9406 WIERBRRICE T DEET Y Y LRBROKERS FUEE
Bk HrgeE - ARETER (BFKRF THFED)
HERBIRE KA Bf (BFRFE LFEHE)

THEMERNICIBIAERO HRE (MNEMKE VI BEET)IIX, BEOREETFVIZALNS X

3P FUANVOBERBZTTREP LIV, LA, HERNTIRE IO U TER - BRES
PEEHTHAIEEGbH D, BELHIE, KORIZBEVT, BALF N T LADBRIZZD L) ME
HHHIEERWIELTWS, ZOH4E, HAIE L < Y L7180 & @I ME &) s REm 2 HoR
OUTDTH B, "HREFEIIMIMERDEREEICL > TRESZ L Vo THBRFT TRV, 22
T, AW T MRS RO ERBBGRRIC L > TET 200 THEREL LET DD 2)I2DWVT
BT A7-010, MERBERBLUMBERICBVWTE—FBRTHRE S, MEDEMIKAEZSEM
B> THELZ,
KB HODPUOLRABPLAEMF M)V AM—EREXT Y VAMDERTICESEL, TOTERE
LUVHICEE L7z BEEYVRICBBMBEHL B S 2y oM RE S (MEHR) . iE
BRES S22 A THFEENY) B LSEMTEE Lz, HEO /DR WE RN TH ALK
BEiTo7: (BBR) -

KPR THBREEKOFMINBICHELRIZTFEELZRFL LT, MSOMBEIZHHE L, o
T, RO S (M bR ESHME IR, THEL5~3mm) &, BERATW-< hE (#H30) BER
éﬁf%@(Tf%ﬁmmLLUﬁﬁﬁ@ﬁm(thu%h%n [BRER] &

ZEIITA) BERALTERY T . Tk A ‘ *
ﬁ%%;v%% 1. (a) l L A T &

(RELE) DSEMEHETHA, T/ 02X
FoTEBIERLELOKTNLTNE LD
D, KENFHELETOTHD, il
BRATHESELEH 1(D)D LI IS
ot (BEIRET=35T, @M% EIEAT=5
TIZTROH) , FM LI IZEEO M &

PETORA, FTA KR SEesEn (@) BRAT (b)FLIE WA T (c) AT
TV, Kiz, AHOHR & B8 E 120D RR SEOPBLE

WATHES L2 s, BokEasr K1 BEEROXRMKE, (T5=35C,AT=5T)
Bl (7)) $AZLIIZEAE R
72o EMIETFHTHoTe

—%. REEOTIRER O FEMIREIL
M2.()THhbd, FEERE (K1) & HE
LT, FEXA2ZhRhTwnwb, THT
HEERBBRTRIESNTE D, B |
EMREERNETIBICINL) ICN
7DTHBY o OIS 60 MFIEH :
T&Z (F2.0). 512, (oK 60t 360TP Rk
LA FVT) BN (3608, K2.(c)) ®2  ThREES O R EIREE, (T5=35C,AT=57C)
B &85 & E10~ 100pm D I & %
e DFREICEN LT, M EnZ & Kb BRI RITRRME R0, (IaF) LTT&D
T3 T, MROMEIZHE L EFLTWLRNMERFEIBELLLDERDbNS, L+ MY
T AZMT AR AT E TS, HROKETIRLT E Vo TRWIE LTRSS SHR TV,

 Toni2i0isky S0






9406 WHRRBRERIZBTHEILET P IVLBROBES L URESE
BhpiHtoeE - ARETEIE CEF K% LTFEH)
FRBIZE « BE B (BFRFE LTFEH)

1. WFgE H
M$%Wénrétﬁ&&k%rwu FLARVO "ENCVERE R ELIZLDT
TRSMOEHTL NS DMEETFIVERERO SR ICEH I TE 7228 stk

Li&bDOJ%éroihﬁbeNwwA?%- EEMASEL (7 5 A Y -?) OEANDY
LA RS T &7 [1-5] & 510 HEEENTITEMOEE, BERSENFBE TV
ﬁoT%MWKﬁw%mu?%%i6té[jh——M&@mk wiTo%%@om%J
EF A EPR IO DS TR L 72 A 2 ORIKRTIHAL ) b D 208 S L IR 2
WM?%%%%T%%%w%ﬁfééoW%@tﬁb%@fciﬁéhémm+FUﬁA
FESL LTI BT TR Lo ik SRS R S L SR EITT )N S T &
Hid A6, 7). AL ) v Aok (CERVWRRET D L) T ORI SO L
YR E Vo THMRETIE RV, TORIIMAGEDEHIZLTERSINTLEDD? 0D
FCH kS Sh D ZELEBRHE IS D W TS MAE S O35 S B WIZ 2K TR D & 5 257l
ANTH S,

FZTAFFETIR . T ORCHIIMAS S D FEA B & E DR RS 2 A T E R HINET B,

Y ENgE

YEERIZIEN B AL B Y AR DR wﬁczﬁ&mx%ﬁlzitwttﬁ$w
AL N, T AT, ULEZ LN ENE S, s RimEE, BEHEE S & UE MR TH 5)
JEERAE T WCEBREE, M LS O MEFIO 3 EIZ D WL Lo, /oA R b PR
L7s, SNED . B RO B O TR WO S DS EDHR T, BOWRE DG
DTN RTIMAS SASEHN TV A S b s (772 L. EMOLE1E RN OFT- ) E g
ENICCVOTHMTE LD o7, THEMOBERITMOMDOL D E D LS W), Sk
B DAZHFS O VETHAS & U 72 Bl & BEEIRE TR 4720128 LT B ICHkIE T~ THli il
DLOFBHTTIHE S/ ETH S, LD & X DEFMAEFOFERME LT, ek
LDEDNTOAMAEROMED A VIZ2ATHEIER ETEVEEC, T LATGEZDOL 0D
PR & D WVIZRIEL I SRR L T A ) IZdH b LI 9,

€T AT, £, 70— VIIZIGE L 7R 0 R S HE 4 DAL & 1]

—121-



TATVy B ORHUS & 2R DRSO LMIRED B E BB Lz, S 5ICBAEMN o
FRTE O BRS L 7zo LA ED#ER X 0 BLHI RS & 0 SEA M & HRET L 7z,

3. WFge )itk

3.1 HiShoiREe ,

PO &SI 2 L2t (R EF&R &S &R oS+ AE L,

9. AHEIE SISOV TIHAT 5, FIEEORBKISEROLELF MY v Ak wvh
T—hbd8E (4 0°C) L biEfsdi, €0k, MANIEL TV Z &R ML L
IATHEELRILD., LIES BT A I LI o TREMES EILR S, LEREDS
AMEHET A Vs —TRBIER LA H T AE—H— (500ml) ISR L7 £0FF LIFS
CEmTRIET 2 EAEEDHI LT B, ENE EHI2, 2, AR SR DD »6]E
'PS'(HJ}P“\@JZU‘B@’E’JE/\J THig: (FEE2~3mm) & LTHIVZ, KITTHIRESTH D, =

L BB s (BOME bRt A 5B WA (14202 m) L. Zo
ﬁ‘ﬁ)ﬁﬁﬁ?&of:%@%ﬁc%k L TRV,

3.2 70—V A EGE S 7 B @&f*ﬁﬁ%(%%l)
(SEMTBIEE) _

Fig] 1ZHBRIGHE 2R o FITHEEHEQ., HH0E Y 7@, &% GREFAEE) ©).
*wwm7D—tw®£;U@%HW&y7@;bmméhfwéo%%Wﬁﬁﬁ&@ﬁ

MR CTEDICE R INA)TATHEET A LIS LT, @D 70—k Lg% Fig 2125
o MEUIT T A TIPS EERER % 31 720 IO Y TH B, AF Y LA (=3
TAT 2L ZAAEE3048, £0.60mm) DI T AR (23mm. RS ERLLELR TS 7-8)
EO. EORIZIARF O RBIE TSR HE L, SofiGE 70—k Lo EA L
AemDPIZEE L7, T2 IVAHMUIZCCD A A 5 (MORITEXFHE) % 25658 | €. [lsEk: 5L
DD 2 RS TE 2 L) 1L,

T 3N EMEIC L CEEOCR s fE L, Shx@ny > s &LTA&WM
BT 1M L7, £ 0%, BT QO—@O—O—D—@—Q0DFE THET A Z &2
T7 00— VNORLEE R S RIETGR) o TR, ﬂm%WUTLT%G
HIMARTEZ SEM  (HLEUETT  S-450) TEIEE L7z (CCDA A T TR [N h5 2
SN 272D TSEMIZ X 5 72) o SEMEET® 5 & 6 —High O 2L % BB 5 D13 A<
THD, L7ch > T, WIHRT (MR GD 2V ITHIRRE ) OfE % BEmHE L <.
ENENE R EZ 2 T (A= TFTT3007 54200 T) BRS¢/, HWERD
SEMIF L Z RIS HRD T8I L > TRMOBET ORRBHRE & L7e, $7-. (1358 % TR
TAHLOIIMASETETBERTOBEIZ OV THRIMZBE LT 7,

B, JERFNHIRERIE=35~39C., AT=1~5CTEDWIE—EIZR- 7,

3.3 BEYEMYTNREIAG S O RS BIEE (5E5k 2)

—122-



BLFERNZIZ500m | O ¥ —F & AV7z, BRI TS ARO2EUSFVRTH 5,

A0C RO EHEGH AT 3.1 L RO SATHICR L7z, CORMIT CRERE THAL 7
BRI L 222 72) o LIESL TA LRI L0 TEnefi&E LTEDE I
g7, FOH2EMBEIZERZI D 1L, SEMTZORMEBE L/,  HEHAEIER
¥i2200rpmTH o 72,

4 KB L UERE
S EFE TR ST OB (SEMETER)

ROV IR TR S &7 FFE AR 5L O RO ZAL DR % Fig 31277 T OHEH BEAT=5
SR EHRIET =35 C 2B M U=156.3 cm h'1)e G2V T ERRINHATR (2o T
2) o FBRoOGIUOMGZERET LIFTBBE LIV TERTH D) o WTIIIBWTHES
ST M TR 7 2B BR S S e D o T D 7e & & L EEHIIMAS S Bl T e v,
MRS IESIc< 2 O AT v THBE N b Db o7z (RPKLH) o KICHAS
SEE AT T E SR EFigdlIR T, (a)bEZFNENAT=1,3,5C T30
K/ M TH S, BP0 L IZERTRNETH S, DF D AMIIRIIER EIZMT 2,
G TR RS SO G, MRS ERERICBVWTLIZ LAY DS (95%) « R L EOEH
DT e, FMMAE RN 2 ro 72, TCENIS (6%) lmTamiv Z TR it
ﬁﬂﬂmnCﬂbMﬁL\@$@At@btﬁ®ﬁﬁ%ﬂu%tfwtoUDWX7Li%
WP L A &L (IEEEIES T RE 2 0 (i S LD BRSE S A 28) RIS S s 3 %
B3I & A E B S N0 T2, 6o T BT BRI e fn 13 &8 % DU b &
LEDHol-bOVIELILDEEX HND, LLEOME L ) RIS S8 2 (3 0

BHIMERL N E AT B,

1.2 A S DS DT (REVATR)

TS S D KD LAL D FF- % Fig 51071 T o AidhD2RE % LBIZ, £ D3R % FE
7o, UG TIE D D IZ WS, IERBII BV TLb25RRD b7z, RO 2iiiic
EHBETED L o 1Zilo ST, SURAARPANITIIZZ LTwb, Lo L, FEERIZH 1Y
HHF. 30 RICEVTT TR EBIZTLELDOPBINTWS, £ DRITETIIH
#«'u‘u'. DISE L Tz, TOEMTIIFEHES - L TWwiwn azb;gﬁirmtcitﬂiﬁéciméélﬁf%%o

v FCT MRS S B & SR NGE L 7o(Fig. 6) W—FRE A BRR Lz Ir Tl v oz
##bbf (WL o e b)) B H -7z, 7. MMK}mimw®w0u
FTRIML Tz, ZOWBITIED O 7 2RI @& DFEE L T2 il b,

(Fig.5) A AT HL DA A £ 512200500 £ TUIIAECHIRAS SRS 2 D L T 5, £ D7

DERZ S L o THREUIHDT AT TH A, L L2007 LIBETIIREIE—ETH - 72,
o Co T (20040 T & 5728 MR BIn-b o LR E LB, —T),
JUL (@F)) OPLEITEEL T, W2 OLBN TV BRI A EH T2 L9 1L, ©
FTH, KEEMICBNT (WU SHFEL T EBbIA) KEWHLS 1 0 %D BT

—123—



ORI F & o TERYIMAEROTIEE Lz, 70y MEILSKIES D725, Behks &
T —ERETHRET A0 EARL L., THERPOEHRD L HIZEMTHEMU Lz, T,
Bk O YT L CRERMOD B2 5A L B LM ldumE e 572, SO T &L, EHIH
ISR SEAHDOMFAEL TN T e 2R T SO L) 22l & B £ 2 CHUR AT o fil g
KI(Fig5)x b ) —EARTH D, FIKITED TRV, LI 14umfiEORT (?2) 5
WITFEG DFERE (7) DTHERRTE D, INAEEE L TR RIS Z o7 L Bbhd

(UF. %7 GO R EMER) , ZTHUIDonTid, BB TEWwIT &/ S ik
PR LD EXONAED, A1HICBWTERMBEE ST F0IREIHNL -
Fo e AR OTEMEE D v EHIZE D,

B ONHEASEIZOWTHIIEE & o7c 8 2 A, WTFNOTBAS S 2 S DAY &
I, L b MBI b U7z b s id—83 L Tz,

KA ORI HAG ST 2 MM EDZE LT R TR b, Fig7D LEVAERFHRTH
%o WO 7- 8 SCHK 7| DK B EL L T EBIZR L 7o (RIS B A RS as dn s IR L 7o),
Bek TETINIT AT Lt BBFEENSE b (BHM) 12 L7V ELH i & o~ EE)s
NEL D, Bmwb s ETHD, L L. RWFED A EIIBRS SRLEE DA H5d -
7oo FOHAIE LT, DHESEOENOME, &5 VIE2)BEEA TR 12813 5 B
DELIZERB—ALDEZ LA,

PbxEeod e, AR RIZ, TRESIZSL &b kﬁﬁ L T 7Ry ks SR 258 2
LTTELDTHhHI EIZTm o7, Lﬂﬂ,uQMW;LIC%§W&mamV# (EERIZBW
TOH) RSN DIEAHTH S, 22T, LT TCIEIBHBET O S RmINED S %
TP EEHHAS LR D FEEBEIZ D W TERT 5,

1.3 MEEA S O RIMO BT3B L UTh RS & & D g
WD L E Figllmd, TTLERICRLI-EHWEE R B THh5B, SHEIBIERH
LIRS L 7oAl S IdEede LT verz, BEEFA M 5 LAKS SO R & S1E#9200 iR T, v
FThL Eh W ikTh s (MEIETHADTIORFETITIET CIZET LT
5) o TORITKEFEIRD 5 VIEAE & —BIFR EDHRIZE > TGO AT 2> T
5T EIIZAAADSETT LT, W4 O 1K SO FI FUDTHE L WIRTEIC %2 o 70 — T, LRSI
A EWD (1 HE) TG i dEmAs OrED1Izon T, MBI TE, 2
nY, HRIZE S TMOENZ/ZZDTH A ) TO5H HO S ORENIHIRA S (Fig. 5
DO OE DD RIMKELFELLL THB 2 ED9H D, HFELRERDPAZR O, [HS)
HASHOR%E] EBIZLEY @frfﬁh’cwoo IO/ EFMBERATIONNESETHAS &,
43 h Y iAG aAs B T
Lo 28 L0 RCHIAT AL, b &b EREETIITIHAEL TH D, A P TR T D K
TOBICERMDIEMLL T, B TE 0 sl LT A

—124—



CTBRES,  ERRETASRE S B L O BB S O3EI O SRTBE LT, KL

1) [ TEAS RS S L A SR B O I L 53, iR s Rom T TRE L, B
WA D ET DT E L H oD, EORIIETIMER & L2 LB TL L, L2d
DD T o 7

) A A R S B & (A& T & T e w) AIEHT b BT RN T &7z, T
mm‘u%é. b &Y &Y EAHFAE L, N AIEE L TIRAIMAS SZ e 5 &b b,
FDIGEMEZ DOV T HERWITRE L7z, DOMRE L &bt 5 EEFMAS ST A1 %

DEHIITEAE VT &l B,
3) PR T TR L T ok (BEAS ) 0 S vAiE (B200pm) &g
MTH o7 Z0H, TOESEEIZIEREDTDIZALAET B L9120, R THRETIZ
1DDRED £ o7z, TORMMEILNL THD ETHEAGGEEEM LT [EH MRS
W EBIFLELOPBINT, TORE EAUERTT TR S5 E TR da S Bl
1) 1).2).3) & DECHUMAT SEE . b & ERFEIICAFE L TE D . BEE T THRE D RT
FIHIZBINZL D EHEN L T b, fito T, WHIMAERIER RGBSR L2 5,

SISk
1] Toyokura, K. T. Kikuchi and A. Aoyama, Industrial Crystallization 84, edited by
5. I Jancic and I5. J. de Jong, Elsevier Sicence Pub., Amsterdam, p.p. 37-42(1983)
[2| LD S i VLS| I SR e 200 1| 08 1 2 130 v o O B 0 M 51 2 ) N1 V2 NI ) o e i
WFZEI I, pop. 1-22(1991)
RN Js Vo b s A I ARG R B RCRT SRR T, WRITEA L b -
A T RS A, pop. 129-136 (1991)
(1] Al R, ABAA T ?’—é\m‘l%‘ Livﬁﬂ JFFgeE  7aP 7 MiFgaRkisE ok
pp. 1-14(1993)
151 Matsuoka, M. and IC Tanishima, Seventh Symposiuin on Salt, Vol 1 pp 177-182
(1993)
|6] Kubota, N. and T1. Nagasawa, Seventh Symposium on Salt, Vt?§ I, pp 191-196(1993)
[7) B, TR AR AR (199 1)
(8] i I FIBE, TN LR R S (1992)
(0] AN ML, Vov b AR A T ATFFEM AR RRIFZE 4 T, MRIEBEA Vv b - A/
> AW HEE, p.p. 25-28 (1991)

—125-



it b M) T AR ORRIZES T 5 SOk

SCHiK R E FERSAE T 5 AtdnEH
T EhE S mBRE AR | TR S
To=70TC
a8 12] U=2.0~5.2 cm/sec
HHEER | ZERBERNE |
Tc=70C
U=2.0~5.2 cm/sec
Matsuoka EHEER | AEE—&RNE BEES
et al [5] Tc=30~50T
AT=2~7C
N=0~25TC
RO (6] | ISR | ZRmEERE | TRER
T, =25~45C
AT=1~7TC
N=800, 1200 rpm
T (7) B E ZHE SRR L = 17 AL
A7l (8] T,=25~45T
AT=1~5C
U=0.16, 1.68 I/min
JiHy (9] U sk 2 R 1 = TS

T,=25~50C

ox103=1.1~76
U=1.36 I/min

—126—




stainless
wire

seed
crystal

@ titanium heater (® constant temperature bath (9) thermometer

@ feed tank (® heat exchanger @ CCD camera solution

3) motor @ nucleator @ video

@ metering pump ® flow cell 2 recovery tank

Fig. I Experimental apparatus for
observation of a NaCl growing crystal.
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Fig. 3 A sequence of SEM pictures of NaCl crystals grown in clear solution

(T=35 C, AT=5C, U=153.6 cm h'!)
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Fig. 4 SEM pictures of NaCl crystals grown in

the presence of suspended fines at various supercoolings.
(T,,=40 C, U=153.6 cm h-1)
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Fig. 5 A sequence of SEM pictures of NaCl crystals
(commecially produced) grown in clear solution.
(T=35 C, AT=5C, U=153.6 cm h-1)
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Fig. 7 Effect of supersaturation on the surface states of NaCl crystals.
upper= this study (T,,=40 C, U= 153.6 cm h1)

bottom=Nakano, 1990 (T,,=35 C, U= 142.6 cm h-1)
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Fig. 8 A sequence of SEM pictures of NaCl crystals in an agitation vessel
(T,,=40 C, N=200 min-1)
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Growth and Agglomeration of Sodium Chloride
Crystals in the Suspension of Fine Crystals

Noriaki KUBOTA, Masaaki YOKOTA
Department of Applied Chemistry and Molecular Science,
lwate University
Sodium chloride crysial sometimes exhibils peculier growth behavior, that is |
regularly arrayed finc crystals (RAF) appear on the surface of the growing crystal. Although
the crystal growth of sodium chloride has been studied by many investigators so far, only a
few have paid atiention to RAF. In this study, we show expérimental evidence of the
formation kinetics of RAF observed with scanning electron microscopy (SEM). We prepared
two Kinds of seed crystals: recrystallized seeds (seed A) and commercially produced crystals
(seed B). Seccds A and B were allowed to grow in clear solution of sodium chloride in a flow
cell. After a while, the sced crystal was taken out from the cell and the surface was obscrved
with SEM. The some growth experiment was carried in the presence of suspended fine
cryslals in order to examine the effect of fine crystals on the formation of RAF. On sced A,
which has originally smooth surface, the smooth surface remained cven afier 30 to 420
scconds of growth, except for the appearance of macrosteps and a few f{ines. RAF could not
be scen at all. When we grew another seed A in the presence of suspended finecrystals,
sticking of suspended fine crysials were seldom found and RAF was not seen at all. On the
other hand, a sced B(commercially produccd) has originally rough surface. This is probably
because in industrial crystallizers, multi-crystals are suspended under vigorously agitated
conditions. Surprisingly, formation of RAF was observed after only 30 seconds growth and
the RAF developed in size and number with time. From the resulis shown above, we come o
conclusion that commetcially produced crystal has origins of RAF as such and the origins
developed during the growth of seed crystals. Questions arise here as 1o why the seed B has
the origins of RAF and how the origins of RAF are generated in industrial crystallizers? In
order to answer (o these, we observed growth behavior of multi-crystals in an agitated vessel.
In the agitated vessel, most of the crystals were agglomerated, but the surface of individual
agglomerated crystals was very smooth. The corner of the crystals became to be rounded by
attrition and the surface gradually became rough. After long time of operation, the surface
appcarance of the crystal became similar to that of the commercially produced crystals. This
suggests that the origins of RAF on the surface of sodium cﬁloride crystals are produced by

attrition cvents caused by agitation in industrial crystallizers.
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