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Figure 1-1 Ceramic manufacturing process
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Figure 1-2 Electric double layer model
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Figure 1-3 Potential energy of silica particles in DLVO theory

(a) Constant surface potential
(b) Constant ionic strength
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Figure 1-4 Types of polymer adsorption and agglomerations

(a) Adsorption type of polymer
(b) and (c) Agglomeration/Flocculation type
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Figure 1-5 Schematic illustration of couette flow
( unidirectional shearing flow )
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Figure 1-6 Types of flow behavior
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Figure 1-7 Time-dependent fluid behavior under constant shear rate
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Figure 1-8 Force acting on the settling particles

Fp, F i3 EFVREIERRSL ), #C, IRATERE D,

1
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o(t) = /2Dyt (1.18)

Figure 1-9 |2 25 °C (28T 2K D> U A ERKL 1 DR H AT 3 1R E
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Figure 1-9 Relationship between the sedimentation rate and
Particle fluctuation due to Brownian motion
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Figure 1-10 Relationship between silica particles in water and Péclet number
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V72 Richadson and Zaki (2 X 2 # BRI E SN TN D, [98]
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7—(— ) (1.20)

Vo (X SRR TR O 7-IEREEE, ViX Stokes TR B D AR TOURMEEE
ThbH, niTEHTHY, LA/ VZH Re IZE o THA SN AHIEN R D,
(1.20): L 0, (AR RAENINT D & DBV T T 5, mIRERICET Db
B OWANTRL T ORI R T 2RI FMAERIC LD b0 LB X BN LR
BB T I A D 720,

1-3-5 BMBELSBRAT UV —DHEBREKIZRBT 55
FRESBATHH AT Y —IL, REHGAICHKLFNFYET7 U —NICTEL

TW5, ZOAZ V=S HEMATEELREZTZ L TREAIN TV ORI
V2B L, fEEZZE XD, ZReCB < kif, #iEEfk, 77 22—k
ENBZOND, B, MIRERAT U —OWNEK AT & OErETEE
BT 2 Z LTE R, WERLFOIRIEZ EEBIE T 5 HIENEEN TV 5,
INETOET I v I AGBTOMETIIAER AT U —Fh Ok OHE B s
EEREIC L > TGRS TV 5, [99,100] —J7, 2 uA RESEOSE THE
BEE R ORI Doy « WENMEOBIEIZB L E Y, 1. Lewis B eI LY
KLF & RAT RO WA T oL « BEEEME £ 72138 N O &R EE RRE R T o
ki ORI Z EHBIZ L T\ 5, [101,102] £7-, A TFEOSE TH EEER
XBA LA =, = O VIR AR AR T 0 S S PEF KR 00 PN BRI IS & Ve B
P2 REVE R TIIE(L A - 77 v ¢ ZHEE)Z W TR L T2, [103,
104]

T7A 8T I v I AMBELTESHWENS TV T (ALO)RCY U 7
(SiO)72 L%, Aok, WAOBZBNHMEMETH DL, HFHMEIE LTHWLND Z &
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bdhd, IO OFEEHBESCHRIEEROREEL, AEH(BA)BIEShD, i
(%, AP OER EJRITHR & DEITEEND H 1=, MERE THRLIEELT 572D
Thd, BELELWEITROBEAEGRIED 2 L THIERE O EELNE
2oL 5D, HERKE L TOLFICNTZBIET o 2 e 0imie b e d, 2
DIFEP I & IR D JEIT R &2 B8 2 BIR 2 IRIEE L T, B9 Iy 7 R
FIEIR O NERE G 2 BT oo CHEARFME L THVWLNA TV S,
[105]-[107]

Figure 1-11 |27 I v 7 ZAMHKICB T 2 RIS LD 2R §, #ADH
ROJEPIZ, ZOBHE L RO BT 2 ROV FET 5 &, AR ToX
DOBEDE Z 57 < b, DFEV, FEHA L BHTROE LWEENS, 20k
ZRED L TERARAT Y — 2T 5 2 LN TE D, W SO0H & 17
L CHEOGBAMEE A W TBIE T 2 &, #OLAIDIAET 2533 5 <, 718
L72WRI - RRIBIT B BE SN D, 2> TAT Y =@ Lizhi 1O
FRBIAFTHE T D,

Refractive index matching

bl
9@%@ i St e

£
OO0 a ﬁo ) Y M
v \ 4 v
ny# ny n;=n, Transmitted light

Figure 1-11 Technology for internal observation of slurry

n,: Refractive index of solvent
n,: Refractive index of particle
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E, e mAbRons EHfFSh D,
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179, £, ATV —0O58 - BEMEZHIE L2 RICBNTS, (BEAKNREE
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T, RO LA v O —RE COEAE L BSOS 21T O,
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WTZDUERET Dk FIEECHERRE O T ROR IR 2 EAEBIR T 2, B A R
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Figure 2-4 Schematic illustration of shear test system
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Figure 2-5  Drag coefficient vs wall-particle distance
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Figure 2-10 Particle size distribution
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Figure 2-11 Apparent viscosity - shear rate curves
for slurries with narrow particle size distribution
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Figure 2-12 Apparent viscosity - shear rate curves
for slurries with wide particle size distribution
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Figure 2-13 Relative viscosity of slurry vs particle volume fraction in slurry
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Figure 2-14 CLSFM images of the various silica slurries
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Figure 2-15 Experimental data for the radial distribution functions
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Figure 2-16 CLSFM images of the various silica slurries
(wide particles size distribution )
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Figure 2-17 Time-dependence of the shear stress of slurries at constant shear rate
(narrow particles size distribution)
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Figure 2-18 Time-dependence of the shear stress of slurries at constant shear rate
(wide particles size distribution)
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Figure 2-19 Flow rates of the particles in the slurry (®:0.3)
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Figure 2-20 Flow rates of the particles in the slurry (®:0.4)
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(b) Mixed particles [(a) : (b), 0.37 : 0.03]
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Figure 3-8 @ CLSFM images of silica slurries (®0.3)

(A) Narrow particle size distribution slurry
(B) Mixed particles [(A) : 6 um particle, 0.295 : 0.005]

3-3-3CLSFM iZ £ 2 2 7 U —NEPhI F O BIHIE EBI 2

Figure 3-9 1 L U Figure 3-10 (W AW /] F CORRE/D 3 0.4 THRELA T U —
® CLSFM Hi# DR % 7~k3, Fig. 3-9 1Z (@) OBAZH WK 0.4 DA
7 U —, Fig.3-10 1% (b) O#iEE M2 2 T U — OBIEERE R T AWML SN
DB8-24sZEDOEBRTHD, QDAT U —HORA T8 AWIS JTEIIIG AT

\ZFEh L CTu 7=, (Movie 5, narrow particle, ©0.4)
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Figure 3-9  Particle motion in a silica slurry (a) under shear stress
at a constant shear rate of 0.01 s’!
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Figure 3-10 Particle motion in a mixed silica slurry (b) under shear stress
at a constant shear rate of 0.01 s
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Kif-D&E)E OBEMNELY 7 b v = 7 (Imaged plugin) & AV 7=, CLSFM D4 2
Ko Apm>X4um THEIL, < OFPHNORFOBENERER L OB iH 2 X7

fMLE L TERRLTWD, HIERFIL Fig. 3-9 8L O Fig. 3-10 127777, (@D A
7 U —TIIEEH ) HEEH £ TORLA D ATICEEI L TV D Z LR TE 72,
55 2 FEORLEE AR ORI E DR 775 0.3 O B TIERFRAIFRLIEIZ Lo T—{K
TEIWNTWRL A DR A I 5 T 2T BBl Sshic, —77, D= 04 T
TR RN E & F o TBEIT 2R8I SN, RUFRIC K 26553 0.4
DGR BTN CEBZEE 2 L Tz, T OZEENT, KO @R E0IC &> Thz
FHIEREN LS 2o e ZEDNFRRTH D EBERX B D, Fig.3-5() D LA A—4
(XD —ERHAWRHE 0.01 sUZ K DMR TR LK DT, HIERRMER DA
(R A SIS BB L 72 1%, B AMIS 18— 872 > TV D BIRIT, EHHE]
RORIR L RS —HT 5,

Fig. 3-10 DMK FE2 B TIRA A T UV — ORISR TIIa < Bp 228038l
22 X172, (Movie 6, mixed, narrow/wide, 0.375/0.05 distribution particle, ®:0.4) A
Writs /) 2 EIN L 72 M1 TiX @D A 7 U — D X 5 IE AKIS 1 IS EIT 2 723,
8s % Tix, WEATHM LITW ORI F-DBE T HekF AR 6Tz, —HEOB)E 28]
BT DHLATY =N —FITHMNERICARD LD ICRL L) I, £
%, EEBENGED, DLED E Vo stick-slip TR O X o 2@ glsk &
N7z, F£7=, Fig. 3-10 D 16 s DX RILVEIRTET L ) IR T OB IR —EEk
Ty, KRS, REVWRLT- L ZDOFEAOKFREOENE ZBIZT 5 L, /NS WL
FRRRLA 2T 2N OBEN L TWiz, B—ICRF2ABEIL X 9 &9 203 KkL
FOBEPBENZDICZOBEEREETNDLEEZOND, bDHBRERRES
D= TR L BORLF 2 DT NIRRT 5 Z & TAZ U —2KROfmEh
WA 5272, ZOR-EB)N stick-slip R A5 & Z L, Fig.3-5()D Xk 9 7
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AN 2 B2 b5,

3-3-4 ATV —DRI-FEENVEIER & k5B O BE
Fig. 3-4 O¥L S iR CRIEE 434 D e DR DIRE A T V) — DMEE AWk FE g

IF

BTHI 10 fED RV AR LTc, AT U —HRLF 2 EEBIEET 5 2 & TREEHY
IMOLERZRTZENRTE D,

Figure 3-11 (ZE 7R DR DIRE A T U —IZBIT 2 MK D Ol 2 &
RE - TEE) O EBENBIEHE R 28T,

TOMIL 3.2 s MOKFOBENRREE HimZzzs LD, Biffo TEERIL 0.8
um/s TEEIL T\ 5, TFEEEATVT ORI 7-I3BEm 2B 0E L7223 B 20 B A I )
LTWD, ZD EFBORAIX FRERKLF D% ITIZMI Y AT K 9 ICHE) L Tz,
ZDLE, RRFb/NSIR 2 BT 5 & 0 ICBET 5, Kb OB Eh S
2 um K1) L5 Th o 7o, R FRENEL L TS Z e D EHEICK L CHEE
HIRNZETBEI L TRV, KAFOBERIIMOK T & i L TEIBRETH
D, AT EREE ST XIS D, Z ORI OIEE S W OBE)T Fig. 3-
6 CRLIZB)AT U —THER I,

Figure 3-12 |ZHL3HE 6 pum ER 2 KLEE 5347 OB VA & IR A S B 72 AR5 32:0.3
DO AW TR Ok FL % 7797, (Movie 7, mixed 6 um particle, ®:0.3)# 4 O
(3% DO TIHEER) L 7ohF CRUIEBRIZE o TR, HITTICESDOE DR
Ko TRFZRLTWD, ZOHE SRR FNEETT BT 5857081
BN, 20X Bk TEBOEE KRN A S X ZTHA D
bhodlEZHND,
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10 um

Figure 3-11 Particle motion in a mixed silica slurry under shear stress
at a constant shear rate of 0.01 s!
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Figure 3-12 Particle motion in a mixed silica slurry under shear stress
at a constant shear rate of 0.01 s!

3AKET
ARETIEERERT U —NE &2 BB U ORI &S S, RES
A DOFNEZE WA T U —36 KL ORLEE 341 O BeAe DK DIRA AT U —IZ
DUVNTHRES L7z, R 3R:0.4 ORIESAMDORNA T U —TITRLFBIEN 1k &
o TBE) L TWORRFRBIE SN, —F, BEA T U —IHMEE AWK T
U< HEREERNEEIN L7z, BEAER LV stick-slip ZE A /R L T\ iz, WMLz K&
R E L D BBVEE AR T IO L) R A RTEEZOND,
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ST BRI LI RIRER T U —H Ol EB DA
4-1FEE

I IV I AT R ERAICBNTAT Y —REOR b EERRKTO—21%
TR 7 D 431 - BESERIEN T 2, [1]-[BIFTEIEIC S XD A T U —DIEFES 3 dv
T=03 L@V, HLETHRRZERY, ZORT Y —HOR1 Oy EMETAM X
LA w O—HIE, LR, R RIER ENH D, [6]-[21] VA = P —HIED
Y, IREAWNRE £ CORAWIC ) ZRET 5, AT U — 2K % Mk & RUE
LU AL REEEDS Newtonian ZREN LT AUITEI ORI - 13 0B L TW 5 & Rl
LRI 2365 L T B 3B 13 Shear-thinning Z88h 20797, [22]-[24] * 7 U —ifid
(BN TR O 4y BRI L, WU pH Z 6l URL 1 O i B BAH)
AR S D FEETITRF-REN &m0 T 2 WAE S E oG O BRI & D Mg
BRONERRFE LR T HIERER S D, [25]-[27] PRI D53 U 1T Im I -
iR 2 DM - REMABRE L2 UL e, BB MKz 513 DLVO Bk
WA TE DD, HKROGETZ ORI LW - O E IR O
KEMDMHEZATV, o - BEEMEAZFHI L T\ 5, [20]

L — I — B RAOLBMEE (CLSFM) Z R L7z @R EE A Z U —Hi O hE
TOESEBEL L, —EEAWEEIC X 28 A MG T 0 BEINIERL-E E) 2 B
LTWOHEEMEDRH D, LinL, RFRECE TOMERBIZE I TEBY, H
EHERBE T2l ST ey, LA R Y—HIE E AT Y —h ok R
DB D BEENE 207 - D 73 1 - SRR & R CREamC & U, B9 X v 7
AREIBIZBWTEHERAANGONDL EEZBND,
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AREEIZEBIT DHFEEWNEA T U —Hhi 7O 43 E » BEEMEZH4 L, Newtonian
F 721 Shear-thinning 228274 27 U — 2R LEINBIER 22D Z L TH D,
Z D& E, R OIS IEE S FRAE I K DR ONARRFE AR LTz, By
BUELITE AW OEVINEL R 7~ 5 R I8 (- & 2k FREOB) IR A2 T,
F7o, RO - BEEMEFTIZITRT AFM I X 2 R\ MRE, LA e o—Hl
BB K DBAIEEIC L > TRME L 72, S B18, EREAWEHEIZ X
L R MR AFEZEE) S IR BT K D B AW ER ATV, DHGRB LI OEER AT Y
—D LA PR L B ST,

4-2 FERRITIE
Z DHEI TR R ORFVERFAT, 231 - BEEPERIE L 72 #0EE AR 7 U — O
B &R PEREA, AFM IZ X D K0T WA ALERRIE S &, CLSFM T TORER RIS

DUNNTIRRA,

4-2-1 JEHR i

JFEPMARILES 3 HCHWERIRIEANEL > U WL 1-(KE-S250, H A, #ifE >
99.8%, FHJRIFE 2.3+02um)EEH L7z, Z ORI 2 W7okl LI
B2V, FEIEMAR DRI REICHAE SN TWRWAL T TH D, A7 U —D
YA ST DB, MO AEMNEA LT\ D LI EEL < 72 5 7o D ARH
FETIEZ DR FZH D,

4-22 2AZ Y —DOFRM
ITEEZIZ T VvV AT TAT AT, ME =99.0%) % LTz, AWFE T

(% 84wt% 7 U & VU KR Z A L7e, 20 IE 21X CLSFM Bl D 7= 12t
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Fr—F I 6G, L) EEND, 7V EY VRAT YV —ThDHTDR
TREEMZ w52 LT L WDIKEIK E LT D 7ok DR BN
BA)TADOEMEFRF> TNWD EHERI L, KFTOVY DFAICHELTND
O ThD, AT, 2BMEEZM EIEL700OED TR ZF LA 2
> (Polyethylene Imine : PEI, F1YGHfi3E(HK), [CH2CH2NH]n, Mw=10000) % v 7z,

B HEDEEEOMEEIZIZAR Y 7 27 U LEET I R(Polyacrylic Acid : PAA, HTiiifg,
[CH2CHCOONH,]n, Mw=6000-10000, Celuna D-305) % i\ 7=, Figure 4-1 (2%

THEE 2R,

(a) (b)

CH,— CH
H | COONH,

Figure 4-1 Molecular structure of polymer

(a) Polyethylene imine : PEI M,, = 10000
(b) Polyacrylic acid : PAA M, =6000-10000

PEI 137 X O Z AT 2720 KESEP TIEIIF A ML L TIFIET D7
DRLF-RENZ PEI BAET D RN S D, —F, PAA IR CTH LR
VIV AR DT =4 MO T DR IR AE T B IAFAIES D TR
YR H D, @0 TITEOEEIZHR LT 0.5Wt% i L7, RO RFED % ov i
03 & L7, &R TIE7 V&Y VKERP T3 RS L7-, 2Dk, Bike
BAL3h B L, R LA T Y —138F AR E VA % —(US-300T; AA
FERE(RR) )d6 X OVEREFE I (FILMIX® Model 30-L; PRIMIX) % FHV N Tl - 4 Féhk

MNCIES LT-, BEIRAFEII 0 A 3V A 70, 7 4v2 v 7 ZADORESMEIX
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[ml#5%L 5000 rpm T 10 23Rl % 2 VA 7 AT o T2, @ 2RI LR ER L O
A Z V=D RANTD pH % pH A —% —(FRGRAVERT (BF), F-71)THIE L7-, PEI
F721E PAA ZUSII L 72 KRS 53R 0.001 D A 7 U —% AR EERE (B AL~ b

(BR) BEISEE FE K B 2E & Model502) Z T ¢ BB 2 JIlE L 72,

4-2-3 VA O—HIE

A7 U — Dk K OV R SRR A (2 1 =2 — A L o A — & (Physic
MCR301; Anton Paar GmbH, Graz, Austria) & fif F L 7=, REMERFAR I3 A WEE 107
2-10% s OFPHTRIE L7z, &5 AWHRIE ClE—EW Bk 1025 T 250 F
FHE L7, EH S AWHIE T EORESM LR CIZT 572012, BIERD
ATLER I T 72w Lic, MR 7 ¢ > 7 A 71213 (4.1) X (Herschel-
Bulkley fluid model) % FIJH L 7=,

To .
n= 7+Ky” NS

n ATETREE,  t IXEAWIST), o IZBRIS ST, yoOlT AMEREE, KI3REME
¥, n I3REMERESERT, Z 2T, n<1 725I1F Shear-thinning 28, n =

1 33X K =0 Newtonian %), n > 1 (X Shear-thickening &) % 7~ 7,

4-2-4 B FEIINC & 2P REMDRES L O 85

& 7 TSNS X 2R [ AR AR FHE (2 37 A 7D B EE AFM (E-sweep;
Hitachi, Tokyo, Japan) =i L7=, F£7-, &K+ COR R AIERAZNET 57
DITHR P BIELR VA —, WIRRHSIREY v & iz, 2% 71% 20 um A%
Y CEAEHF AN 20 um, FEE 1L5um) a2 Lo, AFECldmaoFa2iinL
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TR DU B W TRE R A EOREE{LT OnERIE L=, Figure4-

2 12 AFM ORI X % 7~k 9,

Beam splitter
Photo

Laser
detector @_{:O

v

Cantilever

Glycerol
Si0, =7 solution

Piezo electric
actuator

Figure 4-2  Schematic illustration of measurement of particle-substrate interaction
by the Scanning Probe Microscope

KRR EAER ZRET DB, ~A 7 m~==2 ' L —&—(UG0544; Suruga Seki,
Shizuoka, Japan)iZ & > T~ A 7 v 7 > F L /3—(SI-AF01, Epolead service Inc.
Japan) D el B s U A ER (N3N, Ube Exsymo Co., Ltd, Tokyo, Japan, Purity: >
99.9%, mean size: 6 um)%x TR F T RBIRIC K o THAE S W70, #E S W71,

24 WA BRI X 70, FARICIXERIEE G RlA 5 7 7 A Hobi (Labo-USQ, Daico
Mfg Co., Ltd, Kyoto, Japan) Z 7=, FEfkid = v 1 & /12U 7 (MasterMet, Buehler
Ltd., linois, USA)IZ & - C 3 BEMFEE U7z, MBS L 7= Fp I8 H AL % LT,
Yers 2137 v = 7 7K (28%) (Nacalai Tesque Inc., Osaka, Japan), &gl k3 (Wako
Pure Chemical Industries, Ltd, Osaka, Japan), 787K % &I E VAR T 1:1:3 DE|
ATRA LT, 20L&, RGO pH 1% 10.8 Th o7, FRE RS THE
Lo, =2 /7 =)L T3 L, BRI Y, BEOFRmH S OMERIE
AFM JIEIC K » TT o 7o, R SRIET = v A FUFEELBRAT & LB TR
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L7, MEmFEIX 400 um?, 100 um?, 25 um? & L7=, &+ AFM TOHIE DR,
VU AERER T ERBEE LIcan A R —7 2 5EMIZxE LT 0.5 wt% PEI &
TZIXPAA ZIRINLT-84wt% 7 ) & U L /KR C 4 FEEIE S W72, & DOk,
B2 R IE LT, 2o, fRo R 60 [s]& L7z,

MMEEHIEIZIE A T Y —FREUS OISR D PEL 721X PAA 77U &£ U LK
kL >V H HHi (Labo-USQ, Daico Mfg Co., Ltd, Kyoto, Japan) & /=, <A 7 1
B~y [ THI 300 L DRI Z LR B8 20mm B L T~ L7, 201, —IHR
L7 71 A 7 (EOSkKiss X5) T L7-, F72, FRBEMEEIC Ko CTHEfilA 2 1IE L
776

4-2-5 CLSFM IZ X 5 X 7 U —DEEE L

A7 U —OWNEEEBIETIE CLSFM 2 [ L7z, It o dukt ot sz
WL Ko THEHBPEETHZ N TE D, BIEEIIIINAN—T T AREND
75um & U, HBEEIZE05um & L, AR LA T U —0oHk - BEMEE R
—NWEARTA R T ATHEGRZ LTz, 30N clifgz 16 KB 55 TR
ZHE LT, 2ok &, KB TOEERIEZ BT 2720 TH R DR AL T
WDRLFITE A RN L & LT, R FRIRE D H#A L T 256, BAEEORH
RN BRI D3R L T T b8 DA FAET 5, Figure 4-3 12 CLSFM #1431
DIERIEREORRZ R, BEAGMZz zdh e U, R4 y #li(FE 7213 x @) 7m0
SBII-Wrg Td 5, R r-EEfilim & B RTRE O BRIRITRL T[] ORS00 b &
S h £ COMEZFIR TEUTTOE S ORBEAHER T2 2 LA TE 5, Fig. 4-
SEVEEShI=FHoERLY (4.2 XTHRED,

h=+12=c? (4.2)
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Figure 4-3 Definition of particle dispersion in CLSFM observation

D h ETOROES, clTERREDHERTH D,

2T, | IR
IRESND, LoTLTD 4.3) X Eoih

RIF£8 & IRRTREIEETAE 0 1

éo

2

L= ZJ(Zr sin%) —c? (43)

R85, OlTcl r RO F-MET

bHDH, TITTOIT0°<H=90°THh 5, BIESMHFITEAREE £ 05 um, HWohE

1T 23+£02um TH D, Lo TLIZL<0.27 um Th 1388k L T2 & HfE

L (s 7 o 3O R 53 O BEEE,

ETE D, AR TITRFFEEREd 1Xd>03pum THBL T D &R L, K

B &> 720 ORIFHE & KEHFED) S RT3 Os 23R T2,

EHEBIZICL D AT ) —hoRFOB S IHEMOIBE LW, Bk

%2 SN EREELEDLHT-DFH LWEEZBRE LT,
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Figure 4-4 |ZEE AT LA DOET IV ERT, T U U 72T %E CAD
(Autodesk(#k), 123D Design) ZFIH L7=, (@i 3 &kIcET /L, (b)i xy JEIEET
NTHDH, RO ETIOEZRY, A7V —oRmKENEHMMT 52 & TEEL
BICLDHENEIEDTND, BT AT L — FEOEREL 80 pm & Lz, HAR
JS I OEIINE AT — 2 b e—F— (Shot-204ms and Sgsp 15-10; Siguma Koki
Co. Ltd, Tokyo, Japan)x HHW\NCTH F ARD—FH %2 A7 A4 R&HTz, ZOREDRZ
A REEEIX 0.8um/s & L7z, CLSFM W\ CEfHIERT 5 = & ChiTo@hx %
i & L TR LND, DR vi0.3 28I T 5 RIS 3R vi0.01 TRz 7))
AR LT,

%/ Moving at 0.8 um/s

Slide glass

Figure 4-4  Schematic illustration of the observation system
(a) 3D model, (b) 2D model

Silica slurry
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4-3 FERLEE
4-3-1 JFEHRER T TR 7 U — D453

JFOEHMAR ORI 5E 3 & Fig. 3-1 @ SEM 1435 X O Fig. 3-2 @ TG-DTA H|E T
WA_TVWS, Figure 4-5 ICFHBL L 7= 2 5 U —REEERE R A2 7R 1,

1.2

I r M\\
5 3+(b)
B o088 Y,
2 \
; _\\(a) X \‘ "
E ‘\00 ~ 57"
8 0.4 W S\’ \1‘»\:"7}‘.\ -
g, 008s Mg
> 38890000000 ARSI & ‘J‘ A AAAE g,y
T, [-eeesereaeastiissssssssstttteesatess =

()
0 ' . .
0.01 0.1 1 10 100

Shear rate [s']
Figure 4-5 Apparent viscosity - shear rate curves for slurries

(a) Without dispersant slurry (Particle volume fraction ©:0.3)
(b) PAA 0.5 wt% added slurry (®:0.3)
(c) PEI 0.5wt% added slurry (®:0.3)

@IXEDTERML TWRWRA T U —OREHKRTH 5, (b), (C)IFZILEILPAA,
PEI ZIfIIL7ZAT U —TH 5D, Y7 /(a)F I ONb) IR Ak B Rk CHRL
FEME T % Shear-thinning 22827~ L7, PAA ZIIISH7- 2 L TRE HE
PEIN U7z, PEI Z 3N S E7c 2 & CR- it A Wdk P2 e CORG B2 oD HERAS 2 <
721 Newtonian ZE#E %2~ L1z, £72, @QBLOWO)D ATV —1TFEMRIEZ R LK
RAE % 8> T 7=, Herschel-Bulkley fluid model (2X 27 4 v T A4 72X,

(©)ldIn = 1,7, = 0 [Pa] TYTfEL L, Newtonian ik TH D Z &R0 5b,
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(a)iZn = 0.985,7, = 0.003 [Pa] TUTEL L, & T DRERIE &2 RS HBIIIA ThH D
ZENDbMND, (b)iEn = 093,17, = 0.011 [Pa] TITEL L, @y FE2EIL TR0
AT V=D 3T fFEDRERIE L 720 TV e, Bt ABHEIR CREE TP L TV D
ZEMBO)DREIIA T U —NEORFHEOHENEL L TWNDH LB HILD,
Figure 4-6 |2 ENDE T AWHIEORERZ777, FAWEE L 0.01[s1] &
L7z, PEI ZIRINLTA T Y —TRFRIRRE IS K SIS DINE R b e o 72 )
PAA ZININS 72 AT U —3RffRE & & I AW s L7z, 120 #
FHETEAWIS DN LE LTz, PAA ZIRIM LA T U —NEORL1- Ok
MNZDRFNTEIL L TWD EEZBND,

0.03
Constant shear rate 0.01 [s™']
Y vore L)
Ny i
_ AL (11)
é 0.02 AMA
w S Yer
§ A7 (1)
= A
5 AL
-g A
»vn 001 :ﬁj m“.’“‘%%’oO..“.W‘Wo“« (a)
.
(i) [*
(c)
0 : ' '

0 50 100 150 200 250
Time [s]

Figure 4-6 Dependence of time on shear stress of slurries at constant shear rate

(a) Without dispersant slurry (Particle volume fraction @:0.3)
(b) PAA 0.5 wt% added slurry (®:0.3)
(c) PEI 0.5 wt% added slurry (:0.3)

(i) 0 [s], (i) After 100 [s], (i) After 200 [s]
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4-3-2 \HrFIINZ X 2R E R 16 KO iviE b
Figure4-7 I L7-2ae 4 RV a—7 %/~x3, £7-, Figure4-8 (2121 Rijf

FEALERRT & 2 U AR D AFM 8 % 777,

10 um

Figure 4-7 SEM Micrograph of colloid probe

T ==L 2 WG OREMI 2R LTS, (a-1), (b-1), (c-1)i% 25 pm?,
100 pm?, 400 pm? DREFER TH 5, WHEEDZ% < 10 um BL EOBFEES & /71E
LCTWe, (c-1)DFHFREM S Ra £ 0.35 nm, 10 £ ¥ & Rz 13 15 nm R
& o7-, Figure 4-9 |2 v A RAFEMBLES X OWeE kO v U B EER O AFM B %
R, (@-2), (b-2), (c-2)i% 25um?, 100 um?, 400 um? ORIEFER TH 5, WLEEH]
D &S 7GRN L 720 (c-2) D FHIFEK HEF S Ra (3 0.08nm, 10 FESHL S Rz 13,
Anm ETMADHZ ENTET,

Figure 4-10 |2 Z 1 [H ) ORIERE R A2 773, PEI Z2 W8N U 72 i T oflE 135
DY 0.44 mNm? LMDV R TRADKENZ ER b0 D, 5I)I%-
0.15mNm* L/hE < 7o Tz, PAA ZIRIN L2 IREEH CoMIEILF /1Y 0.16
mNm™? & 720 AT H IR L TORWIEEEOFE R L 1ZIE R U5 S4(0.09 mNm™?) & 72
o7z, £72, 51771%-0.38 mNm™ & PEI Z RN L7280 2 (5 D51 13 o 7=,
I BT, 70 nm £ TH FHWERENHIE STz,
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0.0 [nm] 6.5

Figure 4-8 AFM images of the silica substance (no-colloidal polishing)
(a-1) Observation area : 5 X5 um
(b-1) 10X 10 um
(c-1)20 X 20 pm

0.0 [nm] 6.5

Figure 4-9 AFM images of the silica substance (colloidal polishing)

(a-2) Observation area : 5 X5 um
(b-2) 10X 10 pm
(c-2) 20X 20 um
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Figure 4-10 Force curve of silica surface interaction

(a) Without dispersant
(b) PAA 0.5 wt% added slurry
(c) PEI 0.5wt% added slurry
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Figure 4-11 Evaluation of wettability of polymer-added glycerol solution
and silica substrate
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Figure 4-12 CLSFM images of the various silica slurries (Particle volume fraction ®:0.3)

and result of coordination number (&) Without dispersant

(b) PAA 0.5 wt% added slurry
(c) PEI 0.5wt% added slurry
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Figure 4-13 Probability distribution of coordination number in each slurries
(a) PEI 0.5wt% added slurry (@:0.3)

(b) PAA 0.5 wt% added slurry (©:0.3)
(c) Without dispersant slurry (Silica volume fraction ©:0.3)
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Figure 4-14 Relationship of the volume fraction (®,)
and area fraction (@)
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Table. 4-1 Solubility parameter

Material 0 [MPa'?]
Water 481281 47,8121
Glycerol 36121 36,1121
PEI 29,813
PAA 28.78%]

F1Z Hansen DIAFREE R T A —X % 5E L Uiz, [29] &0 1O SPEOHER
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2920, WIS, @ FIINEIE & <) T IR D53 8- BRI >V THERR T2,
7V%V UHRAT Y —EFHE L T 572 DLVO BlamidiEis T& 22, LavL,
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Figure 4-15 Schematic of the effect of the molecular structure
on silica surface, (a) PEI add, (b) PAA add

(@)% PEI, (b)iX PAA ZUSIML7=27 U &V L IKEEF O FHE&EE R LT 5D,
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Figure 4-16 Particle motion in silica slurries at constant shear rate

(A) PEI 0.5wt% added slurry (Particle volume fraction ©:0.3)
(B) PAA 0.5 wt% added slurry (®:0.3)
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Figure 4-17 Particle migration distance in slurries at constant shear rate
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Figure 4-18 Time dependence of particle coordination number at constant shear rate

[1] Result of coordination number 0 - 200 s
[IT] Probability distribution of coordination number 0 - 200 s
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Figure 4-19 Particle motion model of high-concentration flocculation slurry
(1)-(iii) corresponds to the Figs. 4-6 and 4-18
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2-10% s OFEPHCHIE L7z, KB O 7 1 v T A > 713 (4.1)XEFH Lz,
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Figure 5-1 Schematic diagram of direct observation method of sedimentation behavior
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Table 5-1. Measurement conditions of CLSFM

Image size Sampling speed

Measurement mode [Pixel] Scan mode [11s/Pixel] Zoom
Upright 1024 X 1024 XY 40.0 x1
Sedimentation 512512 XYT 8.0 x 1.4

* Dimention : Interval time 30 or 60 [s]
Number of scans : 1000 X 3

5-3 R LEE
5-3-1 2 F U — DR

Figure 5-2 [ZFHIL L 7= A 7 U —H ORI AFE 573 0.01-0.4 £ TORERE R AR
T, (ANTBERAHEB LN 4V v 7 AL D EmdEBH L7277 U —, (B)iX
FLERIR G DA ORGERIR TH D, AKRFES 0.2 £ TlE Newtonian &) & R L7,
RFE57 2 0.3 I B AT ORI B TV,
F 7, RS 0.3 LLE T Shear-thinning 28827~ L T\ %, — 5T, JILEKES
U 7o ARFE S 32 0.2 [ ISRV AR 2 0t U 72 ARFE 23R 0.2 K 0 s WA TR EE 2 R L
7o Fiz, KT AW S EE AW E CEMRAICHESME T L Tz, Z0%
#)1 3 shear-thinning Z58) TiX & 2 23 ERIE 2 FF7 eV, R 7R O BEEE /) 1 388k Y
WERZRE Lo AT U — L RSN R OBEERNSZFELTND EE X
Sivd, RS E 0.3 LIREFEICE W ETREZ R LTZ, CLSFM I X2 Z D
B TITAFE R 001 B L N0.3 DILREZBIZE L7, Figure5-3 ITFAR L7227 Y
T U KR ORI 277, IR 19-21°C THEFEIX 0.064-0.071 [Pass] &

oot (4.1)ZUC W= FEACHEE 1E 20 °C @ 4 = 0.068 [Pa-s] & 72 5 7=,
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Figure 5-2 Apparent viscosity—shear rate curves for the different slurries

(A) Mechanical process (Ultrasonic + FILMIX)
(B) Mortar mixing
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Figure 5-3 Effect of temperature on the viscosity of the glycerol solution
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60 [N]# 72> M L7, BERIRGEIC & > TR I3 Md 2 2MATE /Y SR 4 %
IZHE > TURBEHE DR 725> TV D OB T 12,
Figure 5-5 (ZRFES> 3 0.05-0.4 DOILFEABRIC IS 1T D ILRERE & i s S OBtk &
TR, BT OERFEY RN B 120 TR S DD RN TN - TN DB D
DR TE D,

FrZ, AR 301 & 0.2 DIERREEENKRE W, MEHFEDOHRTEZ D LK
B3 0.3 ZEUTHE NN L TW D, AL AT U —Th o> ThHEAMISY L
FES CRFHOIRBVWIRE LR > TWD LB BND,

-119 -



Figure 5-4 Fixed point observation of each slurries
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Figure 5-5 Settling curves for the different slurries

3 ECIHRAIEN—ETAMEEL X T Y —IZ5 21256, WERLI305 R
FEARET D & ARFEST 2R 0.09-0.47 OfH] TR X o ThFOffls i = 2,
DFEY, KFESER 0.3 A D & M O EE AR O B TR O 22 D B %
ZFRTRDLEEZADOND, —T7, HEHIZE T DRTF OILREHSR D 7 0% 5)
IZRFRIRRIEIC L DB I T R, D F 0, KFE ROBENNT X 2R - [F B EE S
BT L LEZOND, B 4TEFIQ4-3 LV, (REEDHR LT R E %K
FAFRIC , RS =R 0.1 OAHXTEEEEAY 0.949 D (D:RiFF)I2 % L CTIRFEZy =R 0.2
(2725 & 0547D LK) 2 ORI F-RIFEEEOEN R H D, o, HFEDE 03 1%
0.351D T& Y, AFESr 3 0.2 ORI T-HIFEAE & K 1.5 W H D, 77 7 O
E D DARFE S R OUEBERE Vinacro & FHHE L 72,
Table. 5-2 [Tt & 7~ 5 FHEL U 72 PR I8 EE D5 B A 737, Vimacro 13AATE 5352 0.05 T

2.33 £ 0.34 um/min, AFE5r=R 0.3 T 0.47 £ 0.10 pm/min & 72~ 7=,
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Table 5-2. Sedimentation rate of each solid content slurries

Sedimentation rate [pm/min]

® (mean % s.d.)
0.05 2.33+0.34
0.1 1.70%+0.20
0.2 0.83+0.14
0.3 0.47£0.10
0.4 0.30x0.14

Figure 5-6 (ZIEARAE U 72 LRI L Vinacrol Vs & IR TR 3 RO BIMR 2R T, M A

Z U —IZ Richardson & Zaki =i(n = 4.65)IZIT L L TW D DONHERTE 5,

< g < =
N o ) —_ o

Normalized sedimentation rate [-]

<
)

0 0.1 0.2 0.3 0.4 0.5
Particle volume fraction @ [-]

—:Richadoson and Zaki eq. a=4.65
— — — :Brady and Durlofsky eq.

- :Reed and Anderson eq.

Figure 5-6 Relationship between the sedimentation rate and solid concentration
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Figure 5-7 CLSFM images of scale verification

(a) Upright mode
(b) Sedimentation
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Figure 5-8 [Z/AFE4y 2 0.01 3 L 10 0.3 @ CLSFM Wif4 2 /<4, RSB $

D& 2RTF-DEDNIELEL TN,

Figure 5-8 CLSFM images of the silica slurries

(a) ®=0.01
(b) ®=0.3

R 5 & DRIFICTER UKL ORI IAEZ RO 7o, WERITKI 70 & Liz, 1k

T

/7%:0.01 1% 16.7 £ 10.6 um (FAXFiEHEfE 7.261 D), AFE/r 3 0.3 1% 2.4+ 1.8 um (fH
XTERHE 1.0 D)DK T-FIEREE & W 9 F5 R & 72 o 7o R AR T PRARR BB O RL - FH]
FREL D bRWERE o7, BT BITWEGS Th 2206 B L ARSI
THE & 5 & DOWrif DR[O BRI X5 ME & e KIED & 5,

W=

D3
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(5.3) b LG4 L v, RFE5r3 0.01 1% 2.74-5.48D, {RFE 433 0.3 1% 0.20-1.09D
OHFIPA L HERTE 5, LavL, EAHEIZT & LE85ITH Y, BlERF—IR T
DAFAELTWD EITR B2, £72, 2RAIRORADIFEL TWD Z & b Btk
LTW5, KFESR 0.01 B3 L1V 0.3 & WV CIbMlmfe 2 B 88122 L7, Figure5-
IZRFE 533 001 B XL 03 @ 180 B DL %~ 9, (Movie 10,
Sedimentation, ®:0.01 and Movie 11, Sedimentation, ®:0.3)
G 3 0.01 ORFIIEDNCD - <V &) LR LI L TV DERF 18I
Sz, 180 M DILFEIEE Vi 1, ARFE457 2R 0.01 Tid 2.64+1.30 pm/min, AFH
575 0.3 Ti 1.55 + 0.61 um/min & 72572, KFE5 3 0.3 13AEFE 53 0.01 DR
DENZZHARTHERA DA U L OISR Uiz, 2L, Bor23ME % 120,
HOLREDHEEANH L EEZBND,
Figure 5-10 (Z{AFE 7y =R 0.3 OILEEEFEO—H 2R, M OB 30 %D
i Th D, LFEEE T Fig. 5-10 (D FIE TR D2, HifgZ 64 XEIZ53 T Z D
PICAFTET DR D0 HARERRL T 5 il 230N 30 B ORi1- BB L 7=,
HIE T DhFFBEBEE 4 pm PAEBE L 72, BRI FOBEIED y oy 2 TEREHRE & L
7z, Figure 5-11 {2 10 /0@ Z (CHIE Lo R 27, HIE L7 BR800 N=
1920 & L7=, Z OO FEURFEEEE Vin i 1.58+0.66 [um/min] & 72 0, 180 FbfH]
DFEFRE UL Tz, T 2T, (RFES #:0.3 123 TR Vinacro (0.47 0.10

um/min) £ 9 & Vine (1.58 +0.66 pm/min) D3 D 5 738 L < @ < TEEE L Tz,
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Figure 5-10 Observation image of sedimentation behavior by CLSFM (® = (.3)
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Figure 5-11 Sedimentation rate profile @®:0.3

Vimacro [ZTGETEE & A7 U —J@ O ZJE L TV D 72 ORIR O LR GO 2 2 R
XL ZITF WD EEZBND, Fig.5-9 Ok B TESHE OMIEIZBE L T
BY, WSEEE & ILEOEEE ) D B TETH L Péclet £ (Pe) Tiim =415, Pe
HIF@6)ARTRTZ LN TE D,

pe =" 5.6

ZZ T, Do lJEHERELTH Y, kit LA IV AE(Re) DR VRL - D IR T
B.7)ITET, Pe>1 20 E7 7 v L EENT X HIEHORE K 0 k7 O RS
INEBEZITRT L 725,

(5.7)
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Ke xR /vy~ @8, TR E CTH 5, (4.6)=UL Y, Pe 1£20°C T18 L7¢
ST, DFEY, K OWWEEENIEIEH LTS B2 bnd, —JF, 7
7 0 EENIEIER) Th D, 7T U BN K A t ROk OBEN &I

ANXZHNTLUTD L S I2ERE D,

o(t) = /2Dyt  (5.8)

(5.8)x.L v, 180 F[T 0.994 um/s & 7272 V), Fig. 4-8 DR O H) &Ll LT
WHEBEZBND, 72721, Pe K FHED 4 fTRESND, 2FD, H
TR OEET 40% 725, (5.6)X & (5.8)XNDEMTAEHT 5 Z LIIA+40T
b5, LAETOWIGENS 7o — L@ & R OEBORK TH 5 & ST
%o [24]

Figure 5-12 |ZHLEKIRAIC L » T L 72 A T U — O EER O TR IEFE & 1
T EgIE 10 min FIFETH 5, BT 20 pm R DO EEEEAR )N S PH 0D 53 ok
F U HIEVHEE TR L TSR TR C & 7o, BHEROBEI R HIEE X
2.06 um/min & 72572, KRFESYER 0.3 OILERE Vine L0 HERWEER L 2o 72,
D& E, BHER LI TILRE LIRS OB BEO TR A A LTz, BEEIRDTLRE
I R BRI — UORL T DTEREIC K D ERBEHE L 0 b R E WD it - oo— okt
FORRKES TN LB DRI BAFTE LT, Z OREREZHRRL T LB 21254,
RIEDGARDGIET D ATV —HH Ok DOILBEBGIIEMETH D Z L3005,
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Figure 5-13 IZ{&F& 43 2 0.01 OHEFEIRFR DG R A 7~ 97, (Movie 12, Sediment layer,
©:0.01) —YRL A RFRIFPEEIZ L o> TR THNTW ST BIE S, £,
HEFEIEL% ORI 7137 T U EENC K o TLEE LI E~BE) LTz, 100 min
[ k@ OHERRRL1-7> 5 500 min [H] OHEFEIEE 2 KD 72 fE 5 2.3 £ 0.9 um/h & PEFE R
FEX D H@ENIZED > 7=, Figure 5-14 [ZIRFE /3R 0.3 OHERRRE O R Z R~
(Movie 13, Sediment layer, ®:0.3) 7k & 12872 0 HEfEIE & 2 7 U —Jg OB RN
VIS UWIRIETH o 72, R ORISR  &o o To iy 2 Mg & LT, HE
FOBE 1% 9.0 + 0.3um/h & (RRE4 R 0.01 DK 3.9 (D HERDEE S 57, AT ) —
J& & HEFEJE OO R AT I ARRE D 001 O X HICT7 T v v iEE A LT Dk T
FAE L TWTE 2, 3R FNER S TR HEN E O F FHEFE L Tz, S BT,
— BB N TE TG, TOEYMNZEFLE 72> Tz, 224K S um FRE
DHDOPFEL TN, AT U —HOR -2 S E 2856, eIk % 0k
SHREE TRV E R RFEE L 1T 570 L #2295, Figure 5-15 1TFLEKIES
XD L RO R 02 A7 Y —OHERIBEE TH 5, (Movie 14, Sediment
layer, @:0.2) 5 KT 50 pm F2EE DR ZREERARD T o & DIZTHERE L TV < ARF 2
Bganz, R RBIROBEREIC TE 2225 Bobi T M2 IZFEE 5
BT DB O NN ZE R > 72, KT 20 um FRE DOZEALNTFEIE L Tz, HE
FEUFR CHRA L7 AL O RRIAAR S L OWERSIRICRBE L T\ 5 LR TX 5,
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FAZAITHZ EIZED, (kAT ) —ZEEBET LN TEL, AT U —
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BGERFd S Z & T Vi ZIE LT, B3 03 D AT U —TIX, Vinld 1.58
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LIZio T, miREAT U —hOR R A2 EEBIET 52 LIk, mE o
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