL OV FIbD 5k, 725 TNT
NMREEAWEEZ 5HT, OBEAV (bbb, @bk, FIBE, BHERY) 248252 L
MTEDLN, TN TRETELDNEITIIRARD D, T, MORERIZIE THER)
HL<IE N &V OB THA OGNS NG, 22T, NIREIIPHRY v
— ETHAESNDETOM (VY b=y F3— 1) 0TV —ROMEHZTMT D2 L 25
W, AMRIEBEK LT — MRIC A S TERRBHI TINS5 2 & 2451,

WIRIC X DD EHSRE(LIIAM 7L 7R OHAl Td 0 B ) 99%7K T 2 MBI 5L ppm
~E% &\ BRE OTRINF 2N 2 57200 T, O MESCRREOFRENEEZ RE{YEETE D
B2 ch b5, WICE 2L, BREORINTIHE bBEELREL< LboTLE Y 2 L
MmH, ZOay ha— AR TROP CRE 2L 72D,

WIRIZH W B2 SO 1213, BEREAICREEEA] (CRREA AL BRAD., A XA,
BEREOA, R DA], R PREx B 5 (Table 1-2), 7235, WEREAISCEHEANIME R+ % 4%
BLTT7ry 7S LTODOERENS /b L FEa ke (R ~—) THY, ¥A
ZFNIARDOWAMEZINHI L TA X OBHLEZ T DO SN OEERTH 5, WK
HFENTE Fads (—OH) L7 I K (—CONHp) . 73/ (—NHp) Ml %2% < A4 5K
U~—"T, »"OLTREIIES L, TREEOWHEMICER SN D KER-EREAWNEEL2 LT
HMOBEZ M LS LEMTHY . KiasUCUBE HERAA LT 58I Al 283 2
LT, WEEARNT LT L b LRGBS DNEUET S 2 LT KITENTBEO
AEOIRE 2 M) E S 5ETH Y, EEHZOW CIIREIIE TR T 5, b O TR
T, BEHEAICEEERZ BN U 7o R OB O BEE AT, il & IRt O E A - S RIBICE B
LT,

Table 1-2 Internal additives used in the paper industry

Functions Examples
Coagulant / Fixing fine fibers, fillers, * Aluminium sulfate (alum)
flocculant various chemicals, pitch *Polyaluminium chloride (PAC)
(retention aid) / components etc. in the paper * Diallyldimethylammonium chloride
drainage aid matrix (DADMAC)
*Polyethylenimine (PEI)
*Polyacrylamide (PAM)

*Polyvinylamine (PVAM)




Dry strength Improving dry strength - Starch
resin through improving fiber-fiber *Polyacrylamide (PAM),
bonding *Polyvinylamine (PVAmM)
Wet strength Improving wet strength *Polyamide-polyamine-epichlorohydrin
resin through improving fiber-fiber resin (PAE)
bonding + Melamine formaldehyde resin MF)
- Urea formaldehyde resin (UF)
Sizing agent Increasing the resistance to *Rosin
penetration of water + Alkyl ketene dimer (AKD)
+ Alkenyl succinic anhydride (ASA)
Inorganic Increasing opacity, brightness +Calcium carbonate

particle (filler)

and smoothness

- Kaorine (clay)
*Talc

- Titanium dioxide

Coloring agent

Adjusting the color

+Colored dye
*Fluorescent dye

- Colored pigment

Defoamer Antifoaming and defoaming +Higher alcohol
of paper slurry - Surfactant
- Silicone
Antislime agent Sterilization of * Aldehyde
(slimicide) microorganisms *Bromine

*Quaternary ammonium compound

1.1.4 SE~OEMY OFEIE (ERIOFIH)

FR L7280 MO SE 2 EEE L7200 O—H 1T EMY) (BN B35, Sk L
LCE<HWON Y L LCiE, IREBHLVI DAL, DAV (71—, XAr,. BT
Z ol ENETF 550 (Fig.1-3, Table 1-3) . ZHHEEIOMHIC L > THIFFTE S AU v b
ELTE, AW R, BRESCAREHELR L NIRRED B, fuEodd B, FREMS
SHEZEMORAL, 2 X MR EAd v M8 BRYICIE U TR 2 SR IR S v D, fl
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ZIE, BWBITRE AT 5 LT X RO BERE (REWE) Z kS5 0ICIERICH
ATHY, HERAK (1T 47— 3=) OLIICHFOEHR TN L EEHEICRD D
N & RV D L2, A mNE VI REEZAT 5, Table 1-4 12, ERERORE
A O 2R, — 0, BITRITE~PRETH D OO, ARG < 7272 8 BUE O fLkME
TR IPERMEIEIC 2 > TOW D DOBRIRIEI N T 5 (RIV) Thb, REEI LS T L, &
BIREEH v I (EH v, GCC: Ground calcium carbonate) & #E RER T VS T I (8L,
BERIREE TV b TR R IR J1 V37 I PCC: Precipitated calcium carbonate) ¢ 2 Fli¥E(Z K
BIEH, A IERRAEDIHC L > TN L b o, BEIMEEICAR LI L O &R,
AARIZIZRIBE AN T DEDOEADEEIFET D720, ENOLEIALBRHNLND Z L1%
Mooy EHVITIREO U A Y —ERENM LW E W I KR H DM, —FH O VI,
B MR TY A Vv —BREEN NS <, ARREOSRGELZTHET 2 2 & THE LWRIRORIE
DHLEOPFLNLM NS FERHDHOD, —fEANC TR RBRENE VI RERH D, L
22 L 1980 HAREED BRE AT 72 0 b D TR HMEABE B P BREE 7 L o 0 A Off RS
4% ¢, 1990 I FRUIR TH OB T 0w 2O T MOFIEY & L il L%z ik
TE 2 X900 BIfEIFR I A BNIESEH ST D,

Fig. 1-3 Electron micrographs of some common fillers (x10,000); (A) ground calcium carbonate, (B)
precipitated calcium carbonate, (C) kaolin, (D) talc, (E) titanium dioxide.



Table 1-3 The properties of major papermaking fillers

. . . Brightness Specific Refractive .
Species Mineral composition (%) gravity index Mohs' hardness

Calucium

carbonate CaCOq 95—100 2.72—2.94 1.49—1.66 3.0—4.0
(Calcite)

Kaolin Al,0;-2Si0,-2H,0 80—90 2.60—2.63 1.56—1.57 2.0—25
Talc Mg5Si,0,0(0H) , 90—97 2.70—2.80 1.54—1.59 1.0—15
Tianium dioxide 98—99  423-550 261-290 6065
(Rutile)

Barium sulfate BaSO, 95—098 4.20—4.50 1.64—1.65 3.0—35
Zinc oxide ZnoO 97—98 5.47—5.78 1.57—1.61 40—45

Table 1-4 Reference price of fillers

Species Price (yen/kg)
Calucium carbonate
(GCC) 20—30
Kaolin 40—45
Talc 28—43
Titanium dioxide
(Rutile) 410—490
Barium sulfate 250—290
Zinc oxide 280—400

1.15 EEIORIR 2 b NSTRIE R 5 2 D&

HELE W D86, £ ORBERIFIC Ko T, BHRREOBECHOIRE . 72 b UMK
52 5 BN RER D, — RIS, HEEIORZENKE K R DITHE-> THERIZM LT 5 (Fig 1-
408N Tk, BERIOBRRE OBEIZIIRE < TERESI WS &L TABIER) Rb 0. Bk
DRIBRDVNEVRHTITATE . REWE S ITEBRENRIHEMAT 5 L Fbh b T (Fig. 1-501),
HBIERIC L D BBNRO S BEBES N RRENTZDEEZZ BN,
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Fig. 1-4 Filler retention in a 60g/m? handsheet. Bleached softwood sulpite pulp (300 CSF) + 30% w/w
filler +0.1% wi/w polyacrylate dispersing agent. 8 (©1991 Blackie & Son Ltd.)
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W74 7V (CVTREDEPISL S T2H5) 1TEE L, BHERE S ZAE LT Wiz L3
Z B TWAR SE5m@ i Z ST, ﬂ&ﬂ»%Wmm&f®ﬁﬂ%ﬁ%Lt%_m%T%
R E < 72 0o\ 2 EBH B & 7o T 518 2 (Fig, 1-7),
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Fig. 1-6 Sheet burst strength at 20wt% filler, i.e. kaolin or chalk. The strength is a relative value for that
of unfilled sheets. [2°!
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Fig. 1-7 Plot of filler light-scattering coefficient against particle size for narrow size distribution kaolin
filler at 20% w/w loading in a bleached softwood sulphite (300 CSF) handsheet. 8!

FRO LB AW EEY) (EED) ORBEEZ D NS RRIRFOBEMEIC 5 2 5 281
REVWH, BEHO B LENLITHET LI ERMON TS, BHEMIZILR— Db
FHER T ORISR 2R DA () BIFE L. BIZIXREE I L0 LOFERITIE, A
b, 77354 F, BEORT T4 b0 IHHEOLENFIET D (Table 1-57), ZdH H L
YA R AR B FNCLE T, MofERHE2 — RIS 5 & RAH v A
MZZET 5 Z e TV B F- ML, R USSR ThH o THAEMEIHFIZL-T
Bex 72k a & 5 2 E WL L BIZIE IV A NUOREEI VY T AOSEEITIE, £ OEMSE
RIS TR, IR, SEHIR, BERIR, LW o BOREREEY 3D 2 LR FRETH D
Bl = D 12 K o THREREOMOESLHE A D Y | Fl 2 (X H 7 5 O e & M3
FEAR 70 & ONTHHSEIR DIREE I V> 0 BB NI LT 6 OME ~O B RAE L, RIS
P, BEERITIREE 72 © NTFEMEICEND Z &2 b & LTWD (Table 1-6),

PLED X 9 2mmA %k, BHEERICBW OIS EMITIG U THEA e K& & - 2 - FiHE
DR %A T TN D,
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Table 1-5 Pleomorphism of calcium carbonate!??!

Calcite Aragonite Vaterite
Molecular weight 100.1 100.1 100.1
Crystal form Hexaogonal Orthorhombic Hexaogonal
Specific gravity 2.71 2.93 2.64
Moh's hardness 3 35—4 -
Refractive index No 1.658 Ny 1.530 No 1.550

N 1.486 Ny 1.681 Ng 1.650—1.940

N, 1.685

Table 1-6 Properties of paper filled with calcium carbonate

Spindle-shaped Columnar-shaped Indefinite shape

(GCO)

Basis weight (¢/m?) 40.7 40.1 40.7

Density (g/cm?) 0.54 0.56 0.55

Ash (%) 10.8 10.6 11.1

Ash retention (%) 72.0 72.3 71.8

Breaking length (km) 3.61 3.37 3.58

Burst index 2.03 1.87 2.04

Brightness (%) 81.6 82.7 80.1

Specific scattering coefficient 604.1 608.7 532.1

(cm?lg)

12



1.1.6 HEDE KL,

114 (ZREL7z & B0, MICHERY) (ER) 2R 22V > MIZHHD, — B Zin
DAYy NI, HEEZEES (FIKME) T21FER& <250 (Table 1-718)) &K LIk
STHELET AV v bBEREET D, BlxIE, 5o RER EOMAOIRT, Rins@ED
IR, YA XM (=AM ORF . FIRIREOIG N, SURIREOBEEMEIR R 232815 5 5129,
ZOMOBI L E AT E &% Table 1-8PNRT, 2 b O THEHNT, S OK FILBET 23 -
WIRETH D, 78RR, HEOY A XA 0.2—4um EIEFIT/NE L RTU A v—D B LE
RHIZT ORI TLES 2D THLD, Tz, BEEOSRE EOdIciic O TR S
NT&E7z, B2, BREAIOEIRS, BT A MR+ T =4 U MEBOT 2TV AT LD
RPN Z T, pH FHEE 20 e D IIREEE (7 ¢ 7 ) JALER) T 7RO B0 A IR
TINT HPAEN R F D, £72, BEAREORY ~— Tk %2 H 5> UhEHE S8 T
INZRIRZRE T2 MHEEHLER ] & MEI D FiES IR < O REAHT b TE Twn
BB 5z X Bobu Hi%. @O FEOFRY T 7 UAT I R 200 ppm % REET LT BT
WL, BESETELOERERE LTHWS Z & T, BABEORBEAIN T NZ2EH LTSS
EHEARTRIBH VS T DDOHEEDBK 2 % (25%—56%) [ L9 5 Z LW 5ne LB, £/
Riddell 5%, HERLEZ i L7/ L—%2fiHT 52 & T, BAEO 7 L—2H L7285 E &
RCH R FRE DMK T 25 10%MH CE 7 LM L 0B X 5o, ZomkpLeE kv
BRSO ER R E W HIEE LT, RS, 0k Lo LT O SERHEE oy (SR & R Y
~—ZRO%, EMHEE Y LIRS LTI 5 5EE B L Tn 568

UEDEBYEKRMEDOT AV v MEM D 720D FiEITHAZ H DA, 26 OIETIEHEE
IIACPICHT 2 ICBE LT CRIES N CLE W, TP —icar ba—325 2 L 23
LV, R OEES T DD ARE) — S L > THELST A Y v & LTI, EEEORAE
PR L S REINRL R RMRET b D, B2 Bown 1%, HUEHLEE CTHERL A BE S 5
&L RLFOLA LR THBESCRBHENME T T2 2 L 2HLNE LTHDEL Lo
T, EEOMEZL L0 RMICEBT 5 72011%, (5038 —) o Tk %< | FHETED
BIRREE LW EEZHND,
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Table 1-7 Benefits of filler use in paper %!

Examples

Ways to maximize the benefits

Cost reduction
Brightness

Opacity

Reduced energy of drying the
paper
Friction —to inrease the paper-to-

paper coefficient

Friction —to decrease the paper-
to-paper coefficient

Control of pore size, e.g. for filter
papers

Control burn rate, e.g. for cigarette
papers

Increased filler content, using low-cost fillers
Increased filler content, using bright fillers

Increased filler content, especially using fillers with
optimum size of the primary particles.

Increased filler content

Composite structure of filler, e.g. calcined clay.
scalenohedral PCC

Platy filler with wasy delamination, e.qg. talc

Selection of size and particle shape of filler

Use of alminium trihydrate (ATH)

Table 1-8 Problems associated with filler use 2

Examples

Ways to minimize problem

Strength decrease, higher
frequency of web breaks

Increased apparent density of the
paper

Low first-pass retention, two-
sidedness of paper sheet

Abrasion of forming fabrics, slitter

knives, die cutters

Dusting, contamination of printing

Presses, copiers

Increased demand for sizing
agents, etc.

Larger particle sizes, cationic starch, increased pulp
refining

Use of bulky fillers, fuber optimization

Effective retention aid use

Avoidance of quartz impurities, fine particle size

Surface-applied starch

Increased chemical dosages, reduced filler content,
larger particle size

14
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HEEVEZ L0 @S-8 —ICRET A HEE LT, h—2Xvue—F 407 R0 [ 7743~
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AUZOWTHRAE T 21T, A7 & =B 2T 2 L — A U NIZERIDME L, e
BOASNTITH —EROERIBMEFF SN D Z L 2R LFHICH 2B, 2ok, FRERICHE
WEECHAET 2 072NN 2, BT VR =0 A CRIEEM & 28 2 T2 2 L b 28]
IR L7z 0B B % L7 27 ) —HhTinssitu B L7-0 325 2 & THA LT 50
EESURERS ST,

ZD XD I T LB OB AL EITIC oW TIE, IT4E. UPM-Kymmene #Hi2 L 0 #8T
R CIREE I Vo U DA R E 1S 5B BH%E Sz 0 B Imerys #E2SORRAGE & B A A
b U= Rk S 2 I BB P T 5130y, HARICB W TIE L v I—HRS s e i A
T L LTRE(E L7z 0 B BRBURR A AT T R®) LS BFROFFEM L LT
BARNETH TH o720 L TEL L TERELOOHLIHITER->T0E, 20X 5T,
PV L) DA RO REEICB T S HERITH R L LTI T b oD D T
BIER) BEBALTHET 2 FEIREHLENTE LT, WFROZEICE W TH otk
BOESROERY (K53) ZRE L7z SR CTRIZE L7203 27210 TRl Thn T g
DONBIRTH D,

Water-swollen

cell wall
(?(( ------- Filler particles within pit = | Mesopore
—~ T
~— @::rmﬁ
\
\ R les 63823
..... Cut end of fiber s
——
1pum

Fig. 1-8 Schematic representation of lumen loading (left) and fiber loading (right) with the in-situ

precipitation method. %
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1.2 B OME DEE L EE)
1.2.1 BEA - BREAIOHRM & B OBE A 1 =X L

113 TR 7z LB 0 | MAERET HBRHE (VT AT U —) ([CNIRT 2HRITITRE A 72
FEIED & Do T HAAAILEERE AN, BERIRHE SR D & 9 72 7 7 A Lot NIREE R &
WHEICEA SETRTEAREL®mD L Z & T, MEO M LR OB ZEME DM | (5 K
DI WK - FEARMED E, AAKROIEBIL) 1[CFGT B8 E ol s CIER I EE e RE A
HoTW5,

HEFICEREAIOMRRZ F M2 Hik L LT, FRESH AT IV I FLRr—U V% —
(DDJ % L < i Brit Jar) B¥8172 & ONZ B IR K 43 HT2#  (Dynamic Drainage Analyzer: DDA #
L < 1% Vacuum Drainage Tester: VDT) B4661% Fu 7= Hx 883k BR 28—k AO T H D 1F 0, S TRINFT
BNV T AT Y —ZONWTHF A U HERESCY =X BN E Vo T2 BMELZRAE L0 7]
UVIRINEZE=4 1) v 7 L0 2 5kl 5, Lol 2720 TIEREIR D T
R LR TE RV, SREAIRLEREANLE OFECIRINTIEFEIC L > TRR LI (A =X
L) CHEEF 2 BEEE S| E OEEDARRED B KA 7R D VB ORI DB MR I B A T,
Bl ZIE, EEHZ DWW TIE 116 THRR72 L0 THHD, RFICED X 5 7B (B mHk
RAE) CTREOD M M, B, RERER EORECHRICET oo RE gl ed, L
723> T, MO D 247 5 BTl BREARCEERRAID X 5 2B E 20N LIZi DSV T AT
U—DUHEFINZ X HALHRE L, 2 ha— A T5 2 ERFEL 2D,

HREHICEHRE A 2 BRI L T2 BRI HE Z DRRELOBEEE A h = X 2>\ TR B fgE S
TEY, W ONDA D= AL TIRP\RINTETND, TOHTLTO 3 FE K&
K72 b DO THY  A) & B) BEEREALL C) BWHREAIEZHWIZBEO EREHE - B 2 b s,

A) BRI
B) /Ny TFHEHE
C) &I EE

Cellulosic fragment A) Charge neutralization B) Charge patches C) Polymer bridging
(negative charge)

—)
Add cationic
electrolyte

&

Fine particle

Fig. 1-9 Sketches representing three idealized mechanisms by which polyelectrolytes might be expected
to increase agglomeration in aqueous suspensions. A: Charged neutralization; B: Charge patches; C:
Polymer bridging; Color code: blue = negative charge; red = positive charge; gray = neutral charge. %
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A) OEMPFNL, PR & KX OBEMEGT HA A b L TR FEME DRI
& LIRS, REBMAPHINTER _EENEI R, 77 T AT — VAT L > TH

BRI DHTEEF D (Fig. 1-9 A), EMTFIIFEITHMEET VI =T L (BN K/
NRUR/STTH) RRIVET VI =74 (PAC) & - - EMIIESS, KO FREOEME (R
U (T VLI AFALT = L7 1Y) K): pPDADMAC: Fig. 1-10 (a) 45) Z#L7IZ8HE1C
EZHEIhTnD,

B) /Xy FHHEL X, EBREDOWEIZL > TT T AEH OISy &~ A T R EHOTEsy
EELEOICHET D LI oTohi RN, ZNENEMOE ST EEI>Z&Tr7ry s
EIRT 28RO L THD (Fig. 1-9 B), Z D X 5 7pkeiE 100 LA F Oy - EOEE
WBEOEME RV =F LA 2 PEL Fig. 1-10 (b) <° pDADMAC %) Z %I L 72341
BZHEIhTND,

C) O—FOEHITEEIT, BOTEORY =Rz L—7RICoR 2 & TEN
BHETHZ &S (Fig 1-9 C), /& 100 T Lo &S T EEROEME KV T 27 VAT
I NJH: PAM: Fig. 1-10 (c) %%) Z#iNL72H /I Z D & ST 5,

(a) (b) - - (c)
NH, N> NH2
gt g i
n H Ro
NS cr HNT NS SN SN, Noo
7N\ H R4
H NH,
HZN/\/N\)

Fig. 1-10 Chemical structures of (a) poly(diallyldimethylammonium chloride) (pDADMAC), (b)
polyethylenimine (PEI), (c) polyacrylamides (PAM)

PLED X5 2 BRERIILHIN BB G TWe b DD, FEERICHEIR LI & IR Z H5EN E
DA H = ALK T D ONERRINHED DD Z EIZREETH -7, THFIZ/2 D, Nanko &
IZE-oT, @E=anAf FCQRE LA FEMRE (R ~—) ZWIN L e 2 &Rl E 158
&% (Transmission Electron Microscope : TEM) THEIZE$ 5 Z & T, AU ~—HOMKEE S WEE
PET L2 ENAHENI L L, 2O FETRY ~—OREBEABET 5 Z LI TEThH,
RNY = —EINC K> THIEE Z S D BEROMMEDBEE EAIRIE A MR T2 Z LT TE ann

ST,

1.2.2 EBL - HRMEDBEE B O FHE
BRI HE DR LA 72 D TNTHRHIZ B 1T 2 0 DOIREZ R T 5 — DO T & LT #K
D F RO % A=A E WSS (Scanning Electron Microscope : SEM) 72 73104 Sy B 45 o
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£ 5 BREBAME /2 5N, SEMIZ X BRANY b a2 —F —&flAaG b izE 7 r—7 X~
A 717 F U A (Electron Probe Micro Analyzer : EPMA) THIZZ4 2 HiENH DT Ll
ZRHOFIEZT TR, BlAE, EEAHHEICESE LD 00, [AE] OJFE TR
HWHERNZE E > TV AT RO EE RMD 5 Z 1T LV, Z08% RS 572912, S
NT ATV —HOEE « EEZBZMRDBEND D,

R ~—IRINZE > TEL DNV T AT ) —OREIREDO L E T L7 FliT < 20
0. BlziX, e —7RoOEER L —— R SBEMEE (Scanning Laser Microscopy : SLM 1
L < I Focused Beam Reflectance Measurement : FBRM) U781% FC 7 & v 7 ohi 434 % 1
ET D E VS THEFEN R IFIECMA T, VA A—%— (KERD &0 oirBam 2o
T Y 7B SRR R A S L7 J7iEBA 8 ey By gs (Photometric Dispersion
Analyzer: PDA) % 72537183 8687170 B D REEHD TR & 0 BEHEIRRE (A X, TRIESE) %
RELHERH D (Table1-9), LxLZbWFRoJES ., fifHE & B 28 0 51 TS
TEIFTET MRS IR TTr Yy 7 BB BT OXRRTH S0, BN
L 72 3 DSRAHEC B O Z N E UK LT ED X D ITEH LD 2R T 5 Z L IXTE R
Mmool (Fig 1-11), E722Ofo ks LT, RESHELFHMEEZ WL Z LT, A ~v—
WINEED 2 7 ) —h ORkiE & REE V> 7 A ORERE 2 A LTI & 5508,
Tkl & R OBHEZRENZ OV TIE, #kiE (v A7~ U XA — ) LR (T ~~ A7
0 A— kL) OV A ZAOENIFEFRE LS £lo, KTOBRRREZFMT 2 2 &L BRDO#HYE)
FEMRENTZD | ENENDOELE /EE R Z RIS T 2 FIEIX T E TR ST

7,

Table 1-9 Methods to analyze agglomeration behavior of pulp slurry by adding chemical reagents

Subject of Refer-
Analyzer Approach
analysis Y PP ences
[n A)  Electron Observe the agglomeration of fillers on the surface [72][73]
Sheet microscope and cross-section of paper with Scanning Electron  [75][76]
(Paper) Microscope (SEM) and/or  Electron Probe Micro

Analyzer (EPMA)

B) Fluorescent  Observe the agglomeration of calcium carbonate [74]
microscope by fluorescent microscopy when adding cationic
polymers modified with fluorescent reagent
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(1] C) Particlesize  Monitor the change in the size of the floc by [771[78]

Sullury analyzer scanning laser confocal microscope (SLM, [79][80]
FBRM) having a probe shape after addition of [81]
pulp slurry

D)  Viscometer Indirectly evaluate the agglomerative force by [82]

(rheometer)  analyzing the viscoelastic properties of pulp slurry
with a rheometer

E)  Turbidimeter Indirectly evaluate the agglomeration properties [83]
by monitoring the change in turbidity

F) Flocculation a) Analyze the folc by a probe which is similar to ~ [84]

analyzer optical densitometer
b) Analyze the floc by photometric dispersion [83][86]
analyzer (PDA) [87]

[1]

} A) Electron microscopy

B) Fluorescent microscopy

C) Measurement of floc size

D) Viscosimetry

E) Turbidity measurement

v

N SRS . F) Flocculation analyzer

Fig. 1-11 Conventional analytical methods for aggromeration of fibers and fillers. The notation A)—F) is
the same as in the table 1-9.
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1.3 K& EY OFFiiE

1.3.1 ¥ERMORER L ZORY

1.1.1 TRAR7ZE B0 OBFEHTIE, (L UL TR L 7 L W o= LT
THRE|REFAEL THEST27LY (DIP) 3d 0 | iIEFIFEERSC 2 A b, RER#EES ST
B DIP OF RN EH LT BB (Fig.1-12), £D—J5T, DIP OJFEEE 72 5 R0 E
DILTRBEE IR > TEBY, HRPICEENDIRERMICLD T TADBER LTS, T
TAORE LT, BREFOWHIK, VA v —=7 oL MEORT BB, #E AR
B LR — L7 EORUG R G, FIROIN TRED ~ Z 707 Enzd 6 580 (Fig.1-13), khag B
VOFRRIZe D b0 L LT, BARIER SN2 EORY ~—Of Rz T, N—Y
YV HR ORISR O e 5 ¥y Ty, BRICE END A 7 BLE TR A
ENDEVE, BTRICEEND T T v 7 AR ENMBLILTWS (Table 1-10 B2, = v 555
B DEME ML L LTX, 7 — Y = BWSRINOREEE (FTIR), # A7 v~ 7 14— (GC).
TFMRE v~ 87T 74— (GPC), LA (DSC), E&EMEFIMEE, =~/ ¥ —
SO X B3 HE (SEM-EDX). 56 X # (XRF). EEREKILE (NMR) 72 E03d 598 F7-508
L b o 7= kL LT, IRV (NIR) Z W5 FikEd & 590 =k b i3kE 5%
B L7zbox20EEERENET 2565 L. Moo ETEERH Lz b olzonTh
W oH60nH 5,

90%

80%

70%

60%

50%

1990 1995 2000 2005 2010 2012 2013 2014 2015 2016 2017 2018

[year]

Fig. 1-12 Development of the recycling rates for paper and paperboard in Japan. The statistics are

provided by the Ministry of Economy, Trade, and Industry.®
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Fig. 1-13  Problems arising from stickies on paper making process®! (top) and schematic
representation of respective process (bottom).
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Table 1-10 Potential sources of contaminants in mills using recycled paper®?

Adhesives and . . . Deinking Wood resins, rosin, and
Coating binders Ink residues . .
hot melts chemicals wet strength resins
SBR, PVA, PBD, . . .
PIP, EVA, PAA, SBR, PVA, starch,  Mineral oils, SBR, Eg;t);aﬁfr;i?:its ! :Zisi:]n;ndd;agz a:JcrI:a;-
PE, PP, waxes, pigments PVA, PAA, EA PS, um,
surfactants FA, melamine-FA

tackifying resins

2 SBR: styrene-butadiene copolymer, PVA: poly(vinyl acetate), PBD: polybutadiene, PIP: polyisoprene, EVA: ethylene vinyl
acetate copolymer, PAA: polyacrylate, PE: polyethylene, PP: polypropylene, PVA: poly(vinyl alchol), EA: epoxy acrylate, FA:
formaldehyde.

1.3.2 ¥EERY O L BIRTRITIT 205K

KBTI OO HEENRH Y (Table 1-11), L2EHARL. V0 A Fedkdk, N RN
RETHITH Z EWNARETH D00, —RENTIT YA Rk > THHEET 5 Z L 3%, Doshi 1T
0.15mm DAY » DT T v A7 U —1 (ff) TH#ELIEROREZ DA R, @
YA TR AE R ) & EFR L TV DR P X L2 ERRICER SN D O, MK
/RS B DOV TR DN K o TR TRICE T 2 RN K& < Bie b 720 Th 507,
W RS SR LTI DIP fE TR TO R 7 U —r (FAOBRER) 7 ) —J)— (=
D)% T U 7ZBREERE) OF(LIR— N CTH D, —F OMIEE B ~D R HRIZ OV T
Hubbe 578 Review [ZF D TWARP fil 213, 7a—7—v 3> (BEER LTS 12X
BERERN 7L X =y AR02 108G 7 gL 2 B02108 70 1 o SRS SRR T D VRN | SBERG A1I00% 108102
F|[102, 1061 - gt S (107,108 5 Hh k1]« LI 4 | 1102. 1061090 7 L oD A KSR KL 2 TR A RER S & B
Do ZNHD XD IR AEMUNIAT2 5 T2 DI, KB R OF AR H ORI R4 O fk
REA B FIECRHMET 2 Z ENITETH 5, KETL D . MK HKE =) O Z nZ i OFF
MBI OWTRATT 5,
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Table 1-11 Category of stickies

Category

Examples

Chemical composition -Pressure Sensitive Adhesive (PSA)

Size

Softness

Internal / external
factor

Association

Recyclability

Visibility

= Hotmelt
* Mixture of PSA and hotmelt

- Macro stickeis : residue on 0.10 mm or 0.15 mm slit
* Micro stickeis : filtrate passed through 0.10 mm or 0.15 mm slit

*Viscoelastic materials (e.g. PSA) : difficult to remove by a screen
*Rigid materials

*Primary stickies : originally existing as an adhesive foreign substance
(solid)

- Secondary stickies : substances that change from water-soluble
substances to adhesive foreign substances due to the change in pH and
temperature while papermaking

= Attached stickies : difficult to remove with a flotator in the case of
micro adhesion
= Free stickies

- Suitable
*Unsuitable : substances difficult to remove with current technology

*Visible : detectable as a dirt in a color image
*Invisible

1.3.3 MARHEE B DOFAMTE

HLRKEE B3 OV 7 RHE & B L CHh A AN KE L, FREERNICHICEER CTHD &
WHMHENS, »LT AT Y =% A v NAY Y — TRk L7 R8-S L7 2 Y
—NOAER U 72 B & o— NI EGENT CERT 2 FIEN RN TH Y | RifidA 714~
TrOVT AT Y — w EHGRAT D BRI P B LT\ D, HTHAY y hRAT Y —r &
W FRIZOW T I N E TRAICHIIES N TE TR Y, ZOMPRE (kg BRHoBIE, &
v ML ADF I, G ORELE) ITOVWTIZINETICW O O|ERNH 5, £7-.
L ED S HHED—EBIZ DWW TIiL, Doshi 512250 Sitholé & EZINEREIZHIE L, FiRE i L7z
AN D, Table 1-12 (213 Sitholé b DFEERKE RO E LD &G L722s, 77 7 (Method 8
BAMREE & e CRS B 2 5150 & HeEAOMBE & < L O MEZERFR 23 J5 51T Method 7 (5
7 4 VDK B ARG LT b O X BEIRRNT) Th o Z e RS Tn 5,
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Table 1-12 Comparison of characteristics, advantages, and disadvantages of the evaluation methods for
macro stickies??]

Contaminants

Method Advantage Disadvantages detected

1 TAPPI -Easy to distinguish * The two pressing procedures Stickies only.

method the contaminants somephat lengthen the methodology.
(white contaminants on = The coating does not work if there are
black filler). a lot of fibres. This is especially so if a
~Good for lightly 100 pwm screen is used to collect the
coloured and/or contaminants.
transparent » The removal of fibres is incomplete
contaminations. with the water spraying procedure ; the
residual fibres had to be manualy
removed adding a further 10 minutes to
the method.
*The black filter papers are expensive.
- The lowest pressure limit of our
heating press is > than 11.6 psi.
*The error tends to be on the high side
(varies between 12 to 30 %)

2 Total count -Fast. - No selectivity for macrostickies - all -All
-Laminator is particles are counted including dirt, cintaminants are
inexpensive and easy to ink, etc. measured
use. *Error < 20% including fibers

and shives.

*No distinction
into different
classes.

3 Stickies -Relatively fast. - Two images per sample. Stickies only.
count -Easy to do. - Measures only stickies.
- Not sure that we get the hot melts.
«Error varies from 10 to 25%
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4 Wet
specimen  when using version
where handsheet is

made.

Fast sample preparation

- Difficult to apply sample with rejects
on the black pallet.

« Difficult to select the threshold during
image analysis.

* Difficulty in using wet samples on a
scanner.

- Difficult to distinguish between
particle and air bubbles.

* The soft roller used to remove excess
water way also remove some rejects.
*Long procedure when using 4B
version as rejects are first collected
then added to pulp made with a blotter
and before a handsheet is made.
*Error varies between 17 to 70%.

* Themoplastic
contaminants
(hotmelts).

*No distinction
into different
classes.

5 Bluedye
as standard handsheet

Fast sample preparation

-Not much difference in contrast
between background and particles.

*Hydrophobic
contaminants.

is made. -Not enough particles in 1.2 g -No distinction
handsheet of pulp stock. into different
-Need to use a fume hood to handle the classes.
dye (heptane solvent).
Error > 20%.
6 Lamination -Fast. -Not certain if all stickies and hot Stickies and
-Laminator is cheap. melts are transferred to copy paper. hotmelts as one
Easy to use -Fibres are also transferred. group.

*Error varies between 13 to 60%.

7 Transparen Fast method. * Temperature of laminator is Stickies and
cy film extremely important as the some hotmelts
transparency may fog. (with low Tg
~Wet filter paper is applied to the values).
transparency.
8 Reference  Detailed method for *Long procedure. Sickies,
absolute determination  -May be selective. hotmelts,
of macrostickies in *Not feasible for heavily contaminated  plastics and
pulp samples. samples. "others™ as
Very good » Tedious to perform on a large number  separate classes.

reproduciblity.

of samples.
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1.3.4 #EHBKGE B4 OFFATTE

Bk &3 0 MK E B OREEIL, T TITHSLSh>oh 5 b, B TOMR L WTHET
LI DHWHILERIERS E S 25, TO—FH T, MHKEEDIER TEARWIEEMN2Y
ARXTHY, VT AZ T —HIERLTLESTNDED LB LD, 7L T AT —
PSRBT DI EIRBEZ MR L2 0 . fhOME LB LTZ 0§25 2 L N LU & - 72 RER
Hb, Flo, BLRESICEoTHEEL X D &9 5 &, MARINT, Fe bR SV T HE & 4y
F72 I be< 27z, VTl L OB OKRF 2R A2 Z ERFFFITEE LV,
Bl 21, T E TG STV IR B OFHIE & LT, BESHIER2 128 pR i &
HERel AR S ERIE (Total organic carbon: TOC) 7181 B2y o~ 75 7 ¢ — &
TR 7o —H g b AN —& O E RS oK EIREN SRR A O 2 E R (Quartz
crystal microbalance : QCM) (133 1341 i fig g 1135 1361 L — 4 2 = AR08 T p— 2
v ¥ 2B U TR F— R B W07 B~ O HER O B RIE, v — & —RIOHEREE 2 A
72071k (UCM i) B M SHEH 7 ¢ L MCHERE S B CEIREDOE(b A E=4 U v 7T 5 71k
RENBHD (Table1-13), LL, ZHHIETE T, HHHE BEHORECHI. b L < IIHoiks
BHRYBEURCOBREREBEZFET D2 LOAZERLIZLOTHY . Wihb, 7L 7
A7 Y= ETHRELTLE D D 7V T ME DR 2 51T 720 W I IE T 217 5 (Fig. 1-14),
ZOTD, TR DNV T AT Y —HRIZRWTHEE R & O X9 ITHHEICEEE EF L T\
DN, ZDOFEEZHERT 2 Z LITTERD >, WHIKERY OGS, ZORELE T TR TE
DX THEHE L BHEE TEE L TWDHD] BT HZ N~y N T T NRRIZEBT 5 —FD
RA v M DTo, ZORERBD LD LD R AEFICEETH D,
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Table 1-13 Analytical methods for micro stickies

SUbjeCt of Refer
Categor Methods of analysis
gory analysis Y -ences
A) Extracts a) Weigh extracted substances with a solvent [126]
. [127]
b) Measurement of total organic carbon (TOC) [12]
(IPST method)
[129]
Direct ) . )
o B) Deposit c) Deposition on wire mesh [138]
quantitative
analysis N [139]
d) Deposition on a steel plate
method [140]
e) Deposition instrument with a rotor shape [89]
(UCM method) [141]
. [133]
f) Quartz crystal microbalance (QCM) method
[134]
g) Measurement of trancemittance of a transparent film  [142]
: . [124]
C) White water h) Turbidity measurement
[125]
Indirect (Filtrate) [130]
quantitative i) Flow cytometry [131]
analysis [132]
method
j) Particle size analyzer using laser diffraction [137]
k) Image analysis after collection on a filter paper [135]
(PVM method) [136]
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removing
solid substances

* a) Weight

b) TOC measurement

NS===

e

c) Wire mesh
d) Steel plate

g) Transparent film

} Weight etc.

T T
...
I... 1
—-~—

1
|

f) QCM measurement
h) Turbidity measurement
i) Flow cytometry

j) Particle size analyzer

’ \Y
1 1
1 1
1 1
1 1
1 1
1 1
1 1
\ !

k) Image analysis

..............

Fig. 1-14 Conventional analytical methods for micro stickies. The notations a)—K) are corresponding to
those in the table 1-13.

TUARKE 25 220 DIHE~ D EEETEBIRIBZ T2 HIE L LT, MMk S 54 & ot L.
BEMEE CHEIZE T 2 HIENR B D, Shelty Hit, m—& I v B THOBEHSL LIZ Y FRS (BK
PEDIHIURLS )%t%ﬁﬁﬁfﬁﬂfé ET, BTFFHURY v —IRNEEO E TSy DERSE
DRESZEZRE LS, ZoFHECLY, "AVTAT ) —HTE y FROMNR Y ~—DiRINE

ELT@%%LKU %ﬁbt@ﬁéﬁ%?@%éﬁﬂﬁ“é EIXAEECH o T2, LT lHED E D
I E y F R NER L TV DEOFEME NS i%%ﬁ#oto_ﬁﬁ%ﬁWH5*0
®ﬁ%kbfiﬂjgﬂﬁﬁbkﬁww7x7)*%A ST D FIER S M4 4 5 1%
WHE & BOKYEE (oML & 2 %)%%M%M%wmtmﬂfmt T L2tk 2OV R T
U — % RABAEE Sy . BOMREMEI 2y, AW/ L, A5y 2 a0 CBEREE CRlIZ T 5 Z & T, B
IKPEEN E DT« EO LD IRRETHIET HOnEH L E L (Fig. 1-15), LarLZ
DFHEITA v 2 TABTDHEWVIBRIENMET, TOEEEL —TITHROONHEE L b, FEEE
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WCIRIC LR By F o ztdEh & O BRI SOWTIEBH S S TI W o 72,

Fig. 1-15 Conforcal laser sucaning microscope (CLAM) images of fluorecent dyed hydrophobic colloidal
substances (HCS) fixation with fluorecent-labeld PVAm to long fibers. (Green: PVAm, Red: HCS) (144

1.4 Gk or BTk

1.4.1 5B - Sk HTEE

ERLimtB0, MEMK T 2WEIIHEY H L0, TOEESNT D EEONDIEMAHE
L, FEMEMDZENHELL RDBERH D, LEEN->T, BMOWEEZ ST Lo 0
WHECTHLY Hd (BT 2) TENECRD EBEZ LN, REWMESHEL CTONrT 2 Tk
LR TILIERHENTEBY, ToHo—onN/u~ N7 7 4—Thb, /a~x 77
7 4 —DEFRITEED 20 BRI TV b ik, THEEM & BB & OO
AAER OV OB ZBIT 2WEOFBOZELZFIH LT, 20 DIREM I b1l % h
ZBET DR MeIeh s kB OND, su~v NI T 0 —OREIIZEH Y, ThbE
ST 2 HEITNL OO0 b 20, KRE I OFEEMNRIK DN ZENT L - T NRIKZ v~
NPT 74— I HAZa~ NI TF7 40— OXITHETHI ENRZ, Fig. 1-161%, 7 a~
NTT T 4 —OREO—FTHH WM, Z ZCHEEME LTE, ZIEOT Y B L
BHWLND Z ERL,
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Chromatography

Mobile Gas Liquid Supercritical fluid

S T v e T

Stationary Solid Liquid Solid Liquid  Micelles Solid  Liquid

phase (GSC) (GQ) (LC) (LLC) (MEKC) (SFC)  (SFC)
Adsorption  Size lon Affinity Bonded
(LSC) exclusion  exchange (AC) phases
(SEC) (IEC) (BPC)
| | | | I |
Liquid-  Size Bonded Reversed- lon Capillary
solid exclusion  phases phase exchange electrochromatography
(LEC) (SEC) (BPC) (RPCC) (IEC) (IEC)
lon suppression  lon pair Metal Micelles Hydrophobic
(1SC) (IPC) complexation (MLC) interaction
(MCC) (HIC)

Fig. 1-16 Categoris of chromatographies. 1471

BEMZNEE LRNWEWISTIHERD 7 v~ T 7 4 —DERITIIALRNEDD,
MO EESHTIEE LT, 74—V R7u—T7F 7 aF— g (FFF) oA R & A )3
v 7ua~< 777 4— (HDC) 23% 24731 FRF (%, WNRNZWAER (FEEFHE) 23720 iRV
T BT NEGR L, T OFNE REFFIAERY (0%, BT, REAE., B,
W A2 &) 2N 5 2 & CHBET 2 H1ETH 2 (ERGIC X - TENOREBE T IR
FESARNED I, BIRIC K DN < 72 > T D EOHLENIC/AMR L7z b O R i LT
K BDEWHHATH D, Fig. 1-17 12, RFEAY7R FFF OFELZ BT R Lz B
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< Thermal FFF>

Hot plate (metal)

s er
- » dx
—>
o0 ele8

Cold plate (metal)

< Electrical FFF> _

Semipermeable
walls

inflow

<Flow FFF> | |

(cross flow) ~ Semipermeable
walls

outflow

Fig.1-17 Example of field flow fractionation (FFF). [15°

—70 HDC 1%, FFF & 570 0 il 5 M OIE S 2 b2 &84 RS2 o 7 b omE
TV A RGN BT 5 HIETH D, 723 HDC IZITFIEL MR (=FEW5EHE) 2 FE L= H T
LEHWSH D (Packed-column Hydrodynamic Chromatography : PCHDC) & . FetEM 3 Za kT
(RN & FIV 5 8 0 (Capillary Hydrodynamic Chromatography : CHDC) 738> % 1561581 44,
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D TH->ThH, BEENRORLFRL G M TEET, SHEORE A BEICATE 5 LW
9. HDC 72 5 TIIOFRE AT 28, 7=, T A (=51 nm) 255 um & 9 ERWH A
DL DEGEET D2 E B ARETH DI 7272 L HDC DA ITZ OERNFEHCEE TH Y
OS7] G@E L, TOERISH L TE T OESDO—REDORE SOWE (kif) ORNPHEESH
HU80L, 72872 513 HDC D 43D AR LR DAL DR & ST & o TEREICHE T & 2 RAMN
RESTEY, REVWHLOIFEFEOH LA BT I 525720, OQFFORNBEIRTH Y
B ORI EWADNEH N, LWV D 2 DDORMHRICESNWZ D TH L7 Th D (Fig. 1-18),

Fig. 1-18 Principle of Hydrodynamic Chromatography (HDC) 1256

T DR HIZEB N TIX, LLE® SEC, FFF, HDC 72 EAAHMIIZIS U THEWS T BT
Y % 61

1.42 MEANVT BRI BBE - R TE

SN T DB T, ST ORG L7257 OV T AT ) —HITEi & 728 A XOWEHRIE L T
BY, T/ A= MA=F—DORY) v —REED )5, I U A— MV A—=F—D VT HEHEC
BDETHFITRAEN L OWEPET D, Elo. RS Th D7V FBHEDNIEF IR <
EEORLTWVHHELZA L TWDHTI2D, MLz AT 20saIc it 5 L BAZE E 6 TLE
I b KPS VTSN T a v 7 BT 5720, L2 L UL AT
U —2ROYEMNE RS Z ENNETH D, Thdzx, LT AT U —%458 (k) 35 FB
FIERICRONTEY . — BT BECEEINC DT 50, A7 U —v b LIEA vy
2 (B) EWVolt—EDOHREAT LR 7 4 VF —Z HV D7, BRRIZIE, TH L
SOV Y —F =R 7 U= BT 2 HERZET 5 Z R 13 Bauer-MacNett %
(BN R 16318810 HS TRy 1T 2Rl 7 T — 7 Rk @Elee 18 24 I v s R
F— VY ¥ — (DDJ) B8l L OERIE K EE /AT dE & (DDA) B4 Sl o 7= HERZE T b b,
L)L, INHOHETY TV EZZEICVNEL LD, —EOSRTHEOILHEZH 2 D
ELlxhrole | HBUCE K O Z BT UER D 720 L0 ) ERR & -7z,

ZDX D e E R LG ofkikE LT [Fa—T T — 777 ax—T3
v (TR & W) FERD D, Z OTFEOBAFIZ 7273 5 5 RIT1950FE R 2 STz D oD,
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19904E1% 1% 4= (2 Metso Automationtt: (¥@Valmettt) 3 [Metso Fractionator (¥7Valmet Fractionator) |
&L TR BT AU T E CIRIZ & A ETFRBIN 70 < TRIZ ERE R SN L HEMTCidien
572 (Table 1-14), LD T, TFFO O #FERCTFR 2 W2 BFZE61 72 & 2480 LT L,

Table 1-14 Historical development of tube flow fractionator (TFF)

Year Researchers Institute Research content _'Eﬁ‘;ee;
1956  Johansson STFI (Germany) The first TFF. They observed the [171]
and Kubat phenomenon that the pulp makes
aggregates after they flow pulp slurry
through a straight tube with the
principle of siphon.
1968  Silvy and EFGP (current The prototype of the first instruments [172]
Pascal AGEFPI, France) of TFF
1970  Olgard Axel Johnson KP, GP, and used paper pulp were [202]
Institute for fractionated with a handmade
Industrial Research  fractionator. They found that pulp
(Sweden) fibers with larger size elute faster
than smaller size.
1970  Johansson, Axel Johnson Study on parameters (viscosity, tube [233]
Olgard and Institute for diameter, particle size, and
Jerngvist Industrial Research  concentration of sample) for effective
(Sweden) separation of contents
1992  Pascal and EFGP (France) They developed the TFF instruments [179]
Silvy for actual use
The Metso Automation ~ Metso Automation purchased the
late (current Valmet, licence of the EFGP and released
1990s Finland) Metso Fractionator (current Valmet

Fractionator)

33



143 Fa—TF 78— 777 vaFR—F— (TFF) O5#kHE

TFRIX, 1L41TRN Liong KX APy s 7ua~ v/ Z7 ¢— (HDC) LIAfE, WEREE
FRI WA 2 L. E OENOIRIKDOTEAEZFIM LT o V& 5l - 3k d 2 051k
Thbd, L, HDCIZENZBIIZT DHBEA > N THDHDIZx L, TFFOEAILELIE T
HHRBKEL ED, vz, TFRIFHDC XL V LR CORENAIRETH D, iz, TFF
V5 B RTRE 22 S BB DIESHDC L 0 b & HITIEL . 7SV FHkHED X 9 12 Bmm L~ L O fL K
RLOLNEECTE DR LN T HHETHOADIZE L TS EF 25,

F7-Laitinen 513, TFFASHDC & & 9 ;7L LT, TFFOEEITHEIE (K) Othnsy 7L ([
1K) ZERENLBIXBET ) (B571) BARA U R THY i 72 08I L o TKIRD
HWNVE R RATICBE Lt 2 S8 2 EFBH L TWa (Fig. 1-19074 178 - = nichnz T,
Redlinger-Pohn & 1%, Laitinen & 23 L 7= TRFIZ 22 A JWRISE DN T b DO Th 5 7 8OiE L IIIZ L
LHBLERTOILEMENDH S LERHL, V2 b—y a3 b2 TENOIRN & RIS/
U708 gk R T K B IR & ) ORBIC K o TRIEHET D 2 RE O (55
2 NVORNMIO FIHE) IET LTS D3 L, FHESS 7 7 4 V03BN O ki 4
BB LIIRBETHiN D Z E S B & 72 o 7= (Fig. 1-20), 7272 L. Redlinger-Pohn & 0 325k
VKN DTz 2 A L Td D D% L Laitinen S X BT A& NI a A LV L
TEAREMEN R . IO OREMICE L TEA BRI LR DIMGEENLE L EZ bND, WTTL
Th, BENOKIIZA SO THEEZENE T TEBY . KREVWRLTO T B3 RALAS /3 1
LT WO RFEH LTS 2 & W I BIREZFIH L CTFREY > 72 508 - 5ok d 20T
o5,

ZZTAC TREWRIF] EE-5Th, B UL T OBRAITHMER . MHEIE (MER. 7 o
TIVMEEE) Enoleth A XD 7 7 7 2 =035, Laitinen X 246 AR HRRIIC 52 58
Z#MAEL, WThoT7 77 2 —b RIS ET L, MHERPRbEEETHL L&Y
HNELTWBERL -4 512K~ T, 777 ¥ a 2 —F —Oo#lkfkE RIIBuer-McNetti=  (Fiv>
ST RREREE) OFR O ITRER EFHBIER ENZ & bREGR STV B 1

Flow direction =

leﬂ + ;" ‘-/ J
RPN - _— = =
Viwe——s o o O
- - 'L.ﬁ
.. — - ——— . ]
s . e S — —— O
Vmin —-»>

Fig. 1-19 Schematic description of tube flow fractionation.[*”® (©2011 BioResources)
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Fig. 1-20 Simulation of fiber flow in a tube of tube flow fractionator (TFF).""1 (©2016 International
Journal of Multiphase Flow)

144 AR THWETZ 7 aRx—F—

Valmet Fractionator (UL N, 7 7 7 v a x—% —) O/MEL% Fig. 1-21 12, 25 OB % Fig.1-22
R T, 777 aRx—4 =L, 2T ATV —2EZ100MIZEDTF 2—7 (B L—4F—)
(RS CHE L, TR ER R & SITHE U CRAHE~ MO aiE - BN B L 7214, Fi iy
WICL > CTHEICTHEED T T 7 v a > (FR) (0T D8 ETH D, Milds s LT RRE
& CCD WA T HfiZTWDH T, ok & FIRFIZA FR OIREE (FR AU 2— L) OffER 72
Ew o T H0, SRR T, kB OV VI LED (BB 24 TTC, it s
VT2 EE (A). RYCHREE (D) 38 K OMGELTREE (S) ZMlET 2, 2 2T, AIXRER SO,
Dt m—A#ED, SIIM/NYE (MOMmHE, TR OREZ 2R3 I0, CCD 7 X Z1%, %
e T (/XL —& —i@i) 0 B0 b 75 Btk £ TOR, K 0.02 BIZ LD A — R TF 2 —
THNOESRE BERE T 5, R SN-EBIZOWTIE, HIEK TH, FEICHERT 2N
FRETH D, - ZOBEBEHNT, HEHOMHTY 7 b (Valmet, IMG75467) (2 LV HE) Tk
MERSOMHEIE 72 E N FEH S LD,
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Fig. 1-22 Schematic representation of the fractions of the Valmet fractionator.
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K7 T v aRr—8—&ffio T NVT %558k « 5ot LIZFHFNTN < 2028 0 | DIP DOALPRE
EEZTEEDOA X OIS Kp(F Z 7 bV TR LTI 1 AN 2 72 & & O
HEDIRBEZSAL IS B L 727 UL 7 O RSP E A VW OFES, I /a7 7Yk
br—2A (MFC) Okt 7s & OFRAN 1871 AW ORI OFAELE & 543K % MP
(Bt <77 W L7 RO AR EE G OBt AR O 2L ORERI 2 E 3 5, Lol Wi
B2 ST D, H LIEDIP O X 5 7RIBEMTH A ¥ sy OB & OofkHE R oA 04
EFIZ LA R LTWRWIFIETH D . BEHFICHEET 2 VTSN OWE (MY, v F
o378 E) MWED XAV T EAEAEH (BE-EE) LTWD0E W) SEZFEICHZE LT
NI 72> 77,

145 NFERBEER OHIERE

ERL72EBY, 7727 v ax—F =P ERREF DM SN TR Y . ki OfHE -
RN Eh ORI ZERZ 77 7 THRTE 5, 22T, MMEoREITEL 7 —X DN FIENE
(mYetk, Fig.1-23) % . HEEIOBITRL A XOMUNE CEiELrE) #FIH L TiThbitTng
9Ol RN DN TUE, BB ZETE M - SORE - BEL K72 B2 K 258 2T 508, FiEto
HESIC X VHENMTbID, HEELIZ, RiTORE S LR FI2Y THHOWE & OBfRICK
STERRDIEEIREZEL D EBMONTEY, KERELY BRI/ NS W TIEL A Y
—HEL, R LD RIS RE W TIE I —HELIC S A, Frb | AT R R
(380—780 nm) DA PREFHDONIRE L THWDEGE . HUEH OffHECHEHI I —HEL A2 2 2
FTEEZOND, I—HELE, HEOBERICKT DR FORE SAREWVIZE, IR & Rt
i\ R D% ) I ERET 2 L 912725 (Fig.l-24 a), D=8, HFIZH L THEEZ D
JCTRHSREZRET S 2T, —EBUTOTA XOR T ORERHTE DHMA L 2> TND
(Fig.1-24 b), L7=RoTT7 T 7 v ax—X—OELIRE (S Led) 121, #EEZT TR —EY
A XLLF O S & E D,

)

Fig. 1-23 Polarization of light passing through cellulose fiber.
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a) ‘)etector

Laser

b) Q)etector

Laser

Fig. 1-24 Detection of scattering light.

146 777 v ax—F—0ORIE - T E&M

777 vaFr—2—0REFREOHF T, WEREOKRRLY I VRE, REWNI{ZET T 7
a2 v (FR) #XEI5 AL, MEERSITEMIEC CHERIZAT TEAREL oo T
%o PEIRECHIERF O Y o T VIR TR O S BER B IR B A AT L, ARIRITT 2 & KOKS
FERR L 720 STBENRENEL Ip o720 | EREICT D LHHER L O A GV Lo T £
BECE < Roe VT 5, AWFRIZIVTIX, EAMIZ Valmet #HIC THERE SN TV DR THE
Br%& 1T - 7= (Table 1-15, 1-16),

Table 1-15 Experimental conditions for the fractionator

Parameter Value
Water temperature 25-26°C
Flow velocity 5.7 L/min
Initial sample consistency 0.25 wt%
Sample volume 50 mL
Inner diameter of fractionation tube 16 mm
Reynolds number ~8500
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Table 1-16 Settings for fractionation using the fractionator

Elution time (s) Elution volume (L)
FR1 10.6—27.2 16.00-17.55
FR2 27.3-325 17.56-18.05
FR3 32.6-37.3 18.06—18.50
FR4 37.0-48.0 18.51-19.50
FR5 48.1-59.0 19.51-20.50

7 Z 7Y a x—F —OEBIENTTIX, RO X O IR o, 7T 7 v a
YoYU VERERMNT S L HEETH D, b VERE, BEGFTCR L E
FEICIRDHEE (0.4 glem®) ZH T 7-ETH 5, EEMITICRED S Z 0o /<7 2 —% —% Table
1-17 12T,

Table 1-17 Parameters for the image analysis using the fractionator

Parameters Values
Size of photo 7.8 x5.8mm
Cell depth 2 mm
Pixel 1296 x 966
Minimum detection size 6.5 um
Provisional density 0.4 glcm?®

1.5 AHFED BH)

ZIETICHRARZERD O VIZBWTIE, 2OV T 2T Y —FOKFEIOIFEREE (%
$8EHR ) AEL, 3 ha— LT 52 LT BONDROMESCEK TRICE TS
BEMEZREOLDICTELEEZEIOND, L LN E, FREIOMIR (1 X, B, 5iE
PR &) MEETH DT, TDOF T ORI TIIEE A W E DML \TIRAE LT & TSI 2
LZOREEL, Eio, FWEESHEL L5 & LTh, EERO, VT HE E A IR ISR
WE T, D OFEFITIRILNT A A2 H LTWD Z BN, fEICBET 2 RN R0
72

BIZIE VT AT V=D fRIZIE, Ay v (i) \ZX D088 LIZULIZHW LA, /8
IVTRBHERFIEF IR WIBIRZ L TCWDL RN EZ DL L RFHEDN L HIETHLHEEZ LN
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%, ZDOHM% Fig. 1-25 IR L TR 5, £7 (A) IRLIEEBY, 2L TEHER A v =
Wk U TTICIMNE D06, Ay a0l z@0 kT ond boixigzE A 8, £z,
ZDOGEDEENT A— 2 = TMER LD, —H, (B) DEDITA v 2 lTx U CEELIZ)
NEHTZGEE, BHERICED O T OMMERIRITE LD LN TE, ZOHRED/NNT A —
B — TR & 72 D, FEEOBETIE. 20 (A) & B) BRAVIRUL 7= THRKENDS L,
WHERIT D B ENTZVNE ST LEREEZR SN L 2L TERTA—F—L L ThH
LT bDROPHMIZT 22 LI LV, &5, (C) IRLEX oz, —EAyva ki
RN TETCLEI L, AT aDAREEIZE LRV @MU RSEENTE R 2oTL
FOLVOMBALAT D, BLED X D1, X v a2 TORBHERITSRMFZ —EIRHDZ &
WEEL <, BEMERSERTLZ L bRETH D,

(A) (B) (C)
iﬁ

el H@w :
X LR A ) 4 O %
)4 X

Fig. 1-25 Images of filtering fibers with mesh. (A) when fibers flowed parallel to the mesh. (B) when
fibers flowed vartical to the mesh. (C) when solid contents made a cake on the mesh. Filteration does not
function properly.

FREOREA R LS5 B & LT Buer-McNett £ (FfiV Vo 1T ikBRk) 235 5, AT,
MR L CTHREIZRD LAy v aPRREBINTNDZ 7 His, Kae—ElE Tt L7
NIV T HMEE BT D TH D, ST ER A v v 2 IS0l S DR E —EICRD
T, Bl L7z THIZA vy 2 THRET 5415 K0 i8It B
MOBFCTIHESHOLN TS RIETH D, L Lok o7 vE (EF5 109)
A ES S B SV T RT ) —HOWED KHIZRIT IR0 2818752 LixcEn
W, EAEDIET R ThDHD, LBV D O7OIiE, MICRo72t (figtk) DRk
DIREETZT T2, 7NV T ATV —HOX RO FTRIREE (BHEE& /7)) bitET 5 2
EBRHETH D70, BICHRT DICEE LR WHIT- 2o FEREE LW EEZHND,

U EDRIZBWT, ERL7e7 77 v ax—2—, Drntho7rs (K 0.59/0E]) & RFH
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(K9 15 43/18]) THED IR UKFEE D SOk AS il REZe b AEEITH 2 AT 1T BTV 2 65 R E R
RGN & Vo Tofl 2 OFENT FBE TSIV T AT U —Hh DR B OFEIRE (BEETEAE /50
) BRIFFICHEET 5 2 ENHREICR D LB b, ZZTAIIETIR, 20777y ax
—Z—%ERL, UTDO3[IZHOWTHITHZLE L,

<1> FESIRINT & 230 & e ORESE /TEAE IRRE D434
P 2T~ D% TR~

<2> IR & % DIP " OGRS A S84 DRt~ D E A& IRRE D 734
D 3T~ @& TR~

<B> BRIV N EEll LToiiE (RBEU V2 D DEER) OBEAGIRIBIZEET 2 o #r
CHATE ~a @, @ AT~

UEO—#HOBMELZITHI Z LT, ZNETHIMETITRDN ST AT U —HIZEIT oY &L
THREAE. B U <MK E RY) (BOKEME) LoV THRREOBE S EEREEZ I O NNCT D
ZEEHAME LT (Figl-26), &5, TNENDOAT Y —%fioCTFERPE— FE2/ERIL, £
o OWMEERGET 52 & T, A OMHSERY & ST OB EAIEIC b T b TR
A EIZ A L 7=,

Fig. 1-26 Schematic representation of agglomeration and deposition of inorganic filler or pitch.
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1.6 MWt O FHfE
AFHICTIL, RRHCIT O 2372 R 0 IXLL T ORI R TRADHE (BVED) REHEADE 2 324 L 72,

P& : JISP8124 : 2011 (I1SO536)
MU, RS . JISP8118:1998 1 L <X 2014 (ISO534) %% 2 %)% 1998
IR 53 : JISP8251 : 2003

H : JISP8148 : 2001 (ISO 2470)
RFBWEE ¢ JISP8149 : 2000 (ISO 2471)
HRE : JAPAN TAPPI 5-2

P . JISP8155 : 2010

FlZdxgmE ¢ JISP8116 : 2000 (ISO 1974)
P Zdbx ¢ JISP8125-1: 2017 (I1SO 2493-1)
SlaERE ¢ JISP8113 : 2006 (ISO 1924-2)
TEIKEE : JISP8121-2:2012
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2.1 #HE
211 B OMBEDOERE EEEEDOSTIE

LR TR LB, BEL < OMIZIT, fRESCEEMEO M B2 b NS =2 2 - OHITH
ZHME LT, TEE CIREND EHEMAEAE SN TRV S —ok 9 Adsicid gk
ZEO XD R THRAICHE O 2070, MESCAREHEEOREITEST DO RE Rt L
2% o R OB G WM M 2 s T 2 REFO FIEIT 1.22 TRITLIZE B ThH DD,
Bl 2 IO FR m & A E FIMEE (SEM) 75 L WoleFiERH D, Lo L ZNET Tl
TN U 723K DN ERZ TITER L7 o), fHEDEEIC L FHEG Lo, ZnEhn o k)
\ZHEEE TERE LT DONEOFEME MR T 5 Z LI TEdoTz, LIz - T, Fx ONGREM,
Ze RN U 72 R I ZHEDRRSORHE DBREE B A IRRBIC G- 2 D B % BRI D EBICHETX 5
FRUHTIEDR R D BTV,

212 AEDQBH

UEXOWARETIE, 777 vax—F—%2H TV T 2TV —HOEYEE /3L, CCD
1 AT OB TFAREF OB OZ(L 2 AT 5 2 & T, SFENIRIES 20N L 7B
DHECHEME DEEE /EA5IRRE 2 AR (EMER) OB BMICRIAT 2 Z L2 BME LTHE
BraiT -7,

2.2 B

2.2.1 JFE

fiEE L7 (DIP) & LT, AARRME A T o5k DIP GHri fkft . Table 2-1) % fuv 7=,
723 DIP I & £ 2 MMy (JEEY) ORI, KRB N 7 N EHEES LD, DIP H
DT =F M EICNREESR D HE SN2 WL D, TOT =F U HWE ZEHR L T <729l
g/ Ny K (TR T VI =T L, 7V ) 8WMHY) 24 H L=, WIRHEMLIT Table2-2 12
RTEBVTHY, ETHREATHWDLIEDZZOEEMNNZ, 22T, L AFTHFLT L=
FE#L> N5200, b5 B I v asbilo N7527, 4 C iU ~+Eflo EX288, #E/fH D (3>
A 4L ND300, b5 E 1% Hercules #:820> SP7200 Th 5,

Table 2-1 Properties of the DIP furnish

Ash content (%) 10.8
Cation demand (peq./L) 33.7
Zeta potential (mV) -19.4
pH 7.8
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Table 2-2 Estimated molecular weight (Mw) and charge density of polymers

i Mw Charge densit
Chemicals Component arge aensity

(kDa) (meg/g)
A Coagulant P(DADMAC-AM) 500 3.2
B Coagulant P(DADMAC-AM) 2,000 2.3
C Dry strength resin ~ C-PAM/A-PAM 4,000 0.6
D  Flocculant C-PAM 15,000 2.1
E  Flocculant A-PAM micro particle >20,000 -2.3

P(DADMAC-AM): poly[(diallyldimethylammonium chloride)-co-acrylamide]
C-PAM: cationic polyacrylamide
A-PAM: anionic polyacrylamide

222 EBRFIE

DIP 25 U — (2 05%, 250Q) %4 500mL D7 5 ZAF v 78l o FAIEE L=, ZDdic,
Wig/ N K (AT U —HOEEZIR L THRH T 2 wt%), 38 KOS Z 30 B[R
THEIZIZ, #A4F v 7 FLx—Y Y v — (DDJ) (2T 750 rpm THaF 60 MR L2, 72
BEFELORMEIL, A7V —F 0BRSS L TR #E 2 T 0.02, 0.05, 0.2wt% O
33V & L7, BONIRAMITKEKREMZ TREZ 025 %E CTHINRLIZE, 777 ax
— & — (Valmet Fractionator, 1.4.4 &) THo#&1T->7= (Fig. 2-1), 777 v a x—X —DHE
X 145ICREL72E B &L, JIEIXLKEEIZOE 1EE LT,

U RERSCTIE, BARFOLEREEZ 100% & A0 TS AIERT O HGEE 75

K2R A — T — D DR ST ARy DRI & TR R

. S Diluted with wat
Alum Chemicals Dilution f;g'zeg,«y‘iw "

¢ yo.oz-o.Z%) $
» Fractionator

(0.5%) L 0 sec 30 sec 60 sec analysis

stirred at 750 rpm in DD)J

Fig. 2-1 Experimental flow of fractionator analysis.

223 CCD I A ZHR % AV =047

FIRRF D A Z ) — R OIEEHS L OMRME DRI EEREEZHET 2HT, 7773 %x—
Z—® CCD % A W Z@gs Lic, 1 EOHEIE TR LN DGR 2300 MOHEGOF T, FR1 2R
KT DHEGE L T80MKHE, FR2E LT9%5 K H, FR3 & LT 1160 #tH, FR4 & L T 1335 #
HoOm g A28 LT,
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2.2.4 NIRRT OFEH st & AV 7= 47

JFAYREF O D Led™ (fRGHRIE) ZfkiEE, S Led (BUELIRE) 2Bl E&E AR L TH T
JVOFE R 2Rl LT/ 7 7ML, 2 OO zsE 2 R 5 2 & ¢, HEOREL X
ORHE~ D E B IR BE 2 R BRI AT L L 72 (Fig. 2-2), 723 S Led IZITIERHZ 1T T 7 < HmtHE
%aiﬂéiﬂ HRIRHE DG EILE DZ < A DLed IZ B SN2 DIk LT, EROLGAE T
D Led IZIXIZE A ERHENAZNWE DT T/ v ax—F—NTHIESNDI2H, KRETIES
Led 0)@1%5’ D Led iZxt3 2FA%HIE] & U CRMliT 5 T ISLed= B A3l &L
7

*Led= Light emission diode

FR1 : FR2 :FR3: FR4 :FR5

Depolarization signal Scattering signal
(D Led); fibers (SLed); filers, fiberfines

— time (sec)

Fraction size X\ \ DN e
(image)

Fig. 2-2 Illustrate of elution curves measured by the two detectors equipped on the fractionator.

Fo. WML SN EDWE Sy (777 v a i FR) IZHEE 5250 EEMICHE
T 5720, HFEAREF O ALeaser (BIGRIE) o HBEITHRHSINDG 777 v ar AR
— A (FR%) DOfEDZEALZ Z#T LTz,

225 B

TR T TIRES D F £ & LZLAMNT222 L RIRRICHE LI-EEERAT U —& e E L
THW =, JISP8222IZHEV 150 meshx FIWC TP & %2 L, FEEM60g/m*D > — M & 457, 55
NIZFE > — MIOWT, L6IR LI A TR M2 -l L=, Z2BHE WOV T,
HFXHEWVE (FMT-MIIL, BRPE9) TRl L7, F7-FE-SEM (Miniscope TM-1000, H 7./~
A7 7 /nY—X) Tr— MREZBLE L, HEORERELZHER LT

46
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2.3.1CCD W A 7B % Ao 53Hr
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% —@ CCD A A Z Mg a@lEi Lz, 22T, LIRS AMEG2 b DI B2V E D Xt
L L7 DB ORI 10 KT o2 HEE L7z E TR b EHMNE Bbn o mig 4B L7 (B FR1
([ZHAS 4% 830 A% H Oifg 22 E 4 HBRIE, 820—840 K H O Tht b XA 22 Hif4 A& R,
FP. EMERMU Ao 7o R CIHIER bIHES 1T L A CRE L TR, R AHMEICE
HELTWDEEF LR SN d 72 (Fig. 2-3), 7B E DOHA . BE L TORWIERO S
BIXEBRDON Y 7 7T 7 v REAREIIC RS 2RE T, ZORIRE I A5 Z L3 LV,

47



/

' Y 1
e bl T e R e 8 il e S
b e -v. ’\--._ 5 . -_‘.'T i . "_ X et ',ll' - ! o ."-1' L £ i e,
- j e .- ! -'f- R Sk B ‘_‘.' 4 e SN e wpi 3 3
. . X a ] Al - L g Ml % Rt
e n BER e e
£ - y 5 1 g i - H % g - - o o 4 4 S -._"
G ol Oy o \-."' o v i / i y e R b il
A 4 -9 * R P - ¥ e et .
o £ - g i :: Sk i : -_-c ...\_‘. LA g A .[' : Sl b
: N e Al U b A Sy £ F X F SRl e '1/ P ]
4 3 L o ’; e - P i S ‘ ‘e R = S
L e e N e e
A it e . T I a et
o T £ \r T8 A L y 'y ~ .
- 3 ~ 1]"‘ —— yoo Yk " __ ]
. : f s Rl e N
4% S d -0 x 5 - ?
o -

.
4
o
e
-
¥
o
-
e

(]
L4
-
-
o+
L
¥
&
B

SR AN e ki
2

faoe s D B “!'":-I",l: A \-':‘_i {
S0 & ae e e s S e R e T S R e Sl
TN @ Fibrillated fibeFfine -7 .

R N e S R i
LAy R et . ¥ . e

, ] P et T D N & e
: '- Yo "'-:""‘J‘jl'\ ol : % e N [" EEly

4 xSy s

/ ey [ - g Ryt T 4
. . = B Y — - S ¥ .
Py o s i - S P . ; st H
) & .‘\_‘ i = g ; : S ._} {, el W P > f - -
3 X

g ?
? : (= e I L A o \
e L A g g . AN

R Sl eo R B D e DT N e B B
. L i ..‘_t ().ln',: 5 an ,- ‘,':,_‘__, ". e o __.,1" -."‘ " m s
R MR A AR R e e S SRR < L

Fig. 2-3 Pictures of the fractions 2 and 4 (FR2 and FR4) for the sample without chemcals obtained with
the CCD camera of the fractionator.
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Fig. 2-4 Pictures of the fractions 2 and 4 (FR2 and FR4) for the sample with 0.2% chemical C obtained
with the CCD camera of the fractionator.
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FR1 FR2 FR3 FR4 High magnification
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Fig. 2-5 Pictures from CCD camera of the fractionator (chemical dosage: 0.2%).
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[FIBE DBIZE 2 FEMIRINER 0.02 %3 L1N0.05 % TITHo 72 & 2 A, IR 0.2 %Ol L 0 13481k
DINEDoleb DO, KT H 2 & THEROMMENEET S5 Z & EHVDIRMIC L - ThE
HEEBN IR D Z LR S (Fig.2-6, Fig.2-7),

FR1 FR2 FR3 FR4 High magnification

(Coagulant)
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(Floceutany) / e
e ISR 5 X
2 s Bl : 7
7 —’\ Sl 5 b
) - | »
4 il \/// \' -2 / 2 7\\)

58cm

Fig. 2-6 Pictures from CCD camera of the fractionator (chemical dosage: 0.02%).
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FR1 FR2 FR3 FR4 High magnification

(Coagulant)
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(Coagulant)

C
(DS resin)

D
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(Flocculant) * 3 Sy AL S s | N I:> ;ﬁ\
5.8cm

Fig. 2-7 Pictures from CCD camera of the fractionator (chemical dosage: 0.05%).
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TRELSHEEZ 52 5H5 (FR) BERR-STEY ., S FEPIEFIT/NS BRI & OEERS
Fl AR, S FEPIEFICRE S BMEENHEBAINRNAREF D & L<IE E ZHWESHEIZiX
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FR1—2 (EAHEm 7)) CTOERRKEL, DFELEMELE G HREOESEA B & L < I3
I C Z AW 7=BIE FR3—4 (B#k#E— 7 7 A4 » %)) TOBERRELSBOONZ, 2D L

NH, DT ERONIEMBEICK > TREFEHOXRE R DR A AR D EHEESN
776

2.3.2 NIRRT OFH iR & V7= 47

IRIZ K DR OBHER B O B LA fGR T 2 HAI T, 777 v a x— ¥ —ORFAE
FEGF ORI (D Led) 5 X OMBEL (SLed) DRRHTREDE L (Wit #ikR) ZH~7- (Fig.2-8), %
DOFER, RO G A IIMHEOF(EZ /R T D Led LB OFEZ/RT S Led BN~ L2 » 7=
(Fig. 2-8 [B¥“No chemicals”), Z®D—5 T, it A—E Z 02% RN L7254, ZHH8I2E—
B U7, AT, SRS OFEH SR O R4 2 7~ 9,

A :Dled® b L—RAfLfE (REFERE) IXFELEDLARW—F T, SLed 3£F (FHF
DEWHE) (27 L, Dled E&EAo7, 72720, E—7REFTVTRLIKTL
TUNi=,

B. C:DLed ® kL —2F 4K (fZiE, 8E) IXTFEDLLRWEE, Sled L ER ST,

D. E:DLed ® F L—ATRAK (FriE, ) ARESZELZET, Sked & ER ST,

ZDOXHIZDLed & SLed WAL LB B E LTCiX, UTFOXHIZEZ BT,
O MEIKIRHEL, BEHE L7 D HHEICERS L2 0 LWL DEEIRN DA 7a i, 2 SO H BT
—E Lo de (RO TME L D b IRIA T A7 A XA/ E ),
@ KT 52 & THEHEINEERB L O/ b L ITHHEICES L7-72012, SLed 23 H R A3
BRIy 7 hL, MR ELTDLed EIFIFER-T,
@ £ D, EZHAWESHA. DLed by 7 FLTWAZ D, DREDHIMICE - T
BRI TR b RECEE LB 2 b,
P EIZOWTIERBR O BT HER COLROONTHRTH D Z &b, RO ¥ —
DIFEVDNEE L RMEDO R - EERBOBENEZRLTND EEZX B,

B 777 arx—F—ONFAREHONERENOGZE 2D E, i B, C ZENL 72k
2%, AL A, D, E 2 MWL [FREIC SLed OFREIFME T T 5 & PAAS -2, AR T
FO LD REFEEFIED LN o1, LENRST, ZOSIZHONWTIZASH S 572 AHF5e RN 0EE
LB bns,
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TN T, Bl L= ka2 EET L, i A—E % 0.02, 0.05, 0.2 %0 L7204 FR O

BE (7T 7 arR) a—2b) OEESH LIz (Fig. 2-9),

A EIREOEINCE > T FR3—5 OFIEREA L, FRL, 2 OFIGREMNLT,

B :0.05%LL FOUMETIE, FEIZFRE DHNEA L, 2RI/ E -T2, 0.2%

W32 Z & TFR3 b L. D4 FR2 AN L 7=,

: 0.05%LL FOBAETIL, FIZFRA AR L, BIRBRZE(RIT/NE o7, 0.2%

WML SEAICB N TS, MOIRMTMFFIC RS L& FR OZBA/NE D 5Tz,

D. E: EREOHIMZ EV, FR3—5 OFIG A L, FRL, 2 OFIGEAHEIN L7, FFiZ 0.2%
WL 720D FR1 OHEINRNEHE TH > 7=,

O

ZIZT, HARARLONTITHH L TL 5 FRL OBMEEICE BT &, A D, E>EERE
il A>#EHI C, EEFEAI B DIAETH 72, 24 2.3.1 D CCD I A 7 HBOHER T, &
HHEIC B BERIFH 2 RITT 2 L BRI LZIA, 2R T 27 v vy 7 OKRE IDIEIC—EL
Tz, MAAIC. BEREAI B O X O IR KT 2 BEERN & £ 0 38D Hi7e o 73
%, FRA (7 7 A Viligy) & FR3 (D DRAME) DO—EBZ D S LI E -7

UbEXY, 7797 ax—2—0FRREFEZHND Z LT, FRANRELOBRINC X
o THE U BIEEHOHE ORHEXE 2 R O E BT TE D Z RN E oz, 5
HIT-AERIL 231D CCD U A TEBDO MR LR —DMEMTH Y | 55 FENEFIT/NHE <
B IE DR OVESER AL, O TEDIEFICKE EREENEEROSEAI D b L IX
E Z W51 FRI—2 (R#kHEE 47) TOEMAREL, S FEbEMEL S FREOE
FEAIB B L < ITHEAHA] C 2 W 2B T FR3—4 (R HE— AL 43) TOZALER0 &
Nz, ZOZEE, T ERD NIEMBEEIZEL > TEREERORSG L e DR 194 X3
HZLERBLTWSEEZ LN,
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0% 0.02% 0.05% 0.2%
B C
RS FR5 FR5 FR5 FR5 FR5 FRS FRS
100% iy 100%
80% 80%
60% 60%
40% 40%
20% 20%
0% 0%
0% 0.02% 0.05% 0.2% 0% 0.02% 0.05% 0.2%
D E
FR5 FR5 FR5 FR5
100% FRS FRS FR5 FR5 100% ;
80% 80%
60% 60%
40% 40%
20% 20%
0%
0%
0% 0.02%  0.05% 0.2% 0% 0.02%  0.05% 0.2%

Fig. 2-9 Composition ratio of fractions from fractionator analysis. X-axes are the dosage of chemicals A

to E, respectively.
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2.3.3 W& o — b O

BHS BRI U T2 B S5 7= F b & o — b OMVEIEHE % Table 2-3 72 & ONC Fig. 2-10
IR T, WTNOKEIZBNTH, FEOFRMEN ENRHIZONTHBEMET L, RSB E
N EFST DM TH -T2, T4, DIP ORGEIMGHECIEEHI AT Lo A & a3 3 O in
IZE > TRPICHE E T B2 bz, £io, HEREITWOT I OKHE S G OFRMZEN
ERDIZoN EH (k) 75/ Th o7, KT, HEih A D, E % 0.2%3N1 L 72 BRIl
BVOENRE L, ZOB%RIT 231 O CCD B AT MWigIZV T FR1—2 OffHENS K x < ki
L LT DR ABIE SRR, 232 128 WO FRRER O N L —ABRBA K E <&k
L7220 FRI=2 DEIENRERLTZD LTWim s —& LTz,

FP&E T — FRIE O SEMBUEEZ1T o ok R, SFEF G 2 W00 L 72 & OIREERRE: &t~ T
ERINEE LTV, HiHEICE LDV O XOITHEE (EE) L2, v— MNTOSAADEE
L7200 LTV BEEF-2MER S /= (Fig. 2-11. Fig. 2-12. Fig. 2-13), L/»*L. 2.3.1 ® CCD
7 AT G THERR SNT2IE EAMEICSE ORETEEIRB LR T2 Z LT TE R 2T,

PLEX D, 27U —mmOEEIRE Lt B S T2 MMEORICHBER H 5 = & DR S,
T, 7T vax—F—FHWIEN, L ER ST RE M TSR TS L b EME Ok
8 EAERBEROPOERMICON TE L EBHLN LR oT,

Table 2-3  Properties of the handsheets prepared with chemicals A-E with different dosage.

Chemical Dosage  Basis weight Thickness Density ~ Brightness  Opacity ~ Formation

% g/m’ um g/em® % % index

- - 56.7 108 0.53 57.9 96.4 4.6
0.02 57.8 110 0.53 56.8 97.2 5.3

A 0.05 59.8 113 0.53 55.4 98.3 6.7
0.20 61.8 124 0.50 54.1 98.7 10.6

0.02 59.3 109 0.55 55.8 98.2 4.6

B 0.05 62.2 111 0.56 55.0 98.6 4.6
0.20 61.5 116 0.53 54.6 98.8 5.4

0.02 57.4 107 0.54 56.7 97.3 4.5

C 0.05 58.8 113 0.52 55.6 98.2 4.5
0.20 61.2 113 0.54 54.2 98.6 5.1

0.02 59.3 110 0.54 55.7 98.1 4.8

D 0.05 60.9 112 0.54 54.8 98.7 5.0
0.20 61.8 124 0.50 53.4 98.6 13.8

0.02 59.2 110 0.54 55.9 97.9 5.1

E 0.05 60.1 112 0.54 55.1 98.5 5.4
0.20 61.7 121 0.51 53.6 98.1 12.2
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Fig. 2-10 Formation index of handsheets prepared with chemicals A-E with different dosage.
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DIP A
(Control)

L x100 1 mm L x100 1 mm

L x100 1 mm L x100 1 mm

Fig.2-11 SEM images (x100) of surface of the handsheets prepared with chemcals A-E (chemical
dosage: 0.02%)
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DIP A

L x100 1 mm L x100 1 mm

100

Fig. 2-12 SEM images (x100) of surface of the handsheets prepared with chemcals A-E (chemical
dosage: 0.05%)
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DIP A

L x100 1 mm L x100 1 mm

Fig. 2-13 SEM images (x100) of surface of the handsheets prepared with chemcals A-E (chemical
dosage: 0.2%).
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2.4 RELEDOEE

121 T2 L B0 —iRIT, BUEROMME D B ZE) & WIS D4y 17 - BB EITITR
EREBRADHD EESON TS, KRFTHW RGOS 8, BEE &R - filEogitE
WHEDORfRZ Fig. 2-14 IZH 7' my KLz, BfALLEGEIL, 0.2%IRMNEED CCD &7 A 71
B CTh D, b D, E X, MEHENTEEIC X D BEEIEM CRICHHER L2 K& BES 7272,
RERTvy I PBRINTZEBZ BT, —HHEM AL, Ny FEEIC K - THHER L, )k
HELHERNS L IFERHEM TENETIRESE LD, DREZIMLEFEL Y /ST m
I HEER LD EHEES N, BEIOC X, BMMEZEEIE DT EDHFBEEM D
RN A AN S KT = A HEDSTRUOEHIRHECIE RN L TEREIER LI b D LB 2
bz,

A fibers + filler
4 D '
3 fiber fi i
' iber fines
- “*\\\ ) ///
~ - filler
O
221 iK/
E C
5 w7
[}
©
g 0
g A r,.,,,_ fiber aggregates fibfr's E/‘,“* -
4 filler filler ' Y
2 ' aggregates aggregates ‘/
| | | |
0 5 10 15 20 >

Molecular weight (x10° Da)

Fig. 2-14 Relationship between agglomerations of pulp furnish induced by the chemicals A to E and the
properties of those chemicals. Fiber images are taken from the slurry after the addition of the chemicals. The
dosage of each chemical was 0.2% by dry weight.
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FREELEZRMUIZ LT AT Y —ZOWTCT TV v a F—F =T L7ofER. And
AL OFRIAIZ K> TEEEDORIR L R 2WE (e DoriE,B0RE) 252 L0, £
FEERENE (BEEEAAIRIE) NERD Z L& AN BRI TE L2 L2 R L,
777 v ax—4 —ONFERBEEF T W EARO S — L DEW S | FERIIMO R
EAMHANCON T& 72, 0 BFRREHORER RN HBHESh K 7T 7 v a v
(FR) DIRE (777 avRla—2) DEEHNDZ LT, HRIZLDAT Y —hop
B ORREEA %2 EBICFEMT 2 Z L3 CT& 7o, CCD H A T Wit B 1%, flfe-CH RO ¥R
EAERIER TR T D Z N TE T,

FRRO—EDOGHHRER LV EoFE BEAD b LITmEMEE GEEAD O3 ER
MU 7235 B I TMHE PR - S K& S BET 2 — 7 C. /0 & & B EE A Eikry/h &
WIS GRATAD OB IIBkHE & BRI TN ET 2 Z L B b Ao T,
FRERL Z RN BOFER Z > TR & 2 LR, 777 v a 32— — iR c Kl
H5; (FR1—2) OZ{ENKRELS Ao 7, BFE s — NotannEN-72, &
ST, A7 U —FOEERIEL (1 ERDEEORICHEN 2 2 & B3R ST,
IR DB FUC W T, HERIE TIXREETH - 7= QR ER TORFE@ A 7 U —h
DEWEDOEE / TEEFB O R - RN, ZAREL L7z 2 Lnb | RFIETNTSE
S OPEREREAM 2 X 0 flE ORI T D EEZ T,
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3.1 S
3.1.1 BB L7 (DIP) FOXERY
A OB BV T, W OFNE TR EEREDO —H>ThH D, drka v 27279 LTk
IR E ENDREERWIC LD N T T A EVINICERET 2008 L 720 | F O 1Tk
B OMEREZ EMEICHE CTX 5 X 2 2FHMIES RO DD, #iE By O /3%EIE 1.32 TR L.
EBRVEEATHDHN, —WEIITIE, 0.15mm HED R Y v hD R 7 U — 2 THEEL BRI %
DK A B ), @i s (AR S Ry EEFRT 52 L%, RS EYIT UL 7k
MeL R L CTH A ARKELS BE COMGR L ARETH D b, HARMICH ICEEM TH D L Wn
IVEE B Z OFHIEITEAIML SN TV D, £DO— T, MllkERYIIAR TE2R2W0E
EWNR T A ZXTHY, "V TZAZ ) —HIZEMRLTLE->TND b D BIEET D7 OFHIN
LUV,

3.1.2 HOLEERRIE

T ALy R (NR, Fig.3-1) [T S 4t E (Solvatochromic fluorescent dye) T &
0| ARABMEAE T CIX B A, mABMEALEE T TR RS A28 kTR B SRR L Ok
MBI 203, BUKMIEEI S BUEE LT Ga I Taot kiR c& 5, L7z2 > T DIP
DAZV—IZNR ZUINT 5 L, BUKMEWEIZES L2 NR ITHEZHE L, REEDOD OITH
A FE LR\ T2 | BRI E OB 2 #Ot TR ATt 372 2 £ 3 T& 5, NR O ZOHE
R L72argesl & LC, Gerli 1X, 7SV T A5 U —0 A% NR CTY L CZ OHEIREE 2
ETHZET, VT AT Y —HOBKMEDE O &% @S HICHIET 5 )71k 2 B% LT p i,
F7-. DiCesare [TH Ykl 24 T4 L TULTIZIRINL, TNEE=F Y V7T D5V AT A
ZBA%E L7720 Qing 1T PO BUKMEME ZRM LI LT ATV —% X v 2 THE L, ZD
PRI & AIRDOEHEDOIIT L > TNIRER OB REZFTIRD FIEEZHE L T A8, 512k
] 5 1%, BUKMEE OREE,TEARIEZ FIE T 572912, NR TBUKMEME & 8kl L7z /3
WNT AT — % B 5y - OMMHER 2y - AW/ L, & & 8 LB et Tl T o8
DN THRE LT p 14,

A

O

Fig. 3-1 Chemical structure of Nile Red.
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3.1.3 $RHIKEE BM D 3T

WEAT OWABRE A Bk 2 FEMEIL 1.3.4 TR L7 LB TH Y | D% < DAL E R
Mo Tl 2 Taksr] & LT THIKTORERE] 2HET 50 THY . AV TiliE%
EERWIFETONEITOLENIZEAETH D, L LIEHEREE B O Tk, BHIZZED
RECHR D ZHIET 2720 TR, OLFDXSITEEL, MIEICEE L TWD 1, OBiK -/
BERIZEINTHT 20, D2 JIZHOWTHLMNNITHZ ER~r > NI 7 IURRICBIT 5 —3F
DRA L NI dEZROND, O&MERT L HEE LTHAIX, Rl L7 KM S DG ER &
L, ZOEINCA Y v a THETHELTEORMGTITHI ZENHLL, FHMEEZ LS
5V, £ —FHOQIZOWTIE, T IBEEOEE — b LD — FEALY SbE T
TUR R LT, Y — MG LYy TR RN A 7 a~ N 7T T 4 —TE
BT 2 HENREHICL > TERIN TV BWIN By F 0K TORME,EHFEE O
BRI L STy, T X512, O@IZHNWT—#H DO FER T 5 T L2 FliER7E 7
Mol

3.14 AEDAH

PLER Y ARETIR, 8OERIEL 75 7 2 a 32— 2 —IC X0 ER 2 M+ 2% = & T,
EERE A 72 & O NTRFE S Z BN U T2 BR OGRS & 224 (BKMEDE) Ok EE KRB A THA L
7oo FIZFRFC, SHAEHRAEDO VL TRAT Y —%~y MuL, 77 VRIS 5 558
1752 LT BKRATDO AT U —HOEHE/EAZE) & HAKRED~ v k9B OBUKHEYE O i Bt
Whe & OBEM A A Lz, U EO—HOERAZBL T, v BT 2IREHAE N T TV
EORRMAIET S Z LR E Lz,

3.2 B

3.2.1 JFk

fiER/ L7 (DIP) & LT, HARM A THO5E DIP o & #kft A, Table 3-1) % HW 7=,
BRSO EYeRE LT A v by KO (NR, FOGHESE T35 260 L7, PIRSER & LTIk
Table3-2 (27”79 A~D (& TCilifldh) ZHWe, 7eds, M AT L7 L = xE8 o N5200, 3E/45H
B I AT L =t ido N7527, 5L C idY < +H8do EX288, FEfh D 1A E+L8 D ND300
Thb,

Table 3-1 Propertis of the DIP furnish

Ash content (%) 10.1
pH 7.3
Electrical conductivity (mS/m) 102.2
Cation demand (peq/L) 24.0
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Table 3-2 Estimated molecular weights (Mw) and charge densities of polymers

Mw Charge
Chemicals Component density ~ Dosage
(kDa) (meg/g)
A Coagulant P(DADMAC-AM) 500 3.2 300 ppm
B Coagulant P(DADMAC-AM) 2,000 2.3 300 ppm
C Dry strength resin - C-PAM/A-PAM 4,000 0.6 0.2%
D Flocculant C-PAM 15,000 2.1 200 ppm
P(DADMAC-AM): poly[(diallyldimethylammonium chloride)-co-acrylamide]
C-PAM: cationic polyacrylamide
A-PAM: anionic polyacrylamide
3.2.2 EBRFIE

3221 797 v a RX—F =2 b UNCEAEMSES F\ - 8

DIP 27 U — (B 0.3 %) HiZ, NR (»SV 7R F U —HD[EFR7ITK L TRERS T 20ppm)
EEFERNRELEZTINL, #4722y 7 FLx—Y Y v — (DDJ) T 30 MREFH#E (550 rpm) L
7-t4. 77 7 > a x—%— (ValmetFractionator, 1.4.4 ZR) To#k « /o081 L7= (Fig.3-2), 7284
L DOWNMERIL Table3-2 1277 &£ HB0 THY | HRIL CIZBIMBICEE Lz, 5kt oH
7V (FR1=5) XL, ZNZENONEME AT A R T A B2V CEIR TR L,
HLIZ DY T AT ONWT, SRR L — P —BAEE (DMI6000, Leica fH4Y) CTHOBBIZ LT,
BT 1 VD& 3DFTLL EATV JabiEE, B I R 1% A=561,7620-650nm & L7, 7235,
7Ty aF— A —ICBIOBMERERE L ERTERBY THY, o kIT 2 EEFEREE
L7z,

Pulp furnish (0.3%)
— Stirred at 550 rpm in DDJ

NR —>

Chemicals —|

— Fractionation with TFF*

FR1 FR2 FR3 FR4 FR5
| | | | |

Microscopic analysis

*Tube flow fractionation

Fig. 3-2 Schematics of TFF experiment of HCS (hydrophobic colloidal substances).
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3.2.2.2 BUKMEWE DERE-EBR

TR TFEDO KT A4 v —s3— b (1.3.1 D Fig. 1-13 2R) IZB IS 258 LD N T 7V E
E LT, K% ORRIFEERD & OBKIEME O RBEA B S 0ICHRT 5720, v MLk
BT 7 VNI T VAL, 77 U IURE I ~OBKEDE O GIRREZ A L 72 (Fig. 3-3).
3221 LRERICABIL7ZZDIP A7 U —ZELZ 9 ecm DA (No.2 7 RA3v7 v 7 8) ZHunT
WEEE L=, oo~y hOAREBE LW HE 10 cm O T 7 VU (kL) &85
Bz, TIAIRANTHATSOCHOA—7 T2 KHIMNE%. > — F7 L AHICT 1 MPa
DEST 6 BTV A LT, 2 AMER N TR L, v~y FEHP LIZEOT 7 U ARIZOWN
T, EER L —F—BAEE (DMIG000, Leica #H4Y) THOLBILZE LTz, BT 1 LIicHE
3 MHTLA ATV, b R R 1 3.2.2.1 L RIERE LTz,

Pulp furnish (0.3%)
— Stirred at 550 rpm in DDJ
NR —

Chemicals ——|
— Filtered with suction

— Stuck the pad and acrylic
plate together

— Heated at 50°C for 2hr
— Pressed at 1MPa for 6min

— Stood at r.t. for 2days

Microscopic analysis

Fig. 3-3 Schematics of transferring experiment of HCS, hydrophobic colloidal substances

3.3 WMREEE
331 7527 v aR—F—THkEDOYV I OENBEHMEEE
BILERIMLTT T2 2 a 32— F—THMBEDOY 7L (FRI—5) ([ZOWT, HOCIAMES
Blg2 Ui R % Fig. 3-4 ITR” T,
IR LD DIP (7 7 > 7)) O%EITs W EFIET D538 FRA—S5 (7 7 A Hi 55—
Kif« amA FHES) (ZROENTWDIZ L, BRI X FR1—3 (R—FHHEE 57)
B HEEDBFEL TV,
FIROAEIZADL T, #MENR O EIFET L7 T 72 a 03 FRA (7 7 1 VIS
Tholo, £z, FRI-BITFHET D56, SOMWEIZ RIS T 7 A 57 (Bolighlt - S0EH
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WZEA LT,

FR2 281529 2% &, i D (BREA) 2ML7EEAE ER LB 7 7 4 U3 cdth
BRFRD DT OIZx L, b A (BEREAD) WINRHT 7 7 A 2537200 T < Refflfe R o @
HLTWAHOH A6,

FRS (ki1 + 2 v A RE4Y) IZBW T, 77 v 7 TIEEE L OEEWENRD biviz,
—J7 . BRI EZ I L 725813 O D7 Ip o Tz,

FR5

Control 2
(Without 72— 1

-

chemicals)

(Coagulant)
300ppm

‘\ <
(Coagulant) Q¥
300ppm Bl A

(Dry strength
resin)
0.2%

(Flocculant) _':
200ppm

Fig. 3-4 CLSM images of fibers and fines after the fractionation. Red spots indicate the stained parts with
the hydrophobic dye.

PLE, #AWEITEICT 74 5 (BHIRHE - HERD ICE@F L Q22 &b BUKEME D
BEEE 7R O ONTHE~ D EEZFENL 7 7 A 4 DREE - EAEFEIRESEEBLZITHLEZD
i,
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3.3.2 CCD 7 A T Efg /2 b NS HFERIBER 2 F VT 9%
B ERNEOT > TVDT T v ax—H—0 CCD A AT @7 5N F R
® kL — A% Fig. 3-5 3 L W' Fig. 3-6 |2/~ 7,
BRI ETMNT D Z LI &> T B EZRT b L—2 (Sled) AHERIO RN (=
TR FHNCRE By D7 m) (27 b ULz, —F, #ifEnZ2o"d hL—=2 (D Led) I
WTNOELEZRMLUIZGEIC b REREIA LN -T2, ZOFERIZ, CCD H AT
DE L —E LT\,
FRA 12 7= B HIEH] a 1281F 5 CCD 1 A 7 O TlE, B (EEREA]) < C (RAA]) %6
IMUT2GEIIE 7 4 TV IR T 7 A v L HERE NS ORRESL 2 TR L T DRk T3 Bl S
Nl —75 AGERERD) 2N L725EA1E. A DOEBIRINECHSNTT 4 7Y AR T 7
A R OBEILOHOR E INRO0NE L BEROATEE L TV A IENZ <
WO BT, F7o D (BEA) EHWZRHTIE, MOFESZ TN L7z RE & e~ TRAMEE 5
BT 77 A OENREL, 774 Vi OBERNRKE DT,

+

Tl

Uk, 777 ax—%—0 CCD I A ZH{§: 6NN HFERIRERD b L— 2D 3HTHER
MOMER SN AELOMWEZ U FICHHRICE L DD,

A (BERER) © 7 7 A 203 % LRI S LT2IREE TV AT EE SH 5,

B (BEFEA) 1 EIZ7 7 A4 R L EEE ST D,

CRNA: FElo7 74 v REEEEESE D,

D (A 774 vk REEESY, WilcESESE D,

INDORERIIE 2 B COMBEFMERD DL Z LD, NG LTSV T AT —2HNT
t, ATV —HOEWEDORE EEFEE T T IV a F— X — Tl RE L BEX S 2T,

71



DIP

(Control)
A
(Coagulant)
300ppm
L
/
B A

(Coagulant) ) .

300ppm /

C

(Dry strength
resin)
0.2%

D

(Flocculant)
200ppm

Fig. 3-5 CCD images of the fractionated samples obtained by the fractionator analysis.
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S Led
d (Fines)
]

D Led

Control \’ : / ‘\\ - 222 (Fibers) [0
(WithOUt 3 Lo R g 1; | 1 - 030
chemicals) & i o | i v - 02
* . \ | 07 : 0.20
vy W / 0 20 :40 60
P 27 : 0.45
LI : s Vg ol 29 | - 0.40
A \\\ 3 )\ 5 ::;. | 035
(Coagulant) m i ~ ¢ é ol 1 - 030
300ppm b Y e ¢ . 121 I - 025
. - L, i 0.7 ‘ 1 0.20
2,8 N ' " 0 20 :40 60
5 )__{ﬂ % 2.7 : 0.45
o = 3 = 27 | - 040
B / \'1 ) e 3317 | L 035
(Coagulant) )é“" » \“ \ - f,’ 2 i - 030
T 124 1 - 025
300p pm 2 4 \ 0.7 : 1 0.20
,/"“\‘ < 0 20 :40 60
S EAE : i 27 1 0.45
C T > : ; v e : L 22 - 040
(Dry strength WJQAQ{ W ol §17 :EZ
resin) //\4 ™ s \% & =12 - .
0.2% fa } - Il " Ak ot 0.7 ‘ : 0.20
: / iy i ' 0 20 1o 60
T PR / 3 2.7 . 045
D o ’,/v g 2N Y j:\ .r'/‘\ 2 | : - 0.40
< * - , Z - 035
(Flocculant) RN g - 030
; y T2 | - 0.25
200ppm K\ i i o
& s 0 20 40 60
\ 3.7 mm - elution time (sec)

Fig. 3-6 Laser traces and CCD images of the fractionated samples obtained in the fractionator analysis.
Those images were obtained at the elution time (a) shown in the laser traces.

3.3.3 BKMEYE DB ER

NR BLOFIEL AWML TER L=V T~y bOREET 7 VI URIZERE L, 8 CK
EBlEE LT R A Fig.3-7 38 KLU Table 3-3 (2R 9, BAMEEO WG H CHR< LA & (LA T, &
FWE) 5. NRDBPEE LTEH DT hbbEKEME B2 oNDHHDTH D,

77 v (BIKR) TITHOAWEROE S ENBRE S NT-OICK LT, FELE TN L

HOITEIWEN LY KREL, BRD7leo Tz,

C (REAN) Z H TR ﬁi%sﬂﬁ‘é% T DEND IR T,

D Al WA, KRESEE LTZds e ER T 7 VU MRS ST,
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Control (without chemicals)

B (Coagulant)

200um

—

C (Dry strength resin) D (Flocculant)

Fig. 3-7 CLSM images of hydrophobic patches after the transferring experiment. Red spots indicate the stained
parts with hydrophobic dye.
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Table 3-3 The amount and mean size of hydrophobic patches after transferring experiment

Amount of patches™  Mean size

Control 5 Small
A 4 Middle
B 3 Middle
C 2 Middle
D 4 Large

¥ Visual judgment
(Less) 1 « =+= —5 (More)

3.4 RELEKEDOER

AR TG B LTz —1E O R R % Table3-4 [THAAIIZ £ & DT, 333 DT 7 U URA~DERE.
FEERIZEBW T, B (AL 0 C (1A 2 L72856013 A (BEREAD) <° D (REA) OBk
K0 HT7 7 U IIRA~OBAKMEDE DG EDDIRVFER e oTe, 2D XD RiERIZ o728
& LT, 331 OEEHAMEBIEB L3332 D7 T 7 v a x— X —EROFERENS 7 74
VO DEHE S EEIREOENNIH D EEZ LN, Tbh, BEHEEAD) BLOCHENA) X
B PESE LR DS HIREHE (S A TEN D DN E R K& S CHREET D720, kgD — bk
PHBEELICS <, MR E L THUKEDE DT &L Dol B2 bz, Fhiixi LT
A (BERSF) DA ITBKPEYE DSBHIRHE & 1343 L b £, B T b ol B 5
L1280, — "D OBBENZ MR Th o 72 AIREER B 2 BT, £72 D RFAD) OEA IR,
T AV RELBELTECLE 72720, FREHCBBEL 72 b 0 L HEH Sh iz,
LEXD | SR E 1L U0 & T 58K EOFE 2 2 br— L3 5701E, 7
TA U OEEEa L hu— T 52 ENIEFICEETHY . EOOIITEY) R BN ER
BN TEOELDOBENVLATHS EFZ XN,
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Table 3-4 Estimated distribution of hydrophobic colloidal substances (HCS) in DIP (a) and on the plate after
transferring experiment (b)

o A B C D
emicals — .
Coagulant | Coagulant| DS resin®| Flocculant
MW — Low Middle | Middle High
Charge — High High Low Middle
Dosage - 300ppm 300ppm 0.2% 200ppm
pp
(@) Schematic | <o o - o s \
mageofHes | <X T | e | o g % .
and fines 0.~ 1 e 7 %% %
distribution — ’ ) . =
based onTFF . % %XCX N }
experiments
(b) Schematic b ot sihe . o R o
image of HCS , . 2 & 4 >
distribution D T s 13 5
based on ® - e o .3:.:'
transferring e A . & e
. ° » o 0
experiments T 3 v
N\ :Fiber  #%:Fiberfine o :Filler T HCS

*DS resin=Dry strength resin

35 REDE LD

%@Wﬁ%uu%ﬁmw_mw (DIP) 27V —

— 4 —=IZ

BOKMEWEIZEIC T 7 A4 U5y
IKIMER)E % HEE R > < 3k L7 dRBECT L 7

(PAmfE .

R 12

IOWT, HOERbEr e 7 7 7 2 a x
Gyt &2 R L C ot Lf:rf*%'% fift 19~ 2 S dn DFRERIS K o THOHIARS & 5
2 (Eﬁmi%’?’*) DERTEBRFBN R D Z L2 HIC O T&E T,

EALTEY, AT 714 > LB
EE SO LT, BEANT T 7 A4

oy EHKMEE 2R E SBHESE, MAEICEESED I LBAL Lo,

77 VR E AW T I LD . K DFED B DBK Y E
A Lo, EEIROT T 7 THEGHOT 7V VIR EIZHINW B O BRI E

o

T AU DAT Y —HT

~$T774/\kﬁm@%
B A5 BKMEYE 75>/J\7‘£b\{tﬁrﬁfz%o7‘:o EJ

Y Wik 3=t RN | N

%:Fﬁf“

5»_.

SIATRG SR & HeHR U7 2R

H DO BEERIEIZ DV T

EYR RS

_ﬁbfﬁﬁ%m%ﬁmbt%wiﬁmﬁ% M KE BBV o T,
%E%&@F%%777Vaz~

BOKMEE B LU

&m%*@] & HEE?M&‘ DL OBREERH LIz, 25 Y
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—HOFERRFER LV, DIP PIZE ENLBUKMEMEIZ L 28E N7 72 <T2DI2id, Bf
KEMENS L EET DT 7 A VOB Em S, AKFPIZT 74 25 (8UKHED
H) ZWMOIAERNZ & L HWURELEMEAGDETHY, 77 A 5 (SHUKMEYE
DIREEZIS ZENADTH L EE X b,

ARFIEIC L - T, ZIVE THREE T o > 72 NIRIES OUSMDBBUKIEYE (RS - €y 54
728 1T 2 DR A EIC AL TE 5 X 91Tl o 7o, AR LITIPR TR O R#EkIC
WHARETH D, LN TA%, RiEZHWD Z LT, WIRERLZ X0 23R - 2V B89
P cE AL DEEZ LN,
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4.1 ¥
4.1.1 FEA~OEHEY) O FHE 2 & NNV T L B OB AH

H1ETHRRZEBY  ROMEE A ESE D200 HED—OIEREY (EE) oFEE (N
W) BoDHN, NIRICEL->TELDLTAY v bbikx b5, BIZIX, HAKT, RmisE oK
T FIRIEEOIBEIEM, ~ > v OBERR TERFT b5, b ORMEE R 5 TB
D—oL LT, B L VT E2EA T 2RBBBREFT SN C& T2, Z oS LEANE, Th—
Ava—T 47 R [ TyA"—a—F 47| LI, V—Aru—7 47 HL<
X7 7 AR —a—F 4 VT EERT D HEE LT, B0 L) BB I X - TE
BAbd B HER NN 2, KA CRTLER & i L 72 BE 2 L7z 0 BB e L7z v ¥ BRgo
WM 2 LT AT ) —HTinsitu AR L7210 975 2 & THEALT 2 HiEMSI03 5 5,

412 PRNNVTLREBRAN YD LOBEEE X ORI FRERU NV D LOEERE

PNT B OEESEOTTH, I LEEONE « AROBES - a2 FEWVolznT
VAMNBIRIEI VT BN W TEHlIT R B %V, Craig DIddE LV w A TR L 7231
TNREET N U U LR E RN 2 TR-RIE) CIREBI NS T LSV T OEEERE B LT
(1981 Srivatsa 5 MM HE H 5PN L AIKERL I V> T DEIRE LT AT U —ICREHN A%
R&iATy [R-IRE] C/OVTRENCHEBZTH ST HFEEZRB L EREL WD, o
Sipila DIXIREEA A % Felili SET=HI SV T EKBBIEI NV D AORAT ) —ZEH L, HAEK
5 JEEB%E LTV AR X512 Husband S35V 7% 7 a7 4 7 U AT 57200
FRALER DB REEAI VD DNz % T & CRMIEIHE & IRIE I V> 0 B OBEIRE 1S5 J7ik%
BHFE L T2 Zooftiic b REEH N T LEBEAILL T, HICNE L2 & ORVE O bk
AT 12BN 50dH 520%208 Ly LW ROBFRICEBW T b | REED L 7 A ORLTRIZ O
TIHFHZER LTV RV~ A 7 B A — M —F =D LNERTETELT, 7/ A—h
N A ZDREET IV T I (T IREETII N T L) BV FITE AL ST 56 OMEE I Blk
DEFT= %,

W TR 777 ) L) BEEAETTENEA TH D3, ZHUT—IC, B4 XA 100
nmELFIZ7e 2 &, ZRLLEOKRE SOEA L X TYWER ALZIEE DN RELS BT LS
PRTWDLZ EITERT S, 20, BRICAHNE o T OIMETH-TH, £DOHFA X
NS THIETINETIZRVHEERBLSE, Fi-2flEHOFEEZREE S L0 HH)
TR TVD, LnL, b LI O XD 2k 7 2 IS 256121, @ oA
R (A 78R — A — =) ORLT % VR LD SR TR L TR T A Y —DHLET
VIRITRT <20, ERHREMEPIHKRT R THEAEOILE LV ZRICKNEL T LT
W, fERE L THENENT D ETIRIND, 7o, T/ RHI3f%E - BEERE LI ®EWE
B, TR ORI HRHIIRL T O A AR T K T 5070, 20 X9 lanrb s e, b
WLz TAVT e DEae] 13 BIZEEMOSREZ LT 5 W FEEZT TR BMTE
HOEE LT W B2 2L 7SNCTER S EE SEHZET, K0 —Icfk> 2 &%
TREE T AHAEMCTHL E B EZ LD, EBEL Subramanian H1X 3 7 17 ¢ 7 U AL L7
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NN TF VIRBEIN Y T LEBEETHE, ~A 7B A= M A—F—DRBEAINT T LEH
B LTS E L TR 20 Ao MES A BT 22 L2 R LTl P8 = 1 i 3k
MeL TV IREEI NV T AOBETINENZ L & BEELOHEZ > EIEA LAl B2 b
Do TOMITYH, T IREET VT T D AEBGHIMHEI T AL L TP R e < ATh v TR
V. flz1X Saghavaz &% PFI X /L CHlAfig L7-$HERE 27 7 7 b oYL (NBKP) o LR
XU AF LB —R (CMC) & FEMITHVY, 100 nm—1 pm F2EE D REE A1 V2 0 L& iR
HETHEAE LT EAERIC OV THE LT 5209,

ZIZTC, TRV T NEGDTFETINL O xR, AR LT REE LV T A
T 5 515, TR-RIE] TERT DBRICKIaZ Mo < S 2 ik, ERBImMc k- T
kifkz oy ha— AT 5 HERERFF LN, BT, KEELA LY T MRRIZ, BFEE
TR U228 B IRIR T A R E AT Z & TR 40 nm LA F D F / [IREEII V2 0 D BT
XL EERHLTHAEN F£7- Sonawane HiIF ¥ BT —v g VEHAWD Z & THA nm,
Altiner (T~ 7 0 "7 L% ACTEE nm OF J IREED VS 7 D ETNERAK L T 5 R
Lol WineJ/ %ﬁz@ﬁ/v“/ﬁAODiﬁi%Aﬁi L=bDTHY, 2L (Subramanian & D
K9 ZRBRHME T T < BE OV THE) & OBEBIRIZ OV TR L7270,

413 UNVNTT7 A NT ) (UFB)

RARIETT IR N D DB 2 ETHE 25 HS, Kyaof#ibtdh 5, M
KIE BT EMO—2IC 774 TN Bdd, ZDT 74 /37 E100 pmEd D
KA THY . 1—100 yumD L D% [~ A 7 v 370 (MB)), 1 umAKiiEDO L D% [ K
F 77 A 37 )L (UFB)] &IESR2 UFBIIMB & B2 2 WHHIME 2 A L TRV, D15
WK TOWERER (LAHE) Th b, @, KPP TORA O EFAHE Vs 1321 T D Stokes=
(1) ICX-oTEHRSN D,

_ dz(Pp_pf)g
Vs = e @

ZIZT,opp & opr TR EEFHOWRIKOEE, g IZEDIEE, u XRERORE 2R3, 2O
6, RIS (d) O2FIZEAFI LT Vs MEMNT 2 2 ERXbNnD, ZOOMBIXL— 257 FRE TR
fE CTERLTW OITKR LB UFBIZIER IRV ERFE L 725 (Table4-1), 1z CUFBIZ~
A FAFAMVOEREBEN ZFFO7Z0RS EMIRKELHWREET D 2 & b2 B+
WICHEDLZENTEDLEEZEZLNTWND,
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Table 4-1 Properties of various bubbles

Fine-Bubble
Ultrafine-Bubble Micro-Bubble (MB) Milli- / Submilli-
(UFB) bubble

Bubble diameter <1um 1—100 um > 100 um
Dynamics of "z\/]
bubbles

remains as such for rises to the water rises to the water

months and does surface slowly surface quickly

not burst out at

once

UFBD % 5 — D DR NETH 5D, NIE (AP) 1XLL T DYoung-Laplace=. (2) 12k - TE
FIN LB

2T, o IFRENmIEN AR T, ZoORIE, KR (d) ORI ES THEREMT 2 &%
RLTED ., Bl IR 1 um OIEOHATE 298 K OERELICIBVT 390 kPa, T 7eb b K&ED
KAREDENZA LTS Z L ARTRE — 0 X 9 ICHENE WD, BT ~DRIRD IR
Ex BT Enaliel e 0P - RIARET SR T ) — T UV ERAET DT DRk A
BREOSIZAWD Z ERAREEE 2 BT 58,

ZOMIZHUFBIL, X 7 mil~Om ik, FEiEEER ., Eg ), S (M) e
DIOFILCIT R VEEREZ AL TEY, Zhb60FEEZFA LT, KEFL, T, ALkl
72 A 7207 R & 52192220 (Taple 4-2),
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Table 4-2 Potentially expected industrial applications for Fine-bubbles

Applications Principle / mechanism Citation
Solvation of UFB can Solvate gas efficiently at a high concentration in a [217]
gas liquid. The dissolved gas can be stably stored.

Cleaning UFB can efficiently capture hydrophobic materials, such as ail, [223],

due to the hydrophobicity of the surface of UFB. [224]
MB can remove dirt adhered on a surface with the mechanical

force that is generated when bubbles turn to MB at the interface

of the bubbles and the dirt.

Physiological MB can generate certain physiological activity against the target [225]
activity molecules when MBs vanish.

Sterilization Free radicals generated from bubbles are considered to have [226]

sterilizing activity.

Effluent MB shows a good effect on effluent treatment by introducing air [223]
treatment into activated sludge.

Freshness- Freshness of ocean-freshes can be kept by introducing MB [227]
keeping nitrogen gas into a fish tank.

Growing MB promote growth of fishes and plants by facilitating [228]
fishes and dissolving solvation of oxygen into water.
plants

UFB 23435720 DOFEITN < S0ndb 572Y (Table 4-3, Fig. 4-1221 HifEEH LS LT
ZH 0L UTIERIRRR S L < IINEEME GRS VMEN TH 5, FERNRm=L, @ik %%
ST PICRREBZIAALER, TOKNEEZESIEOICHNEEIE 5 HETH O . INEREE
BT EE P CREE KRB STtk ZOENEMET 52 & THRRIMLI® 2 HIETH
LU WFRL R TRMETHY . TS TS UFB A E ICI1T, RN 7B AAE
NTWLHDITMA T, FHO  AVDHh i e LTI L, BAE DS TKRKPRS 7O X
VIR T A A DR THEZDL LI L bDOE THRAY B 5,
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Table 4-3 Principles for generation of ultrafine bubble (UFB)

Principle

Method

Description

Reduction of interfacial
tension

(A) Addition of surfactants

+ micropores

into  fluid
through micropores on membrane-

By dispersing gas

like materials to generate micro
bubbles

Separation of gas phase
and mixing the gas and
fluid by strong shear
flow

(B) Static mixer

Crushing gas with projections in
pipelines to produce micro bubbles

(C) Spiral flow

Crushing gas with high speed
spiral flow

Change in solubility of
gas into a liquid

(D) High pressure
dissolution method

(evolution by reduced

pressure)

Evolving bubbles by reducing
pressure of oversaturated solution
of gas.

<(A) Micropores and addition of surfactants>

High pressure gas

————————————1
Water
with —
surfactant

v

l Safety valve
SPG membrane ﬁ

‘__‘___.

T

Ultrafine bubble
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<(B) Static mixer>

Static mixer

<(C) Spiral flow> Gas Cyclic groove
- O
[ O
n n\n N ﬁ‘;o Micro bubble
A\VARV) v | °0\°o:>oo°+umafine bubble
OO
L #)

Spiral liquid flow I

Gas and water

<(D) High pressure dissolution method>

Micro bubble
\
Ultrafine bubble suction of gas
\\\\~ \\\\ g
, W Excessgas
Water throat part  presgurizing solvéation
" - - [ 2 —)
Nozzle

Jat—mospheric prQ‘\ // L

flow channel

pressure

Fig. 4-1 Illustrates for generation of ultrafine bubbles (UFB). [#2]
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414 AEOBRH
P bk ARTETIH, LTFO3EEZHNE L TEREZIToZ,

I UFBRAEZEEA WD Z & TEOREIGTEERSCMEE ). M OV 216 L. Hoki1-
REETI NV B NV T AR T D,

. {BohEahkzE7 77 ax—2—THoiTL, HEERPESLOREL ERIDDOE
PERYIZ R 5,

. EoN-EAERICOWTHE R S NCF & o — b ORE M ATV, BIZRER D L
VU LK LBKPIZIRG L RG] LT 228 T, ok L2 &IC L 2 E%H
#HT D,

U bo—#OEBREZBECT, T/ RBINV T AL VT OBEEROEEZHLNE T2 3

(2 EERRRL T & SV T OB R IROE AR L AR - EEIICONT T D FIEEAMLT O L&

Hiy& L7z,

4.2 B

4.2.1 JFkH

AT Dl L L CRHERBNEH 2 57 F UL (NBKP,/SBKP) & IRIERHEEH 7 5 7 k3
L7 (LBKP,HBKP) % iV /=, NBKP |33 — b SV TR TR VIV TF 4 A7 Y T 7 A F—
(SDR) TH[Iig L, J8/KEE (CSF) Z652mL (ZFHH L7z, LBKPIZY — M 3L 7 2 BlEfiRth . AAIAR
DO F EMH L7 (CSF=531mL), KE{bL /L b (X ~o—AU, BLEET M) (3RO
P ZOEEMEH L7z, RET AT TROWBACIKEET A ZEH L, Ed CiEFHE LT
BB L, LBKPERA LT NEREW) 21FRT 572000 F ) A XDRBEI N 7 &
L Ci, 716411934 PO 716 () —Wbi 188 90nm) ZfEH L7-, 728, T &ER
DRI, —RRLF BB~ A 7 WA ADREEA VD A (TP121, BEEET M, Efld7m o
—WRIEE Flum) H AW,

4.2.2 EBIEE

DIVKT T A UNTNIEAEIGE L LTI 7 A4 U NTNVFAE ) XL (Y A, Y39, =2
NAm - vvarth) allnie, BERERFIENT 2R 7 LTIk RST
(40PN2.25S, #5RLEUERT) 2 iz, EERE M (SEM) & L CTIZFE-SEM (JSM-6700,
JEOL) %A=, SEMH > PN DHKEITITA A I UL - S5 X~va—~— (OPC60A. Filgentth)
ZAE U7z, OB O A S (X BT A 3R (DDA, Ab Akribi Kemikonsulterfl:) % Fu»,
HBAZ250um(60 A > > =) OUA v —%H L7z, BETHZREMEOMEIZIE H B b3 mn fE il E
WE (A 7m AT 4y 7 X P2 =2360, BEHRER) M Uiz, REED LT T LOKS
T O FEFRIZ IIXHRIEI T4 (X Pert PRO MPD, PANalyticaltt) # FHvy, G%iEH 7745kV, 40mA
(Cu7 / — R) THIE LT,
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4.2.3 EBRFIE
4231 SNVT LBBRITIRBEAI NV D AOBEEOARK

HIE T T, AL 74 (300g) & NBKP (1.95%, 15385 g) % 60L DA U 4 |2 #;
ALTz, KA (RFE15°C)T30kg ETART v F L, AV —UrE—%—T30 Ef#HL
72 (1000rpm), AV =D E—H& —Z WYL, Figd-2 O X IITRIET ADEANT A L KH
R T oG LIZT NN T T 7 A VN TNIAE ) AN % ORIk T=, RN 7 i L
(H:-HIEE 80 L/min), REEH A DR EFAZBEHLG LT (Wi 3 Lmin), SUSOHETIE pH Z{bD
T=H Y UKo THER LTz, BUSBRAARTIC 12.8 T o 7= pH IZREE AT A DR E AL -
TIETF L, pH=74 272 5 TR CRIGEEIE LT U 70 A 21572, IREEH A DR XA
BIET % 12 B8 X040 Umin ([ZZE L7oiZFEERICL T, o7 v B & C a2, /2, v
% e A LBKP IZE X 7= DIAMI v 70 A L RBRIZE T 5 2 & TH U7V D #1587,

{Ultrafine bubble generator co,

E(Nozzle) Ultrafine-
Pulp fiber /_( /x bUboblf °
: Ca(OH), 4 S
: Water H \7—\ >
........................................................................ R
"\ : Pulp fiber

o :Ca(OH),

Fig. 4-2 Schematic illustration for the preparation of the precipitated CaCOs/pulp fiber composites by the
ultrafine bubble method.

4232 REBINY T DERE LI VT Y T OER

LBKP DA Z U — (P 0.74%,4299) # 5L EDRI NI A LT, HiRFICT, Kk
WA A —T o —5—"THEHE (600rpm) LN 6, F /A ADOREBINV T L (LT, T/
IREETI IV T L) DAT Y — (FRE 12.7%, 34 g) B L OVKIEK (20 °C, 2537 g) Zh1Z., 547
PR 22 & TH TNV E 25T, FRRIC LT, —IRBL RN~ A 7 ot A XOREHI LT
A (AR, ~A 7 aRBANT T L) o THUT IV E 2 LT,

86



4233 NNVTHBHEIKTTDON T T 7 A U RT NVALEERR

TV T T 7 A RTINSV TG 2 DB ERET 5720, 4231 THW-bD L
[ ULBKPZ L %2725 K 9 KIEAKTHIR L, 4231 FERICT IV RNT 7 7 A L NT )L THL
LUz, 2720, KEBIEH NS T LRREEAT AT AMERE L, a4 o 40 2 IRKE Lz, 45
TN T 77 A U NT VB L T2 D SV I OWTIEKE (CSF) JIER LN T T 7
va x—F—HEEITV, MRS E2MmA L,

4.2.3.4 SEM Bl

423172 5 NZA232THOLNTEHAEERR L WVTRAM D AT Y — &2 ZNZIUK10 mLyy B L,
A% (AdvantecNo.2) Z W TRSI A LARN ST X 7 —/L (95%., BL 7 4 /L AFEHiEK) <
BRIV 5 2 & TSEMBIE A OY > TV B AR LTz, BEEROBREHE O LIc#T — 7 & 0k
V. ZTOLRIER LY T2 T L THRRBRSELE, A AI TV LEELT2I2bDIC
DWTSEMBIZE 21T o720 RBBEILY o IO X3DFTLL BTV, REEA LS 7 B DRIER
IXSEMBIZE DOFER D b I A RAE S - 72,

4.2.3.5 BIRIEKMEREEE (DDA) % AV ER

P TADE LY U FIVEIZKIEKREZNZ, 011 % [T L7z, FE% o 2T Y —400
mLZDDAD R EPICHA L, HIECTHA L (600 rpm), 200 R L=, EEOMA T 2
T AEBE S, HEZ2E0.3 bar CI5RMFRHINLK L TR & ATRICOBEL 7= (Fig4-3), o
T RRE ORI E B O NSRS 2 HIE L, T30 O DERRE LIRS 2R LT, 72
FHUEHA R | 3y BIE SRR A 2[0] i L 72 BR O AME D D3R IRy 2 M BRIZIR, 2[R9y 5%
BEELOTUEIZRIL LIEEFEH Lz,

Ul

T

Stirrer

|
— |

i P 1) Weight

\__/
CaCOgy/pulp fiber 2) Ash content
=

= 3) SEM observation

L7 Dewatering

L Filtrate
© o o °

Fig. 4-3 Schematic illustration for the separation of the slurry of the composite into the mat and filtrate

fractions using dynamic drainage analyzer (DDA).
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4236 7T 7 aRx—F =558

IREETI V> T MEAER (T D) BT VIRV T LE VT OREY (P
JVE) BENEN, 777 aRx—F—THBIO00I Lic, "B, 777 ax—F—IlB
DB FERESCHHT AL, B2 WAL WNCHE 3|k E Lz, Z2BHEI 4 [FITV, Hi
AT OAEIXZ OB EE 7o, /JBONIE WS (FRL—5) DAT Y —% AT I3 7 44
— (MF-Millipore, Merck Millipore) TAif L, FEZ RN L7, 5O 7cikik% AHt (Advantec
N0.2) @ FIZIET, MBI A LRS- J— /L THE+ 5 2 & T SEM B OY o 72k
L7z, BEEOREIE D BT — 72050 . 20 BICE L7 o 7 v 20 F L CH IRRE
SR H%, TAIVLEREETo-bDIZHOWVWT SEM B A21To7-, P, BlEIZ1I 7L
(ZD&E 3FTLL BT o2, £o, BONTKES (FR1—5) DAT Y —% 45 ELHTL O
DAZ Y —E L, HiyZEI2AH (Advantec No.5B) T H| Al L, & DFED B K5y & HE L
7o

4237 FHEER

BEER (7 AD) OFBERET D70, FREICXoTo— F2ER LT, g~
L LCRRE (7 %A R) O— KK FREBET DRBANLY Y LERE LRAY (o
TVE) L EF OB THWA YA I ot — X —D— Wk T REAT DRBEIN T T NERE
LTZIREW (P 7 F) IZoW T ARk — MLz, B EOBRIZIE., BEZK05% (12
HELI-ENZEhOY TV EFENIHWT, IRMFEREI/ T — MuL7z, 1504 v ¥ 2D Y
A —%MA L, PEE60 o/m?ICHY T 2 EE (FFEDL12 9) OMEIND v — hEERIL 7=, 15
Stz — MIMERT L A#E VW TL MPaTLRIZ L A% L7214, 110 °COT Y > & — R
TA XY =TI L=, S5 7-3— F DWW, 1L6ITR LT J7iE TR FEMIME 2 S0t L 7=,

43 fERLER
431 $HERERZ 77 UV T (NBKP) LREEH VY T ADBEEBEDERR

AR DRI AT AR A3, 12, 40 L/min O35@ 0 (1228 2, NBKP L [RER I LV 7 A DOE AR
(7 NVA—C) 57, SEMBIZE DR, WTFHOBERIRIZIBN TS 7 UL 7 K & 45— kL
TH£80—500 nmD KR H VL 7 AONEICHTE L TV D ER -2 R X 7o (Tabled-4, Fig. 4-4),
SEMBIZECHERR L7ZIR Y Tlix, Vo 7 VARKR b EHERTH Y, o T ACIIRIE IV T A
DRIBEN K E < RETE THEHE~ DR IE S R —ThH o7,

PLEXY, BEREART DBEOTAREIZL > T, BONDKREI VT LOREER L
ICRIEDNE DD &I, E~OEEREBLENT DB 2 6N, T, KT ADEA
MR RIRENT VAN D D L ERBLTWD & biliz, Altinerld~A 7 m/7
JVREAEAEE 2 N BRI T A 22 0.3—10 LUmMIinIC ZE 2 T2 SR ECIRIE I L o 7 LR B AR L,
REE T ATREDNINSNE EIRBE I VS T DOKIESHPIRL 725 2 L @A L p R F7-,
~A 7 aNTARAELEEEZEH LW THRERICERT 2 &, A LGS & TR R E

88



< A= bORTERZERE LTS, —J, Carcia-Carmona & (3R EE 7T A 1E TR 7
Ny LG RT D5 AT, [Cald[COsl A AR T 5 fREE I VY 7 B DRI B L |
[Calt/[COs /NS K 72 DIE EREETI N L U AORRNPKRE L e D LHELTWDEA, Ll Eo
WE LY, BRFOSMHECIBN TR, SOSKTIZEIRE L TWD IV SA F AREIIK LT
40 L/min® [k 77 AR BT \E TH D . TDOT=DH > T IVCTITIREE I L+ T L ORI KX <
eolzbDEEZLNT,

Table 4-4 Characteristics of the composites of pulp and CaCO3 nanoparticles prepared under different
conditions (Samples A-C)

Sample A Sample B Sample C
Pulp SBKP SBKP SBKP
Flow rate of CO2[L/min] 3 12 40
Concentration of slurry [wt%] 2.6 2.6 2.7
Filler content of slurry [wt%] 53.0 51.2 50.8
Average primary particle size [nm] 120 80 500

Sample A Sample B

s

y oy b % N’ L/ af agh s o T f [n!“ X =T
Fig.4-4 SEM images of precipitated CaCO3/SBKP composites (Samples A, B, and C) prepared by the
ultrafine bubble method at CO; gas flow rates of 3, 12, and 40 L/min.

432 [RERERY F 7 bV (LBKP) LREEAINV Y D ADOBEREE X CNEESYDOE R
FEMIZLBKPZ AW T, 431 TR GREEN VY T L OPWBRNE - 2 IRIEHN A& (3
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L/min) T& AL L. LBKP L [REEI L 7 LOBEAK (o FAD) #1-, £7-. o 7 LDDE
FACHE L7z b @ & [Al— D LBKPIZ ) — YRR 0NmD R 1 b o 7 K ARG 5 2 & Txi i
T (BT IVE) BETL, D OSEMBIZEOfE R & Tabled-572 & NIFig.4-512 779, W
TNOHAE S/ UV T RE & IREED VNG > TR, BEE (7 AD) OFNREY (T
TIVE) \ZHARTRIRINCE) TR V> T DM E L T DB BlE s vz, £z, o
TINDDIRIEII IV T D) — PRS0 nmTH Y | $> 7 JLE (90nm) & HERT/HhE
nolz,

Table 4-5 Characteristics of the composite of precipitated CaCO3/HBKP (samples D) and mixtures of
precipitated CaCO3/HBKP (sample E)

Sample D Sample E
Pulp HBKP HBKP
Flow rate of CO2 [L/min] 3 -
Concentration of slurry [wt%] 2.4 0.25
Filler content of slurry [wt%] 57.1 57.5
Average primary particle size [nm] 50 90

Sample E

bubble method (Sample D), and the mixture of precipitated CaCO3z/HBKP (Sample E).
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BT, BFONTEAWRZR L CTRAMIZ OV TXREFT 2T 2R, WIihbiera—2
370 5 NEH N A NEIDREE IV D MIRFR OB — 7 Bt S vl (Fig. 4-6), 2D Z &
M. HHIE T 2007 LRI VS 7 AOBA RO AR RS X iz,

°
e : Cellulose
o0 a) composite
(sample D)
°
2
(%]
[
8 (1)
IS b) mixture
(sample E)
A J n \ N M c) CaCO4(calcite)
10 20 30 40 50 60 70 80

26 (degree)

Fig. 4-6 X-ray diffraction spectra of a) the composite of precipitated CaCO3/HBKP prepared by the
ultrafine bubble method (Sample D), b) the mixture of precipitated CaCO3/HBKP (Sample E), and c)
CaCOgs (calcite).

433 2NV TIHBHETKTT BTNV T T 7 A U NT VAR ER

VKT T 7 AT (UFB) ML VAN E 2 DB R AT D10, KER{E L
T LROIRIE T A T BEN L7 U NIREE CRANE LBKP 2 UV T 7 7 A LT VIR L | JEKE 7R
HNIHHER ZE Lz, ZO/E., VIV NT 7 7 A U NT VBRI TIRAKE b iR 24
L7222 & D3RR S 7z (Table 4-6),

PEXVY, URB ZH WA Z LIk o TIREEI LD AR LT MER IS ERS LT B/ & L
T, UFB D7V T RBHEICHIE 72N 7 ¢4 7 ) VOTEREAREE LT T2 O Tl e e F 2 bivTe,
LU, IEAKEICITEEE BEXRVEREDOI 7 apMlMh2 KT 52 EE0RbE bbb L, &
DM A & ST & U TREEA VY T NN VI Lz alREtEd s 5, £72. UFB O Stk
TEMERE N FE N EE RO AU LT FOBESIZET 23R A I = X LIZHOWVWTHH S
MEZRSTIEWVWRYY, KoTINHEDORIZONWTIE, SR ERLELEEZLND,
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Table 4-6 Properties of the HBKP before and after the ultrafine bubble treatment

Ultrafine bubble Fiber length Fiber width Fibrilation CSF
treatment (length weighted, mm) (pum) (%) (mL)
Before 0.73 12.3 1.67 531
After 0.73 12.3 1.68 532

4.3.4 BYROIEAKIEREAE (DDA) % AW B EBR
BEE LIREWDOBE OENEZFIRD BT, o 7D L OEIZ DUV TDDAZ W T
%%%ﬁotowxyy1@74k~%%%LkNMTﬁﬁ%m’iof%#yfw%%m
13O NTFRIED DR 70 & N IR HRE 2 E LTz, = OfE5R. EEIR (7 AD) 3R
é%(%/7ﬂ£) THARTHRILORA & MEREBREWI ERH L E7e o7 (Figd-T),

65
-g 54.7 W CaCO3+pulp fiber
o 55 = [ Caco3
3=
©
+ € 44.1
8 £ 45 +
g3
= Q
538 35
g2 27.8
c @©
o
525
2 18.6
&
15
Sample D Sample E
(Composite) (Mixture)

Fig. 4-7 Total (CaCOs + pulp fiber) retention and CaCOs retention for Samples D and E slurries
determmined by dynamic drainage analysis (DDA).

435 757 ax—F =5
4351 CCD # A ZE %\ =%

770 v ar—H—ThHkRFOBEERL L CIRAEM DS 7 Z7 7 > ar (FR) ORENR
CCDW A ZHifg & Fig. 4-81Z7~77, HEAMRITIREWIZHAATFRAUZHRI LT 2 BB ENA L
LR BNz, FRI=3IZOWTIE, BEEIRLIREWOMICKRE RZETH O Lo T,
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4.3.5.2 ERENT

BEK (- 7AD) BEOREY (> FNVE) IZHOWT, 7 T 7 ¥ a x—F —CHIGIENT
ZAToTe, TORR, HEKITEEW XV bHER2S R E < FRZRWEIHE (FR1—2) (2B
TEDENEETH T (Figd-9), E7o. BBMHTIZ L > THRIHSNEAFROEIT, HEIKA
F UV —DFPREWNILASTFRAN L & 9 #ERIZ 72 - 72 (Fig.4-10), Z4UiE, 43512 CHM
THBEMER LT RBRLE LT,

30

55 | 242
19.6 B composite [ mixture

20
16.5

15 4 129 128133 123121

10 ~

Fiber width (um)

N.D.

FR1 FR2 FR3 FR4 FR5

Fig. 4-9 Fiber width of the solid contents in the fractions separated from the composite and the mixture of
pulp and CaCOs.

80

70 64.9 -
61.3 _I_ B composite

60 A [ mixture

50 A

40 -

89 70

Weight concentration (mg/L)

10 H
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0 = |+| T T T N'D.
FR1 FR2

FR3 FR4 FR5

Fig. 4-10 Weight concentration of each fraction obtained from the composite and the mixture of pulp and
CaCO:s.
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4353 £ FR(ZF 7 ayv) @O SEMELE

Rk DB AR B ONZIRE Y DA FR%Z SEMBIES L 7o 1, A IRIZFRL—3IZ B\ THEHEY)
DEHER I EE L TV DT ER SN0, IRAWICEBWTIZZED L 2 1RO b
Iipofe (Fig.4-11), 2D Z &5, 4352 TEEMRDTT N RABHER 73 DMFHENE S R X g > 7%
KThod LBz BNz, E£I-FRAOBIZRFIZIL, AR TIRBEME 5 DS IRHE & KX & 725
HLILZ R L TV AR b — ., IREWTIZE DO X5 ek A ooz,

<Composite>

Fig. 4-11 SEM images (a magnification of 500x) of FR1-4 obtained from the composite and the mixture
of pulp and CaCO:s.

4354 B FR (7527 ¥ av) OEESSRSNTIKRSHIE

BFROE B &R b RNIKE Z1T - ok R, BEES BIZOWTIIEES RO T BIRAEY
L0 HLFRADEH BN | 435172 HTNTA3520% 5 & —# L7z (Fig.4-12), =72 L. FR4D
HEIIEFROF TR HZVEN, 43528 T8> Tz,

JRGHE DGR HIE. FRI—BDIKDIEERD T RNREW L N TR2EZ N2 L3 5
MmEIpoT (Fig. 4-13), —J7. FRAUZ DWW TIIHEEGIRD TSR3 D3P 72 o Tey ZDRITONT
4353DSEMBIZE DR R AW E 2 THEET D L. HEKROGEIIMMBHES REE LD AL
REBREEIEZR L TGN ER B X b, DF 0, HOBRkHE & KER 7L > 7 AT
RIVFRNCH A XD/ NS WDl (REW) 1TFRA—DBIZAT AT IRRETHRE L TS 50
(2K L A ROLE T IBHEME & REE I Lo T AR K & I ESL A TR L 72728, FRAZ HiTE
LER->THTELELDLEEZ BN (Fig.4-14), ZHIC XV BAKDOFRAICE 15 Bk
HEBNRAWICHATHIIN L, M AICFRAD EERE S 3B L2 2 & 2 bz,
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Fig. 4-12 Dry weight of solid components in each fraction separated from the CaCO3/HBKP composite
and mixture slurries by TFF.
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Fig. 4-13 Filler contents of the five fractions obtained from the composite and the mixture of pulp and
CaCO:s.
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Fig. 4-14 lllustrate of the composition of the composite and mixture of pulp and CaCOs.

436 FH& T — b OYHETEE

BEREBEVOR R AR T D720, FREICLoTENENE V— MEL, &ML
FEM L7- (Table 4-7), " CHAHMAITH o 7= L HUELLR S & BET R IOV T, Fig4-15 5
X O Fig4-16 12" 9, FTHEAK— (70 D) BELOF /REI LD MRAY— b
(o7 E) OHBEUREIEL, ~ A 7 kB aLvs v NEES— R~ (P70 F) OF) 60% &
IEFITNESL, LBKP OAD > — h EERE Th o7z, ETEEKT— hO BET R mfEIL,
TR DRGY— FEREU ETHY , v A 7w REINT T LREGY— FE A
HE3BULETHT-, ULORERIZ, V7D (AWK &V TIVE (T REEALVY L
BEWY) ZRERT DIRFE TN T DORLAH A XD, YT IVE (A7 BREEINVT T L) &
HARTIEFITNSWAIZER LTS B2 b, T70b 6 RRP/INS WO & BUEL
L3360, HEBOERLEZbDLEZ SN,

ol xZEmE, MiFZbSBIUOEWE L WS mBEICHOWTIE, $ o 7L OEEICE D
59— MOBEESEIDSC TR T 2BATHY . KE RIS bhvieh -7 (Fig.4-
17),

% — FOEME A SEM BIEE LI-fER, EAEERT — MIMHE REH) OREIZHRED LV
U A (BEE) BFELTWEDIZX L, T/ RN T L0~ A 7 BRIV T NER
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AL TER LTy — N OBEITIREEI VL 7 AR EITHHEORICE £ > THREL TRV, ki
O FIZITEE A EFEL TORWER R BIE S 7s (Figs-18), Z D Z &ond | REFCHEAEL
L7222 E» T, 412 Tl THACII A CBHE LT W k-2 7 UL 7N T 72
KEFSHDLZET, L0l 22X 9chkofc Bz biviz, ATEEAIHV TR
By LTI, WS LT L 2UME~DOZ BT E VRO N2, BE
bS8 DRF & B ER KL CHEATE, HUBEPEIERERI 170 &) I LEBRICIE, RERDIRER & L7
REMEEXH D, 5%, SORDHDMEEEDD Z ETHLNE LTNETL,

Table 4-7 Physical properties of the handsheets prepared from different raw materials

Raw material of handsheets Sample D Sample E Sample F HBKP
(Composite)  (Nano CaCOs+HBKP) (Micro CaCOs+HBKP)

Ash content of raw material 57% 53% 53% 0%
Basis weight gm? 35.0 36.1 41.0 73.2
Thickness pm 73 73 87 131
Density g/em® 0.48 0.50 0.47 0.56
Ash content % 31.1 22.4 30.0 0.6
Whiteness % 87.3 89.5 83.7 87.4
Opacity % 71.0 70.9 90.1 82.4
Specific scattering coefficient (S value) mz/kg 52.2 53.1 84.2 43.4
AIr resistance sec 1 2 - 2
Smoothness sec 14 10 - 6
Specific surface area (BET) m?/g 10 7 3 2
Specific tear strength mN/(g/m?) 0.6 0.9 - 4.6
L&W stiffness” UN=m 35 67 136
Breaking length km 0.4 1.1 - 2.2
Elongation mm 0.4 0.7 - 1.2
Ash retention % 54.6 42.2 56.0 -

Y correction value from basis weight
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Fig.4-15 Specific scattering coefficients of the handsheets.

Sample D Sample E Sample F HBKP
(Composite) (nanoCaCO3+HBKP) (MicroCaCO3+HBKP)

Fig.4-16 Specific surface area of the handsheets.
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Fig.4-17 Relative strength of the handsheets.

Composite

Fig. 4-18 SEM images of the surface of the handsheets obtained from the composite, the mixture of nano
HBKP and CaCOs, and the mixture of micro HBKP and CaCOs (x500).
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4.4 RELSBEDELR
43 2DSEMBIZZDOFE R Tl BHIZREE DL 7 AZLBKPIZIERS L2721 DIREY DA IC

b IREEH NV T AOSEHEREICH CER L TV ARS8 0O b=y, 435 T -7z
DT T 7 a == ORERNG EEEPIEEW & RESERDFITLLTO2RIZHD &
Exz oz,

O (B)MEHMEICEE LTV DRI LT T AEDZ

© TBHE & R I L T AR E R ES A TR L TV D

FROIZSWTUIEERIZH L TINETH AL BB INTWEELTH L0, @I\ T
AN L > THID THFEIC R > 7 FHETh S, T70bb, TivE THEHAMIZFG 4-1912 "7 &
INT T(R)MAHE & BERERL T DA + TOHE & SRR DA + DIFRESy ) TRERL S
NTWDEBEZ DX TEIMN, ARFRIC L o TR & Bk F R R <EELTWDL L
WHLMNE ST,

Result from TFF analysis

ESRRRE
o

(composite) large aggregates (composite) (Free particles)

Previously considered contents in the composite

\ o
K 0230 % OOOL

(composite) (comp05|te) (Free particles)

Fig. 4-19 Schematic representation for the contents in e composite of pulp and CaCO3 newly revealed

with the TFF analysis in this study.
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LLEQQ@DOFHKIC LY | AEARIIDDARFH X I L > T — MEL7ZY LB R v
T LBENEL 2D EF 2 Bl (Fig. 4-20),
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(@] (®) o
o &A X () /§O o o N
Pomomiood =O— o o
o . = A
o= © oO %f_ o

‘iimmr
P

o & o 7194 o
o %ao . e
& °© A % 06

Fig. 4-20 Illustrate of the preparation of the sheets prepared by the composite and mixture of pulp and
CaCO:s.
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