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1. 1 T /RTOREE X Oy #MEDEEMNE

KR&E S 100 nm L FDF KA EHT, SEOEFBEREF. R T
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. TR OERRENEE I R 7 EMOBRREOBEEMENEHR I N
TWo, FriciiEs i) /oo, il L OEREMEMKL -~ iE k%
AREL T 27 m b AEMORBENEEL D,

TR MR, BT A XRREICLY, SEIELEELRKELL, 5%
DF )T Y= REOR TR —LROMETHDL, ZOF K1 %A
RRMEE LTHEHAT 2121, RESDfi-o-mErED T/ k4 B2 KEIZE K
L., BEZMIH LT, sBRELZHAL, 2K Y Yy MeB X OHEE - &k
L CHREEZREBIELZENEETH D,

FRLFMEL O ERRTIEE, TR AERK, KETAFHKICELD KRELIX
MAEME, mEEGRE, BREGRIEBCSEISLD, LaLAaRs, EMRERiET
TM100 nmE THRMRATHY . F /7 KFMHEOEKIZIE, JHEEKIES XK
HERENRLZ VAN THDL, O A XNF ) A= VA —FIZ/d b, BT
RETOHF - RFOEENBEHRCTCE R, BADOKTH 2V ITBERIRED
KFRECEY, 7o —FOWAT+LE 322 ErETH, HiT, kT
D EENREKRT L0, F/RFREENBGERICL > TEHELLSEESG. K
FEAEZIAEL, BEMETFZERT 2, 207D, [MEEAIE. REERIED
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FoRFEFARLE"SEEFAL LT, HETLERLAY— 7+ IS
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OREEFET 2720101, [KMAERIERS X CKRBERIER EICE > TER S h
BELLT /2, 1TRKFZHAT 22 R<1IREFETHHT LI LN

BELLB,
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itkz 27 ) —{b L THIAT2HEIE, ERER, 79I v 7ERRLEITEBW
TiX. 100 FLL ERIMABITORLTWSD, ER 7Tk E, OBKLREORA T
B, OB L0oBLIE, ORMERELR, @OFKE - M LRE 2D, 7 /K
DhE T e 2 RERKICITPND, LTS, #ERk» bl X OV #l TR T

AN TWAREBEBIZSOWTLU TICHBAT S,

1. 2. 1 3 AR —)L3I )L
SAe— I NEF, BEEORLR e — VEOREZ I AVX—2ARN@EBT S5

EWCKVBROREA DL > THWMT 2EETH L, RATIE, &R E S

EE

ko, WMAERRS L, oy MEEBICAENZREND D, EETIX, BHAXTIE A
Wizh, HEEORmWEA TEHROARNE, &R ~—X MW TiE, &BHR

DR LRTWREND D, Rk 78I
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R—=INiE, EFI v 7 REOMEOR—LEMBOBEKL XS EEL %
MERORBICANTREESE S Z LIk -> T, BWEZELRP ST 2 HE T
b, BEATE LT, BHATHL 2O, HEMEBER LML KRS, HENY 7
IWTAT—=LAT v TR T W ENDL, Eiré LT, o8MEIEE L. mic
B B30 B 2 ERND D, AT IR ALERIE, VA —F -0, BELE
FORAOSEICHEMAT AL LRI OB L HEEMXEZ Y, 100 nm L

TETORFONEILIHNEE TH 5, (Table 1-1)

1. 2. 3 fMmEALIL

e I VT, ®E (400~600 KE. FITIE 1000 REZEZ 2D H D)
T, RHY ZREL TN HR L2 EHREIE, RSN EITRETLF
YET—va il aBSE2EBTHL, BITE LT, MAROFREMEZHERE L
TeEENoBRE., ERAEETTR, EHAXNTH L - EERBERLE KD 2 &
WD, EErL LT, MAORDEBIZIIRALNH 5, BE LT /KT O 08I 6E
AT sne, BREAOBF VD, 7370 FTOHBKIITEETH 5725, 100 nm

UTETORFOSEIINEE CTH 5, (Table 1-1)

1. 2. 4 BEESEVIAF—

AR ATV AT L BERICE > TRET DI Y ET — v a VOHEELY,
BEBRESEZFAHL T8I 2EETHD, BT LT, MEORMELHMEE L
TEEpHEMRE, YUV RBEREND D, Hprd LT, MRS EITIZRRA
WD, @AE CHMEZEF SO X IT, ZXAF—BEICLED>TLEWVWSHL
BRWIREND D, BELIET /RFOSBICENT 2L, HEHRFHVIZD, ¥
T/ ETOSBILFETH 528, 100 nm LL K FE TORLT O 47 HUL N # ¢

&5, (Table 1-1)



Table 1-1 Various dispersing apparatus

Dispersion Machine

Principle

Advantage

Disadvantage

3—roll mill

Materials are
dispersed by
feeding into
rotating rolls. Due
to the narrowing
space between
the rolls, materials
are pressed and
dispersed

The process is
possible for high
viscosity slurry
The defoaming
process is possible
= The advantage to
small lot
production

The process is
not a closed
system, making
handling highly
volatile solvent
difficult

* In the case of
metal paste,
powder metal is
flattened

Ball mill

The process
works based on a
bead mill collision
and shear stress
Size reduction
depends on the
impact of collision
of the ball by
gravitation

=The use of
volatile solvents is
possible because
the process is a
close system
*Due to the
simple design and
process, the scale
up process is
possible

=Dispersibility is
still low

=The dispersion
needs long time
dispersion process

(DGeneration of jet stream
(@straightjet stream

(@Vortex jet stream
. }’ /

The process is
conducted by
adding high
pressure process
to collide and
disperse materials

*Properties of the
dispersed materials
can be maintained
The process can
be adopted for a
continous process
=The use of
volatile solvents is
possible because
the process is a
close system

The process can
not be applied for
strong dispersion
process

Ultrasonic homogenizer

Dispersion
process utilizes
ultrasonic
homogenizer

*Properties of the
dispersed materials
can be maintained
=Design of the
process is simple

The process can
not be applied for
strong dispersion
process

The process
releases heat,
making dispersion
of high viscosity
slurry difficult




1. 2. 5 Wkov—xIL

E—XIE, MRV y B BER (B, TR, AF—L, BT Iy
77E) AREL, T4 A7 ZBEEROATREHAEFAL, mETRAT Y —
LEBHICHIERBLAOBTOIEETCHDL, E—RXL ATV —DOHMICA 7Y —
FFRY y beERT L0, EHAARERE-AFEITZT03 mm U ETHL, K
Fre LT, BHRXOLDOEBEMEEA Z2EME RS, EigLENRR SN DD, &
Ffrée LT, E—XparZIx—rar, 1 REFOBERE, £FX—XRMIBW
TE&BHMRPRIEALLLT VW RERD L, EHT 28— EI1E, 0.3 mm L ED
e, BELLT JRFOSEICHEMT 5 & 1 RALF ORI L0 BEEDNE

20,100 mU TFTETORFOSEIZINE CH 5, (Fig. 1-1)

1. 3 E—XINVoRRERE

EFVHBEICHED T - A INVORBMB LR RD, 1982FICAL AD Y
— o =X IV (Ehd v ¥ —3I0) OBEAEZITV, E—X I LD
ZERFICE VAT, v —IiF, IAVFEENIKRK 1500 L O —X I LT,
REAENPBERENDEEAITa— FEAORBAILS T LOBRRESLT VI T O
e CORBCTHERINTE, LALAERs, E—XERFRXNOEMHER S AT A
T AENIER NI TADOENI L, £, KEAEOERShLHEND
BMWZ Eb, MERANMNETH T2, T T, 1986 FFI12, E—XFERT A %
KD, E—XL 27V —DHpBECMAEAY v FERXEBEHAT 52 L T, BHiEE Y
DRV TR E—XINERELE 2 (B4 7y 7 A [AM]), 2
DE—AINTHEMAERSL E—AFIETHR/NN 0.5 mm Thole, E—AFEEZEEL
TEEBRZAT O & E— AP MO NI EMBEEN EH T MR 000 (EIiZ
M/hE— XN TREREEZ B L, 1995 FICE—X L 2T U — D4Rz m= O

hoHr%2FBETHZ LT, E—XFZ0.1mm (FOYKE, ©— XA —7—%KH



Product Raw material

The dispersion process is conducted by adding beads into
the vessel containing slurry and stirring the suspension with
high speed disk.

The dispersed nano particles are then separated using
screen or slit that are equipped in the beads mill apparatus

Advantage

The use of volatile solvents is possible due to the closed

Raw = & e system of beads mill process
— 7 e B o oduct Continuous process is also possible
2L Disadvantage
Beaﬂjs The separating process must be conducted under bead

sizes of larger than 0.3 mm, which destroy nanomaterials
and metal materials shape flat.

Screen : cause the clogging in the screen

Fig. 1-1 Conventional beads mill



DI/ —AR) 2ERAERLIMERPOE =X I VERFE L 970 (s @ v
VT TNy 7 AINV[UAMD ., B — X% 0.1 mm &, YKL TV ohishs
EROBFRIHEN 0T, TOBHBE., E—ABRMNSTELRED, E— X[
TOFEBENNFH . BHICIEIRMETHLI NG ThoTe, LLAENRL, X
it AL FE R ICHE R SN ABIL T # o F R+ O5BBENTHERT 5L, 0.3mm
UEDObE—XREE L, MEICMEETHMTELZ L2 R L7k, 2000 4t
MO ZOEBEMEFRMERICIRD, T/ BB T, B TE LW
Ao EE S L CTHEMICRBMEND LR oTe, ZTOIUNVRTT Xy T R
SVOREIE, 0.3 mm U EOE—X2MEHT LM RO E—XI L HEL, 0.1
mm LA FOM/PIE—RX%F 252 L1280, 1RALFICH A=V &RV HUN
ARRICRD2ZLETHD, BIZ,. /NN E—XZMEHT252L T, E—=Xhbo
aryZIEnEd L, BEomEmEcbiR D,

ZOUNET TNy 7 AI N A UAMOIS(R VAR 0.15 LD E EE D |
UAM3O(R VA 30 L)E T, 7THME(I LAEME T, 0.15,0.5,1,2,5,10,30 L)D
TAVT v T NbbH, E—XOMPIZLIVINVHNOBEN LR T 27007 v
RTHHALTWDENR, AF— AT v 7BV TIE, Vv 7>y NOmANRELZ EE
LIeAT =T v 7lELTnd, T 27bb, INYy 7y MEHEMEIZ, KE
o 218 F L Bbiod, A — L7 v I, KO 2/3 FXLEEGEEE LT
W5,

ZOBRAB LYV EET TNy 7 ZI)VE, ¥EEND 2013 FF TTHK 500 5%
BEICMALTEY, BIIEEONA T 7 iz X2 Tnwd, LLTFIZ, 20UV 7

TRy ZAINICEDIEHERICOWTHBAT 5, (Fig. 1-2 (a), Fig.1-2 (b))
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Fig.

Year 1983~

1986~

1995~

Purpose
(Brand name)

Grinding machine

(Kotobuki-Matter mill)

Fine grinding machine

(Apex mill)

Nanopariticle dispersion

(Ultra Apex mill)

Structure L=k

circulating
7 method

Alarge-sized facility

t Vatiable slit

Centrifugal
separation

Beads separation Screen Variable slit Centrifugal separation
method
Beads 1 mm~3mm 0.5 mm~3mm 0.015mm ~ 0.5 mm
diameter
Application CaCO; etc. CarbonMetal oxide Electronic materials,
(Product Pigment etc. pigment, Ceramic etc.
size) Grinding Grinding Nano dispersing
(1~100pm) (0.1~10pm) (1~100nm)

1-2 (a) Development of beads mill



Fig.

ULTRA APEX MILL 1995

Separator and rotor-pin
on the same shaft

[E For

f‘[: gf Standard
e & o materials

UAM30

1-2 (b) Development of beads mill

ALL-Sepa APEX MILL 2000 Dual APEX MILL 2008
Rotor : All separator
On the same shaft

For '
materials

dispersed

easily
High

Throughput

ASAMS

Each Rotor and Separator
independent two shaft

J

For Soft
materials

DAM10



o=7_ ITO., BfbHiér. £MHEE (= 7, 8, $)Ic>\nW T, gk, o
M, ERSAREZRHRIT O, T2, EFEOLNToTL VLV ENTFT Xy 7 AI LT

DT L EETORERELRB LI,

1. 4. 1 @EEH#

I/~ T I 7 u CEBOENT, BEOA xR SCESI LB S
TV, I0BEFMMNAS, B LR FE2 100 nm BEOCHEBAREIND L9
22, BEEOA P2y A VIR, BERERPERSNDELT L
B AY— T A U REDIEB I T —T 4V F =R HEN TS, Filf T,
B2 72 50 nm U TFTOR FRETHBINTEPREIND LHICR-T
W5,

FERB AEEIT, TFEA XMW, RERKBELLE®R. WDNP 771 7 I,
WEEEW. Y27 20, LBEERRERD D,

BELEZET VRO 8OFRA» ME, 1 REF2BBEET 08T 52
EWNEELRD, 1 RKFEWBHT 5L, DHARRECHESEZEZ L, FTED
BWEICELRWEAELA DL, 2. BROLEL, BREMNRAT Y —OLEMED
B D, AT AE XL 50~100 p mBEEOM/NE—XBNHEH I, BEIT
10~30 wt%fe i . 5 (X 10~100 mPa-s F2E | WHITHEICE LT, K, 7
a—)b ZOMEBEERNEHNSND, 7BAT U —OFE K £1F 20~100 nm

HECH 5, (Table 1-2, Fig. 1-3~5)

1. 4. 2 ®bFx
1 RKLF 2 50 nm LA FOERLF % v F 7 Ki+1d. B+ D O EIC %
T+ 1UTFTENRINED, FEAEERETICERIIBIEREEZEFOZD,

UV 71 v MEBEM R 7 4 Vv DICRBIES EbR TS, £, HLw
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Table 1-2 Dispersion of the pigment nanoparticles

Dispersion of the pigment nanoparticle

Dispersion conditions
/Particle size : 20 nm~ \

100 nm
No primary particle destruction
Bead diameter: 50~100 pm
Concentration :10~30 wt%
Viscosity:10~100 mPa-"s
Solvent: ROH etc.

Application

Ink for inkjet printer
LCD color filter

Additive :Dispersant

. _

Pigment manufacturing companies

Toyo Ink Co., Ltd
Dainichiseika Color & Chemicals Mfg. Co.,Ltd

DNP Fine Chemicals Co., Ltd
Mikuni Color Ltd

\Sakata Inx Corporation

n

/




e LT BREMEKBEROEBMME, 2 E— OB ERENREFT NS,
BiZ, BfbF 2 CEAOEWEITR & B RA OmmE A2 M U7 KB
IEERE~DORBEOGEED R E, FIRFEOIMRLIFIND,
ERBALEIE., TA BHIMT U —X/MT100V fth], HIREZEKITTO
— X, WFELHWI~ Y27 2T 4 ~ TS/F-TS ], BYL% TEBKISTR >V — X1,
FH U TEMIST vV —X], BLF XU TEM, BATZ o VLR ERD D,
WTHORBRTH, BELEBILTF XY o F VR FO0EOKR A ME, 1 KA
T AT T ICABMT O ENEETHD, FHT L — XX 30~50 pm B
O/ E—ARNHEHAIND, REIX 10~30 wt%FEE ., KX 10 mPa-s &
WiEiE, AR LT, K, Tha—, FOMBRBEEREH IS, A

7 U — DR 1L 10~50 nm f£ CTH 5, (Table 1-3, Fig. 1-3~5)

1. 4. 3 DtfsEmAmLT ¥

JAR B E NI, BATHR BEER) -FABIALEFETHY . BARITHSR b
Y TN O R o TW D, OGS B RGO s BB 23 7 | S
Mo R 7 o2 —FICEH S, mBIEG#Hcim kL TWwWsd, ik TiE, 7
BCISERD A OB bR, THEBNAAKILL TETWD,

EnsAEEE, AREEWIZ + F<—2 ST v U —X, MPT-623 fll]l, 7 o
71 [AMT -100/600, TITANX JA-1, TKP-101/102 1], ¥t T2W[SSP U —
X, CSBv U —Xflh], BLF %W, ERILEWRERD D,

B D EIEMEA O R A MI BEE LB TF X T 2R FOoBIZB W T,
1 RELF 2T T2 LN EELEL RS, AT 58— X1T 30~50 u
mBEOHNE—ANFEHIND, BEE 10~30 wt%FEE | KL 1~10 mPa-
sFEE., WX, ARIISEC T, K, Thra— L, TOMEREEBEENERASINLD,
HEEA T U — O EYRL £ 1% 20~60 nm £ E TH 5, (Table 1-4, Fig. 1-3~5)

12



Table 1-3 Dispersion of the Ti0O, nanoparticles

€l

Dispersion conditions

Bead diameter: 30~50 um
Concentration :10~30 wt%
Viscosity: 10 mPa-s
Solvent: ROH etc.

Additive : Dispersant

Particle size : 10 nm~
50 nm

No primary particle destruction

Application

Dispersion of the TiO, nanoparticle

Cosmetics, UV cut film,
Electrode of a dye-sensitized solar cells, etc.

|

TiO, manufacturing companies

/

TAYCA Corporation[MT Series / MT100V etc.]
Ishihara Sangyo Kaisha [TTO series etc.]

Sakai Chemical Industry Co., Ltd. [STR series]
Qitanium Industry Co., Ltd. [ST series]

Showa Denko Co., Ltd. [Max Light TS/F-TS, etc.]

y
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Table 1-4 Dispersion of the photocatalyst TiO, nanoparticles

Dispersion of the photocatalyst TiO, nanoparticles

Dispersion conditions Application
/Particle size : 20 nm~ \ [ UV-light-responsive photocatalyst 1

Visible-light-responsive photocatalyst
60 nm g P P y

No primary particle destruction

TiO, manufacturing companies

Bead diameter: 30~50 pm y
Concentration :10~30 wt% | || Ishihara Sangyo Kaisha, Ltd.[ST series, etc.]

Viscosity:1~10 mPa-s Tayca Corporation [AMT-100/600, etc.]
Solvent: ROH etc. Sakai Chemical Industry [SSP series, etc.]
Additive :Dispersant Fuji Titanium Industry Co., Ltd.

Sumitomo Chemical Co., Ltd.
L S y




1. 4. 4 FEUEEAYTL

FEZBENY) LT, R T AL MEEE L OANLIEY T, LFEERPBRD
THEWd, BT Iy 27ar7 % — (LLF MLCC LRT) & &OFBERM
BrE LTRSS EHENTWS, MLCCIZEH SN F Z N U L OBk
Bl130.3~04 pm P A APHEBEL  BEROEFUEZEDDI LD LABLND,
BB OMAMILIT, 0.2 pm VA XN ZHFETHRAICERANESR, BIEITXEE
fBlzm»ro TWAHRHWICH D, 0.1~0.15 pm A AN L XL Lo TET
W5,

ERZAEEFT, LT~ T U 7 VRIEMEEC A 2)/BT-HPIDX, BRI L7 L.
BELFH T EMIERE R A )/HPBT, EHEE/MHBT, BT-100 /& 2], Sk
TEMIBT vV —X], BARMCFLTEMIMBEE, Y5 VERE] FHEIER
BEXEklZ2EnH 5, £z, WA BERIER, TDKW., KBFEH. =t 7 W2
LarvyForh—RA = —TbLF X BNV U LEZRE BRHEHELTWVD,

AR, #E, BB, FER EDO MLCC A — 8 — PN EMHE IS Z2ED, =T —
ZIEIXL>OoH D,

BWHEEBRFELHETZOORS U MI BELLETF X B U LT KT D

SBIZENT, 1 REFEABERETICOBT O ENEREL LD, SHICHERT
HE=ZXINDOE =¥ A XT 50~100 um O/PIE—XBER SN D, HRE
I3 10~50 wt% B | K5 EEIX 5~50 mPa-s B EE, BIEIX, ARG L T, K, 7
VA= ZOMEEEBEENER SN, AT YV —OFHRF££1% 100~300

nm 2E TH 5, (Table 1-5, Fig. 1-3~5)

1. 4. 5 Yira=7
Dha=T7OoH®EL. FEFZF  MLCCHooEBEBFME. BERL L V—, 774

YT I v AHRFETT A B (P AEEH. TEM) RETHDL, £,

15
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Table 1-5 Dispersion of the BaTiO; nanoparticles

Dispersion of the BaTiO; nanoparticles

@ticle size : 100 nm~ \ Multilayer ceramic capacitors (MLCC)

300 nm

No primary particle destruction

Bead diameter: 50~100 um || BaTiO; manufacturing companies
Concentration :10~50 wt% ||/ _ , _ \
KCM Corporation[Solid-phase method / BT-HP9DX]

Vi ity: 57~ Pa-
Eeosiyiar=50 mbars Fuji Titanium Industry Co., Ltd.[oxalate method/HPBT]
Solvent: H20, ROH etc. ) : .
o Sakai Chemical Industry [BT series]
Additive : Dispersant Nippon Chemical Industrial Co., Ltd.[nitrate process]
Toda Kogyo Corp.[wet synthesis]

A AN J




HERRAEL LT, SAATLADAN—FRa— k., Pra=F7EAEOSEHR
LMK FRHRAOEmEAEEZFA LI KB IERHAE~ORE M E DR E .,
BREEOIKRbHFIND, BT, FEE, I AREOMERTRE LT, B
btV v 2REMEIE LTHHISATWD,

ERBAEET, BHoHmoRLFETER. KEIETEH. DOWA ~1 7 v 7 K,
Y —, PR, i~V 7, BARABELWREND D,

BELZYVa=TF kT OaICB O T, 1R % B 97 Ic g
HTENEBEERDL, 1REFZWMIRT 2 &, HEREZD 72O BER A
MNEWBELRD, Flo. SEITEMER R TR, 2 AN O 28 TR E DR
MRIZELEVWEELE D, HHT 58— XX 30~50 pmBEOH/NE— XN
RSN D, REIE20~40 wt%fe . R X 5~10 mPa-s F2 £, WHLIT. H&
IR LT, K, 7ha—b ZOMBARBEHERERIND, 28ATV—DFY

WL 72812 20~40 nm £ CTH %5, (Table 1-6, Fig. 1-3~5)

1. 4. 6 1ITO

ITO X, Befb A > 2 U LI 10 wtRRTE OML#HZ F—7 L7 b D TH 5, ITO
TZEPAEME LT LCDRERAEE Y 4 VLR ETHLERARZMEE L TR
ERTWb, ITOF Jhif+DA>r 7 « X—=ZA R 2HWHZIET, A7V =y k
72 E O AT (BAAE) BARETHY . ARy Z Y o ricHiRL, EFEa X b
DEHESL 7 LI VT AT NA Z~OWM 2 LR L 25, Eo. BB Sk
LT, BHEIET I ZOFMES T A K7 4 LV ARICH S IERER TH 5,
Ems AT, BEMBCKE,. DOWA = L7 ba =27 2, K480,
TRy 7<=T VTN, ZZ~T VT LVEF LB ERD 5,

BELZITOF 2RFOSEHICEBNTIE, 1R FABRETIcsET5 28

17
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Table 1-6 Dispersion of the Zr0, nanoparticles

Dispersion of the ZrO, nanoparticles

Dispersion conditions Application
/Particle size : 20 nm~ \ { £ER Gl eIl e I

AT S Antireflection film

Bead diameter: 30~50 um : .
Concentration :20~40 wt% ZrOz manufacturlng companies

Viscosity:1~10 mPa-s / \
Solvent: H20, ROH etc. Daiichi Kigenso Kagaku kougyou Co.,Ltd.
Additive : Dispersant Taiyo Koko Co.,Ltd

Dowa Hightech Co.,Ltd.

Tosoh Corporation
\ AN y




WEBELRD, 1TRETA2HERTLE. BRECIY., EUEPIKRTNT S, #H
THE— XL 30~50umEEEOH /I E—ANEHIND, BEE 10~50 wt%Fe
BE. KSEEIX 5~50 mPa-s R, BWHIT, ARG LT, K. T ra— Zofh
HREBEPERIND, SBAT ) —O PR F7I1T 10~50 nm BETH 5,

(Table 1-7, Fig. 1-3~5)

1. 4. 7 ®m{b#sh

Bt dfigh ) / B+ DR BIT. BABREREZAE L. 22O &2 ATHEH O
KEOH 105D 1 O A X THDHI b, BETENTZEAEEZAET D, 2
DI, WA ERAE S HICKERBRHA SN TV D, EABERN O HiE &

 BRHEEKRGEMOEBEmMSE, HEHGRREGER STV D,

EhsALET, T4 PWIMZ >V —X], BEfELKI~>Y 27 AF 4  ZS],
% TEMIFINEX > U —X], EXKHKE A > MK[Zn0-310,Zn0-350],  J5 &
¥MIFZOl. ~7 24 7 v 7 #[Zincox Super F >V — X1, BASF #[Z-Cote]l. &
HEr Il oy r], BAT7T e P LMIT KT RIARERD S,

BEE LBk lsh S R F O BICB W T, 1 REFEZEBEETICo®T 22
ERBEEERDL MATHE— XTI 30~50 pmBEOH/IE—INRFEHEIND,
BEEIL 10~50 wt% e B . K 1X 5~20 mPa-s FEFE ., BT, ARSI LT, K,
THa— TOMEBBENFEHSNDL, 7BAT U —OFE R F£I1T 20~50

nm & TH 5, (Table 1-8, Fig. 1-3~5)

1. 4. 8 =v7)

=y T RS T, EIZ MLCC O NEEM I ST 2, BEEAEHE

MOTHR-NT VU LRN—ZA PR ECHEH SN TWIER, N7 VT LMtk D&
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Table 1-7 Dispersion of the ITO nanoparticles

Dispersion of the ITO nanoparticles

Dispersion conditions Application
/Particle e A \ [Transparent electrodes in a display,

50 nm Antistatic coating, Heat ray shielding

Bead diameter: 30~50 pm
Concentration :10~50 wt%

ITO manufacturing companies

Viscosity:5~50 mPa*s ﬁGC Catalysts and Chemicals Ltd. Y
Solvent: H20, ROH etc. Dowa electronics materials Co.,Ltd
Additive :Dispersant Sumitomo metal mining Co.,Ltd

ULVAC, Inc.

Mitsubishi Materials Electronic Chemicals
\ J KCO.,Ltd /
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Table 1-8 Dispersion of the ZnO nanoparticles

Dispersion of the ZnO nanoparticles

Dispersion conditions
ﬂarticle size : 20 nm~ \

50 nm
Bead diameter: 30~50 um
Concentration :10~50 wt%
Viscosity:5~20 mPa-"s
Solvent: H20, ROH etc.
Additive : Dispersant

Application

Cosmetics, UV cut film,
Electrode of a dye-sensitized solar cells

h _

ZnO manufacturing companies

-

TAYCA Corporation [MZ series]
Showa Denko [Max Light ZS]
Sakai Chemical Industry [FINEX series]

Ishihara Sangyo Kaisha, Ltd.[FZO]

b

Sumitomo Osaka Cement [Zn0-310, ZnO-350]

~

7




BIo LV BeRBUENESR, =TT R FREHIND LD oo, RF#
(X, 2003 “ELIRTIZ 0.4 pm BRERTH 722, BEZ0.2 pmAEHETHY
0.1 um L TFIEAHBBAENPEDLNLTWVD
FEs AEEIZX, JFE I 2 7 VICVD L], B TEK DL, [JMHEE
Bl EReBREILENERE, LXE] RBF 2 =0 AWIKHEETCEIZR SR D
5o, ZOfMI, WA BREFRINE], =HE&RIEKR, RIETERZELH D,
BELIZ=v VT JRFONBIZBWT, 1 RKEFE2RVLT 52 2L
BT enERERERDL, AT L2 — XL 50~100 pm BEOH/HE— XN
ER SIS, REIX 10~30 wt%feE., KX 10~500 mPa-s 2, &I, H
HWIZIE LT, K, Taha—n, TOMEERERNMMERENDS, 78A TV —0F

PIRL 781X 30~300 nm FEE TH 5, (Table 1-9, Fig. 1-3~5)

1. 4. 9 4
#i /KL 1X. FIZ MLCC OV EmS, 7 U > b IR O E AR 722 &6 H
INTW5
ERsALEIR, —HeBREERIRRE, 7 b~ o Xk, ERIE], DOWA =
L7 br=7 2WBAXE] AR b~ XMTEWIT b~ A XE] mBEEEHE L
EMWIT b~ A B, BRIE]L BAREBIRIEREIZERD D,
BEELIZE T 7 RFOoBICEN T, 1 REFEZRELT 52 &R aid
HZENEEERDL, EHTHE— XX 50~100 um FEE O/ E— X0 H
ShDd, BT 20~40 wt%FEEE | K 1T 10~50 mPa-s FE | WX, FRICIG
LT, 7ha—)b, ZOMERBERENER S, BAUBIEoD, IRk, T
Al72 EH WML CH#METY, DBAT U —OFEHRFRI1E, -+ nm~% & nm

ECTH 5, (Table 1-10, Fig. 1-3~5)
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Table 1-9 Dispersion of the Ni nanoparticles

Dispersion of the Ni nanoparticles

Dispersion conditions Application
/Particle size : 30 nm~ \ L INEENEiCEtpe:

300 nm Multilayer ceramic capacitors (MLCC)

> Prevent the flattening
Bead diameter: 50~100 um | | Ni manufacturing companies

Concentration :10~30 Wt% | | jFE MINERAL COMPANY,LTD[CVD method] N
Viscosity: 10~500 mPa-s Shoei Chemical Industry [Wet method, the gas-
Solvent: ROH etc. phase reduction method]

Additive :Dispersant Sumitomo Metal Mining [Wet method, dry method]

Toho Titanium [vapor-phase reduction method]
/ MITSUI MINING & SMELTING CO.,LTD. /
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Table 1-10 Dispersion of the Cu nanoparticles

Dispersion of the Cu nanoparticles

300 nm
X Prevent the flattening

Solvent: ROH etc.
Additive :Dispersant

N

Bead diameter: 50~100 um
Concentration :20~40 wt%
Viscosity:10~100 mPa-"s

/Particle size : 30 nm~ \

Application
£ External electrode: J

Multilayer ceramic capacitors (MLCC)

_4

Cu manufacturing companies

p

MITSUI MINING & SMELTING CO.,LTD.
Dowa electronics materials Co.,Ltd
Nioppon atomized metal powders corporation
FUKUDA METAL FOIL & POWDER Co., LTD.
wippon kinzoku co.,Ltd. -




1. 4. 10 4

;R 1E, RX—A RN E L TEBOEAREICAVORATWS, YU a v
KEmOBEM (ZHmE., Eim) AiX, iHERLTWL, ¥ 73370/ X
TIEAZ Y — VR, 727 HRBNZISH L BME RN, - A4 XTidA
YV NEIRIBNAIREL D, A2 7V 2y hD AT v ik, OF T~ R
AR, OBRREAMN., @3 Kb, @RELNES. @771 v Fik,
OMEHEIRDIENIR W ERHIT 5,

FRBALEZ. TARNy 7T VTV, ELXER LEBK. R LF TR,
BARNA Y M., Y~ bp, S F— bW, A ml., =Y 2~ MK,
FHTEMR, —HE&BELE, DOWAT LY o= AW ENH 5,

BEEE LT-8RT /BT O #Ic B W T, MLCC O N8 E M A ix, fEEM O
ARZBILET D720 1 REFERFICT LRI DT LILEDRULETH D,
Fo, w0 M, MEEEOR Eooll, R E LEBRBAMLEREGE
bH D, MEILT 22 LT, SEOERICIE- THEY + 7 —DEERTHMI
2L TH, BUREEMLMERFCEL2XL51CR25, #EMT 58— XX 50~100
pm BEOHMNE—-INERSND, REIT 20~50 wt%fEE | KiE L 10~100
mPa-s BE | BT, ARIIS T T, K, TAa—, 2Ol &R f#EH S
NoD, ZWMAT Y —OFHRFIE 10~100 nm BE TH 5,

(Table 1-11, Fig. 1-3~5)

1. 5 28X —XI W (FaT7AT7Xy 7 AIN) IZ20T

EDT JRF AT, EICHAEEZRFELARAPOOMTI2ERBEZLS>oOH
Do UNVETIT Ry ZZAINTIE, E—RXLAT V=250 T 5D —% —
BB EAL—F—DEEIZ 8 m/s U EICHRETOILENAD, ZOFET
Fr—F—bE o TOE—XERNPBBED720, FHamELZRFELRE L DS
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Table 1-11 Dispersion of the Ag nanoparticles

Dispersion of the Ag nanoparticles

/Particle size : 10 nm~ \

100 nm
> Prevent the flattening

Bead diameter: 50~100 pm
Concentration :20~50 wt%
Viscosity:10~100 mPa-s
Solvent: ROH etc.

Additive :Dispersant

Application

External electrode:
Multilayer ceramic capacitors (MLCC)

—_—

" 4

Ag manufacturing companies

p-

ULVAC, Inc.
Sumitomo Electric Industries, Ltd.
DAIKEN CHEMICAL Co., Ltd.
NIPPONPAINT Co., Ltd

\Harima Chemicals Group, Inc.
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Fig.

Average particle size of various dispersed nanoparticles
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1-3 Average particle size of various dispersed nanoparticles
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Viscosity of various dispersed nanoparticles
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Fig. 1-4 Viscosity of various dispersed nanoparticles
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Fig.

Concentration (wt%)

1-5

Concentration of various dispersed nanoparticles
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MBEREINLDLVANVICELRNWS —ZABHTEL, 20X —2CHIET 5
72, 2008, XL —F—Ltup—X -V UOEBHEMLL, EXL—F—TD
JEIIRELSRETHIETATY =L E—XDONMAMHEIIITRN, 1 —%—
EURREEROKRERE JRECE - XA B L TERET L7 2 5 BT RE 7R 2 il
RKE—XI W (A T2T7 VT Xy 7 AI)N) ZRBELE, 2L, &
K= A LFXF —COEBPARERY ., IV 1R FIZFA -V ELE IRV GH

MATRE & g o T,

1. 6 XK@mXOHW

i, 7T /RFOFMIL, EFME 2P LOICEATETWDLI N, T/ RF D5
BlizcoWToEEx, FEHEVi#EATHRY, EHESLOMM L7 0.1 mm LT
DE—APFERARER TV T T Xy 7 ZI AN Efish T, 10 BAFERE L7228,
FTOORFZEIT ) ONTUBREZALEHD MERERRIND T —RITEHZ LT
R0, RFL T, 2008 FF T LIz XL —F —Lt o —&—t > OBR#E) %2 M
L. XNV = —TORBITIRESBRETHILTRATY =L —XDnHE% ik
AT = —EFEAER TS 2T 27T Ry 7 AI e 0T,
Bk F 2 o> 2 EaET VR LT, M E—XZHEHL, K= ¥
—BHOEBERALNICT D, £, 1995 FICHBELE VLR T TNy 7 AL
EFRWT, BRBILFZ T/ MTFE2ETARTF LT, @EFTREWAME O M
BEBEL, —F—EUEEE - ARELEE LT, EEE (BIFR. B9
) LibmtE. BMEREORBRREHLNCTT D,

HGth. ZOF R A VT, BRETE T R O B BB ICE kT

LD LEABET D,
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1. 7 KiwX DR

FIETIH, T /RFORBEBSIOOBEOEEEICOVWTHBA L, k15
DM FETIE, T /7R TR CIERETH L Z L2k~ 7, KIZ, 1995 FI2E
HOHOIWCEL VA THO THREINZ 0.1 mm L FO/NE— X3 H aTFE 72 & —
AIN (UNVETF TRy 7 AIN) ZXRVF 7RTFOREBRHEDL X227
ZEEBRR, ZOEMBA AL LT, BRD 1R FORKEEZRFFLRNL D
DHETDHEOO 28R —XIN (T aT AT Ry 7 ZAI)V) ORFEREE R
N7,

F2ETIE, TaT7 AT Xy I AINKEDFHX=TF /T DR F X —
DI O WTOMIEE & O, ZTOMFETIE, 1R T25 15 nm O # Ik
bFxF ) RFaEET AR FELTHAVWT, E—X&% 0.03 mm, 0.05 mm,
0.1lmmDFEHET . ZhENLOE— XTI L. m—%— ' JE#E%Z 3m/s, 6 m/s,
9m/s L EH L TEBRZITWV, BFE., XRDIZ X % #&mMEIC X v 4Bk e o i
AT o T,

FIETIE., 72T VTR JAINIIKDTFX=TF kD08, BEE
FUOHESBBEBICBIT IR FRHEOENICOVWTOMEELE LD, ZTOHIET
X, 1WEL 72 15 nm OEREBILT ¥ F /T2 ET Vi LTHWT, ©
— X% 0.05mm D&M T, m— % — v JE#E% 3m/s. 6m/s. 9m/s, 12 m/s
AR L TERLITV, KL+, TEM G815, (-&EA. 26F M. Scherrer £,
BET &, X#/MAEBEIEICL 2 AT URZHE L., SHOIREOREM e 28 %
i B L 7=,

BAETIE, BRFEA=TF 2 RFOE—XINICEHBE XL —HHB X
DCEDOHFRFEICOWTOMEELE LD, ZOMETIE, VLVEFETT Xy 7 R
SAEMERL T, TREF2 10nm OBKRBRILF ¥ T / kfa2ET7 VvRhiF L L

THW, E— X% 0.015 mm, 0.03 mm. 0.05 mm OFEH T, TNFNLDE —
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AEIExL,. m—X—EUJE#E% 8m/s, 10m/s &L AH L CTEBREZITV, BT,
TEM % . XRD IZ &k 5 du b B, SeFhetE (X ES ~A XA —%) FIU X
AHTTICLDBIE, ICPICL 2 —REBREELZZAZANE L, SBKED
FE LML,

FHHETIH, KX THOLONTZHKRZHIE L,
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FoE 22X —XINICELDHZTFH=TF R FDOKT R X — D8R

\V]
—
5’3\{;
il

FT I m Y —0ERICHEV, BEEAS 50 nm LT DT R, MR
SRR M AR AERES AR EOFEM L LT ORGBICERMICER S
B TWD, T /RFOERMIT, KME, BAEREICEIVITb DA, @I
MARRECTIRO LD, F/RFITEEREZI- TS, Z07d, F
JRLFORMEEZREIED DT —E— 0T kL z oy B S 5 o R E R
MELRD, ZOBEF I RFOSEORA v NI, DEBSEDH LY S
KFREICECDEERZMA THERZSC I L, £, T /RTFOREL
BRFSERVWEL S T/ RFOBBREORFEICH D, Bl 21X, LMEIZER I
Pt aHEEFLEBLY 7 AT F 2R TIE, 1 R ORLF £ & b di i & 23
fl EIEPEICEE L ZEX 6N TWD VU, T /R FOa8EMCiX, 7/ ko
ERFT LD, 1 RETFOMSEELZRFLEEEIHMIEDL I EBRA
FTH 5D,

BET R FAESBMT HEBELLC, BEE, @EEBX Y=y FI Vb, KEY
FTAH— E—XINFORBEIRED LN TE N, HFE, E—XIVTIE, M
ME—=ZAO@EHAICEY, BES /R FE2+tnmA—F—F TORFEICHEHK
HIZE ST DD,

1995 £, E— AR E LB X E2 b oA — X I L (FLERT Y L
FNIZ TRy ZAIN)2INEFELICLVBABEINDS L, E— X 0.1 mm D #/h
E—XZ2HWLZ LIk, E—XF0 3 mm U EEMFEHAT LI ROE—XI L
EHE L THEBRICHMMEICREED DR NS o8B s e 1 REF#%
ETONWMBAREL o oTe, ZOHMIT, HHWBAKTHLIE -y L)/
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KA DORBECERD A7 ) =2 v PHERICRDYVELH TR EZHMAT 52
LWL, 0.1 mm LFOM/MNE—XR@HAAREEZRY, (R R L¥—TF /H
FEEESB T EIlH D, TOE—XINVOEEOEMIZ. 7/ R+ %245
BET 2 OB E AL —F =2 RNy LD EWIC, TOTHICE— X2
Lilzopw—F = zF—@ EICERE LY T AREEILIZZETH D,
BETIEE— X% 0.015 mm £ THMAAMIEL 2> TWN5D,

BREDOF R FIEY 7T JEBRORFREBER S, ZO08BICIE, B
A RS EERBESROERNIEZ 2ob D, /e —XE2HNL UL b
TT7 Xy JAINTOHETIE, =X R7 Y =255 L—%—0DJF
HIXT8m/s L EICHRET 2, ZOFRETERr—F—E 2L DE—XHEHHNR
R E D720, W LT SR FOMREEPEEEUL FICETL, ERLALC
ELRWS—2AbHTETVD, TOXIRERIHIET 2720, |xTHFLL
E—XINVOREERRT, VLI T TRy JAINVOERL—F—Lo—HF—
VOB E MY S EL L, BNV —DFEEERELI LB LEA

ZV =L - XD MERIATRO 2L, F, =X —E % 3m/s £ TK
IS Yt A I VR —RECTT R AESB L. MamEEREEL
BB RD EEZX T2, RETIE, 2OZ L 2HERTH20IC, 2 #l
AE—XIN (FLERKRT 27107 Xy 7 23I0) #oEL, BlbTF %7
WrzH W Te— 42—t UVEAEBI O —XRBOENICKD T /K105 L
fEmtE T Tc, ZofE, BlbF 2o 2ROt fatECs JIE &

Wan—Z—ErEAEBLOE - XEICETOIMANGELNT,
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JFEE A T U — 1%, A4 A&k (<1 pS/em) FIZHBEKFILT %y (T4
718 MT100AQ., /v F /LRI 1AL 15 nm[h % v 7 {E]) %, BE 10 wt%
WD EI9ICEALTHLZ, A7V —fthiA&iT 1.2kg, A7 U —fEER=EZ
20kg/h & L7z, "B, ZOFX=7F K Fi3Kicx L CHEMmMEEZ L >RmL
HE2AIATWHWT, 28AZHNZ2NWTHE—XI ALY 1R F&IZE

DT ENRTE D,

2. 2. 2 EREE

L7z 28— I (FLEMRRT 2707 Xy 27 230, DAM-1) &
JEO B R OIS X & Fig. 2-1 1277, BE—XIAM(I VAR 600mlD, 27V —%
YO AT V=R T bR EINS, 20 28— X INVICBIT L OO
BIEIROEBY THDL AT =7 TCTHHIEAG SN T =T A7 VU —IX,
27V =Ry 7LV E—=XINVTFHEI IVHNICEBEIND, ez T
U—lZ, SANCEBELEMIE =R e —Z - 2V ERESN-RED T
THHESNh, IV ERICBE TS, IV EEHTIE, B —% — 2 LI RIEEE 0=
DAEFRALEERNRL—F =2k, =X LXT7V —FnBish, A7V —D
HBEIMCHEH SN D, BEH SN A T U —i3, ATV =X U J7ICEY, HE,

ATV =Ryl e —Ivictigan o e iy k4,

2. 2. 3 FEBREKMK

E—XE, Yra=7HMET, £— X% 0.03 mm, 0.05 mm, 0.1 mm % ffH
L. SVADOE—AFERIZT0O%FELE L, E—XLFHX=7 2TV —%2ED
NCEV BT 28" L= —FEIL, WTNLORGETHERAT U —LE— XD
B CELEE 12m/s ICEEL, E—XE2HBET IO, n—F—E U
BWIX, 3m/s. 6m/s, 9m/s & L7,
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Fig. 2-1 Schematic diagram of experimental apparatus
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E—ARBLOr —% —EVEABICE > THBE xR 5720, 8 ) AL
ELUTOFHREIZEIVRD, EoBEHTOSBZ XAV X =R 2k Lz 2, T
bbb, INVARE—A 2 AN LEEOEEHNNOE— X2 AN\ THEER L
mlEOBNEELIIWEEE 5B P, BlbTF ¥ o DAL EE Y &K,
SEERGON S, BHREMG)IZ, S=PUKICEXVHEHLE, 2hoDT 2 R4

% Table 2-1 IZF T

2. 2. 4 R OFFM G IE

F =T F KL O Gy WAl O KL EE R E 1%, BB BOELYE 1T K 2 kL EE I E g (H
WM ~A 27 v b7 v 2 UPAISO)EZ W, AV T v &EH/=, F2=77F /K
T OFEEE~ORE L, X BREHEERIGAKU RINT2550VHF)IZ LV kD 5
i XBEFARZ = b LV FAREEHQLI0E — 27 OFMiEZFH <7, ©— X3
NHIZ KD 1T IRKLF DR E 72 1T REHEBOEEL(IT L0 FmEA 2T 5

LEZLND 2,

2. 3 EEFHEFELELZ

2. 3. 1 bE—XgEBIPpe—¥—v AL IRE~DEE

FEE—ABEBLOEr =XV UVEBEICLDTF X =7 F K+ O EBER & A
T RO E Fig. 2-2 1K LT, Fl. OB RXAXT R ERHTZDIT,
FE—ARBIONFEe — 4 — b UEAEICL2BNFEEME AT VEROBEG %
Fig. 2-31c& L 7=,

Fig. 2-3 (a) 12, E— X 0.1l mm BT 5K —% — ¥ VJHHIC L 58 HJF
BN AT UV RBOBFRERLEZ, n—2 - U EECKE, JB®E Lk s)
9m/s T ATVT U 80nmBEBEETCHBL, TR EoBIED &, HEE
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Table 2-1 Test condition

Di . Ratio of
Separator | Rotor pin | .. . Ratio of ISpersing dispersing
Run Bead . . Dispersing|Number of power for
. peripheral | peripheral number . power for
No. |diameter power beads a single .
speed speed of beads a single
bead
bead
(mm) (m/s) (m/s) (kW) (-) (-) (uW) (=)
1 0.03 12 3 0.17 1.83E+10 37 0.009 1.0
2 6 0.23 0.013 1.4
3 9 0.29 0.016 1.7
4 0.05 12 3 0.20 3.95E+09 8 0.051 54
5 6 0.24 0.061 6.5
6 9 0.33 0.084 9.0
7 0.1 12 3 0.22 4 93E+08 1 0.446 48
8 6 0.25 0.507 54
9 9 0.47 0.953 102
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Fig. 2-2 Relationship between dispersing time and median diameter of each beads size and peripheral

speed
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Figure (a) was obtained for bead size of 0.1 mm



WX DR AL, AE6m/s ITIKRTFTSEDE, AVT U F65nm BEE
THBLER, TAURE, ARCHEBRECI VR FE/SEMLE, —F., A#E
3m/s TIE, AVT7 U FE40nm BEET THEML, SBERE L BICEITERTT S
B e oz, ZHHLOBMBIE, JE®E 6m/s L ETIE, FAEAKEVIFE 1 KK
TR ENDRFOFENL RV BEEOBRENKRELS RDLEFLOND,
—7F. JE#E 3m/s TIE., E—XELOHE =R L= 1 KR FHEHETH700
TEXNLF—IDENED, BERET LI LRI OBLELEEZOND,

Fig.2-3 () I, E— X 0.0 mm ICB T 2K EHIC L2 NFEEME A DT
VEOBERERLEZ, FE 9Im/s TIE, AVT U0 BEETOBML, Fh
PABE. MEEEICK DR FEEIMERN & o7z, B#E 6 m/s Tlk, ATV 7 1% 25
nm FEEFETHOBML, BICETI2@AmERo7, FAHE 3 m/s T, AVT7 U
40nm FEEE CTHOB L., TR, ZIEEEREI o/, BRELE Z ST
TEHENTEE6m/s EEE 3m/s DEZRAXT—hFREHWTHE, FliE, A
T UFEAOmm IS E L ETOEAFEEAIT, E#H 6 m/s TIL 6 kWh /dry-
kg, J&# 3 m/s TIX 14 kWh/dry-kg TH VY | JAHE 6 m/s O F % 2 fFLL L= x L ¥
—RELHBMENTRERLE R o7, ZOEBIT. JB®E 3 m/s TlE., 2 REER
A b OFT VR T2 0BT 20— X\ I INVNT, SEICKLERD
Wrrex ¥ —%2b O —XDFIENEE 6 m/s IV 2 FUEEADRNWT EER
L, TXLAF—IFROENERIZR-TELEEZILND,

Fig. 2-3(c) |12, E— X 0.03 mm (BT H2EFEIC LB NFHEANE A DT
VEOBERERLEZ, FE9Im/s T, AVT U 30m BEXETOBML, Fh
IR, D ICHBEIC X DR FRIMEmICH 5, F#E 6 m/s Tk, A V7T v~
£ 25nm £ CTHEL., TN, FIEELITES 2oz, A#E 3m/s TiX, A Y
T o400 nm T THEBL, BFETI28MICHS . BRRELZEZ SRV T
BAETLZAE6m/s CJEAE3SmM/s DR ALFXF =W RE2HLKT D L, Fl 2.
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Figure (b) was obtained for bead size of 0.05 mm
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Figure (c) was obtained for bead size of 0.03 mm



AT U 40 nm OB JREALIX, JE#E 6 m/s TlE 4 kWh/dry-kg & 720 | JE
3 m/s Ti¥ 12 kWh/dry-kg & 72 572, JA#E 6 m/s D J778 3 FRE = 2L F =&
B p#WaEnNr=ERE o7,

L EDiER% Table 2-2 10K Lz, F#E—XARBLOKEEIC X 58 HFEN
CATDTUROMBEEEDDLE, KD X DTS, E—XF 0.1 mm TJEE9
m/s. E—XZ 0.1mm T/E#HE 6m/s. £ — X% 0.05 mm TJEHE 9m/s, £— &%
0.03 mm THE 9 m/s DRMETIL, BHEHLIC X DR FEEINER 2 AL,
FEEICL IR FEEMEmOBEL, E—XERRENVEFLEREL, £72, A
MREWEFEEREWHBAELNTL, £, BREZEZ LW oBS M4 T T3
ETOHAVT7 AR A0mm IZOWNWT, 2T OO ) RENN 2 2 Eh i+
e, BE— X 0.1mm T/E#E 3m/s TiX 15 kWh/dry-kg, v — X% 0.05 mm T
J&# 6 m/s Tix 6 kWh/dry-kg, £— X%£ 0.05 mm TJ&E# 3 m/s TiX 14 kWh/dry-
kg, B— X 0.03 mm TJ&& 6 m/s Ti¥ 4 kWh/dry-kg, £— X 0.03 mm T
J&3E 83 m/s Tix 12kWh/dry-kg Lt o7c, TNHLDOHT—F XL X —FFER <
SIS N TSR, E— X% 0.03mm TE®E 6m/s, RWVWT, £— X% 0.05 mm
TH#E 6 m/s Thol-, JAHE 3 m/s TOMERNPH K- LT, KFX¥=77F
JRLF DO ECTIEE — X4 0.03 mm CTEE 6 m/s BDHFERL 1 RLTELS ET
Sy HCH R 2 i e R & L CRERR R -,

BEEZEZ TRV F—IREI BT H0120F, AERBSLTE—X
BIZELHDE—XFALOF B2 LXF -kt &L B —XOM/MEIZ LY BE—X &
FTORA L OWERKEZEST I ENERERANA MRS, B— X6 L0 5
TANAX—DOERIFTIRKFZHBELR2NVZRI LT —THD L, FRIZ KE
HEREDETI2ZXNANX—THHLIERMETH D, B — XOM/MEIZ DWW TIX,
2 WEBEEKZ ST DB XAV X DN BE LA D0, RO AL /DS THIE
BWoOTIERL, F/RTFOBEREBIZHES TRERE - ABVFET D LB X
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Table 2-2 Specific power (kWh/dry-kg) of median diameter=40 nm

Db =0.1 mm Db =0.05 mm Db =0.03 mm
Vr=9m/s re—agglomeration |re—agglomeration| re—agglomeration
Vr=6 m/s re—agglomeration 6 4
Vr=3m/s 15 14 12
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2. 3. 2 bE—XgERBIPo—F—v UEECILIERE~DEE

E— X I GEIC K DR OfSEMEICE LIETREEZ XBREP X2 — 2 O
W O ZE b2 & F- Al L 7=,

XMEPF X —> O —fFl L LT, B— X 0.03mm (23T 5 % & E o F 2
XD XBEP Y —> D% Fig. 24 lIC£ Lz, AEAREL 2D 1FEH T
WX T H2XA—UDRREL R BREMREMEEMOBREIIRE S Lo TWND,

Ihoo X BEF A= b ¥MELrHARY . H - XFLEFE X
2 8 1R BAL & o AllibE o B fR 2 Fig. 2-5 12%& L7z,

Fig. 2-5 (a) (2, E— X 0.1 mm 28 2 & F&# (2 X 58 HJFEAL & 2 g
DEFEERT, 2o T, fl2E, BHFEEA 10 kWh/dry-kg O i ig (L, & H
9 m/s TiX 0.57 deg.. J&# 6 m/s TI% 0.54 deg.. J&#E 3 m/s TiX 0.52 deg. & .
B ) R HEALIC 63 2 08 OB EEIT FAEB KR E WREL RS SN IERE
Wboo, BEFHICELDRERERIRL N RN, ZTOHALLT, E—X
£Z0.1lmm OBFAETIE., BHE3I~9m/s 0o TIX, BEICHL»2DOLT, 1 KK+
BT 28 M= x ¥ — 2ot B — XOEEIXFEREICHFET D720, JFEIZ
K@ NREAA Y720 OFIiEOEMBIZRERE(NL2NVWEEZ LR D,

Fig. 2-5 (b) (2, E— X% 0.05 mm (ZBJ 5 & FAE (2 & %8 HJF AL & 1l
BOBEBREZRT, Bl21E, B0 FEA 10 kWh/dry-kg O - fifg1X. E#E 9m/s T
IX 0.69 deg.., &8 6 m/s TI¥ 0.54 deg.. A& 3m/s Ti% 0.46 deg. L 72> 7=, L
IR R B — X8 0.1 mm OGE & AT, REIEERY . B REEAMICKT
MR OB MBIL JAEHICL > TELL BT A ERNRARONTE, ZDERA T,
E— X1 0.05 mm CTJE# 9m/s TIL, 1 RELFHEMT 58 M= xL¥—%Fo 7k

E— X0, E— X 0.1mm CTHEIM/s DHEAELV LELFETH L
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(a) bead size of 0.03 mm and peripheral speed of 3 m/s

Fig. 2-4 XRD patterns obtained after different processing time

Figure (a) was obtained for bead size of 0.03 mm and peripheral speed of 3 m/s
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(b) bead size of 0.03 mm and peripheral speed of 6 m/s

Fig. 2-4 XRD patterns obtained after different processing time

Figure (b) was obtained for bead size of 0.03 mm and peripheral speed of 6 m/s
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(c) bead size of 0.03 mm and peripheral speed of 9 m/s
Fig. 2-4 XRD patterns obtained after s different processing time

Figure (c) was obtained for bead size of 0.03 mm and peripheral speed of 9 m/s
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Fig. 2-5 Relationship between specific power and FWHM of each peripheral speed

Figure (a) was obtained for bead size of 0.1 mm
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Figure (b) was obtained for bead size of 0.05 mm



WZhHO ., ZOOICENRBEM Y720 OFMMiEOHEMEBEIIRELS LDLELDN
5, —hH, BE—XZ 0.0 mm T/E®E 6m/s LT TIL 1Rk Z2EZ 3 X9 7%
RERFW XN F—2HOE—XDHENREEDKET L LbIth R kol
D, E— X 0.1mm OHE LB L, JFE R C T, B R EAC ST S
MEDOWEMEBDOENKRELS Kol LB LN,

Fig. 2-5 (¢) |2, E— X4 0.03 mm (BT 5K JEHE 12 Xk 28 S EAL & -1l
g OB Z2 R, Bl 21X, B SR BEAL 10 kWh/dry-kg O - {lilg1L. E#H 9m/s T
I% 0.64 deg.. J&&# 6 m/s T/ 0.51 deg.. J&# 3 m/s Tl 0.47 deg. &, B— X%
0.06 mm DA XV IZEAREA Y 72 0 O Mg O MBZO0D 20 DD,
AR I JE IS U T, B b3 D 1m & 722 - 72,

UEofEif%z, Table2-3 1ICF£ L7z, HFE—ARB LUK EEHIC X 28 HFEENA &
MEOEBRAEE L DL E, ROEHIITRD, E—XF 0.1 mm OHEIT, HH
3~9m/s OFPHTIZ, FEICED LT 1 RKLFHEFET 28 AWM= 3L ¥ —% £
ST —XOEEGXFEBEICHFET L2720, BEICL 28 DB S 720 O
MEOWMBIIRERNEZEZOND, —FH, E—XF 0.06mm &, ©—X£ 0.1
mm &R0, B—XF 0.065mm THEE 9m/s TiE, 1 RKFIFT 5 E AN
INX—FH o —X0MEKIE. ©— X% 0.1 mm THEME 9 m/s L% HFE

LTWA72Hil, E— X 0.1 mm CTHE®E 9 m/s £V, By HJREN Y720 O Al
EOWMERRENWEZ X HNLD, BHE 6 m/s LT TlE, 1 R FIEET 2 A
Wrex X =2 ol —XOEENEBIZIE L THOR DD, JAEIZELT
TCENRBEM Y20 OFMMIEOZEZRNRES kol tEZXbND, BE—X1F 0.03
mm (£, B — X4E 0.05 mm K Y B 3 JF HEALIZ )b D il e o0 #0002

HLOO, E— X 0.0 mm SIFIEFEBEOHEMT E 2o 77,
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Figure (c) was obtained for bead size of 0.03 mm



Table 2-3 FWHM(deg.) of specific power=10 kWh/dry-kg

Db =0.1 mm Db =0.05 mm Db =0.03 mm
Vr=9m/s 0.57 0.69 0.64
Vr=6m/s 0.54 0.54 0.51
Vr=3m/s 0.52 0.46 0.47
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2. 3. 3 KRN ERFROBEKRIC X ZEEM

E—XINGgBICL DR FREMEERTFREOEBREZIHICHELIHARNDI D
2. BE—XBEIC, FEEICK DR S AT CREOBRE Fig. 2-6 IZ£ D
L7,

Fig. 2-6 (a) |2, E— X 0.1 mm (BT 5 & EHIZ L 5 FMilE & A 07 8
OB EERT, 22 CTHAHNE 0.5 deg lTEH T 5 &, AE 9 m/s TIEATDT %
90 nm FEE, JAHE 6m/s TIEA YT R 70nm F2E, JH# 3m/s TIEA YT V1%
50nm BBE Lo/, MURMIECTH, AT UENRERRLIZ NG, HHICK
STRRDIDBHEICR--TWDHEEZLND, AEORERFEHIT, 1 KRR T
EC R REEMHI N T RWRFRENA LY ZBEN, BEEOBREN LY
ZL o TnhEHRMEND, —F BHENDNESWIEEIE., KE2EERICHEL,
fEERi 2R Z SR W TS, D), REEM I L TWRWEL RO
BNDEGNWRDLRVRELERSs TN EBEXDLNLD,

Fig. 2-6 (b) I2. E— X 0.05 mm ([CB T D2 KEE (2 X 5 FfHE e 22T o~
BOBBEERYT, 22 THMIE 0.5 deg lCEB T &, AHE I m/s TEAYT v
A mmBEE,. BE66mMm/sBLP3m/s THEATYT U E 35 nm &R o7-, JAE
9 m/s TiX, E—XF 0.1 mm OHFELRWITELY, DLHEREICK DR
HMEm IR 552, BEH 6 m/s EJEHE 3 m/s & TIIREREBRET HZ &L
AR T D5 AT UROMEIXEE LRV E— X% 0.056 mm TILFES% D5
MEEERT ZEN Dol

Fig. 2-6 (¢) 12, E— X4 0.03 mm ICB T DHKEHE 12X 5 FMiEe AT o~
BOBBEERT, 22 THMIE 0.5 deg lCEB T &, AHE I m/s THEAYT v
Bl 45 nm, AHE 6 m/s B LN 3 m/s TEATT U FIZ 35 nm &7 o7-, A&
9m/s TIEE—X£0.06 mm XV bHELOBRE L, HIZPhlhote, i,

A 6m/s BELDR3m/s TWEATYT U 1X35nm &2, BE—X£0.05mm &
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Fig. 2-6 Relationship between FWHM and median diameter of each peripheral speed

Figure (a) was obtained for bead size of 0.1 mm
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Figure (b) was obtained for bead size of 0.05 mm
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Figure (c) was obtained for bead size of 0.03 mm



kD n#zE#HZz R~ Lz, UEOFEREZ, Table2-4 TR L7z, FE—AFB LV
BREBIZEDHEMIBE AT O RBOBPBKLEELDL L, KOXHITRD, BE—X
BO0.1mm TiX, AEICLY, RE ABMBEORLR D L oTo, ThbH,
[l Uit Co. AEOERWEAFREEO DR WIREL -T2, —FH, BE— X
0.065 mm T, A& 9m/s TIHEPV LHEEEM AR o, E#E 6m/s & 3m/s T
FEEREITRLS, HMEICHT A2 A YT U ROBEEREZEO S E o, BE—X
££0.03mm % B— X£ 0.05 mm & [FEE OB FE T, J&#E 9m/s TiL, £— X 0.05
mm XV HEEORE I V2R, H#E 6 m/s & 3 m/s CIXHEELT RS, &V
— A% 0.06 mm & [FEOYMIEIZXH T DHA LT VREROMEE e o7z,

PAMIE I DV TiE, BRAEICIERE O F 2 B O Fflitg 2 b2k 5 5 Z & 72 <
DT DHDONLELVWR, E—XZ2HWLIo#H 7ot ATk, H5EREDOR 1~
DEEBITFH T OV, ZOEEBELE/NRIZTI27201F, AESIPE—-XARD
WHEDAT = ANV EHERFICE > THE SN 5 B — Xl = %L ¥ — D FiFik

MMLE LTS,

2. 4 fEiw

E—=RXe ATV =@ LWLV ST 27008 —F%—L E—X%H
BI2cvoon—2 -2t ENBEICT L2 L TR X LXK 550
MaaREL L2l —XI VAR L., BTl T ¥ 0o FEREIT
S, TORR, UNVFT TNy 7 AINTEHHEERN-7ZEHE 6 m/s LT D%
ECOREBLIVOE—ARICLDINHMOREE LR TR ~DOEBOBBRNBED
N, ZOFR TR AIZHT D2 A=V RDLRVIRET, —FoxALXF—hFRL
S ENTZFEMIT, BE— X% 0.03mm THE®E 6 m/s, KW\ T, £—X£ 0.05 mm
THEE6m/s Thole, T /R FICHTIHEHE~DEER D NRETZ R LY

—NHRELS ST H70I0F, BEBIVOE—ARICE D B — X[+ 08— x
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Table 2-4 Median diameter (nm) of

FWHM=0. 5 deg.

Db =0.1 mm Db =0.05 mm Db =0.03 mm
Vr=9m/s 90 55 45
Vr=6m/s 70 35 35
Vr=3m/s 50 35 35
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BWREICT DI LI PBOLENE LR ~OLEN LD 220 8R
ks biBahiz, UEoXiic, B=x ¥ -t koo aWiEL L
2 — X I L, BB FBILTF X0 1 RAEFIZRDIRS T AV EE 2
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3. 2. 1 JFH
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Fig. 3-1 Schematic diagram of circulating dispersion process with dual axis beads mill



Fig. 3-2 Photograph of dual axis beads mill
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A: Raw material
B: 3 m/s

C:6 m/s
D: 9 m/s
E:12 m/s

Fig. 3-3 TEM images of TiO, nanoparticles dispersed at various

rotor speeds
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Fig. 3-14 TEM image of TiO, nanoparticles broken after dispersion and the lattice stripe
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Fig. 4-3 Definition of crystallinity measurement in the XRD analysis. XRD pattern of anatase shown

in this figure is adopted from reference [3]
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Fig. 4-4 Particle size distribution obtained after different

processing times. Figure (a) and (b) are samples

prepared using a bead size (um) / rotation speed (m/s)

of 15/10 and 15/8, respectively
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Fig. 4-5 Particle size distribution obtained after different
processing times. Figure (c) and (d) are samples
prepared using a bead size (um) / rotation speed (m/s)

of 30/10 and 30/8, respectively
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Fig. 4-6 Particle size distribution obtained after different
processing times. Figure (e) and (f) are samples
prepared using a bead size (um) / rotation speed (m/s)

of 50/10 and 50/8, respectively
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Fig. 4-7 Median size of particles obtained using different bead

Figures

and processing times.

rotation speeds,

sizes,

(a) and (b) are results for samples prepared using

rotation speeds of 10 and 8 m/s, respectively

104



65

(a) | ! | 5
60\~ dmmmomees bomooooes -mmmmee |
gg | | |
2 : i i
= 0, i i
®9 [----- NN e CE el (& fuiniaiaiataind
7] ™
- ! D
o i
50 r- | O
O15um,10m/s | | 5
A30um,10m/s | |
O50um,10m/s | |
45 1 1 1
0 120 240 360 480
Dispersing time (min)
65 : : :
(b) | | i
310\ S SR S
S i
2
£ 55 r------- [ 3
3 : i
(] 1 1
- : ; i
© ! ! !
50 - — - #om-m----
@® 15um,8m/s :
A 30um,8m/s |
M 50 um, 8 m/s :
45 1 1 1

0 120 240 360 480
Dispersing time (min)

Fig. 4-8 Crystallinity of TiO2 dispersed with various milling
times, rotation speeds, and bead sizes. Figures (a) and
(b) are samples prepared using rotation speeds of 10

and 8 m/s, respectively
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(a) Raw material
(b) 15 um, 8 m/s
(c) 30 um, 8 m/s
(d) 50 um, 8 m/s
(e) 15 um, 10 m/s
(f) 30 um, 10 m/s

/| (g) 50 um, 10 m/s
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I

)
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d)

Fig. 4-9 TEM images of particles (a) before and (b-g) after
dispersion. Figures (b), (c), (d), (e), (f), and (g)
show samples prepared by bead milling with a rotation
speed (m/s)/bead size (um) of 8/15, 8/30, 8/50, 10/15,

10/30, and 10/50, respectively
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Fig. 4-10 Effect of milling time on light absorbance. Figure (a) shows the absorbance spectra of
particles during the dispersion process, whereas Figure (b) is a photograph of samples

after dispersion. Samples were prepared using a rotation speed of 10 m/s and bead size of

15 um
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respectively
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Fig. 4-13 Total transmittance (T.T.) of samples during the
dispersion process. Figures (a) and (b) show samples

prepared using rotation speeds of 10 and 8 m/s,

respectively
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Fig. 4-13 Haze of samples during the dispersion process.

Figures (c¢) and (d) show samples prepared using

rotation speeds of 8 and 10 m/s, respectively
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respectively
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FIFICEVEMART LD, E-XINGHMT ot 2AORELPLETDH D,

E—XINGHM T et R8T DML ERD O ERBEBIT, WIS R
ZElTh D (Fig. 4-15), E—X IV T rERAICBNWT, E—XLEELE
TiOz: DEZE T 1 IRKLF DS D & /NS RRF AR, TOREIZT LT
7 AMNAEL, EAEENEL (Fig. 4-8), TEMG O K R N AEEH L 72 5
(Fig. 4-9(d)-(g)),

E— XIS av RZBITATELT 7 AMHOEELZERT H1-DI1C, &
BL7ZRF O3 (Fig. 4-12), FEw 3 (Fig. 4-13(a)- (b)), ~A Aff (Fig. 4-
13(c)-())ZFM L=, KFIZTENLT 7 ZAHENPHEDL L, BIWRET L7z
(Fig. 4-12),

SO R AR L REBITHBEBMEAAE Y | SHH 5 F 23 TiO2 O K il f+ &+
HLLEBETOHLERD D, RITFEMNNSIL DL, SEAIOREREITL I
Do TOH, FFHRIZEBHRICHLEELE XL, TOO, WiFE NG R

Rl bR W B H5,

4. 6 fE#@

AKHFZETIE, 1 IRKLF D EALT WK TiO T/ RFE2FEHL T, n—%—F
VEE, B AR ELEEL T, S8 L7z TiO OJEIR, S ReME . bbb B o Kk
A ARTo, TORER, RERDEMENHE T, 1 REFBEBEOLRVSEA T U —R

SOz, L2LARL, RELRSBRENPOHAND E(TRDL, e —F —

EUVEERRERE-XBOHE) . 1 REFBAECEY . Ko /hEWENE Ok
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Fig. 4-15 Proposal physicochemical transformation during the bead-milling dispersion process
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