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Fig. 2-2 Cross sectional view of Turbo-Classifier.
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(a) Compression, impact and shear by external pressures.

|
>
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(b) Impact and friction by a particle’s own inertial force



(b) Shear and impact though fluid or medium.
(c)

Fig. 2-3 Pulverizing mechanism.
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Dimensions
C=2mm
D;=150mm
D,=136mm
D,=45mm
H =40mm
H,=10mm
T= 6mm
W, =20mm
W, =100mm
Blade N=16
0=0 ~ 45°

Outlet I:
.H

Stator

Blade

00

Inlet 1Air flow

———
[ =

bl

Fig. 2-4 Cross-sectional diagram of a mechanical impact mill.

Definition of blade angle
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Air pulse filter l—"—l— Air pulse filter
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— e TG-25
Cyclone
WE Vibrating @
. conveyor
Al ly ™
Cyclane WP L
() \/ Puiverizer SR-25 , O
Blower _
WD Blower
Viprating —
CCrveyor
(1)

Fig. 2-5 Schematic diagram of closed circuit pulverization system
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Opposed Jet Mill Fluidized bed Jet Mill
Fig. 2-6 Jet Mill designs
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7. FEEY~DOEZZ L 55OV TRAT 5,

Dispersion mechanisms
Aggregate particles

Dispersion
Acceleration of air stream
Shear flow
Elongated flow
Collision of particles
Collision of particles on solid wall

Dispersion mechanisms studied in the previous works

a) Acceleration of air stream

e

& - N
_.-I‘ M
—-0

L

b) Shear flow

Dispersed particles

&) @)
OO OC% @] O%OOCEE)
0 020 30
Foerp e,
o o
&
% a0 o
o ©
c) Collision
Q NS
o~

Fig. 2-7 Dispersion mechanisms.
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Vi du
ng P d_tp =R, +F, (2-2)

ZIZT, DiIBEO DUTENEND | R DRLTEE, up (XEEERLT- O
Pl TR HEE . RATIBMIEIAZ R L T D, B, 55 NI oETMicE
WCBREER OB E S LA OGN Z DN TRE L TW 228, 22T
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ZORED, HERTHER SN AEERI 1T RiDNE LW =6, SET o0 &7
%, Stokes I CTIFIAIEILUILL TOXTH 26N 5,

R =3muDu, (2-4)

2T, IR AR u (TR & RIROFE R E TH D, EQ.(2-4) %
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(D12 - D1D2 + Dzz)

Fy=3muu DD, (2-5)

WKIZ Reynolds 8 (= riu, D/ ) ORZWVEHIPH, 2F V0, SETETEHATS
moic, |\ L LTk 2 AW S,

48fK
JRe @)
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Pl TR L | 3B I RAOIRIRE T H D, Eq.(2-6) % Eq.(2-3)I2fC AT 5 &
S FI Eq.2-T) D X Y ITskRd b5,

0.119pu.’D,’ D, (x, — D k)
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+9.05uu. D, D, (x, — D,’k,)

(2-7)

Z 2T, Fig. 2-91Z Dy = 0.6 DEHEERI1-1ZxF L Cpr, ur 2 2L SHT20ED Fy%
Eq. (2-8) C/RENLMBERIEdICH L TFry b Lz, ZOMMNSDLND X )i,
LRIRONEIC L 5082 REL T HEDICITKRAOFEEZEHS TH5Z L, £
TR OBE e, TRDOBIMKDIENZ LT 5 2 L PNBETH S,

DD
d =2 ]
D, +D, (2-8)
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Fig. 2-8 Dispersion model of doublet particle by acceleration in air stream.

10° ¢ :
E IRERRA | 5
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[ R /1
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= 10— LA
< pr=1.2 kg/m3, ur =280 m/s // ]
1§ RN 1 A1
g pr=1.2 kg/m3, uy =150 m/s p / paf
S 107 | N A
_5 E pr=1.2kg/m3, ur =50 mis 1 ]
5 / |H AT
2 - IRl
e 10°® NN T
E 74" AT
- < // ."“‘
::----"'”""/ P d
107® bz T ' ——
0.1 1 10

Particle diameter d [um]

Fig. 2-9 Dispersion force between two spheres.
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2-3-2 R[MOEIWI ST X B8

BRI T DSBS iz & & | BRERL IR Rl#RIC X Dm0 /1%
OHNFIBIMD D Py Z OSBRI RO NI X D 0k & X872 0 | FRER
TEAERRT D 2 BRORIRNE LWEE TH o I2M# <, Fig. 2-10 (28]
BB A ST BN O 2”7, BB OB TRIR T 2 Gk 1
OEEEEEE o [T FOXTEZ BN D,

_ldu

w—ga; (2-9)

Z 2T, du/dy ITEIHIRNOEE AL TH D, T 2T D KDy THAIVUL/INKL T
DUZHERT 2L FATXLULTOAXTHE 2 B 5,

Pl

=T p,D;’D,w’ (2-10)
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Fig. 2-10 Dispersion model of doublet particle by shear field in air stream.
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B~ DB I K > TEEERL 123 9 1) 2 ) Fii3EER O &% m, W
Zu, LT HEUTOXNTEZOND,

F=—22 (2-11)

ZITC, At IXEEOFIEH CTH D, Eo. BHERL 2B D, DR T
ERET D &, EZEC X0 EEERL O B < JEREIS D1 Eq.(2-11) Ol &
K BREEBECRTZIETROLZENTE S,

u
q=—%Q(JJ (2-12)
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2-3-4 KRR

BITE & CITAR 2 72 0 BB BRI ST X TR D | s 12 IXand L&
O, BT R [E kS K OB A~ OB RFEICL DN AN LTS,
Z TR 2 Oy S DR A I 5,

FICKIEOMEIZ LD 0812wl &+ 5 0Bke LT, =2v=7 % —,
ReFal, FVT7 4 2AERZDHLH, ZHUOIE—RANTENBRERRE WD,
aryFryP—FL LIRS ND, TOMIZHIRETICHEEYZHE L.
EZRIC LD AR T EECE R A i 2 2 & CTEMIC X 2 BRIl 22 & e 348
BERD D, ERIDTHHEDFRHE A Table 2-1 1ZF & ®7z,

Table 2-1 Characteristic of dispersion device.

Disperser type [Dispersion mechanism Advantage fault
Ejector Air stream
Venturi tube -Acceleration «Simple structure - Difficult to disperse
Round nozzle -Shear flow fine cohesive particles
P . . -Ease to care .
Capillary tube -Collision of particles -High pressure drop
Orifice -Collision of particles on solid wall

Various mechanism
Mi *Acceleration ~Good concentration control .

Ixer . . - Troublesom cleaning
*Shear flow »Strong dispersion force

-Collision of particles on impeller

break

Fluidized bed *Acceleration -Good concentration control *Troublesom cleaning

- Collision with dispersion aids
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TV 7 ARSI Y =y FRREBRRY =y NS 52 (Fig.
2-11, Fig. 2-12) . EBH L 0EE L ELREDORMAEE ) ANVNET 4 7 a— P — |G
M, [URICE > TAELLIAIEEZFIA L THHEZERSI L, [UEERG LT
BT 5, [UEEWRG| SRS LD BRITAE U2 M & OS2 &L -
THERESBT 2, 7 ANVEGHEEIT, 2R EBmEE 7 ZVicEL, EXUC X
D NSRRI O BIWTZ X > TR Z T 2 % A 7 0%EE Th 5 (Fig. 2-13),
Ry F 2 RIS EE ORI % Fig. 2-14 17T, BIIRTR_UF 2 U EDOfR
A — M EMEN R EAH Y BERERORARE I TVDS, A
02— MROEHEIIC L > TAENEL, BiEBAEsns, s n-mik
XK GEOME L OBIWHZ L0 s ib, AU 7 0 AR5 EEIT Fig. 2-15 (2R
T LT, BARLD /NS N M EFF O A S NICERE L2 ETH D,
MiEERIEE EHICAHY 7 0 RATET L, AV 7 4 AFIE TOFRALD2H:E/IN,
BIEKRIZE > T, KO K OB U, & O EEEERL 12 57 H 1 23ME)
<o WIAS O3z Ly BE e —2 (JISIFEME) %, K 1.1~ 2.6 pm £ T
OBIRIZHT L, PNEE5.0~20mm DAY 7 ¢ A58 E LTHY, U 7 4 %
JiRH 8~ 255 m/s, JEFIHE L 20~ 4430 Pa OFAPH CTHOBGRBR 21T 72, ZOFER.
EOFEHEDOMRITKR L TH BB OEETMRELRIENAY 7 0 AN AT
TR TRV —OMIERN RGNS D Z & 2HE L T D,
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Dispersed particles

T Powder

Fig. 2-11 Schematic diagram of ejector.

Ry S

Powder

Air

After dispersion
o
$5.°.0 %
© o og
BO0R p &
Fig. 2-12 Schematic diagram of ring nozzle jet ejector.

Nozzle

s DA NNNSNNNNNNNNNNY

. 00 © Dispersed particles

&\ NNSSN N NN NNNNSNNNY

Fig. 2-13 Schematic diagram of round nozzle.
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Air

o

II

Dispersed particles

7

T Powder

Fig. 2-14 Schematic diagram of venturi tube.

S S SIS UNSNSSONSISS OSSN SIS Y

, 0’ o
Air 3 £ & o , |Dispersed particles
20 3 %e° o g
Powder ® o °¢ o
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Fig. 2-15 Schematic diagram of orifice.

e DA OBEEN R LTzl & LTI F ¥ —IOE N H 5,
X — TS B ORI % Fig. 2-16 154, = OBkl sl a4 % o o
T =X o TA v RXT — EEICAERE LTIz, Ktk R 2 NI G
THIENTED, £ L THEBRERIRMICE > TAE L DN, ST, A
T — L OERI L o THIEE BT 5, BIEDS V13XV B0 (RH
IR W) O EEEHEIC DWW THRFIL TR, 7747 v = (JIS5, 10
FE; Dpso = 10.3,3.8 um) . BI = — 2 (JIS8, 11 Ff; Dpsp =1.9, 4.8 um) % #RERI A
& LTHMBEREAT > To, ZHEORERFD O b, H ORI 5 — KL
FHEBEIIH L, WA THOBSNTWDRFEEZ D HE & ERL T,
IERE RN D Z DfEE R DT,

B BRSO AN % Fig. 2-17 \ORT, RBEER S BT, wEk S8
T RRL T OB Ko THIEZ ST 2, RALFICIE, T A — X8 EhE
TR EPHWEND, HBLTRFIERIIZ L > TEIFN, =7 ey re LT
BN T DA TH D,
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Fig. 2-16 Schematic diagram of mixer.
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Fig. 2-17 Schematic diagram of fluidized bed.
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2-4  RTHMEA

KM ORI - L8 L7 & & R Rl RIS B T10ME & | R 1 DEEE K

SEERIZEBNT, IEFICEERER & 05, AREITIE, RrfAEE L
T—RAIIZH H LT 5 van der Waals ). RS IZEAE I OWCEREAT
Do

2-4-1 van der Waals /J

van der Waals /73R @ < 511 TH Y R+ EEEDBEN T THIERT
5o ZONMEEOWE OABANESR) L TWDE 25, BRREIIZ AR & FF
N A EPEMBEERTHZ k> TEZ S, Z® van der Waals /713
London- van der Waals Bil5i (TM#AYEEGR) & Lifshitz- van der Waals Blim  (EARAY

Him) o552 LN TE %, London- van der Waals BiE@lZ L5 &, MR CTER
HCHTEZR 2 SO E RS FICE < IORT v v VT 3 F—EATIR
R L > TEEITE %,

E,= —% (2-13)

ZZT. o (F72i3EF) BoHLREERE. b, 13nF (£73EF) ©
{ZET_ L?’_E%C’CXDZ) Hamaker *? |345 [ OFH A A/E A7 London- van der
WMB@@@$T/V&W£XW#~T%§M6kﬁmb 2 DOWRRNIZE <
MEFEMZ, Fig. 2-18 (TR X 2 IZWIERNITHHETS 2T X TO o FHOMAELE
MEBETHIZETRHE L, BoNERT UV Uy VR AX—5WNT 5
& T, Fig. 2-19 12T LD 72 2 BROK B IZ7 7 T VT — )L 2 LN T D
XTRIND,

F,=-4d/(122°) (2-14)

CZTAFWEIKFET DHBIER T, N~ —H =T ETEN D, 2 1T558E
PEEE & BRI, — A9 0.4~ 1 nm DfEE & 5,
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Fig. 2-18 Model of London- van der Waals theory.
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Fig. 2-19 Schematic diagram of van der Waals force
between spherical particles.

2

»



2-4-2 FEXSN

Fig. 2-20 |27 KO ICKMAF TR -3 E L TV A 5EA. R FHIZIEEL T O
N TRINDFHFEX D@ <,

1 g4,
drg, 1’

F =

[

(2-15)

T, qi, g TR OFEE, el TBEZEOFHER, r IXhi O R L £
LCW5, ZZChiHOMEEEE r=2z+(D+D>)2 & L. 4BlEREEE z 23 2 Bk
PR AR THIT/ SN E/NE N E X Eq. (2-15), (2-16) & VW 5 & FfrEA
NI EQ. (2-17) THRT Z N TE D,

qg=nD’c, (2-16)

F =ro.0,.d /¢, (2-17)

Z 2 TCo IR mE

Fig. 2-20 Schematic diagram of electrostatic force
between spherical particles.
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2-4-3  YRZEAB T

T 2 205 i O SR TR - AR I Fig. 2-201 [ R4 K 5 RGN A UL A
FEOREBRIFRE 225, BHEIERA RSN D Y,

(1 1)
F =-7nR y| ———1|-27R,y (2-18)
xR TR

T, yIREEROREIESITH D, AAFE-HIIEBEALICKS S, BF2H
ITIRORHEIEINC LD TH D, & 2T, WRIK SRR %2 00 & LT
ZPHEEAZB IV, EHIZRIUE Dy, DAIZH AR TSI/ WET5E, DR
OAPRFELND Y,

F,=2nyd (2-19)

Fig. 2-21 Schematic diagram of electrostatic force
between spherical particles.

Egs.(2-7), (2-14), (2-17), (2-19) TR N A XIEOMEIZ L D43 H/1. van der
Waals 71, $FEX ). WEEHICENZUHMEE L L Cpr=6kg/m’ , u, =280 m/s,
D, = 0.6, k [ &k 2=1, u=1.8X107 Pa‘s, A=1X10" ], 6= o =26.5 mC/n?’,
£0=8.85X 10" F/m, y=0.072 Jm*Z{RA L, HERZ d ik L CHRHB LI-ENnE
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O E N R AR TR LT R A Fig. 2-22 1283, RIS Rb L
B HAERE S T2 OB NS L5720, BTk FHffdEHE LT
7T NI = IVATIOBBEHNTND E L TH, 1 um LU T OEER 1O 4 BiE
WEETH D Z LD 5D,
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Fig. 2-22 Adhesion force and dispersion force per particle unit volume
between two spheres.
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Nomenclature

A = Hamaker constant
D = Particle diameter
D, = Diameter ratio

Dy, D, = Particle diameter

d = Conversion diameter
Ea = Potential energy

Fq = Dispersion force

Fe = Electrostatic force
F; = Impaction force

F, = Van der Waals force
Fy = Liquid bridge force
mp = Mass of particle

4, 91,92 = Number of charge of primary particle

r = Particle- particle distance
Ri, R, = Principal radius of curvature of liquid surface
R, Rp = Drag force

t = Time

Uup = Particle velocity

Us = Relative velocity

v = Distance from a wall

z = Separate distance

P = Constant of Eq.(2-13)

&0 = Vacuous electric constant
y = Surface tension

K K1, k» = Dynamic shape factor

Y7 = Viscosity of fluid

ol = Density of fluid

Pps Pp1> Pp2 = Density of particle
Oe, 0c1, 02 = Surface charge density
i = Compressed stress

@ = Angular velocity
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BIE EEELOEEEMNIEREY -y N INVORRE
3-1 &R

B]J—72 R&E S ORF 215572012, FARIRBEZ AW CHIOR + 2 i LT
DRRPELTZ0 T DT o ARETETHEEICR> TS VO, JEERY - v k3
M. R BIER T D ERR R K o TR S FERE AR T LB
NEOEWEEE Th D, AREEIT, 1R L Om2E0R 1 & BE L oz, &l
LIROBIWT 112 K » TRBLF 28 U CAMET 5, F72PNERIC I8 E L7 gl
Tl Chiom DA G 2 5 = LINox 4 L 5T, A<=l
TR HESHLD 3T o A % FH L 7= 53 RS HE & F5 - 7o e . R K & X i
ST 2155 Z LN TE D, TOORMPCERN, BB, ¥73 v
7 AR EMRIEN DB THHA SN TS, ZORERY = v NI VOBIEA T =
RARGEA T = A LIE, THIVECTERE < OFERM, BRI R TTHI T
WD P BEFEDBFAEDIE E A E B 2 WL T OEIEMNTTd 0 | FEREOHR )
R & 27 AR s DRI @ < &R B U, B8R & it L T 5,
Pl ZAFHA S T, ZER O T R RSy & BERR T 1A RSy > DRI
< NERD, By 8T A XOFEBFIEBIORATr—AVT v 7 HiEZRE
LTW%, L22L 2 KRIEDOETATIE, Y=y b ILVANOEM 3 IRTTZERI
NERFICETZ LIFREREEE VWX 5, £72 Levy & Kalman'"id 3 RotD¥
Y32l —arTVxy hINVHNDOZEZRNDOEN 2R TNDHD D,
ENOZEL[IMIVIE THEMETH Y . K[IROEE 72 SN TR & ¢
WA BIR Oy £ T LN TE T,

Z I TCARETIE, M ORERBREBRF LT = v I VORI
mEEELZ &, ELTCZOMIBTOZHIA TN =ALEHLNCTHZLEH
& LTWD, ZNETOMENE, HEOHOIZY 7 ERE L, METEE
T VAR AE T 2 BEE D55\ W ZEKFEAUC T - CTHEBN T2 Kb - OHEH 2B < 2
T, LB B ERITE A Y 2y FIAEBRREL TS D, A,
TOEEEHNTY =2y FIVHNOZELFTNO AL E TV, TRAREE AT
(Fluent ver.6.3, 7> Y AV ¥ /3) Zffio THOLNIZCFD ¥ 2 L—3 3 Uik
REDWKEIToT-, IHIT, HAWKRTEY U7 E S 221 S8 Tofkali
ATV, DFERNSEMY S 2L —a v DB EIT- T2,
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3-2 TVzxzv bINVERBEOME

Fig. -1 ICZNFE TORFHI Lo THA DB LIV = v b I LVOMIKK %2 7R
T, BEEANZHNDERT, EEMEICH TGO T ) Z0is bR T
WMo THIAT D, B TH D KR FIIAR vy "—nb AN, =¥ 7 %
— T = —TRAESEERG RN L - T, EEANOBIET ISR D, K
RT3k 7[R £ D ERERLEL DM S L > TR SNZRRN 5, EEPLICSH
L AEIZ > TEBEIT 5, RLFB3HRAT L TWARL, Fulizmho TE < 22
KN LV B RERBLONPRAITEHS 2 & T, K FRHAE E ClEA T
BEAMCHTIT Z 2 2BV TWD, TORE, 63k L0 LB & 85,
ELTHEAZENTE D,

FERIEL Y = > b IV ORRESOBETPEIZIE, I ER LR nWE EH OIS
BlEET DR GEKTRN) BRAEL, OB DRMEGEZ B ST T
LENN B D, Fig. 3-2 12, REOICE G LT KRR 2 P b O RREfE =40 mm,
Z LTSGR LE S (A) & ERESREHB) bIEA LTEGE ORI ELRE R %2 =
T, RBAHUE LT WK I FRICIIKR E# A L, 2 ZViITfE O Reynolds %%
EELROBEICEPETHALTNS (Re=41X10° ), BEITRT X I,
EBET R DK A TEAN LI2GA ., KIERIEH £V HERT 2 2 L 22 <l
Mo TIALTWD Z ENDND, 202 & L0 BEETE: ClERNT Dk 713,
ZERDREFERE NN & T/hS @O Lozl ot Fihv 2 KRBT
THLRBICHOEETEZELCHEHLTLE» B2 6D, HILIBRLE
Vxy FINTIEH, ZOHHBEHIET D EITMOT 572912 ERBEHEIZH - T
EE TSR AENESELHAOY) V7 2RI TW5E, T2 TAZE IR, H
OV T OMPEERFT D20, Vo 7@mE%E 0 - 13 mm ICEEMICE (LS &
7= & & DR IEREEZHIE LT,
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Fig. 3-1 Cross-sectional view of the jet mill used in this study.
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(A) Injected at the center (B) Injected near the upper wall

Fig. 3-2 Flow visualization of the circular flow in jet mill.

3-3 EBRFEBIUER
3-3-1 EREBBIVHE

Fig. 3-3 {2V = v b I VOMIEERE & fkMEREZ IET 2720 DO FEBR 7 o —
BT, Vv IV T AR Y =X TARE (XA v orry, =
#LA3y) 2V, RBHRRBIIIEEMEE ((KREEEO TR BLZ
500 um) , SrARERBRICITFRTE L 7o (RBEEEO AR 10.8 um) %
AW, 27V 2a—7 4 —F—%MLT500gh' TP= v bINVTERMIE LT,
FrVxy FINMTHD 6 KOBWRE) AT Z25)E ] 0.6 MPa O [ fEZe % % it
L, & Ain 100 m/s O E TG AR LT\ 5, BIERZ kG L Th
515 REEE L%, Y= v b IV D SR & ki & L TR
L7z, £ LTCEIN LZBIIER OMAERERLE - RFECTHIE L., Eobi 801
& ERMETE  (Coulter counter, Multisizer 2,Beckmann Coulter) (Z CHIE L7=, [A]
BRIC, HERZIC Y =y F IVANOFRF L TV DR Z ofkkilfy & L TR L,
BE O FEDMERNE Lz, £ L TEamkehiE n 2k TEEB L,
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(Dp)= m,q,. (Dp)dlogX

m, q,. \D,)dlogD, +m; q,,(D,)dlogD, (3-1)

ZZT mel mdImimEs KOG OERETH Y . g L gudd, K
FEEOR FRBESM Th D, Yoy M INVHAOK Ik SRR b
TSI TS LS R o TWND T2 0 mafkhZ®En 13 = v b I LEERTZ (2 [E]
I U 72k & ok &2 FE Bl LT D, D F D Eq.(3-1) TR O 728845 Ak ah =R
I, Yz FINVOMIEREEZR L TS EB VD,

Feeder

VV NV V VY
Pre-pulverized

polyester resin

U ]
Comp. i )

Jet mill

A\ ANANWANWA ¢

>

Bag filter

Coarse powder ( Collect fine powder)

Fig. 3-3 Experimental setup.
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3-3-2 EBRER

Fig. 3-4 1%, JEEMRORI F &S E P =y FIVOHAO Y 7 2% E L TV
2N G D R & 3 R ORL TR 53 A & o, MiElhiE, AR o [
WNEE V=Y FINMICHEA LR OE R Z ZE L R MK cE L
TW5b, 2B Fig. 3-4 ORiF£454m 1% JISZ8819 [CHll» Cit# L T\ 5, F7-K
HIZiE, Y=y b IR ORLE R OB Lok A b ELE T 5
N, ZOTTINRTEIC, Ve FINTEBATIHIORL FE0MAE, V=
v N VILERAZ I [ U 72O 2 DR T DR ORI R ARIT R Y |
B 11 um 205 9 pm 2/ E L e o T D, Alal, fkIEEFE L TR L 7=
FEZ W TWA 00, Yy hIJWZET I E T 10pm LA EDN Y Ok
TSI, 2~8um FT/hSL RoTWNH EEXI LD,

MOV 7@Ea2bst T, R AT ARIREE ok Lz & Z O ok
WA Fig. 3-5 (12T, HAV 7 @I h=0mmEE, SF 0V PpicHD Y >
T HFT TWIRWKED 50% 0 v AT YA XE, K14 um Thb, —HFHAY
VIERTHE, Vo EmESERESTHICONTH AL A =4 mm TH 6 um
ERMEEE D, EBIZY T OEmESE4mm NS 13 mm FTRELSTHED
Y N THARXFIRELS D, VU TEmES e RE L THUIKRBL O Z B Ik
T&25 T, Vo ZIBEOESEEIIEMT S, 20D 2 DOEEDNT A
TRFEBMNIZ L.V 7 &S & 4mm Ty M A ARE/MEIZ -T2 25 2
b5, MR TORFEBFOZERIC OV TR, WHEHOHEY S 21— 3
IZ X BT Cib )%,

40



N

T T T]
Raw

material ~ |

w
\

S}
|
Q

\
RN
©. ~
a—

Particle size distribution function

normalized by mass of raw material g, [ -]
- ®©.
\B\

(e}
203
20}
:
Q
®
N
'h
—WDKZ

5 10 20 30

Diameter Dp [um]

— g
[\
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Fig. 3-5 Relationship between ring height and fractional classification
efficiency.
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Fig. 3-6 Effect of the ring height on the particle size distribution of
products (fine fraction) for two different feed materials.
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BIMASHE, SHEOBEINWY 2 /NS 2D ETHRYVIRLIEEI T2, 7
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FLEFBLTHELTWS B, ) XU LRAT H2E501F, EREEE L I12IF
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R[IENEZFHE L%, 7770V OSBHEET V&2 AW TRl 2 35 L
72, T BARE T, RTREOEET LR, k3 S T RITH oK
HITFEIZ—ETh D, A FIXELQMIVCEEL 5 2 7o, K7 & BECIIse e
PERETZE 5 SE L TV D, £IRFHE % 1000 kg/m® & RE LT,
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Number of meshes : 276,000 ~293,000

Outlet

Inlet
V, =100 m/s

Boundary conditions

g Velocity inlet boundary condition:

— — :1: < vertical velocity 100 m/s is inputted to a boundary
[ % O Pressure outlet boundary condition:

¢ 200 mm | 101.3 kPa is inputted as static pressure

< »

20 mm
NN
_ _I‘L
>

Fig. 3-7 Calculation domain and boundary condition.
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3-4-2 FEMRBLIVUEE

Fig. 3-8 I CFD CTRlA L7V = v b IVNOZERF N ERT, Y= b ILE
EOHLERICERE Lz /) AVinb @ OB EHAT 50, ez < K
T O K o THA LI Z&UE E RIS, BT ORBEm T IZH - TH
DT (Fig. 3-8 (a)) ., F7- Fig. 3-8(b)I EEEMUTEE DO FEHR. Fig. 3-8(c) Ik
HOHILNE S TORMR, Fig. 3-8(d)IC FEEHULEF OFARZ TN EAURT, K
O S OZEKIIAE B HEE L TWD SO0, | OBETEE %2 i 5 28503,
MOCEETHETEBEZE 1 FERREL HEVERL TWRY, Zib i
BAERIL, Fig. 3-2 IR Lo AL FEBR L R USSR & W2 D,

(b) Streamline near upper wall ~ (c) Streamline at center of heigh (d) Streamline near bottom wall

Fig. 3-8 Calculated streamlines in the jet mill with no ring installed.
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TAGBIZATVY 7= 80 mm Tlix, BEUTF D AN A D 9 DTN TEY . K
DZELTNL RS N[> TRV T W W E30n D, r=50mm OEE . B
LR 43 D ZE U TII R Z 7 I 0ME < 720 AMANZ AN » THiiL TV 5
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KRE VI KRE L o TWb, —J7, Fig. 3-9b)iZR-d KL 91T, FEELEE RSy
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LI ORERREIZEMIT/NEL o TE Y, Z OMRE O/ S 7 &R0 KokL
FTETHHLIZMD - TGEET L & bt s,
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(a) Radial component of air velocity (b) Tangential component of air velocity

Fig. 3-9 Radial and tangential air velocities at various radial distances
without ring.

Fig. 3-10 i24mm O U 7 &2GRIT T2 & & ORI mEE v, & R 5 I Vo
Za9, Fig.3-10 (@) & H T 5 & PG MEERE = 30, 50, 80 mm D -£% 7 [A]
HWESHITY 7L OEESMAEIEFFER T THD, LL r=24mm 2BV T,
o4 ﬁmLF®W%k%wu%mTﬁ®m@Lﬁ@k%ﬁ%ﬂ BB 5, &
DOFER, R SR> & H D E IZ M- TEENT 58, ORI HIZiITRE 72
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Fig. 3-10 Radial and tangential air velocities at various radial distances
with ring ( h =4 mm).

Fig. 3-111Z, Y= v F I VN TD 1~10 um K -ORFEH 7R -8R 2 97,
Bi1% BT OBETEED 2 AT (Point A, » = 80 mm, z = 9.9 mm; Point B, » = 80 mm, z
=-99mm) NHHALL, HOU 7LD Fig. 3-11 (@QIZEHT 5 &, 2 um b7
FIE EEERIZIG » THRIZR2> TR 5, £ TREEICTHR > THEENT S 2
um R 1E, HR I O BERE O R IR A EiE L2 T AU B3, E ok A E
WT DRAITIE, BT RERBLIDGZOND, ZOZE LY, TREmIILE
DFEFETAVCRILE S D KB 23 H DZ M > T35 2 &7, &I 4
mm OOV 7 EFTT25A O Fig. 3-11(0)ICE BT 5, 2 um ki 13 _EEER )
5 B THERIYE D3R\ EIR A i L 72 1T V72 B 720z, AMANZ M Ao T
4%, LEDZ &, HAED YU v ZIE KR+ DOHH 2B 1k 2 % 23 &
HEWVWZ D,
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Fig. 3-11 Typical particle trajectories in the jet mill with/without ring.

Fig. 3-12(2V > 7 & S &2 0005 13 mmIZ B L S/ 7= & & DokshE n 27,
BE ORI %, HON S+ THOZEBRIMAI TH D 7 Avind bEEn
TWAHHILE (r=90mm) NHEAL, FRE S OR A DORFRL 2 HH L
TW5D, R ANLE E ZELTHRAGD ) ATk, AQnbA LEEn - H#
e LTZDid, AMEEOFADIEF M TR o 2 3135 2 &2
TERDSTTDTH D, £ ZTIERE RS> TS =90 mm, 9.6
=z < 10mm DSR2 RALE 28 AL 0.4mm OEIX, Fig. 3-9 (a)
NS X DT, EEETEEOREE LT H D 9 TEALONEED B 0.4 mm PIZTF
FELTNDIENBRELTND,

RGN RIFRKTE 2 B D,

J.[L V(z)dz

J: V(z)dz (3-2)

2T VRS MEE, LT AR L= 0.4 mm), 7 [ZERFEHF 2 R
TR OBAEND FEEREHR £ TORMECH 5, RIRLFEURO B ALLE &
FEEE OB OBE AL, Fig. 3-9 3 X OVFig. 3-10 OFE R HITITER E LT
T2 ENTE B0, EqQ.G-2IFkE 725,

n=(L2-]2)/ L% x100
(3-3)
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Do
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WM hZAmm NH 13 mmIZKRESTDHE VAL 8m/s 206 13 /s ITHEINT 5,
AT o1 O R F R, BB ORI < =0 L2 & o
NWNTUADHTRRATRT ZENTE D,

3zuD,V, =(/6) Py Dp3 (V92 /r)
(3-4)
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Vo7 @E% 4mm LV HRELTDERBORKRFENRRELIRDI L%
BT T35,

Ly alb—yvaryTEONED Yy AT A X EEBRTEONZ T v
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DIy FEATHA XX 6 um L7725, FHEMGREFERFERPELLHEITIL 3
DOERNZET D, 1 20T, Y=y b INVPHITHAFBIF(ELRNE EDZE
RNV ERL T RERECHEL TND EXOEKMIUTRR > TND I ERE
Z2bN5, SEOEHEY S 2 L—3 3 »TliE, SIREOR A & 22RO A E
ZEE L TR, ZOMEEROREIL, EREEDOENERIEEMEI I 2
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Fig. 3-12 Relationship between ring height and the calculated fractional
classification efficiency.
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ARBETE, V=v b INVBRTOH DIk T2 KEESED Y 7 O E % i
F L., BEETEE O 2R TRAVCFES 2 R O 2B < 2 &N TE 7,
CFD v =2l —va v EH0nTy =y b INVHNOEKINEFENT L, FHE R
ERLERIC X DR A LT, F0BalBk2 =L, CFD v = L —
VaryTHELONTEEMBREER L, TOMBR. UTOMmaeHEsZ 3T
7,
it oo bR REmT RS ARG 22 ki EZ . CFD v I a2 b—v 3 UiT ko
THEARGEE LS HET L2 R TED, 207D CFD I 2 b—3 3 U,
Vv b INVHNOBMRELI RN AR T 262172 FEEE VW2 D,

B D RMERE A T D72 0IIE U 7 DOmE S Z 4mm ITT 5 2 & DK
LR TH D,

EEBCTHELNTZ Y vA 7Y A XE, CFD v alb—varyTELNED Y
FAT7HA XL RELS D, ZOEEOEWVT, EEOY 2y FINVNT
X, B RATREORL - & QUKD AAER N H D Z & & R IR 1T &
STHRAFENEAL LR OGRITLTWVWD I, ZV I HX—T 4 —F—|ZL5D
TENERELTEZLND,

Nomenclature

D, = Particle diameter [m]
Dpso = Mass median diameters [m]
Dyo9 =99% diameters [m]
h = Trap ring height [m]
L = Width of particle generation (L = 0.4 mm) [m]
[ = Distance between the starting point of limiting trajectory

and the upper wall [m]
me = Mass of classified coarse particles [kg]
ms = Mass of classified fine particles kgl
Gre = Size distribution function of coarse fractions based on mass [-]
qrf = Size distribution function of fine fractions based on mass [-]
r = Radial distance [m]
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1y

2)

3)

4)

8))

6)

= Reynolds number [-]

= Air velocity through nozzles in jet mill [m/s]
= Radial component of air velocity [m/s]
= Tangential component of air velocity [m/s]
= fractional classification efficiency [-]
= Density of particle [kg/m’]
= Geometry standard deviation [-]
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Heater /

Thermometer

Temperature :240 L/min l
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Membrane filter
Cascade impactor
10 L/min
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Fig. 4-1 Experimental setup for measuring particle size distribution and

of agglomerate particles.
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monomethyl ether (DEG) & 7&K (H,0) Z4HBhAlE LTHERALEZY Y, B
HOWPEfE % Table 4-1 1277, E~OPAFIOFRMEBAIZI I —2 A4 T D
FEEMIAESH (Hi-X 200, A= 2=7 U v 2) v, FTRAKC=Y
TV RN L, WRIZHOEBEIHFZ 5 %N L 7= O B PR 3 E 3000 min™ T 5

éj\FﬁﬁYEb/E:\ [./ f:o

(a) (b)
3 L T T T TIT7TY 1
[| ® Ni primary particle
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= 2}
= :
- L
g 15}
=] [
o [
@ L
w 1 -
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Particle diameter [um]

Fig. 4-2 (a) SEM photograph and (b) frequency of Ni primary particles.
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Table 4-1 Physical properties of diethylene glycol monomethul ether and
distilled water.

Formula CsH1203 H20
Molecular weight [g/mol] 120.15 18.015
Boiling Point [K] 467.2 373.15
Density [kg/m?3] 1017 1000
Surface tension at 25°C [mN/m] 34.8 71.8
Viscosity at 25°C [mPa s] 3.48 0.89

4-3 FEBHERBIUVZE
4-3-1  EGHERER

Fig. 4-3 [ZJF77 0.4 MPa, IRJE 25 COJEMZERIZ LY LT = v 7 Vi OkL
TR RT, RBRIXIZEBWT, Fig. 4-1 1R L=y 7 VRO 1 KL
PREEE AR TR T 2 0 Th 5720, AU LD EBRITFHRICHE
LT L TWD,

,p C
D L= D . Ips ¢S 4-2
p P ppacca ( )

T 2T Dl ZZER IR, Dpstd Stokes £, ppald 1000 kg/m’, ppsld = v &7 /LUHi
TIEE | ColTZER T FARIT KT % Cunningham M 1IEAREL. Cosld Stokes £EIZ %3
% Cunningham i IEfRELCTH 5, st 18 L 72 IR OB 5 AR 23 1 kL1~ DB
FERAIZIE ST E, BERIIOHEINTWD Z LIz b, Fig.4-3 X0, BhA
ZWML TR =y IV CliE, ZBRFE 10 um LA EOH KR -3 2% < 15
ELTBY, 1K FOHMEITE AL EER > TRV, —J H,0 X° DEG ¥k
IMUTe = r Wi Tk, L OFIE 3B L, 1 IRKL B ORL B0 AR 1235
WTW5, IRINL7-BAIO H,O & DEG Z#HEd 2% & HyO 23N L2k o
BLAEDADOE—27 0381 2~3 um THHDIZK L, DEG TiFA 1 um Th 5 Z
EE, DEGIZH,0 K0 b= VoS EBIFNCE L TWD Z ERbb,
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Frequency, f [-]
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[EEN

Aerodynamic diameter, Dpa [um]

Fig. 4-3 Frequency of Ni particles from those prepared with various dispersion aids
( T=25C, p= 0.4 MPa).

Fig. 4-4 |ZJEMEZESUET1% 0.4 MPa —7E & L, JEMEZERIRE 2 25~120C £ T
Tl STy KA 20 LTEEAIC OV T, Eq. (4-1) X W KD 7T-08E %
EEZeRIBEICH LT ay b LIEZb D ERT, %ﬁ%L%iUmo%ﬁML
%:y#W%?i JEAEZERIRE ZEm < LTHOHES IXIFIF—EIZR > T

‘iﬁIEG%ﬁMLt:/#W%@ PHUE \§%m§%ﬁ<#émom
fk%<&@1mcuif IEF—EDMEE E->TWNDZ ENRPHD, DEG D
ﬁm\mﬁ%m<#ék%ﬁ%ﬁwmé<ﬁétw B TR S AT ik 4R
BIC L DAENTWD L, BirooMEtE S5 2%, £7- H0 % BhAl
ELTEGE, BEZES LTHDEENZIEALEZLL TWARWER E LT,
= VB OREHERSE S DEG L1372 > Tnb 7 tEZLND, FFLVES
1% 4-3-2 TR D,

Fig. 4-5 12, JEMEZERIRE 25C—E L L, ENWEE{bSET=y r Va0
L7 & EDEMZERIET) & GHMEORRE =T, JEMEROETZRELT D
ELWVWTHO=y VB THEHBEITIRE<R>TWVSH2, DEGEIRINILT-=
o IV TITERICE MR EERRE LS o TS, ZOZ EnbEHFIE LTo
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DEG DL, EMEZERIEN PR E K THOBANREWNGEITmBO THAZITH
HENR D,
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Fig. 4-4 Dispersability of Ni particles dispersed by compressed air of 0.4
MPa with various temperatures.
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Fig. 4-5 Dispersability of Ni particles measured by compressed air of 25°C
with various air pressures.
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Fig. 4-6 (2, ELPI ™ 13, 9, 8, 5EH (FEXFEIT9.98, 3.11, 0.768,
0.204 pm) (ZHEE S NTKLF D SEM B2 4, LEFOGEEIIBHIE L D56,
FHHNDFHEITDEG % 5 wt%il L7286 T, £ 520k FICF# Lz fRilN o
AL, E OBt SN TR+ Okt 2 EEHA %2~ L TW\WbH, SEM
FEBLIOVEEHENO, BATINAEIC L > CTHETHIE S NICRL O R X
ENRER S TND EEZBND, Fig. 4-7 12, ELPI K RICHE SN = v 7 Vi)
@ SEM #8705 3R D 72 1 YOk O EREEMESE 734 &~ 3, B A EE L 085613,
9, 8 X CITRIFRAMIXIFE—ETH DD, 5 BeH TR~ KE < BT
%o ZAUZXF L DEG 22U L7256, 1 BT O5AilT 13 BRES SEEA T
FENIZERESE LAY, 13 BEAB L 5 Bk H® CMD (Count median
diameter) %Z:K7=L Z A, B L TiX CMD;;= 0.27 um, CMDs= 0.16 um,
DEG Z ¥/ L7284 TlE CMD ;3= 0.24 um, CMDs=0.19 um & 720 . BhAl &2 ¥R
MUTe=y T VDA 37 ZDOEBICE D CMD OZEbIF/hSV, ZOREHR
£V, DEG IR L=y 7 ki, F& UTERERSE LTL N7 X KT
kS, BEERARZRER L TS 1 IR FOSMITIREFELWZDIT, A 3
7 ZEBETO CMD 2/ hanWeEEX Hvd, ZHUTK L, AL o=
DB E BEERL I 2, 1 WKL ICE TS NIZR F 03k S b 72,
A LRI KRBT CMD LR REWE b,
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Without dispersion aid With DEG

q (a) 13 stage (68.6 %)

15 stage (o 25 %)

Bmiv\ 5

Fig. 4-6 SEM photographs of Ni particles on various stages of ELPI :
(a),(b),(c),(d) without dispersion aids; (e),(f),(g),(h) with DEG.

66



Frequency [-]

T 5 T T T L B | T
Air pressure 0.4MPa Air pressure 0.4MPa
4t - 41 -
13 stage g
3f A / - % 3F
s
o
2t . / - b 2+
stage_ !/
9 stage
/
1 53tage\ii W 1k
I~
0.01 0.1 1 0.01 041 1
Particle diameter [um] Particle diameter [um]
(a) Without aids (b) With aids

Fig. 4-7 Particle size distributions of Ni particles on various stages on
ELPIL
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4-3-2  BERTOBIE

Fig. 4-8 (2. 0 ECT D RID = > 7 )V Oy RRE 2 6 FEEMEE Ty LI 55 %

9, DEG ZMNINL 72 W56 D= v 7 VR & 280K DEERIR TH 2 DIT%f
L. DEG ZiFMUL7== v 7 VNI N S 7B B IR DS TH Y . K& /pZE
AEATHHETHDZ ERb)D,

(a) Without dispersion aids (b) With DEG
Fig. 4-8 Photographs of Ni powder before the dispersion.

WAl 2 I LT E I L7256 T, ELPL BRI IS 1 IR 1D
CMD 272> TWBH Z & (Fig. 4-7), F720HETOMAERE OMEER L LTV
% Z L (Fig. 4-8) o, HEIFI ORI X » TEHEEROEENE(LL, =v
TV ORI EL TNWDH D EEZILND, £ 2 CTEMESIEZ 0.05
MPa, 02MPa, 0.4 MPa CELIE T, FIENTHRHS BT fFE2 AT LY
T4 THIE L, R IREBIE LT, Fig. 49 127 4 VX T LIz=v /7
VO SEM B % 77T, I BEEEO EICIE, = v 7 VEERO AL Dsy.
FEEe, 7T AXY hbaZmrL T35, [£710.05 MPa DFF, BifIH T SEM
Ga i 5 L, BIAIEE L OSA TR FNBICES LK E LR EEER
Lo TS, ZhUZx L DEG 23N L7856 OREMRIL, FEERIE OBEESLA
2 b, RIS O H D EEME L 72> T D, MEE LT A7 K
HOBPERERPO S, BEERORE I ERRPENL TWDLZ ERbD, 72
BIEMEZESIES] 0.05 MPa (%, 0T D720 D/E & LTIEHEFIT/HIE W, 20
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72 8J£71 0.05 MPa IFf D SEM 1%, 75T D AT OEEIRITEVIREEEZ £ L T
HERDOND, WICERIEN 2T & ZORMEROERITER T 5 & BhA
BLO=y F WV TIIERENZREL T HITONT 1 RISV VISR 723
HEMT 2600, KREZRILROEBERITS £ 0 LT v, —J DEG 235
MUTe=y 7B O%E TR, BRIENZRE T DHICONTRE REHERD
FIE D RIEIZED LT D, MIRWEBIRKL 7238 2, 7 A7 Mlab BIFHE L
DEEITHRTREL o TN A,
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Without dispersion aid With DEG

(a) Air pressure 0.05MPa | (d) Air pressure 0.05MPa
D5y =8.5 ym, ¢=0.79, o= 1.37 | Dso=4.8 um, 9=0.72 o= 1.40

¢~==ﬁm

(b) Air pressure 0.2MPa :
Dsg=4.8 uym, 9=0.72, = 1.41 ||

E=
Q; e L

(f) Air pressure 0.4MPa
0=0.74, o= 1.60

Fig. 4-9 SEM photographs of N1 aggregate particles collected by the filters:
(a),(b),(c) without dispersion aids; (d),(e),(f) with DEG.

U EDOREREIY, BIFIRMOBERIZE > T= v r Vi OBER L 5T 5
FEDNFig. 4-10 D X H IR R > TNDH EB XD, BIFIZHIMLARWGED=y 7
JVEREEIRIT 1 IRRL VIS LT RE BRI TH O | BEEENEISAAET HhL
T DR EALBDBRE N, ZDTDEERENENDITHHLIZ < BEEEE
FZ o DRF B LT 2EF 08305 X ) I L TolntEde, DEG 2N L7175
Ay XV —DRAIZE - T DEG 23k I AV AR, R FRmEIZWAE L2V
WA o F—blp D 2 & TREMSEIIZ L, RFENIER O/ S R 7o Bt R %
T 5, TOOEEERNIIZCH DR TH-o T, BIR & O8RS
ML ATRWTeDIZ, BEENTOSH N T L E 2 DD,
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(a) Without dispersion aids

(b) With dispersion aid of DEG

AR P s

Fig. 10 Proposed dispersion mechanisms of Ni agglomerate particles with
and without dispersion aids.

KK OFREESRE o 1X, Z2fRe, BN Sk, FHE JIFAZEBI L, RO Fm
RIS DEQ. (4-3) THRT Z &N TXx 50,

(- &k,
= @
p

BOEI OB K > TR FEMLE &R E 10 £ 6 6oy E 71Xl 7 OfEN
Bk, BEREZEIET 500 E R 1L 2T 5,

% ZC.DEG RN L7-&ICER T CT= v 7 Vi 2 EVL T DEG % 72838 S,
IHMEZRIE LTz, 723, DEG 2283 X¥ /o= v 7 /Wi X fRET &2 — 0%
DEG #ifLiz=v kB LW &, 2L T, DEG 2 &I H=v 7L
MOBER L REBGITREROBAIZRIN L=y S e E LW & A
#W L7, DEG ZiRNL7=DH DEG #7&% S ¥ = v 7 /LD SEM 5 H% Fig.
4-11 12, EEORIER R % Fig. 4-12 |27~ 7, Fig. 4-11 XV | DEG Z&%% b =
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o TV OREEMEE T, BIFIZRIN L & S OREREIZEAEB(LL T
WZ EDBDD, S HITFig. 4-12 O3 BEURTIEL, DEG Z%8Hi% TIRIXFR U
BELZRLTVWD, TROHDOFRE LY, KEBRTHW-=y 7 Vo mEMER
FiE. DEG W X ok FRmtER 02 b, & 2 WKL RIS TERL S 4 5 HR2R
BHOWDIZE DO TIH L. SHETO PARIERLIZ &> T= v 7 /L OB
ENEL L, BB OB > TELZEEZDZ ENTE D, Fig. 45
IZBWT, O 2RI L=y 7 VI ERIREZ S Ll b b b7
B E L2 728l & LT, HoO IRINOGA Tld= v 7 Wy OheEfs
MIE & A EBACET, KRN D Lo Tclcd Th D RSN D,
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Fig. 4-11 SEM photograph of Ni aggregate particles after evaporating DEG.

1 ] 1 | 1
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A : DEG :
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' o _ ~ Z

0 | H20 (Dry) Without aids
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Compressed air pressure [MPa]

Fig. 4-12 Dispersability of Ni particles after evaporating dispersion aids at

various compressed air pressures.
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4-4  #E

[l

KRB TITRLF T E DB L O REMIEIZE R L, WIKBHAY 71781
VRO GBI RIETHEBIC O THF L, UTOMREZHEDL Z LN TE
77

DEG ORI = v 7 /Wi OKH UGN R TH O . 53HUED 0.17 225 0.52
R 3 fEA BT D, FERBAIREE 60°CLLEICT 5 2 & THlkiX s BT
ET 5,

Bz dsind 2 2 L2 K D mHtEm B R & LT = v v Bl & i
LIRAT D Z & T, BB/ S B OB EMEEN R S b, £ L ChE
TOMNBENEKKT 22 & T, pRERESE TS EBZ2 6D,

Nomenclature

Cpa = Cunningham correction factor of aerodynamic particle diameter [m]
Cps = Cunningham correction factor of stokes particle diameter [m]
D, = Particle diameter [m]
Dy, = Aerodynamic diameter [m]
D s = Stokes diameter [m]
F = Cumulative percentage of undersize [-]
Fy =Cumulative size distribution of primary particles (fully dispersed) [-]
Fa = Adhesion force [N]
Fyq = Cumulative size distribution of dispersed powder [-]
fo = Frequency of size distribution of primary particles (fully dispersed) [-]
fa = Frequency of size distribution of dispersed powder [-]
kn = Coordination number of particle [-]
a = Aspect ratio [-]
y/j = Dispersability [-]
€ = Porosity [-]
Pra = Aerodynamic particle density (= 1000) [kg / min’]
Pre = Particle density [kg / min’]
o = Dispersion force [Pa]
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1)

2)

3)

4)

5)

6)

7)

8)

9)

= Geometric standard deviation [-]
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BEERL - ORERL L TV D I IRKL - ORE SDNENT 5 Z L nbio7z, £72DEG
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LT UE, DHEORFOWERLENT LI ENEXLND,

5-2 SEOERICBIT S ENTEBEOEL
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BRSO L. 22T 7] 0.4MPa, ZERIRE 25COLMTHELT-, LT
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TREOMWIER 1 Bl ST/ PRLF DR E AT LT 4 Z THIE LT,
A AT E T B CHREZ L 72 300~600 fE D RN T DR/ 7 = L—1% Dy, K
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BAETIX, TEBEBATEICEETE L1 /37 Z— (Model AN-200, H 5L
ALy 7)) ZHNTWD, REEE TR 8 BEDOE RN ZRKET 22 LN TE,
KBEDOH Yy MAT7RIF 1T pum (0BH), 7um (1 B H), 47um 2BH), 3.3 um
BEH), 21um (4E:H), L.lpum (SEEH) . 0.65um (6 B2 H) THDH, 4l
FRR DMWY | WERZTEO 1 BEOAZER LT, =y 7 /VEER & il
SHETWD, ZLTA R T X —THitE LToRERLT- & A /37 X — T3tk
TERD o TR T T ORI 2 A7, Lo>L Fig. 4-6 (-9 & 912, 1E%E
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NTBER D7 2 L— BT A7 MNEERET D ENTERhoTz, £
ZTCAENE, AT VLT N ETHELL=y 7V OHR T T2 2 & &
L7,

Temperature

25[°C]

|

——

= o-dly

‘5 / MFC 1 L/min

Membrane filter — l
Cascade impactor \ }%
*<D —~L L

@*Q*%— @T

HEPA filter MFM }% 27.3 L/min

T

Fig. 5-1 Flow-sheet of experimental setup.
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Fig. 5-2 Definition of aspect ratio.

HEIRRL T2 ZFETT U X LB L TW A 5E. BN FHEYE Dyl
Eq.5-1) THRTLnTESL Y,

Py

( 35 1230 J
(ln(Zap )— 0.5) (ln(205p )+ 0.5)

D, =15D; (5-1)

Dpa (T 28K 1RGP, DAFMEHERS . @ 137 A7 bk, p i3k THBIETH
%, Eq.(5-1)%. Fig.5-2 127 NiKi+-DOEHER @A+ 2856, Mtz &
INT 2 b—RITED L, R EEpICRIER ZBETHZLICIVEATE
HEEZEZBND,

p, x ¢

[ 385 1230 J
(In(2e,)-0.5) " (in(2¢, )+ 0.5)

D, =15D, (5-2)

Oy BRI DWEEERI A% 1 A /r— R A X7 X — (T3l 2 & TLER I Dol
LKA DN TRETHY . oA v 7 F—Z@ilB LIzkifa AL T L
T 4 VH THIE L THEBRNT 2179 Z LI XY Dik a2 RETDHZ LN TE
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Bo ZNHDOT —H % EQ.5-ITMRAT D Z LT Ko TEERL O BT OFE
KorRODLZENTE D,

5-2-2 EBRRERBLIUBZE

DEG Z¥#N Liz= v 7 WV &2 2855 1) 0.4 MPa, ZEXGRFE 25°C DR CTortik
L. B RIZA T L7 4 0 2 THiIZE L7z Ni KL SEM 18 % Fig. 5-3 1Z7R
. DEG ZiRNL7c=» 7 vkid, MiRWEIRK 7L 2> THIML TS 2 &
Db, 72 Fig. 5-4 IZITH/N7 = V—RRICKHT 2T AT NbeOp i E~T
D, B/NT = L—£8130.08 um 5 2 pm, T AT BEIE 1 05 5 RREEICS A
LTI ENLND,

Fig. 5-3 SEM Photograph of Ni aggregate particles without classification.
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Fig. 5-4 Aspect ratio of Ni aggregate particles without classification.
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WRIZA 87 2 =B (0~6E., B> FA 74 11 pum~ 0.65 um) Z @i L
Te=v WD SEM B L, F/h7 = L—RET AT NMEDORfR%E Fig. 5-5 12
9, 0BH (11 um) 2253 H (33 um) @i L=y 7 /L Tid, &K/
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LTEY, SEH, 6 BREBZ@MB L=y 7 VpiE, SHICHITT A7 Rt
DINESIRRIANEL 2o TC D, £7- SEM BEE TR SN D = v 7 )LDk
BH Vel 7zoTnWAHZ LD, 4BH 21um) LEORAT—T T, K&EL<
INOBLR DEEERL 1231 X7 X —|TEE LIRS TWD Lz b,

A R B —% B i LT B R DI 2 el 5 72 Fig. 5-6 12 3 Bt
HE@®L7=y b 4BEEZEH L=y 7 VOS5 %, Fig. 5-7 124
BtH & SEH. Fig.5-8 125 Bk H & 6 BtH 2l L7c = v 7 W O340 % bl L
TRT, 2BINLDOXKFIIL, EqQ.(5-2I2A /30 X —KEDh v NAT78RL
BHERL T OFIER =03 2 RA L THEOLNIR/N T = L—R Dk 7T AT bk
a, DR Z R LT\ 5, Figs. 5-6,5-7,5-8 ICHBW\T, KEDA /X7 X —% il
L7zhi -7 vy b, R =03 & L TROZEHBROLEMIZSH D Z LA
bind, ZOZEND, BRNFEFE33 um L FO = v 7 )VERERI 1 D225 11
FAERIE, /N7 = L—FE Dy, 7 AT bba,, RNTEE p, % V72 Eq.(5-1)
TTHTHZENTE, TLTARERTHW = v 7 VEERL 1O BT i
KplibkZz03ThHd VXD,

Figs. 5-9, 5-10 {2, DEG ##sN L7256 E IR L2256 0 4 B B Zalim L 7o
=y ITNVRBIOSS BEEEZBB L=y T O T = L—8 De& T AT K
a, DB E T, BIFIZIIN L2 =y 705G DEG 23N L 72kl
NTT AT Phep <2 ORLF-932% <. = 70 T IRKRLFAEIZITV 0.2 pm D
INRERIGRL T DEIGINE < Te o TWD, THIIRIE TEL Lz, BiAlZRmL
RN= o T VEREIR T, B A i S5 2 & CEMERRITICH DR
5 1 EF o8N D LY IComnstEiel v DHEEEZEF T D b0k
WR D, FEBFIEINAEEIC) D 5T, Fig. 59 Tldm/N7 = L—&E03K 1
m LA, £72 Fig. 5-10 Ti349 0.7um LLF OFEIRIC 7 v » R EF LT 5, B
FIRINA FEIZ D00 B3, 2724 3.3 um LA T OEERL 1 D FRIE=R LT
FERILCTHDLEZZOLNS,
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(a) 0 Stage (Dpa =11 pm)

Aspect ratio, ap []

Aspect ratio, op []

(c) 2 Stage (Dpa =4.7 pm)

Aspect ratio, cp [-]
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(d) 3 Stage (Dpa =3.3 pm) 5
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(g) 6 Stage (Dpa =0.65 pm)

Aspect ratio, oy []

1 10
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Fig. 5-5 Photographs and aspect ratio of N1 aggregate particles passing
through various stages of cascade impactor.
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Fig. 5-6 Comparison of Ni aggregate particles passing through Stage 3, and
those passing through Stage 4.
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Fig. 5-7 Comparison of Ni aggregate particles passing through Stage 4, and
those passing through Stage 5.
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Fig. 5-8 Comparison of Ni aggregate particles passing through Stage 5, and
those passing through Stage 6.
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Fig. 5-9 Effect of dispersion aid on distributions of aspect ratio over
minimum Ferret’s diameter for N1 aggregate particles passing through

Stage 4.
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Fig. 5-10 Effect of dispersion aid on distributions of aspect ratio over
minimum Ferret’s diameter for N1 aggregate particles passing through
Stage 5.
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5-3 EHE & B EE O B

5-3-1 EREBRIVFHE

Fig. 5-11 I = v 7 VIR D 3 Btk 3 K OV Sl 24 & & 2k 7 v — 2 7R,
ARFEBRTIT, e L HEEZ FRFICHIT 5 2 &£ 23 T& % Electrical Low
Pressure Impactor  (ELPIL, Dekati Co.) Zf##i/fL7=, ELPIi%, %7V 7 LTz
TT R Y KA BRBE L, AT — R T Z =D AT — VIS
NTIZRL - DEMEZTL 7 hr A—F—ZL>THET D Z LI X VR 28040
FRET DB TH D, RFEBRTIX ELPI OffE#EE 4 OFF (2L T, ki1
DRLTFREFAALZNE T ERERICE AT — U CTHIE SN TR EE &N B3RO,
AT — KA RT R —DEAT —VIHE SN TR DOEMIC I W BAET D
B LD, R A AW THIE L7z,

Ii
n =
C.eQ (5-4)
C = 6M2 (5-5)
Tt p, Dy Ot

2T n TR B 72 ) OV ER, [T A N7 2 — 1 Bt H OEE,
CilIA 37 B — i BEH OEBIRE ., e ITBEXAFERE (=1.602X10" C). O I ELPI
WS, MilZA 37 2 — i BeHOMER T EE, ppl IR FH A, Dyl 7
e tITHERECTH D
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. | Pressure gauge
Compressed air — : 0.4 [MPa]

Thermometer

240 L/min

]—

Bag filter

Temperature
25~100 °C

ELPI 10 L/min

Fig. 5-11 Experimental setup for measuring size distribution and number of
charges of agglomerate particles.

5-3-2 EBRHERBLIUEL

Fig. 5-12 (22851 77 0.4 MPa, ZEXURE 25 CHB LN 100CHMF T L=
T IVE O RR BB T, BRI 25°C, 100CEH L8 TH, 1
ET R TOR IV T, DEG 2T 5 LR F-REEDRKE L RoTWN D,
Z L CHIFIBINO A 3030 B3 BEERRL T O R B n 1325V F YU FE Dpa
D 2 FITIFFHBI L T D, TOL=y 7 VBRI T ORNEREIT, BER T
DOREFIIFI L TNWD Z L2722 D, BER TR LOWEZRIZ K - Thi 23 HE
LTWbSDTohiE, MR rIREICHE L, iRl IR 0 R
BT 2133 Th D, —J7, = v 7 VEHERL T O B 53 Bk O BEH ~0
2E « HAIZ L > TE T TV DO THIVUE, HERITEER 1 ORL - RICEKST
L7gNWZ L2725, BERTHDHTLIERTHELTWDL ERETDH L,
B T RRICERRICR D LB DD, Al HEENRL RO 2 T2
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o= VB O EITEHER £ R ORI L > THELTWS LHEZR SN S,

10° ————————— 10° p—————rrmy
F Airpressure 0.4 MPa 1 E Airpressure 0.4 MPa 1
[ Airtemperature 25 °C [ Airtemperature 100 °C )
#* 10* A DEG ¥ 10° LA DEG A
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o i dispersion aids o) o dispersion aids o] ]
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Fig. 5-12 Number of charges on Ni particles.
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5-4 &

[l

ABFFETIX, L &R o T BERL A OREZFHME L 72 v L7z 0 3
HTEMN, MEEGET A ETEETHDLEBZX, = I NVEEER T OX ¥ 7
78T B—=2a rEEROICHEF L, LFOMREZED 2 LR TE,

Oy H A I ST BRERL T ORE S LT AT N, BERL O FIEE L
HIE L2 R, BhANRIMAEIZ )b 5T, BRI1FHESER O )/ & 70k
LR OFHRITIZEIF L THY, ¢ =03RETHD, EPAIRLO=v 7
T, = 70 1 IRKIAFEICUTI 0.2 um ORI FRNE L Bl Enb, 202
X, BIFIERIN L= Z VB CIIBHERKRE ICH DR 70054 LT o0
MWD X I L CTointEde b LIERIEEDELE L —HT 5,

DEG #¥{NT 5 & i zmil L= F VI ORERPRELS D2 &,
HWEBNELRIIFFELED 2 FIBLERHITLHZELD, = VoS
IR R EDFE I K > TAHELTWD Z EAVRIBE LT,

Nomenclature

Gi = on impactor stage No. i [min™]
Dy = Minimum Feret’s diameter [m]

D, = Particle diameter [m]

Dy, = Aerodynamic diameter [m]

e = Elementary charge [C]

L; = Current on impactor stage No. i [A]

L¢ = Maxim Feret’s diameter [m]
M; = Collected mass of particles on impactor stage No. i kgl

n = Number of charge [-]

0 = Calibration flow rate [min’/s]

t = Sampling time [s]

ap = Aspect ratio of aggregate particle [-]

¢ = packing fraction [-]

Pp = Particle density [kg / min’]
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