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Abstract

The present paper describes the feasibility of cbserving agglomerate structures using the Flow Particle

Image Analyzer {FPIA), which has been criginaily developed for a patticle size analyzer. Observations have

been conducted to discuss the characterization of agglomerates prepared from several slurry systems, in

which agglomerate structures have been controlled by doping dispersant or coagulating agent.

It is demonsirated that several kinds of agglomerates are reasonably observed and characterized with the

FPIA. The experimental finding that the amcunt of coagulating agent has an influence on the agglomerate

forming, suggests the existence of optimal dosage. It is also verified that the shear stress resulting from the

sampling system designed in the FP1A is not sc strong tc break the agglomerates. This result should make it

possible to apply the FPIA for the in-situ measurement of agglomerates in fluids.
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Table-1 Summary of the observed slurry systems

- Slurry

Particle size class

systein Particles Purpose of the observation observed under the FPIA

alumina fine ceramics Influence of dispersant on the

1 . class-G
(average diameter 0.524m) agglomerate structure
alumina fine ceramics Coarse particles contained in the

2 ; : . class-3, 4, and 6
{average diameter 0,521m) fine ceramics powders

3 fused alumlma particles Model agglomer{)tes prepared class? and 6
{average diameter 2.0um) from fused alumina particles

4 fused alumina particles Influence of coagulating agent class4, 5. and &

(average diameter 2.0zm)

on the agglomerate structure

Table-2 Average diameters of agglomerates prepared from Slurry-1 [um]

Sedigraph! FPIAZ FP1A#

Solid concentraticn

[ppm]
Slurry-1 with sodium hexametaphosphate 0.52 1.5 — 20
Slurry-1 with insufficient poiyacrylate ammonium 0.65 1.7 2,6 17
Slurry-1 with excessive polyacrylate ammonium 20 22 1.8 1.7

1 - diluted with the filtrate separated centrifugally from the criginal slurry
2 - diluted with the solution used for the preparation of sample slurry -

3 - diluted with distilled deionized water

[0E
= Solid concentration
&0
= 40 vol.%
B
é 10-1 ~
& 3
E
§ 102
10_3 I il 1 i
¢ 0.1 0.2 0.3 0.4 0.5

Amount of dispersant [g/100g-alumina)

Fig.1 Relation of apparent viscosity to the amount
of dispersant (Slurry-1)
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(a) dispersed with sodium hexametaphosphate

o]

20um

(b} dispersed with insufficient dispersant
(polyacrylate ammonium}

e

20um

(¢} dispersed with excessive dispersant
{palyacrylate ammonium)

Fig.2 Observed images of agglomerates in class-6,
prepared from Slurey-1

—1
20pm
(a) dispersed with insufficient dispersant
{polyacrylate ammonium)

e
20 m

{b) dispersed with excessive dispersant
{polyacrylate ammonium)

Fig.3 Observed images of agglomerates in class-6,
prepared from Slurry-1 (diluted with distilled
deionized water)
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Fig.4 Large élumina particles observed in class4,
prepared from Slurny-2
(diluted with distilled deionized water)
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Fig.5 Images of agglomerates observed in class-6
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Fig.6 Observed images of agglomerates in class-6,
prepared by dispersing WA # 6000 particles
in 0.05wt.% sodium hexametaphosphate
solution
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Fig.7 Observed images of model agglomerates
in class-2, prepared from Slurry-3
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Fig.8 Images of model agglomerates observed
in class-6, prepared from Slurry-3
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Table-3 Influence of the concentration of coagulating agent on the average diameter of agglomerate

Concentration of potassium alum  [mol/1] 0.05 0.075 0.1

Average diameter [ama] 6.6 12.8 10.0
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Basic Design of Heat Conductive Agitating Dryer
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bE&, MR () 3

U=nllaN 1= nDd/U=1/N {5-5)
Thb., TLTOELE L F OB (SIBAL) IS
L7,

HBEEZE(DHD2MICHF T A — X (dp=
0.36 X 10-3m) & Ve, BRlEHE X g & O WS
BEAL SRR O R, DERIE L R (5-3) 10 & AE
HAEOLE % Fig.5-112, EZEQEMOEEIL L S
RO I & Fig 5240 L2z [T 35 Fh & BT
—gh A BHEAET AR

5.2 FREMSAETEREEN TR

ORI 4.4 Q)Y PEE TSI L ST U=0
ELTSA2FETL, bLoFEISALELN
HThH2, PHRETHVCRRSe &b s €%
Bk Mo A~ ZX{d=036%X103m) 2 MH & L
TR ERGAC L AR EEL LT
Fig.5-342iR L7z, IEAER I IE L Che O HIZH
/2128w L Twa (1], FHEM & 721007,

53 HEENEES
WEREMBEEOERICoWT, 3.3TihA:

FEETFNVICE D L, SURBHIEA SR T
FE 171 kY

Com 08 Tn/ 3t = Aed* T/ x> (4-1)

% LG Ta=Ts =0, x>0 (56)
B.C ~ 23T/ 3x) =hs(To=Tim), x=0 (57)
Tmldx=0, x=00 (5-8)

THLZE LR B, Tn  MTBOEEK), T
HFBAEOREK), T MIERMRE(K),
hs @ A3 TCEDTIINEME &k T4 B M OE 8 R
(0/m%K), fZ8] kb
(T Tw) / (To— T} =erfix/2Nat) +
exp (hsx/de+ (he/ Re) 2t X erfc {(x/2at) +
(hs/ Ae)~ert] (5:9)
& = Ae/ Comps (510)
&Y, ZOMRPSEBRRES D OBMHIBY
BARBVRE R, (1/mK) 1
hei = heexp (to) erfe (Nt ) (511)
to= h2t/ (AeCompn) (512)
TEBND, b HRITOERE,
FHEIE R0~ £ (s) O B D ha O FIGME he ik

1000

1 I I I I
WAV —ZAN dp=3.6 X 10m
500 - 8/dy § X 108[m]
O 1% 07—
O 684 25 ——
0 156 56-——

200

Fra(J/ %K)

100

50 L
0.02 005 0.1 0.2 .5 1 2

7 (m/s}
Fig.5-1 —ERAER LN OGS SR
UB L OZEHEES S 0 352 (Dy=0.2m)

1000 T T | |
HE A =LA d;=3.6X 10m
— 500 |- Di=60X10'"m
(¥4
&
£
=
= 5=6.5%104m
] .
e
100 ] I | ]
0.1 0.2 05 1 2 5
U {m/s)

Fig.5-2 _BERER = OEEARE
3R U (Dy=0.6m)
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he=(hs/ 70} 12V 70/~ 1+ exp (T0) erfe(Nro) (5-13)
to=ht/ (AeComps) (5-14)

TiER (31 »(32) TRHE SRS,

BIGEME 2 A AV (de © 0.02m, =4 V&R0 16m,
FoyFpi010m)ilkhFsA¥—2{(d,:
0.36 X 10-3m) % 8k L 7:F5 @ At o1 A L O R
FEU(m/s) O EBRAE &30 (5-13), (5-14) B LTS
DTEE LA OFHEEL £ Fig.5-4il7m L1z,
F A E Ed 4 0.02mB & FO05mICER E
BRE & RHEM % Fig.5-5 0 R L& & RIT S
—Fw i, ‘

500 T T T T
HIAE—XA
dn=3.6X10~m

200

100

e
\

o (/2K
\
\
\o
%

50

’o_/
LT Sldy EX10m] s
O 208 075 EiELS
20 A 556 20 ee—m——
g 150 54 @ —e—
O 281 191 ———-
10 1 i ] |
005 01 02 05 1 2

1 (m/s)

Fig.5-3 AT R )R SR B MR
UZEBRERE S 0 2528 (D= 0.2m)

2000 . :

1060

hcll/m2K)
[+ 1
2

-;B - A o
200 f; ZL‘:ES]G””‘
A5 AV —XB
dp==1.1mm
100 I | | !
0.05 0.1 0.2 0.5 1 2
Ur (m/s)

Fig.5-4 [RIEmIME T A 0V OIEEFRE AT ISR R RE
Ur (de=0.02m, H#RIGFETER)
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2000

T [ T T
HIAE—ZA d=035%10"m

1000 = — 2.0 10°m

500

de=50X10"m

200

A
100 | I | |
0,02 006 01 02 0.5 l 2
Ur {m/s)
Fig.5-5 ®#Ed. 452X 102 ¢ 5X 102m &g o
he O EBRE & B O HIR

6. BRBEROHE

6.1 EMNEE

(1) BRSEELEES LD
BDEBERBEHEL LT
A NEEE TR XD Le/ Di= 12
EdEmEE M e AN L/ De=2~3, EHA
Lo/ Da=3~5(BET)

(2) EhEReR

|43 T30~ 60min, HEim T 15~30minfEE
W,

(3) MHriasE

B RTEAE D30 %R, HB T FHRFFIEO
EOBEEIFRETHL, EHERILHELL
FHEBEHEAFAE T LS, HEVBE S ¢
oo THEEIER+GE LD, FPEeRaRE: 2
o> TIHEEBBNERT L. —REKCKRTHHSL
(B0 mDt— &), EHPRE LS WEE
(UA50.5m/sTRBELVF ) ik, kG & & BT
BoE#EHRIIANS {, THBORREIZLLS
BRI AN S TRBERRI T TS
REECEEELRE (T LH, HFITREL
(D107 mDF — &), HWHAELREWIES
(UA52~ 3m/sTRFE) 104 & O HCRIBERRE D
BT i, BER2JEZ0BEYER
MICEE LT, 36 CAaeReE=0805
FWH B L EEREFOEMREROHLIE S
R L THRERSKEEE A LR LAz, R
I HEEOEE IR 5 (4.38).
SHRERTAMBTHASICL ZRENS
D, EROWRIGAERRES RS T I L



LEETLEBEND L, fEo TREF L >k
O LWFETHAEE S 515 2 L T LR
THRIEE, TOETRTFHOBBEIE SN
5.

(4) FEIC I W BN S METERE (4s) LA &
REOFEMRT R (4)

MEEECHEEERTEY, ArdbAsb i
o TEBLTDS, HEOMERHEL LT,
Ak AeDIRBEMEZHE LIER, HEFSRE
ENTWLRBEDEEE o TI0%EAT—2T
BIrhMok, o GREEME LTI, TES
TEDDLE, LA, 3, I, FRIREOH ST
SNTEFEOME: LTHERP] 252605,
IRERVTAE ADEIEENRS,

{5) EEHEEE, MIEiEEORE W, )

HREEGLY 10 m A — ¥ — O/ FioonwT
D 5T IEOHEIT03~0.5m/sBFic L
BNE, REDHETE L EEEOBBERICE
FTafl, H50EAMBEOHBEICHEEBL
WS EELL. oD EREESEEE
TEhZ L EI~2m/s A EOEBRTER L, i
HaF103mO F — F—CTiE ZORBH ST 28
EThL, Bm/sTEESRE.

AR OERTH B 0ERE, Eishnss
DEFESTEARCTH G, HIRE) S OFEIEIR
atEE PiERORFER TS A,

6.2 FRETETE

FEFURIEM B TR TR 2 B okadt
SRBEESICLY, TRTORSIE FORT
AREOWECER SN, FEERNREEEET
WA RIEIF—E & LT L,

{1) FEERC L DHIREE (R)

I T A Ay L A3 T

BREE b (J/mBK) TIRT &, Re(kg—7K/s) it

Ra= hrl{Tu T} Arl ¥ m (6-1)

Te | MRS (K), Tn . HEHEEK), Ar
FZEST2HFDMEERE (M), ya ' TRIIBIT
DERBERU/kg-AK). BARERBTIEIR=
W(—dw/d), BERFPRE T R=Wo(-dw) T
RENS, W EARME kg, Wo @ MK RHER
B (kg/s), w o AKE(kg-K/kg- B &), ¢!
BERI(s), An=AnXLo{m?) TAIIEEEE & lm

Wi ) OEDEFEE, LIIEREESTH S,

(2) BBRREROETMZ OEE
FEEE L 77k I AMHRLR o B8 2 L A 284 R

BaTa.

Ra= (ha/ Cpa) (Hm—Hav) Aa (6-2)
MHERTEE S B TOoRBLEOBIFRRIL, &
B ERRCBWTREV A ADWBEEREV LR
T (ha/Coa) THABNE, ha | BEEREDZHMA
1]/ m=K), G iBY EROIBEE )/ kg air
K), Ae=AcoXLa{m?) TALIIERRE S ImY 7
DOMBEEROERERTHL. HoldTnl™B
i % BANREE (kg — KX/ kg — B & 250 T,

Hr=0.62pm/ (pr—pm) (6-3)
pm & Tu D EFIRESE (Pa),

pr . &FE1.013 X 105Pa
Hu i EERER D & L 2 228, 0 TR P (leg — 2k FE
H/kg—BEEBRE)TH AL, HII(6:3)  FHEICE
BWEND. hotTiR YR L R 25 A EE O £
EFOEERLDESKEOGERETH L,
REEMICTFOT S LI Ta%w, WG
(0] K ME AR A b DERERIC BT 518
COEBREL E LT,

Fa7=10.58 (upar) 08 }(54)
0.7<u<30

DERRAERHE LA, v MEBRE EOREEK

Hm/s), par: ZROEEE (kg/m3). HEEEHE

BENEBMOLDOELENOEBRE[11] 5K

Hhk, FEOOI2EREEA. HE LT,

u=07~20TI0~25)/mEKkTH 7. 5HZO

HEORESEDL - & 2 Eain,

(3) MWic & HHEEE L SRHAOHER S
WIROBOILEERE  go=hr(To— T An
LR L ARTEEE  Go=% holTo—Tn) A

Ta> Tl G+, Mebil—bid, BAdD

VI BT CEIRER IR A T B 2B R (300

~BEO KAV ITEM L, HAWIIHHIcHE s

RlvinEim L B U CEEN ER TS, A8

Bo—FEERIZ L DG - g S h R s B

D, o T{To—Tw) I A T 2XKBETH B,
hrs150~400, (Tw—Tw) = 25~50, As/Aq"+0.7

~13BETHLEPLh=10~3012L > T, gu/gs

AHHELTALERRTS%ITTHY, Z0H

OB BT A LT ES,

—22-— A



(4) BIEAP OMEHREE (T

H{6-1) & (6:2) 20

(T Tr) Anf Y= (haf Coa} (Hn—Han)Ae  (65)
#HAHWIE

br(To=Tr) Aol = (o Coa) (Hn—Ha)Aew ~ (65")
WEWT, ROOEX T, *ORHIREH,, 7
W ol & N Ha, CoaTH DA, BB T
FEOMTHRT Y, #2Eb T AR (KARE
YEERE) R EONEETE, ThEELTR
(65) 0 (65") OMIAH—F T 5 &) BRI TERD
HIEEhh, FE LT 4EAB Y, hrd{Hihs
EAOEICE WELTAILICEELEIGE
B0t BEVLHS.
(5) BEIRERME (L), HBRAEES (L)

] 4 T 28 D RE IR B 0 (s), TIRINTEMRER
OULEEBRE S Ly(m) i3 FRFR

Wlun—ws) = hr{Tw—Ta) Antd/ ¥m (6-6)

Wo lun—1w2) = hr{Tw—Tm) Arola/ Y m (67
TEHEANRDL, w, wilEREEO KK
(kg 7 /g~ &) '
(6) PRI (1), MATHES Ly

B b AT R T |20 (310~ 360K) & TR
BOWREL R A, HMEFHROBRELLELT
B, FHBPIZLEENMTON LY, ZOMEIET
BOHE LTEPEET S,

B 5 AR O F R B (s), EHNE RS
DEHEFRE S LT F LR

p= WCpm (Tm—To} = hr{Tm—To) Ants/

n H(Tu—To)/ (Tw_ Tm)] (6'8)
Gp= Wonm ( Tm"’ To) = hT( Tm— Ta)AhoLp/
A (Ta=To} / (Tw= T | {68

TEHESID, TREZEMOVERRETH S,
(7) HESRE @, DEBEERSREL
B4R R B Tl TR e (s) 1,
t=tatip
EHREIRBOLER S L{m) L,
L=Latlp
TEizoN, EHRNERENOFEEE L YRS
b EE SRS,
(8) ERBEHOERNELRE
(BN IR TR R OB E A R 7
b, BEHNOBKBEE L AF LD B, AE
(2Y Tl Ly BB OBRRE S DL
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L, R(62) OB ET TOEBRGREAANNE L
Y, FREIREERSRTAE, BRARYS
LT haAdd B A BT TLHRBENR L
%o TEG(6-2) O (Ha—Haw) DAV E 22 DTHE
B LTRie5), (65) okl RERBEOEMY
WED O EIRE T R LT ERRENET
TAIEUEEANEETE, ZOBEONT
HEp TSR T,

7. REETEIEH)

7.1 ERb RS E BN R B R
(E5a7=)

Day U= ARREBRS RO HE, BERR
BT 4, 1R OMEEW=600kg, EKEw =
0.025kg — K/ kg —EHEE0E THIET L. LER
MERHI,

Ptk T dp=0.51X10"%m, £=0.45, ps=1590
kg/m?, Bt T py=1590(1-0.45} =874.5, A=
0.581/msK, Com=1256]/kgK, BEOKIZL BT
i it (4-7) 2 HEHE L C0.0486, HEE O
FREEEREAAIEROBE, FigdlhbEHEL
T0133 &% 5., FI-FRME - HMFO 7o
Sahh, EERE, SKEOLTEHELT
Figd2W R L7z, $8RCBT2ERIEICL
DAdke, BBHOLY Y VY —E¥rEE
LTOFEE4202) ) % BV TR L

600kg @ Hr TRB ATV (M) W V= W/ps=600/
8745=0.686, Lo/Dy=312k 0, FoiEE+ MK
ERED30% &T 5 &, n/4DL(0.3) (3D =VH 5
Ds=0.99=1.0, La=3.0&% 5. 6.1(3icLH,
30%FEIEEF O LA R EE 9] L Y 143, 6.1{4)
FOHROBEBETINRECRE S Inz)OR
A, MEELEROCERTARE MY DM
Fhida b FNFN1.252095m2 & % 0, HFHRINR
B EREBE AL Aal23.75m2 L 2.85m? & 7k
B, KIESINEC L W ISR TE IR T 373K

DIET & 1R T M o EHAR ()543 10
stEahs, FOBNELTYaro—2L
d,=051% 107320 T Trw= 338K D& DR
HRBITVT, h=1128/msKE 52 6015,
PRI ER DWW THEEU=05m/sT £ 5.
(5-5) 0 HEEMREM s (s)id, r=63TH 5.



URAEIL & INEATE R O M Sk FH4AX 10 m b T
B, FRBIEEE S8 (m)id4.4(1)CRMET 5,
IEERIIFg A TT o EMERL L, BoYy
FO1U/4%370mmic & 2. BODMRD & B (E)
i,

B=tan-1(500/370) =53 5° T A HEORA L%
EATELTE. LTF44000 BDIFE LR
b

8:=0.249 X 10-3m.

HEYBAREE 1122V T, T =338K, £=045
TH=00486~0 W2 2 WD AT Figd3lzk b,
423 DREIE . THR4SFEMEL LTk
BE, ZOHMEOLOFHEL0.355]/msK.

SHEOBRICERE OMBRE (—F) Th 2 /R

El, 8.204) THRAERETHET LMEERDS.

ZOF T Tr=338KT—& Lz TZoEsH
WTREERED A,
MR DB O IR B AR B 0w K (5-4) & (5-3)
£9
To= (1128)2(0.355) (6.3} / {(0.355 +0.249 %
1078 1128)2(1256) (874.5)} =6.405
hw=2{1128) (0.355) | (7 X 6.405) 42—
in(1+ (z X 6.405)1/2}] / {(0.355+0.249 X
10-3% 1128} (7 X 6.405)} = 174.2]/ m?sK
Fol6-5) D hattoWTHE, {64 DuniE?
2m/si kY, ZREANIREE 338 ~ 343IGEA CIREEH
P02~ 04kg — KR/ kg — B X B T pars
1.0kg/m? &ML €, X6 Sh=1841, =
NE12FELCTh=221/mSKET 5.
FEIRRIE D30 % &84S o 2 - o =5 7iE
BITAEA = (7/4) (1)2(1-0.3), Z2HHE T Aupa=
GTEE b (kg/h) THRT & G=3960, %A - HiH
ZZRGe=1500, HHRMEGC. 246012 % 5. =&
(6-1} & ¥ T I Ry
Ra=(174.2} {373-338) (1.25 X 3) / {2340 % 103}
=9.8X10%kg/s, (kg/h) TmR3s £3517&%5,
ZOfEEFig LR TEMET 2 &, H1=0.0245,
He=0.0334, Ha=10.029,
FREDKBNT, Tn=338KTO8IRE
Hp=02027TH Y,
Ra= 1(22.1/1047)1 (0.202—0.029) (0,95 X 3) =
10.4 > 10-3kg/s
BEo THREEUT—HLTWE, LN EHICET.=

G.=2460

H !
Ge=1500 Upair=2 Go=1500
“,1,2 Go+Ge=3960 ‘HI Ho;(),()l

Hi=(GoHaF GeHe) / {Go+Ge)
Hr=Ra/ (Got Ge) +Hi
Haw= (Hh+ ) /2
Fig.7-1 %A - ¥k - TERAE & £10%
(G : kg/h, Re ; FEREE IR —A/h, .
o BEOWEERTRMEDs, par | BREFka/m®)

337.6K& LTHEHRERTAR IV ZOfTE S
ZTCIB B,
BRI DB B gs (1) & SRS e (s) i35
(66) A :
ga=1600(0.025-0) (2340 X 10%) = (174.2)
(373-338) (1.25 X 3)1a
t2= 1535 5(25.6min)
FEICLE 2 #ME A% 293K(20C) 0
338K (65C) £ Tt 2 8B q, (1) T, LERRH
hls) LR 682 5
gy= (600) (1256} (338 —293) =
(174.2} (338-293) (1.25 X 3} 4,/
In 1(373-293) / (373-338}|
=954 5{15.9min) .
EVER = te+ 1,= 2489 s (41.5min)
EETFHEOFEICREREEDCn & BRIG
Dhe% FOEETHGTWAINEMNE LTHLSR
X9,

7.2 BRI IS B AR B B IR AR
(E2H)

TAEA—DOMEBER—OEHFT TEHRRE %R
WAl oW TS, '

BE IR 0 DR EHEEE T, = 332 6K i A Rk &
DRHENDL, IoBRERPHAWTEHEY TS,
4.3 5 NELTE & 85 1 T M o iR A= 1131
J/mBKEFHIE NS, 4.4 (416) 2BV T Up=0
EL, U=05m/si2nTHDE LBE X 6.4 %
W5 E, §.=1.034 X103, Fig.437 5 332.6K |-
B2 @ =0.0486~ 0D B & Ao & HHE 4 T H
THDD L, A=0314 /msK, F0h7.1E 358
OEERGR), GHIEVWRTEETS &, 7,=1.05,

— 24— LS



he=113.4 J/m?*K &% B, BEIEMEER:(ke/s) i3
1) & h

Ra=1(113.4) (373 —332.6) (3.75) / (2350 X 108) =

7.31X 10-3kg/s (2632 ke/h)

i 775% (6-2) T D Hap 12 2T, Fig7-1128 W
TRe=2632% VILTEHETE L, Ho=(0021+
0.0275)/2=0024 £ RO N B, Hald332.6KD
R EAT0.147TCH 2R (62) 13

Ra= 1(22.1}/(1047) (2.85) (0.147-0.024) =

7.4 X 10-%kg/s
Eab, 61D EOREIA%NT—RT S,

BRI AERREq()) L ERER L) HR
(66) % &

ga= (600) (0.025-0) (2350 % 108) =

{113.4) (373-232.6) (1.25 X 3)ta
ta=2043 5(34.05mm)
T3 1T 293K & BRI IR 332 6KaE T & /2
Rgp() & FPRLERML() ELEET A5,
ge=(600) (1256) {332.6 —293) =
(113.4) (332.6-293) (1.25 X 3}t/
In {(373-293) / (373-332.6}

f»=1202 s{20.0min)

SRR = e+ t,= 3245 5 (54.05min)
7ADFEROBA BTl ERFEITLIE L
e

7.3 EEMHE(O— %) -1}
R (A2 AR

74, 7.2 A Dy=1m, Ls=3m &k
FTHEBELI%E L, FOMBREDE H&ENRE
(=& 1) — 3 VYA L 2 dt bl E th T
bk, ME MBS OB OFEIZDW
TiE3.3 Tz, HE & MBS OB OBIEER
BBhE5.30R,(5-13), ()i L VEEE R A,

wiEd,  0.06mOE R 24 LHLED: D 0.94m
EEaANOE yFP033m{ImES KL
TIFIETL, Coaf M ErEEBEY
0.5m/s THET 5., MIEEN: (rps)idl=
ZDNDB01T, 20T A k3.3 (F) iakiz b
OTHEE 24 VOEBAGICT, HE LR
HICHET T AR OERRE X072 LFHH S
NTWE, P033mTHLHE, 34 VOHE
BEilmY7: b oRERIF (0.06)7{0.90)x(3) =
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1.67m%/m, #HMATEI N LD M L OEEIE
0%FTHOB SR LM TH L2 6, FiE
BT A © 1.67 X (143/360) = 0.683m*/m, &H
FEEANL0663X3=2.0m2TH 5. HERET
LEMNICERT 2ERETA, 72LELEL
Aw 095 Ac: 095X3=28mik %%,
BEPOMEBRET RERECRL L IR

P LT Tn=3425KTh o/, TOERLEEL
TEETS. NMERETL,=373K® £ 5. Ingk
AR TEIREOERAEAII43ICE HFTHES
nT, hs=1126, HEBOFYHHREEELD
Figd 312X 1 @ =0.0486~ 0% 1 D342.5K (69.5°C)
LB AEBELSEHELHETL L, A
0.404 J/msK% 2 5. MBIL{EEGREA()/m2sK) X
#®(513), Gl)PoftEsnL. XGl14CH
v

To=(1126)2(0,72) / (0.404) (1256) (874.5) =2.057
he= [{1126)/(2.057)1 / [2(2.072/7) VE— 1+
exp (2.072) erfc(1,4342) |
erfcCx) Xt xOFIT[12]2H Y, erfc(1.4342) =
0040k R b A, k- Th=5227.
Hr IR B Ry (kg/s) 1 EFN(6-1) 1 B
Re=(522.7) (373—342.5) (2.0) /(2825 X 10%) =

13.71 X 1073kg/s (49.37kg/h). Z OE% Fig.7-11-
WILTEMET A &, Hi=0.0307, H:=0.043°T,
How=(H,+H;) /2==0.037

=%, WEDBVT, k7, T2EEL
SRR OEEAOH R 2misic s Ak, 221
J/mBKEFEERE, REDIBWT
Re=1(22.1)/(1047}] (2.85) (0.258-0.037) =
13.3 X 10-3kg/s
Hn=0.258 1 Tn =342 5K 2 BT A HEETH

AR (61 E 62 LA EOBREEI0%T—
HLTWa,

BRI AR R ga()) & BEIRIE M (s) 1250

(66) >

ga= (600} (0.025-0) (2325 % 10%) =
(522.7) (373-342.5) {2.0) 14
te= 1094 s{18.2min)

CHHTF RO A HI293K(20T) 2 L EIRIRE
342.5K{69.5 C) ¥ TMET 5 EEq, ) &L LEE
s (s) k2 (6-R) A B

g-= (600) (1256} (342,5-293)



= (522.7) (342.5-293) {2.0) t,/In |(373—293) /
{373-342.5)}

=695 s(11.6min)

P EREE =t 1, = 1789 5 (29.8min)

CORETRIAADEBRER MY 3%
L7zh, dokV¥uFa/As LT, 4~55%%8
BETHZERTERTHL, ORI VOB
BAB e oC, MMoERRBEFESE ST,
FERRE L 45 BEhDH b, Fig23lmd &
IR NOERFICEBRL LR LTR
EERRETLIFESL DN, (REEREE MY

AZERTICE LN TMBAE L FILEDLL LA

S>TIEREPELTAHOH L Z L ICHEEIFNET
HaH, 71, T2BIUT3OERTETALT
HOLIWRA,

R IRER I I/ mBK | W4 - T2 min
WA 5 3% 1742 41.5
AT A 1134 54.05
g = £ v 5227 29.8

7.4 B3 JUMSEEIR R (ER )

TRERIC 2 7 T — AR5 We | 1800kg, &akss
w . 0.025% AL TEAFOETHRT L. HIE
gk A N (EEREd D 0.06m, 24 VERD,
0.94m, ¥y FP:0.33mT, BEFMIERET, : 373K
LB, Laf/Da=3~5%% 2 CHIRBED: . Im
FLTRELERO S,

73 ERIBHCHBETEEL30% & T 5 LN
GELNLHHOPLAEITI, EREINES
LA V) MEE OB B FE W EEAre | 0.663m%/m,
ZRICET 2 H R HAw - 0.95m2/mé k5,
52 & RS (6-5) AT T 5 & 3 o dp e
BTk BB L VR0 5, KPoH AR
BELRLRY, ERBEER= W (w—0)= (1800}
(0,025) =45kg/h i T WCEE T2, Fg71o
BREHCEHETS L, 11=00285, H=0.04
D, Ho=(H+H)=00343CH 5. 2(65)
PRIALT 5 L) T2 ERETROZ, 730
BADHp=0037 EHD TE o £ 4 Ak
HHEOT, Tk EFHO T 3425 (695C) &
L, $BEESEHEA LR 52270/ misK T 5,
B R S B REE OERRE AL F U221 %

EA, REDT
Ra=(522.7) (373—342.5) (0.663L) / {2325 X 108
=4,546 X 1073L kg/s
FH(62) T
Rq=1{22,1)/(1047)} (0.258-0.0343) (0.95L) =
449X1073LE % D, Ha o 02581 Tm | 342.5K42 8
T ARNERE (kg —KER/ kg -~ HEEH)TH
A, LoOWMAOBEII2% CHIT S,
FRICLERBEq)EE6 LD
ga= (1800) (0.025) (2325 X 103} / (3600)
= (522.7) (373—342.5) (0.663La)
Lg=2.75m
LK - WBIRBK (40T o d D
BTn=3425 28T 2 IZ BT 28801330 (68)
Ih :
ge= (1800} {1256) (342.5-313)/(3600)
= {522.7) (342.5—313) (0.663/,}/
in {{(373—313} /(373 342.5)]
L=122m
B AR L=+ [,=3.97m
FLIRER R R £ (5 4
t={({x/4) (1.0)2(3.97} (0.3) }/ | (1800) / (3600}
(874.5)| = 1635 s (27.3min)
LEHBNG,

7.5 A - BIREBOEERELIAORE

74T - BRI Fig IR L ARE
R, EEERTHEESRES L L Wik
B#umE T Wb s b, COBBCOVTH
6.2(8) TEMMITITD, T I TidME BT T
N Fig7-2i0R T & 3 SURGA - MR - JEBBR
BE LD, TNETADFEIT HTHA - #
WA EGok 1500 kg/h7 550042 1/3 & L, BHEgs
HTHARE RS T 20 Bupa=1.08, (32
/2 LEBRREIZN045, + L CRERE LY
V2o a s Uiz, Zoffcr74m—Hid

Ge=1300
A

Ga=500 Upar=1 B Go=500

p Go+G.=1800 H=007H Fe=001

H2=0.095

Fig.7-2 7.5mikA - HkH - HIRNE & £0F
(B RFg7 L)

— 26— B



Wo=1800 kg/h TE&REw =002DH B2 0F T
SR L O ELERBRE S P RO THAO LK
Y h. HIRERTOREESE(1800) (0.025-0)
=45 kg/h# &P BFig -0 FT L9 174124 5
NRTHBENELLBEL{ DA, i=0.0714, f=
0.095 7 Hap=0.0832.
EREERTAHMBREHOCEMA T
68.2(2) M (6-4) 12 LV, ha=1058THE®D &
o OEDI2MEE LTh=12T%L 5,
FIRAENRE T DB EIE IS XV 349K (76TC) 4T
ko b A, MEHREEAT7.4DE G342 5K(69.5T)
L BWEB. Te=34010 81 5 BEEHRHT
he® XD B0, FHEE L UEP RO MIE
INERTH & IR T DA ¢ 1122, % 0.5037C,
F(5-13) & ¥ EERTE B ro=(1122)2(0.72)/
[(0.508) {(1256) {874.5}| = 1.643, #eiE{ZehBiin.
EE(5-14) & 0, he=1(1122)/(1.643) {1.446-1+
(5.172) (0.07028)} =553.3 J/m2K 7275 L (0.07028)
iZerfic (V1843 E[12] 0FE L Wk,
HED 2B
Ra= (553.3) (373-349) (0.663L) / (2315 X 10%)
=377X 1075, ke/s
2 (6-2) 12 T =349 T D AR Hn=0.410% v
WCHETS
Ra=(12.7)/(1040) {(0.41-0.0832) (0.95L}
=379 X107 kg/s
MR ORI D TS v,
ERChELRREqUERETN LY
ga= (1800} (0.025) {2315 X 10%) / (3600)
= (553.3) (373—349) (0.663Ly}
Le=329m
BT AT BT 5 B g, (1) 13313K(40C) A B
JOK(TEC) IR T AEET, (68 LD
go= (1800/3600) (1256) (349-313)
= (553.3) (349—-313) (0.663Ly) /in
1(373-313)/{373-349) |
Lp,=157m
iR e L=LstLp,=4.86m
741 6L L, DUBWEEFLELTD.
REOBEHBRE DRI LEELRITT
CERT A LESDH S,

No. 40 (1996)

7.6 EEMNTFORPECRE
(BlEIREL D 1 VAER)

WA E O IR TSR & B B

H5.

(@) X 0 EkERw ¢ (kg — %A kg — E1E)
xt BARIERE D/ ps (p 1 3F BL O R T R E S (Pa), ps
i EOEEIHT 2 KOBIBERE) KW TH
HOMBELTY. Fig7-3E®7 VI FROF
BRERE LR L, JORBERICEEICHE
B (LT 5.

(b) A AT THEA OMMILICHEE S h
T, FEEUREA RO & R T EERC e &
Wiy, FE O ORO BT E T
FTHEIENFHEN, EOTERTHECREDE
WAEKDATH D, FHBOFRBEE L ()/msK)
FFAT L L RBAERTE OIS L AR
WV, ABHEIEIRoWTIZ42 QIR LZY, BR
IR LlERES AL, (48, 49 0EE
izk B,

(BFDIHE®T V3 FRETRBEAEL=03, ZEREe=
0ADEBE T =343K B 5 A5 RH 5, w=03
ET A Z OB ORTRERI L IIFg T3 LY
D/ ps=0.88, 343KD ps=0.311X 10Pa, pn=
0274 X 105, “FEpr=1013 X105, y==2330X103
J/kg, dpm/dTm=00133X105Pa/KTH 5.

H 49 BWT

Ae=(0.4X0.277 % 104/1.58) [18/ 1{8314) (343)] ]
{(1.013%10%/{1.013 X 105—0.274 X 108)} {2330
10%) {0.0133 X 105) = 0.189 J/msK. 293K (20C) 2

0.50
T A I PR (237C)
040 —
3
] J
5 |
B |
i& 0.20 |- }
H_ |
i
10— :
|
1
I I | | !
v T (p/ pe) 08 088 10
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BT B ADHEME0.1454TH B0 5, 2 (4-8)
25, 343KiICBIT 2 1. =0.1454+0.189=0.334
msKE§AZENTEL,

() BAEEM B OEREEE WA O%RI
DT HERRARICSH Y, BERIND I TR
BRI L, MH ORE R EB T 2 o CIEEa
MERZROSEIIERT S 2. HEREERE
ICHEVIREBIC S A L, BTN R SERT 2
BACHEMNTE L, FUOSKELF—C LA
FR2~-SBEREEREACEY 2 ERESH
DRABAERY, FAEFSERANT S, hhs
FolRE BN SRS O MR E A T, T kFig.7-4
Dk AR A Tl LA R E E E O fiEkh
LB, REEROBELZERAeTH NI
DIRBEIZH B LEMTE L. BINIERTVI T
HFCTIOEREITVI], LvigEt—Ft
B ERBHT, o THBOMEKRCBITA
{ESEIE OB IRHRE (—dw/d) i OB EFTE N5
Fd, FRHLEEFig 74 ORIHE > T b
WATHE LT, BREEOKRIEE SRS,

COMEE LV ERED =030 0HET L=

QLIETOEOEBELET RSB L, Fig7-41c
RTLI

[ (~at/aw) dw= [} dr=1

=1/(~dw/dtes[;, (1/R) {~dw) (7-1)
Ednh, HEEMORE SRS,

() WA B TH BB TV 2 S RFW =520
kg & BKFE =030 5w =0.1kg/kg — B4 F T

1.0 Tz.o
0.8 — N
3 =
g 06— 23
! =
= 10s
E S
5 04— !
B )
- =
IF o
n: L
02
| ' 0
0 0.1 0.2 0.3

fRE wi-)

Fig.7-4 BEHERHE I AT L
HERRIR R R 8

ElEEmEtE (B —F )~ a4 L ERC L Vgt
B, HEEBREETIET S,

WA REEL=04X103m, FEMERE pp=1920
kg/m3, M FRERBEe =040, HFHEEp=
1533 (5AFLEE0.55 % O CHEF 13410), LA E
Com=9211/kgK, FRNEIZEE L=0.1454 J/msK
(293K, X&)

FULFHT28D:=10m, E&L=24m,
BEEA=0.06m, T4 NVEFED.=0.94m, =4
WEy FP=033m(1m% 7z ) 3%) GRS X
DEET A, TEEMREE Y =520/920=0.565m?,
BB =V (2/4) D2ale= 0.3, 71 HF—5
EE, sEEof TR LY, BFE7]C LY,
HEREod LA 148°, EREITET B 0N
B ImES YY) OEEEAL=095m/m, #
BRERELRD A=095X2.4=228m2, MEE
DEBRFImZ )M CEBT IER A=
7(0.06) 7 (0.94) (3) X (143/360) =0.663m2/m, =
4720 Ar=0.663X2.4=155m2, IMEEEER
BETw=373KTH 2.

BRBE w1 =0.300 IO B IR BHRE T it B3,
FEC XD RSB BFHRE LTTa=343K & &
B, COEFL - TRIESREDS _

INEE &SI BRTHOERERAI43: 20
(AR LAz 2B HE, h=1500, hs=1365
EEMEESNG, u— &) — o A VO ERHE =
0.5m/stck 2k, o4 LEERLTRETS
Wb FoBEBESELI33M@E) Le{ALT
# 5O T0.36m, BEERMr=L/Ur(0.36)/(0.5) =
0.72sTH A, R(5-13), 1) izBWwT

o= (1365)2(0,72) / (0.334) (921) (520) =4.74

he=1{(1365)/(4.74) {2V 474/ 70~ 1+ exp (4.74)

erfc(v 474} .
erfe(2.177) 13857 (12112 X 1 0.002120, h. =489,

61 L0, wn=03128 5 &R

Ra=Wi{~dw/df) w1 = (489} (373-343) (1.59)/

(2320 % 10%) = 10.02 X 163 kg/s
(36.07kg/h)

EACEEAREFLTIEELICE D, Ry=
36.07 %A L H1=0.02494, H:=0.03405, Huw=
(Hi+H2) =0.0295, RZIESSAIOMBRE b
BRMAu=20m/s & &V par=1.0kg/mdiz & 5
&, 6.2(2) OFE M & AR OERFEI Al

B oW



HEHICELEFHELZOI2BETEIERS
221 /msK &, RE2 8D
Ra=(22.1/1040} (0.230-0.0295) (2.28)

=071 X 10-%kg/s (34.97kg/h)
He=0.232 81 10m L7222 ipn=10.274 X
105Pa, &Epr=1013%X105TH 2H6R{E3) LY
Hea=(0.62) (0.274 X 10%) / (1.013 X 108-0,274 ¥
105 =020kt 5 2605,
ROWMEIC I A MERINTHNFHESIL LI,
EHREETEE L (kg/M) TETE, =031
BwT
2.607=520(—dw/d)cs, {~dw/df)e3=00693
MEEEREBW =030 5we=01F THET
50T, Fig.7-40RMERLHWT

w 03 025 | 02 015|010
R={—dw/d)/(~dw/des | 1.0 | 0583 | 086 | 0.76 | 0.63
1/R 1.0 |1.075 [1.163 | 1.316 11587

(=dw/dt) = (—dw/d) 0aR

(—dt/dw) =1/ {(~dw/dt) o3R1= (1/0.0693) (1/R)
(14D

Jos (—dt/cw) dw= [} dt=t

={1/0.0623) [, (1/R) (—dw)

Fig. 74D D L b, mikeEi=3.48h & %
%,

7.7 AERKNSHEFREGREREOEHR
#H

5 18] =R R (d,=1.5 X 10-3m) ¢ L FE5I%
B HORBEERBEAE L 5 OHBEET -
7z,

(a) EBY, E&15m, &3 ImOMNENIIEEd. =
0.03m N E % 3 o HFIR I £ 536 R A EH
108AZEF L, #0825 (HBRED=1.15m) X
BERETHIE v — % & 0l oM [
WN=003~0.167rps. CHEE S 5. HHEFEHE
20% ET A, HRVERCEMRZEREA=
0.12J/msK(20°C), IH#MEECom=12600/kgK, B
BHEE pp=T00kg/m3Td V), INBATHIEE Te=343
~413K, #FERE Tm=293~343K T L7z,
RIS 8 ~9% &1 5. Fig.7-5iC HERGE
Bo—hRm LA, Bl o U kg o [k
THEHICEE LCU=rNTH Y, 3H &8
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ML DEIEHE U (m/s)
Fig.7-5  INEVE ORFEERIREANIEE O
o B B Uy (BB BE T = 293K

FELOMAMNBETH L. U=0.12~0.60m/s,
PR T, =203KTh 5.

(b)FEE., KO3I%TIIHTOREBMIL v,
9% B ERTICEDEENFKRE Y, BT
BAPR+4ChnERIFFI2CETLTY
5. TOREBMSTREWY, REZOREL
ERFRTAHIEIFRTRETH L, EEORICE
T 340KH NV BT 5 O T AA4.2 T~ &
FRKRELHED, D FRICESTHLEZ R
. BETORBRAIZOIEERLTVED
I CHERT B, RA3% O EBIITTR L7
EFNEFEEC LY, BERTORBRE=
mde/ (UM = Thh R (5-13), (5-14) CRHEL
kiR E R DR L. ¥R IEEd Y
0.0mIC LB EBRIT L TH L. ERRICEA
TheDFTHMIIEL (B, 14~ 18BIcbEL
TWh, ZOERIATESL LS ICHEOASE
LRSIV EFELE, BETIMAE 2R
OHGEEMZ0Im Lk, FeBOBMIT .
00TMIZT VDT, ZOFTORTRE, &
LRI ORNTFRESEAP L VATHTHL LE
Abhhkg, FERRENEEs0Er DT
A Z & HE AT DB LT RSHER
2B 2 E R L nidh o i,
RIhABDC DB EEER L, J RGNS
FL b oMHS—Rb L TTRERS TV



BT, 3ATHEARA L ] 2 T 0 R A
TEIHRCET Y FoF FMEoEIEICORT
EEL, D2H S CHEMREET L Ly
WCEAL, 34EMUCEKTE LY T 5 HEENTFIE
BrDyFGrohbsb[9]roREL. fl2 T
20% FeiEH T HLLAIIT 1210, 1= (2.112) (1.15/2) =
12lmT, BEEMr=121/U003tE 505,
Otk AVvTRG13), )b btk
Fig 7512 R L7z, A D ERGERZEESRAORE
BEREORVIFEOFNEOHIZH Y, FEE
RBeoES LB LIS,
(BEELER ZOBRETBWCIREICHR
WA/ D E ERFEun = 0127 Hwe=0.0712F 5
COMEOERIF SRS N, AR R
Dy=38m, §&L=27.0m, MHAEEI.=0.09~
0.14m, 4%243, @FREH2180mMITH D, N
BRERIET9.8 X 105Pa, HEHiMEIEE T, =
348K, WHTMAEA=T1I/mBKE ENT WD,
T o R o BIERERT £ 47w,
FOEBFEREL S AV TERBOELHNTOR
RERB L CORBEELE, BENS AT 2 E
AOBRBEELORE 217, BIERE - 20%
CHEFEATO—FE £ LT E [14].

7.8 ETE D MEMB D 1 LRSS

FAE(sTERFEN6] b RF 17l L 28
£, BIBAHRE ¢ o BIGMESE & DERREK
he DABIEHT R ETE 2 & BB G EE U (H 5
FEEED1/205550) © 1.0~ 154640 % T 0 234 £ 1t
ECATHELBIOGVI LY, ZoEgwA
[k o LR O EEE L ER L T, %
ERED VK b 2 o e BT bk
EORBROMEET /2

BB OFEPEBREC B VT, M OTRE
BRI RCAEMEREO0%RBEICLELRS,
CHEAMBREOAEEME LD LR T
L EHEBHEBEEICRELLEVEHTD
3, UnAZE 1. 7mm O F T Undd 0.2,
HFE06mmOE SRR T0Im/s) THACER
HED THBOYGAESRICE L bR TR
LR ATz, #HlE MEmiEo 100%E
EECHRET I TET, BREHTER DM
BICKRE  EhafArETa, BIHD SR

—30 — b

W o A R OBESH R
BNE, TANEHBBOAIESITEHE LS,
RERRIC X D RAET LAREAITEAREICRE S A
TRIMCHEL S T, FREER b AR THIE S il
TH 5, EZBRROMIERE Fig7-610m L7z,
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Feeding & evaporating Section

Product collecting & talke-out Section

Solvent recovery &

vacuuming Section
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Tank | l{ Powder Valve
R No.! Recovered
Feed wateniriirirtireirsiseisbeetietipreste ) Solvent
4 Ribbon | @
Safety Valve H Blender
B
Back Pressure Powder Valve — ]
No.2 1 Steamn Draine

Feed Tank
Feed Pump

Product

Vacuum Pump

Vacuum Pump

Fig.1 Flow sheet of CRUX Vacuum Drying Systemn (Kneader type)
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Fig.5 Flow sheet of CRUX Vacuum Drying System {for powder product)
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Fig. 7 Particle Size Distribution Curve of Titanium Dioxide (measured by Microtrac Model SPA)

Fig.8 Producting primary particles from droplet
(Kousaka et.al)
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Fig.10(a) Schematic diagram of CRUX Vacuum
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Fig.10{(b) Schematic diagram of CRUX Vacuum
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Table 1. Experimental conditions and results

Feed Milling | Total Operating| Operating Gloss of Mean particle size, gm
Exp. Rate Steam Steam Pressure | Temp, Paint Film UPA SPA
No. Kg/h Kg/h Nm3/h kP4 oc % Dso Do Ds
*1 *3 *3 *4 *5 *6 *7
1 24.0 37.4 66.0 88 146 107.9 0.361 0,620 0.42

2 23.4 22.4 468 133 136 106.8 0.363 0.637 041
3 24.0 53.6 86.1 34.7 142 106.7 0.358 0.616 0.44
4 24.0 1.1 33.2 34.7 127 102.8 — — 0.4
5 23.2 16.6 39.4 24.0 121 101.6 — — 0.47
6 232 0.0 188 14.7 122 95.5 0.403 0.866 0.48
7 36.1 0.0 202 | 293 120 98.9 — — 0.43
9 20.0 00 162 34.7 142 88.4 0.424 0.760 0.52

1 BWOMRL D TIO: 35%, X 65%

*2 200C BEES AR

*3 MRRAOBRE B LEE L EROARE

*4 TICoBE¥L T BV Alkyd/Melamine BB TABAA ¥ AR L, S04 ¥ P ERTFIR EiC4mil
filme applicator & ff VT84T, DWW T180T T300-MI5E & 447, ikl Ko 20°— 20° specular
Gloss &I L7z, (TTNARHEE G o gloss % 100% & LT o JLIBfE)

*5 Microtrac Type UPA THIE & L7250 % E BB T, Dso

*6 Microtrac Type UPA THIliE & 17290 % B #E B T4E, Dw

*7 Microtrac Type SPATHIE & 17250 % EEEER T, Dso
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Fig.12 Correlations between Mean Particle Size,
Dso and Dso, and Gloss of Paint Film
{(Mean paiticle size were measured by
Microtrac Model UPA}
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Fig. 13 Particle Size Distribution Curve for Titanium Dioxide (measured by Micretrac Model UPA)
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Fig. 14 Relationships between the total steam volume rate and the gloss of paint filin and Mean Patticle Size
(Dso and De) (Mean particle sizes were measured by Microtrac Model UPA)
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