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1. &

#5i%, /k—NaCl REETVEL,
BERNEE BT, TORBEEZ SRR
DHOREFBIEEITI ZEICLY, RETHZR
EEfAF AL, EOoBREEEL I LR
TRETHHZ L MERLTE. KHFRET
I%, 7K —NaCl gD 5 ARk L7z NaCl D By
BEREE LN EEBRIERMEICRT 5
RARZICHT 2 BAMERFEICONT
EBRRRTTEITo 7.
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2. FBREERE R OBAE

BHNAEFE 100 ml OEFTEOHRIZ, FIED
EtOH {Af&E4 &IZFHEE Lz H,0-EtOH-NaCl
BATFNIRIE 100 ml = A, 298 K IZERE S iz
TEIRFEPNICERE L7e. PRI T 250 ipm @
HHE2EZRRL, v 78Xy FEAWV
TRTEE D EtOH % R E T I BRRFIZAN
L, B{ERfA L Uiz, BfERRITRE & Ot
EBEPBET IR ToREETHLLE
Z B3 BOH #4471 15min & L7z B bt
ToRERIE, NREMBICIVEEREL, &
RIS BT, £z, EENREE
i, BRTHRLERESEELVESLL
7. AREBRICBT 2BERFIZEBHED

EtOH A3 K N EOH DR ETH 5.

3. ERERROEE
3.1 EEARBITES BEETERS
AEEIC R 5 IBAFERIT, RERS
i3 TECRRE & IR & O R EIC R 2 RETHY
IRRERHCTEET iR ICESERI D
L, —F, R MEHRRO+4545 721
ARICHFET BT ICESEXEI S EE
Z b, BRABRRR L O RERRERED
BEFE OB HFF (Eq.l), Eq2)ITRT.
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BHE O EtOH (K78 57 %% 0.50 D55 13 B/E#
BFE o, ITH LT, BETEHRITTE—E
fE%7R L7z, Zhid BtOH FANAEWARL L
TBRAFIEN B DI, RENZERIC
BZD, TORBR, BEPEREROEVZ
DRIFEZEMERRDP 2T LIZE Db D
ThorEEZILNT.
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D, ARICBIT AEREERZIIBTNRES
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*RAMEEL BERAFEIZHGCALCER &7 EE (D2)
BRBRFRTERGALCER Wk HL M2)
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1. 25 A=)

SYAMERLHE O T, WREOREREEO/NEIWEAT M U LAEDRIE, —&
WCESEEITIC L) TEMICEEIN TV, Zhicfib a7 ek R & LTERERESE
B 72 VBRI OB N ER, 4 TT T o Tns D2 ) BEERINSE
o, WEORREY T\F5 L5 2MoRE (BEED ORI XV IBEMELZE
BTaoenTESL. _

BYRERING X 5 RIS O SATERIET, BEORMO KT X 21BaFERD S,
BEx RFIANEZ LNDR, —HFCEARICKT 3 EEEEREICE OV TERT DR
FEO 72 BRB AR L BRAEMOBRE ORELFIE T2 Z L XRETH D, /IS,
LT RY T ARTRICIIRERENRELEELTLED ZERPEDVENTR
v, ZHIZERSBERICERMENMETToER 25,

) BEERNETIC LV TE0RELZE T AEAREER DT, BE
DEC BARVESEEOBVEEAELNS L ) RBERHNRLETHDI LEXT.
F D HITIE, BTN EEREREIC R\ CERT 2 miBtafi 2 &mm L2ty
FUER BV, EELITFOFELE LT, FORBELZEDIEOKERN? D D&EITIC
10, BRMAEBSAREENT ATRLBEEZREELL. ZOBEEERVT,
K—HfbF RV T ARICRWT, BEREREIICRET S I LICL Y, BOBED
EVERPERSEDIERTARETHHI L DR S E oz, Eh, R E L
CHALT U T A B ETk—ELT R ) T ARICR O TRBRIEEIC X2 @ITHRAITO
WTHBREToTE .

AT, BEERINE S RSB L TR L LB AT, fMamiRehclE
PBASFIEA LSBT A R B E L. 22T, k=% P T ARITED
CHER UL LU 7 ADBSEE & EE DI D EERIERFIZEWT, TOBK
MEMSTEBNRSEER L TRRELL. it,ﬁ&bhﬁﬁ@r&%ﬁmﬁr~
B OEEICOVWTRET S S LIC LY, RBECRT 5 EITRSOEMATETIE
WTHRRZIT- 7.

2. SRS

ERC BV ESEENTER % Fig DICFT. A2hEHE 100 ml OETE O FI, BT
EOITE ) —MEFESRICTHEE Uiz k-T % ) —/-HE{tF b ) v LEFIEE 100 ml
A, 298 K ICRESNIEBMAICRE Lic. HAEICT 250 pm OEBZEF X
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BB, vrurb Xy NERAWTHEEDTZ ) — VA EBETECRERICERML,
BlEBRRA & Uiz, BEREIE, TREROBR LV EROKIERZBET D ITIT+
SRR TH D LB LN DHEREMNE 15 min & L7z, Bbhickii, S8
WEIC LV BEERE L, RRESMEELEL. £, EBNRRERL, FRE
HREEBRREREELVEH LZ(EqL), (Eq2). ARIZBIT AT R Y 7 ADEF
EiZ=% ) — N ORGEDOEIMIENEAD T Z Eh b, =8 ) — )L O EDHEN
X, ERICB 2EHRLATIE L LT\ 5. AEBIESME% (Table DITFRT. AE
BRIZBT 3 BERFIIFREHED = ¥ ) —VEBEHER VI ) —LORGEETHS.

“n() dl
MW:L:LL—- (Eq.1)
[“n(@)d
w
N=—r " Eq.2
kC .pC .Lave‘) ( q )

3. WMMERGRECEZL

3. 1 EBERELICES BafnEEsS

BEOBRESE O D BRBERG CRIERTonhd, =& /) —VOUINER,
HHEER AR AB L, EBNICER I n—ERBNER L. 0%, BEOR
BWEEITBRAICHERPBRTHERBEIND L OITRY, TORZREEMEIE TN LD
WKRETbOhZ., Zhi b, AEBEERIIFOEBANRSICESE, MRARE L FERL
RO CORAFMELEBRT A L AR Y THD LHE L. ThiX, BRE
I3 TRBHE & B9 & O R EIC 1T 2 BT 2 IRARICIFE T 2 lfaf) IcE S
ZhlL, —F, MeEEET TEHERO+5RBEERICHFET 2B CESEE
IHETHRLDTHD. ABMATEET /BT AEFAERBOBAFIER X UK
iR BB DR FN BE DS % (Fig 2) IR 7.

FIBEIFNEE T T BIT A EERABREOBATER X U &R R OB E D

BHE(EQ3), (Eqd)ird.

o, =S/ G (g3
Citn, C
o
¢ T 7 (Eq4)

3. 2 HOWMBEROEBLN D EFBRESRMEDOER

BoNBROAFEMEBEBELEIL, BONHERHOESBIEIC OV TEMEL,
FEBERHBEICB VW TESBRERE B DN D BRERE2 BERIESRMGF L LTIRE L.
TORREFigIIrT. Tk, BERHRO= /) —/VIEFESER 0.50 235 0.70
DEFEIZB VT EEBIERENFET A2 EBRALNE 20T, ZOEBEBRIESRMEFIC
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BVWTEL IR ORESAEE LY, FREOEEHRE (CVE, Coefficient of
Variation) W2 OWTIE Lz, TORE, WTFNOEFIZRWTS CV fEX 02 BIF
THY, BOEREVREDIELNI LRALNERST.

EEHRD T & ) — VIETESSSEDS 040, 045 OEEFERBV OIEEREIF LN, T
I, BRI X VAR L BAAENZ LICEVEE L D LB bR, —
¥, ERHRDTZ ) —VERESER 075 OHBICBWTIIEREER A TR TH T
D, WdLNARMoTY Lie. ZiUE, BETINC X 0 ARk LIcBtam»Es E5 2
LI ) S REREREZ O RPo b0 L HES .

3. 3 REFHROBEATIEETHE

BREBIESIEIC TR DN R TR L REBAaTEs, DBIRZ FigHITTT. =
NIV, ERHEO= S ) —AERESER 0.50 PILOBEREICEN T, o OEMN
TR, SRR BEA AR L. Ra TR RERBTE S L, ¥
DFESBREEENEH S50, APRICEIT 2R R EEITRFBIEN e, (T
FTaZERRREh.

EEHED T ¥ ) —VERESER 050 OHE T, HiFEBEe, L&D T, 1BF
—EEER L SR, TR ) —VEINCAEOER LI IBRRIE S B TCDIT, B
FARTERMITRC Y, TOREER, FEVERERDE Y L ORBEZREMS TR0
Iz LICEBLOTHDEB AL,

— 5, SR L ARTIARBAT B o, ORI I3 BARE /BB BARIIER D D Lo
7z. (Fig.5)

3. 4 EENRESEEOBEMERTNE

B LT B NS B L BT E s, DEIRE FigoInT. ZidY,
m@%ma&w,%ﬁﬁ%&@ﬁﬂ%ﬂ#é@ﬁﬁ%bgmt.:ﬂi@,¢@¢%
B AR ARG, MARMTEICRKETHILBALNERY, RETHR
BAONERERSICESTHZ LRSI,

— 5, BB S R b BB E s, ORI I PR /2B BARIIER D Do
7. (Fig.7)

3. 5 FbEROBTEKFE

B E O R & XA BATEo, OBFRE Figd)IwT. kY, o
PRI, 5 ERITRD T2 2 L RA LML ot TiVL, FHRHDESE
AEE ORI AT A L E2 0B b b, B LR IERIEIB o,
T ARRERBL I LRRYTHL LEA DN,

—F, BLE TORLERE L BERMTE, DR E FigHRT. LY, o
DEIIA, HHERITRO TS 2 L SHAL»E 2ot Zhud, BRIZLSHDL
B OREN DI, Ean BRTHRBIN SRS SIT2 5 ETHRESERITNIER
LAV LIzl Y, BIERMFIES, ICbEFLIEbD LB XL,
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4. =

T )= VEEEEE LTAY, TORBELZETE ORI S O&ITBRIELZTT O
ZEiZky, BOoEREENBONSELT N U AOEITERIETIY, TDEBANTS
ICESE, BATMERES T R AR C ERREEMEICS T TERTOIZ LAY T
b5 EEZ bV, BaRFHRITBREREEFEs, 0BT, EINT 2 ERmERL
7o BEH U EBE NGBS I AR R E o, O, FaEEEE I #Em
TAHEMNIED L. Fiz, FFHERIIEN RN Es, B X O B/E BT E
o, DML, BD T 2EmER L.

Tl

5. T

ek, EAVRERMETIZBNT, BRIEBEFELRET S Z LIXREETH - 7203,
ARIZBNT, BREDTD OIBEAFIE L FEREEEDO O OBEFIEL 5T TEZXD
TEERRHTIENTE . Lnl, TERED LTI, BRECRMEFROES %
BZHZEIZEY, EHTOIVERDBEEZOND.

6. RS
o, . relative initial supersaturation [mol/L]
G, . operational supersaturation [mol/L]
Cp :sodium chloride - water saturated solution concentration [mol/L]
Cng: sodium chloride - ethanol saturated solution concentration [mol/L]
C : starting solution concentration [mol/L]
c" apparent concentration after feed was added [mol/L]
C, :equilibrium concentration [mol/L]
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(D Macro pipette

® Cooler
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@ Crystallizer

(@ Thermal controller

Fig. 1 Schematic diagram of experimental apparatus

Table 1 Operational Conditions

Starting solution

- saturated sodium chloride solution
in water - ethanol system

Ethanol volumetric fraction
in the starting solution [-]

0.40, 0.45, 0.50, 0.55,
0.60, 0.65, 0.70, 0.75

Feed solution ethanol
Volume of feed [ml] 2.0, 4.0, 6.0, 8.0, 10.0
Agitation speed [rpm] 250
Operational time [min] 15
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Fig. 2 Supersaturation model in the solubility curve

monodi spersed

1.0

agglomerated ;

insufficient

Volume of fed ethanol [ml]

Fig. 3 Operational range for obtaining monodispersed crystals

Ethanol volumetric ratio [-]
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Fig.5 Relationship between average crystal size
and relative initial supersaturation ratio
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Fig.6 Relationship between number of produced crystals
and relative initial supersaturation ratio
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Fig.7 Relationship between number of produced crystals
and operational supersaturation ratio
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Fig.9 Relationship between induction period
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Nucleation Phenomena of Sodium Chloride Crystals by Antisolvent
Crystallization .

Izumi HIRASAWA, Shogo KANEKO, Yasuhiro YAMAGAMI and
Heisuke TOCHIHARA
Department of Applied Chemistry, Waseda University

Summary

The antisolvent crystallization of sodium chloride was carried out batchwisely to
observe nucleation phenomena using ethanol as antisolvent. Generally, antisolvent
crystallization often results in producing fine, variously shaped crystals and
agglomerated, because of the high supersaturation produced by the addition of
antisolvent in the local area of the inlet region. Authors have proposed a new idea to
relieve high local and bulk supersaturation by choosing the operational conditions of
high ethanol concentration. Obtained crystals were seemed to be unagglomerated and
monodispersed in the optimum range of ethanol concentration. From the observation
of nucleation phenomena, it was considered that nucleation induced by antisolvent
addition would occur at the local supersaturation produced on the interface between
starting solution and feed solution. On the other hand, crystal growth would proceed
at the supersaturation produced by the sufficient mixing of feed solution with the
starting solution.  Average crystal size increased with increasing operational
supersaturation c;. The number of produced crystals increased with increasing
relative initial supersaturation ratio o,. The induction time was influenced by both
relative initial supersaturation ratio and operational supersaturation ratio. Since the
number of crystals depended on the relative initial supersaturation ratio, nucleation was

considered to be influenced by local mixing.
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