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Fig. 1 (2% ST EE B OIS 27~ -, ST AT e
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B COWREE 140 mm, A EZ 1,730ml £ L7, WEE 77
mm, ZME 85 mm, £X 94 mm DAT LUV ABRNT 7 o
— 7% ESRNEIE DD 18 mm ONLE E/R DI E LT,
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PRI TR E LAY 70 mm D AT LA 3 Hr T mlT
B2 G basik (k) ) 2 v, IR EEE0T 9.17
sTERELZ, ZNBDORT TN a—7 ~Hk, FEREIR,
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(1) Propeller Impeller
(2) Draft-tube

(3) Sheath Heater

(4) Motor

(5) Voltage Supplier

(6) Tank of NaCl saturated aquaous
(7) Sampling Tube

(8) Observation Cell

(9) High Speed Video Camera

Fig. 1. Experimental apparatus (Semi-batch type)
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BRARIFA L EFR LT,

PRI, OO AT AK P 1,730 ml Z415A
F IR O FEFEZ IR T - Dk i i S & — BN RFF T
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3. EBRHERPLIUVER
3. 1 ETILFEIZHEDVN - REIREE G O FHEE1E
lop DFRET

AT IR RO R IRINETE R 3528
D5, Tl ORI A L BB I U TR AR B Ng 2 RS
HY | ENOEIR AL LD T, M T HED
HRIZHOE TR ET 2L DL RELZET LV EE
REFEMLT-, EBRT —X L+ L TERBSNHHE
bR O B2 E BRNHIE T 5 FIEIC OV TRETL
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G R O— A7, R (a) IR 340 DOk 2 b %
RLTEY, BT VHRE TR 300 pm OFE LN
KRR OFLEE R L= EERE 528030005,
A (b) 1%, BT VFHRICED 5DV T REEERFE 90% ki
& Dooca DRRIFEALZ R TESD | ik bt o B 1 3 iy
INE R Mg AVNSWEERELZRD | R E L 12/)N
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LI TE D,

I 7R Tl AR RN SR A R D720
B 1, 2 EF LT (Fig. 322 ) ,
(dDyy ., / dit),
(dDyy oy /),
ZZCDggep | 35DV T RFAIAFH 90% KIFED EBREA K
T Lo DE 1T 11 (= (dDgg en/dt)g [um/h], WX F0 1,
FUSZ BT AU ERR CH DI LA R, ) Ik RE

DS ZHHDOU, HE2H |y, (=(dDgg eyy/dt)s / (dDgg ca/dt)s
[-]o A5 SIE, FEEAD Doy ZYIF T DI LI THD
ZEEIRT ) XA AR R O SR L BRAR R R T L
AR CORREHREDAELHIET, KA, BHEDOREE
THOT, BRI T DA flih kR o FEHIE
(TET AR REE RL T /J\é<iﬁ@ lop2 1 1 £V/h&L72
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12, RO FEA

I,y = (dDyy , /dt), x [um/h] (1)

90,exp
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(a) Evolution of size distribution

TERELSIRY opa 1F 1 TV KRELZ2 D, Lo & lopa B ENT B
T2 gy [umVh]ASREWGARIEE | KPS0 3 LI T
WA= YAS T TS AR LN = Yyt S NS - AT AN Y (o S Py AR
3. 2 lopy EMNBGERE ., FEREHRDER

Fig. 4 12, INEGESE H B L ORI CEERIR
ds TN Mg) ZZALEE TG D lopy DEALETRT,
ZIT, FERTSINGHH MR R LBV THY, ds & Mg
DWFE 2B ELCHGESHER Ns ZF L, 777 08
R, RKED, fEmREOERSEZRTHRIETHD
lopt VL MBS H AR ENFE R ER AR TIEND
D%, ZHUE H AREVNIE AL B 720 OFE ST HY
BN, EBHIT H OB RIZHE ERIZ A T X
TWRW e LR T,

— 7, FEGL ORI dg P SL O TRINE 8 Mg 127>

OO TR IEE Ng 23R ESZRDITHN, 1oy 1

900 —

800 | .

T 700} ]

E 600 ]

. 500 ;
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Q 200 [ Ms = 1509
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100 - = Linear (ZOOg)_.
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(b) Evolution of Dy ,; with various seeds mass

Fig. 2. Example of model calculation (Mg = 300 pm)
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600 - -]
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g ______________
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5300 ]
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(a) Evolution of Dygg e,

700 ’ . . ' ' '
600 F i
— 500 | ]
2 400
- A /I (dDgo,ca/d1)s
g 300 ]
Y ool ]
— Ms= 200 g
100 + --- Linear app.(s) | |

O s 1 s 1 s 1 s
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t[h]

(b) Evolution of Dygg ¢

Fig. 3. Optimal operation index, |,
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Fig. 4. Relation of |, to heating H and seeds number Ng
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(a) ds =200 um, Mg =50 g
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(b) ds =200 pm, Mg =200 g

Fig. 5. Time evolution of particle size distribution and photos of crystals

PR AINSIR BT e b0 D, 2, RUMEASAEIC um, Mg= 200 g D725, Fig. 5(a) LV, FRALRIN&E
BWTIENg DB ZL 2B F 8 MBS 7= O HED /S Mg 3720 t =5 min OFE S CRE G 8 ds 12k

BT L TES, JRT D —ZNA T ds ZD/ASWRIRR (120 pm. FLEE)
3. 3 HERAEIMDEREILE |, DB IZBWTH MO — I BRSO DL LN DD, t

Fig. 512, M Aubi A O LEFE I G AR T, =5 min QSR GEIZIBW T, HigrO IR oS S 2
Fig. 5(a) 7% ds= 200 pm, Mg= 50 g, Fig. 5(b)»3 ds=200 kL T \DRESEE, FlEL L0 /NS HE bl 23 A B I 20 2
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V' — 7 &S D I ORI i R L CRY | B
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6(d)~(f) DEAFITBNTL, dg (TS DR BROE— 7%
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I ZHUEMEThHHZ LD DD,
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lop2 13 Ng DN EBRWHFITH R T 52803005,
FI2 oo B 1 VRELBFEDDHZEDDD D, opa
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TW% Y, ZRbDZEnD, fEdEED % VTR DY
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FER RS EEE N ECWLDICH b LRI DA 1E
HLIEVERHERFL QD EE 2 BND,
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Fig. 6. Relation of |, to particle size distribution (H=1,200 W)
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Fig. 7. Relation of |, to seeds number Ng
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Fig. 8. Relation of |, to seeds number Ng
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Fig. 812, lop1 & lopo DFETIHD 1oy %, FHABEEL Ng L1 Z%F
LT ryhLicbDZRd, RXED, H=1200W D55
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W OEEIE, EBRIED D720 oo MR B A G
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4. EfRRREDRE
AR CRRET LI M1 03 2R FE A AT RE B ST LT Al

D AT Y — O gtk & UM 2 B | sdifee gk
EEL TR T DitatTo72, Fig. 9 (2, INEGEE H =
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g FEALEEL N = 3.0 x107 DGPHT 31T DB PN fG A E
M, DETVEHRFE RS RBEBROK Rae bbb OR
I, ZORESRINSREIL, Fig. 8 »Hbbad I, fki
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DARMFTHKIET Do FEERIINE B 5 ROBIEEITUN,
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PN A M, X ELFEIHEINL . 2% M, OB TR E
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Fig. 9. Time variation of M, in the continuous operation (H
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(d) =101 5 2 soh G s i IR o L R R 5y

O HEE SO CERMICEETHIENTEDRTE
MHEAE 1oy ZAREE U7, [FFEIRIEAE S EE S0 L TR R
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Summary

In evaporative crystallization, ideally a high crystal growth rate, a high suspension concentration and a sharp
crystal-size distribution are all required. In the present study, the influence of the seeding conditions (average
diameter and mass) and heating rate on both the crystal growth rate of sodium chloride (NaCl) and the crystal-size
distribution was investigated in the optimal designed draft-tube stirred vessel containing a high concentration of
sodium chloride slurry up to 35 vol%.

In the case of semi-batch type operation, the crystal growth rates increase with heating rate, and decrease with
seeds crystal number. On the other hand, the shape of crystal size distribution is sharper with a 200 g seeds mass
than with lower seeds mass conditions. The cause of these phenomena is conjectured to be that the initial
nucleation is inhibited with 200 g seeds. To determine the optimal seeding condition, we defined the optimal
operation index, lop, as lo, = (dDggex, /dt)g X {(dDgg exp/dt)s / (dDgoca/dt)s}. Here, Dgg ey, is the diameter of 90 %
cumulative volume, and Dy, is model simulation results which are calculated with an ideal assumption that the
initial seeding particles will grow along the precipitation volume without any abrasions, agglomerations and
nucleation. The results show that |,, are correlated with seed particle number, and have a maximum value.
With the I, correlation, the appropriate seeding conditions are determined, such as 90 g of seeds mass, 70 pm of
diameter in the case of heating rate of 1,200 W.

The optimal designed draft-tube crystallizer was improved for the continuous operation, and some trial
operations were performed. Furthermore, we try to operate the continuous draft-tube crystallizer stably with fine

adjustments of slurry displacement on the basis of population and mass balance calculations.
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