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Fig. 1. Relationships between Moisture and Size

-79 -



1. ARES

E N OEREMER B0 11E, AT FE T E AT P
DEBEEEZBDLLERHD, L L, BIRBSMIL
TV B 7S B AT OBE R CTEFREE & | F7 I3 A R] 7
FET DL ZIREEOFAEDMEES I, RER
B P OWUNE S OEIE R L TLES, DO/
RENZRIL . AT NI R TR R BRIk RE 2 E0 tH 42 &
RIS S 2 VA AR UG Sk £ 20 A (CSD) &2k 3 HHF
FEMTRIINTND, RN fb A PR 5T DA EIT <
DOIMFFEEITUND, Heffels & Y 1T H VS — KR T
pi VR ANE] 3y Zan BT ATV I EIR I A IR
AT T2 A T DN T, SO B SR AR O
a2 477057, ZOFER, mEE Y CHRIERIEE1 T/
ST AR BB AT DL | SRR D K Z 72 8 i
B EfSH T LIRTE =LA L TV D, Moscosa-Santillan 5
DITV = KROWHENT T, 3 FEOM A S —r
TR UT-, AL, A INEER B A AT AR IR 3 SR
BN LETEDLERE LT, BHENTEHR -T2
DORFFETIE, W HGE I FRBRVER N 2 2 BN OVETR
RIS DL TR MEUEL TND, ZOFRA
T EA ZIE AT IS 32 & TRIEA N2 571503
EZoND, T T, Fox T B ER PR NS — 56
REFI L2 DI IR CHHKE“FELK”EL TR
TDEI7 “TREMET AL 2 OBAEOR) RA Mt
LTETWS Y,

BT TH DR MATIC R LT, RfafnlEs &
TR EA G A LTSRS R IROIEE 235373 TET
%o “FEUKEIEREIZ -, (1) NS B O EIA D38
DI B, (2) “FELK” KDMUINGE b IR BV
DS ROTRAR 0 N S R AR\ BB -3 D Ak b 2R
DUETHD, (3) “FEUAKITBLESEIFD S Nt OB
FRIZFIHE D DT IR FTHIAR BTN O A 2hF H 2350 519
Thb, (4)HEEEIEOSEA | JFEHE OWHe s (27
BB IC Lo TH UK E RO R BIND,

ST, LEMITE EoRS 5 5 & U TR A DIED
(TGS RIEE 3D, FE R OREK F TR PIcE b
RN RIEATE T HIER0, fEEE PSR Z
BiATeZEIZ Lo TR ED, 2O HER DO AHMITHE
Lo THIA R S IR ZENTE DD, il
HORHRIIBREDREE THD, BRIEOYE . FHROEH

AT N—=2a) TEFREOBEREG7RVIEDHD T, b
FORHE G A RIZHEBRDBRLETHD,

H— i 2OV TOR S I B 20813V
VAR oYY/ NN T Tip A o s B DA EUAL o Y () N A h Y 3 o e
Wil Elo, REFIEAEDRS AL 5 2 D525
W TOBFFEIEZ2 S I TURUY,

ZZCARBE IR BN DA v —a (1RE)
IZEDMBEAR TICHE B L, ZZLKOBIBEE SR &S
BHELUI-LZOREENICEA N R RO Z(b %
NHTET, KRBT EZ G A TR EL S A D BY
FRIZOWTEERL . @RS e A2 R & D ORI i %
BB CE LI EIEZ AR D2 a2 A LT,

2. % B
2.1 ERZEELSUERAE

il U728 56 AT RIS E 4 Fig. 1 1R 3, &b
MR ZIZNZAFE 700 ml OP v/ M AT A ., 18
HRIZIE 4 MEOAT L AR ) HAT AT —%
Uz, BEENICEE SR ORNNTELLINCT 7)Y
Ny T NAFRT T RNF 22— T BT T, TEROIEER D
JE, K778 2—7 ORITT R, SMEC LS50
\ZUT=, TEER K OIEEE 1T E IR (EYELA NTT-1400) Cifil
L7, SAATEEE N OJE I3 )il == (EYELA
NVC-2000) K (8, E.287R7 (EYELA DIVAC 1.2L) %
VT 13.3 kPa (100 mmHg) (ZfR- 72, F72 B i Tt
T HLEITF 2—7 R 7 (EYELA MP-1000)
77

R ATAE PN FT E ORI [ 1272 IO RS i & 60°C
AR A AT, 28R 7 C TR N O JE 11 %78
SRR RESHE 600 rpm CTRFELZRALETEIT-
72 BHTHIIT 2—T R T2 HNT 16 wt% H(bT R
7 AEHR% 4.61 mL/min Oy CHHELTZ, ZLKEN
RELZIE 200 pm BL T ORUNESR O B3I 58012,
200 rpm (Z[EHRIHR AR S LT, FEBRIGRTIE 240 min £,
T REIC ST N O f A B Lz,

F72, B LTRSS R ORISR R LT,
B EORIRFECZIRY | 2D 72 T2 > TR AT fn D
— A B 43U BT IE TR A A IE LTz, &
D% SR A B0 T LTz, BifilE H BIE 710 um, 500 um,
350 um, 250 um ZfE L, i B BZ O T 605

- 80 -



unit

CJ

50 Feed tank
I
i \

4 hY

( ]

AN Vi
Vacuum
pump

Thermostat
water bath
Thermostat water bath
Fig. 1. Schematic diagram of experimental apparatus
Table 1. Experimental conditions
Run WO TR NEAOVRR ORREE R
EIEq [min] [mL] [vol%] [vol%]
1 12 20 8 20.0 24.9
2 12 20 8 15.1 21.3
3 12 20 4 20.0 27.4
4 6 40 8 20.0 27.4
Blank 0 - - 20.0 30.1
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3. ERBERBLUEERE Fig. 2. Conditions of dissolution water addition operation
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Fig. 3. Comparison of product CSD
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Fig. 4. Photomicrographs of product crystals (a) Run 1, (b) Run 2, (c) Run 3,(d) Run 4, (¢) Blank
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Table 2. Mean size and coefficient of variation

Run 1 Run 2
Tmin] | Ly[um]  CPy[%]  Lylum]  CVyl%] | Lylum]  CV[%]  Ly[um]  CVy[%]
0 361 33 447 22 254 53 379 22
120 344 36 430 18 411 28 479 19
240 403 28 479 21 388 39 490 20
Run 3 Run 4
7' [min] Ly[pm]  CVy[%]  Ly[pm]  CVy[%] | Ly[pm]  CVy[%]  Ly[pum]  CVy[%]
0 360 34 436 18 328 45 432 18
120 362 33 432 17 360 34 450 25
240 413 27 486 20 376 37 475 21
Blank
Tlmin] | Lylpm]  CVu[%]  Lylum]  CVy[%]
0 293 48 406 21
120 236 73 426 20
240 250 81 561 31

Table 3. Change ratio of mean size and coefficient of

variation
Run# Ly =40/ Lo [-] CVi=240/CV =0 [-]
1 1.12 0.83
2 1.52 0.74
3 1.15 0.79
4 1.15 0.82
Blank 0.85 1.67
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Fig. 5. The relationships between moisture content and

crystal size

Table 4. The relation between moisture content and crystal size

Moisture [%]

Size L [um] Run 1 Run 2 Run 3 Run 4 Blank Seed
300 0.141 0.122 0.119 0.120 0.120 0.105
425 0.147 0.126 0.129 0.135 0.109 0.115
605 0.162 0.135 0.142 0.142 0.121

Table 5. Estimation results on amount of inclusions
Run# AVe [um’] AV e [um’] AV /AV3ex100 [-]
1 1.6x10’ 1.6x10° 1.0
2 5.9x10’ 2.2x10° 0.4
3 3.1x10’ 1.5x10° 0.5
4 2.7x10’ 1.4x10° 0.5
Blank 1.2x10° 3.5x10° 0.3
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Department of Chemical Enginerring, Tokyo University of Agriculture and Technology (TUAT)

Summary

Introduction  High suspension conditions are required for the improvement in production efficiency of salt
crystallization. However, under such conditions, a secondary nucleation rate becomes high and crystal size
distribution (CSD) becomes broad. On the other hand, it was reported that in the case of solvent addition as
"dissolution water", the number of micro-crystals decreases and CSD is improved. However, the influence of the
modulation operation containing an undersaturation operation on the crystal purity is not discussed. In this
research, the effects of the modulation operation on CSD and the amount of inclusion were discussed.

Results and Discussion  Dissolution water was added on different conditions (Table 1), CSD and the
water content as the amount of inclusion of product crystals were discussed. Under the blank conditions which
do not add dissolution water, CV value was about 80%. On the other hand, CV value has improved to about 30%
by addition of dissolution water. The effect was not based on conditions but was almost similar. However, as
shown in Fig. 1, there was a difference in the amount of inclusion by the addition method of dissolution water.

Conclusion It was confirmed that addition of dissolution water is related to inclusion formation.
However, the addition method of dissolution water influences the amount of inclusion. Therefore, in the case of
addition of dissolution water, it is important to set up the conditions in consideration of both particle size

distribution and the amount of inclusion.

Table 1 Experimental conditions

; . S - T T T T
— O : Runl @ : Blank
Number of  Interval V.olume. of X 0.16F| A :Run2 ® : Seed ° _
Run# iniection [min] dissolution — O : Run3
) water [mL] § o
1 12 20 8 E) 0.141 o o N
2 6 40 8 g A
o o
3 12 20 4 o
5 0.12f o i .
Blank 0 - - RZ| °
= °
°

L | L | L | L | L
0'%00 300 400 500 600 700
Crystal size L [um ]

Fig. 1. Relationships between water content and size
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