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Abstract — Effect of cooling surface temperature on the crystallization kinetics in MSMPR crystallizers was experi-
mentally investigated.

The temperature djfference between the bulk and the cooling surface was found to have significant effects on the
crystal growth. An empirical correlation was proposed to account for such effect.

LR B & 2ol A WA W A
w39 AL Hrlee] o o] gah:
A FAY e AAE 3L FdHezr o rh €= 2 YAE S WA 3de A
%ol o] &Eln glew, of FAol de] ol A9 7ol AXg Ae s}t WA 4 glet,
v MSMPR(Mixed Suspension Mixed Prod- Gt Boe 25 229 g3k 2 ube Pdolur
uct Removal) ZAAg}7|olch, o] AxlolA shgsle Ha 2Ev) RArhw stviete W7t 3o F4d

AT AE BT AL o) wo] 2ok w02 UE RZo| ofm WS} 47| °P‘
Population $2]4g o| &35k 7e|ni[1, 2], o] Ald x H-Xof Aofol] Fo3 2471 & & g}, X
A% Al 434S Gob d4EE BYE Wed A 2EY EdelE olF AHoz AFH 7401
o Aoz walch

AR ol A ZAE 7] As) wro] 2ol uhd B AToAE Eoleh e sl s W ¥

245



246 Plg - AEF - olBs

Lo
o
rhu

= ARSIl A, Wz Baiel deE
Hekstaly] sl Wz &% ooz Foief o EE e
25 godE o] Ak o] ofele] ¥I g5
7tzb 1-f 9 feb deh, &% AelE Alglshae deE
o Fxof £ Friv FYsled MSMPR (Mixed
Suspension Mixed Product Removal)$ 71343 4
Uk st
a2 25 ofodel 2x TolA Ao Hars Gof
AL Bt ohgt 3Eo] Folxlckan A7bslRI1,
2.

G=ksS" 1)

B°=k,S‘M% (2)
ke o k& oheat e ol fagolx

ke=kgo exp(—E¢/ RT) (3)

kz=kgo exp(—E;/RT) (4)

of 7oA T'= Wzb Fole] ofghg ubi= ofedg e}
e xeolth ke,
T'o Jge Wi

old Aol 2313

.. T e =
kG(T');kG(T)(HAT%
rar(gals-gnl) @

s1at2s 263 M3z 19881 63

k(1) 2k, (T 14 AT 2,
rarr((gh) s -wml) @

S‘(T’);S‘m[l ATLS‘;?s
D (15
)

of7lellAl AT=T'-Tolck, webd (6)2 (7)AlellA

G/G(T)-1=fATA 11
B°/B°(T)-1=f AT A 12
SHER
,_E; i dC,, AT(/E.\'_ 2E.
A—RT’ SdT+ 2 [(RT’) RT?
idC, E; .. (1dC,\_ ¥ dC,
Sar rre U D(s dT) S dT']
_E, idC,, AT({ E,; \*_ 2E,
A=RTi" S ar T2 [ RT‘) RT®
GdC, By . .0 14dC,\_ i d'C,
S ar RT? 10 ”(s dT) S dT*

o 7S olerH1-3l

on_ n_
GaL+ > =0 13
n=n"exp(-L/Gr) (14

ol7lelA ng& 27 Lo &
T A HIF FHEEE FE %
Log ng Lol oisf =4]3hd (14 °
o 4 i AulolA noghg, 28|

AgA o AAFc}, by B deldlF 7] L+ A
L Afole] 7ol Az AWoIA HF 27] L=L+A

N
o
N
2
X
9
o

L

— 1 AW
_1 . 15
n(L)= 30 sl 19
o2 AR o1 k= Aol AFel dis



MSMPR A 87104 W7 Zo] A4 = Al 4ot 247

o] #& 0.65°1tH4, 5], =& H=E sholch, of e o9 Azt FHAE
. o]Fof A8l W7ol o] 5tch, Wetale] 32 9%l
Mr=poko J, n(L)L L 19 5 s5mm, 5% 8mme) Tzsehs Uslers wpe
MPALET BOE o2 Alog A= ofl 4] 30mm Hojal ol AA|ste] 2300RPMo= 3]
B°=ﬁ — d_N_ . é& =n°G an 7“1:]2:}“?}-' ] 210 g0
™ @ e @ 379357) )3l W74 110mmel ob22 e 7193
oA7lol4] N& 27] LokAlel A9l olch, delell FreiE el ddssdst, et ARl 4
ol A" 10mm H7e] 7o I|3lef ofa) #H
.4 H Ao
W7t 2olel A LRt Hetolo] 47 Bel s}
AR A e Fig, 19} Rom) Agsblst 2ggy  FT T AT type) & AHAZ Aol 5
gole olodaly] oa dmsly] o AEer zh7|7) Aetodar wdh Ha 5, £ S 2% ol Yo
HaE ez o upSy] YR LrE =q exe  os FASY Slsh dHdE pAsa 2E 715A
B Wsd £ g WA 29 9 wale 24 IR
slo] glch. Aol AMEE AEs FF4 100m/® NaCle 30
MRSl 95 olmailo mhiglw ulze] 100 & 328 35g¥ w4l L ot £E 99% olatel o
mm, ¥°l7b 120mmele}, h&7] uidoliz vul 10 B Eefelsly, FUEES 200m/ mine] 343
mmel a7 405 7iso 2 e §mm GojAA 900 T ST FUdhAH, F4 e 7 3o 4%
ZHoe A, olelgs 43 fole sjelld Sl M2 22} 25T} HEE A 2Eg o
10mm gDoidl Xo2 77k 6mme| &AL 2= #e sloict, BEAA A7k 14, 5801300
B2 Agstel Felakelm w4 80mmsls ol Wele eme Moz AASYD, AHE AL

Q2321e Mxsted MBS AAGHA AAsr|e B T FA| AR E AHETld AA moleg Hejslg]

=7} QA E FHodct . A EE oldlEC R AAsio] 40T Aol

Wioll= 97 6mmel Tel3s Yoz e A A Aeko] & wirkx] Az}, 2o FFE0)

A slgen & ALl Aot 74, 3em,HAAs 2 AE ARESH] ZUME ERste, ERE AEE 27

cm, = ohE Aol Fol7} 38,2cm, M A7t dem  EE ARSI, B9 L8 FEe oA *4%—% =
o

41

!

—
[E]
'
eaké
yu

P |

oReld ARG wish el F4k Auhel %A

d
12 MSMPRellH 932 log n(L)# Lo A= AAeln
o ZAzollA Gt Boo| 3k AHT + 9k,
Fig. 1. l;'lovcv dialgl-ram of crystzallézatli.on sy.sltem. oA Y7k 3edel] Welrt sEx] 2% W ex
. Crystallizer . Cooling coi 0w = ool o o s
3. Impeller 4, Feed line 11T % 25T, F449 43 ¥= 0.30g/ cm®, 0,32
5. Baffle 6. Adiabatic wall g/ cm?®, 0,35g/ cm®l oHE A Aleje] ALz,
7. Fractional motor 8. Product tank che] Malele] Aol Akl (1) (249 i, i
9. Refrigerated circulator o B sl ] onl
10. Digital thermometer 1 ik ke o ky, & TR RS FHAGL, i Y
11. Recorder 12. Constant temp. bath o] zke 7zt 1, 0.8 ¥ 12 A9l thi] 25 o=

HWAHAK KONGHAK Vol. 26, No. 3, June 1988



248 F% - AEF - oA

k, 2E2HE (3)F (DAY koo kso,
9 $& derh 9 %2 1734mm/
min, 8,525X10-2/ min, 6000cal/ gmol % -10200
cal/ gmolel=t,

Es/E¢ =-1L. 7022 o] g2 Wayet Terwilliger
(6]7F Ad=dt -3< E,/E, <09 Wl 3, 25

& 2erh Skl A
Q

W7k meel dkel gle wlef Go BoE Telglem
Z ol (11) # (2)4el o8] 7 3rde] g o
olge @FT oA IAT & slvAl AwHEch

o Zul9de A2 o] dae] fAT A

oF Puljo] 25 Alolof] 9l& Flo] olabsln] o] Fof of
g Heiolels, W7 o] dake] AT A
Hlel g Ao] ol sl

£ dtofide T'E Jele] 252 dsioich, Yol
b 39le] Golzk Fulo] Hatdlz ol
of ZA% 2ot AL Aelst gigich, 2]
71 Aol sl AT® W7 249 sl+st
F7olA Mz gxete] afellA A4k o HE 25
22 shgich,

olAl (11)A# (12)HelA Ga7t

N
Ir

of

n

1

Koaju fo
w He o
4
o ¢

oX
P

0 g Thes 2ol

Holstn
G,=(G/G(T)-1)/A" = {AT (19
B3=(B/B(T)-1)/A=fAT 19
5t [S T Gr B
030 |® O
& 4 [on[wc|Ca  mas
-] 0.35 | A Y|om]
£ 3
4
3
© 2
A .
1 -0
il
0 1 2 3 4 5 6 1 8

AT
Fig. 2. Temperature dependence of G and B:.

BStSE K26 HI3T 19887 6

G, B3 % 3 ATS 42 Ro} A4 f2 H4 A
4oz F3ch, Fig, 20 G.3 B¢ ATe 342
Bols ik, o)A & fFhe 2P Aolrt 74,3
cm¥ = 0,68, 38.2cm® @ 0,415 =t o] A4t
ol 4] &8l = Ceol Z+e 117TolAl 0,0898g/ cm?, 257C
ofl4] 0.0926g/ cm?e]l dC,/ dTE °] F 2ol
A4slodct, 2ela ol AAl4- 0. 98601

Fig, 3~5¢ Al4td = £¥5 AgAe} vlasin
olet, AAMZ AAAE Gk B AAs] $fsted 4
Paol#] ML Ao e AMda} 79 zfelr} )
7 ek, Fig 2014 G, & B3 o) 234 0.5
ol G =¥ Bjo A eabe Ao 3% vlute]tt,
=3} Fig, 3~5% AT7} 2C Axgl 790l sew] 3k
o] feighs HolFr),

T T T T T T M
J
experimental O : AT =0.00°C .
_ A:AT=238°C
E O:AT=4.35°C
£ 105F calculated -
= s
\ -
~
o L ]
Z L
<
2 R
= E
=
7}
°
£0F ;
K C ]
= - 4
[=3
o B J
o i J
104 - 3
1 ! 2 | 1 I \Q;\ .

0.05 0.10 0.15
Crystal size (mm)

Fig. 3. Crystal size distribution of NaCl as a func-
tion of the temperature difference between
bulk and surface.

(C;=0.30g/cm3, Tp=25°C, A.=140cm?)
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Fig. 4. Crystal size distribution of NaCl as a func-
tion of the temperature difference between
bulk and surface.

(Ci=0.35g/cm3, Tp=25°C, A.=140cm?)
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Table 1. Summary of experimental results.
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Fig. 5. Crystal size distribution of NaCl as a func-
tion of the temperature difference between
bulk and surface.

(Ci=0.35g/cm?, Tp=25°C, A.=72cm?)
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Feed Conc./gNaCim/~ ! 0.30 0.32 0.35

Bulk Temp./°C 252 25.1 25.7 259 25.6 25.9|25.6 25.4 258 253 25.6 25.5| 254 255 259 25.2 25.5 259
Avg. Feed. Temp./°C  — 31.2 34.1 37.8 385 41.0 31.2 34.4 367 382 41.3{ — 31.6 342 369 38.1 4l.1
Coolant in — 235 233 228 21.1 20.2 344 235 222 21.0 193] — 248 23.7 220 21.2 200
Temp/°C out — 248 244 243 233 228 247 24.6 237 233 223{ — 251 247 23.5 233 22.8
AT/°C 0 078 1.79 227 3.28 429 0.84 1.69 227 3.32 4.54| 0 0.54 1.65 2.37 3.13 4.35
S/gNaCl m/~! 0273 .0273 .0273 .0272 .0269 .0265 |.0327 .0327 .0327 .0327 .0322 .0320/.0347 .0347 .0347 .0346 .0345 .0342
~-IG/G(D)-1] 1.92x .005 .026 .042 .068 .099]2.29x.009 .022 .039 .066 .092|2.43x.008 .024 .037 .0S8 .082

10-3 10-3" 10-%

B*/BY(T) -1 4563+ .020 .048 .060 .145 .166|6012*+.018 .045 .101 .163 .230|8626*.024 .048 .081 .128 .193
Gp — 0.18 095 1.52 242 3.46 33 080 1.41 234 321 — 030 0.77 132 2.07 2.87
B} — 035 0.81 1.00 236 2.64 31 076 1.69 2.65 3.64| — 042 081 133 2.09 3.07

*indicates G/cm min ~}, + indicates B°/min’
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NOMENCLATURE

A function defined in Eq. (12) (cm?)

A, : surface area of cooling coil (cm?
A’ : function defined in Eq.(11)
B® : birth rate (min™")

C : concentration of NaCl in the crystallizer

(g/em™)

C, : feed concentration (g/cm™)

C, : solubility of NaCl in the mother liquor (g/cm™)

Ep : activation energy for nucleation rate constant
(cal/gmol™)

E¢ : activation energy for growth rate constant
(cal/gmol )

f . volume fraction affected by cooling surface (-)
G : growth rate (mm/min’")

:order for supersaturation defined in Eq. (2)

. order for supersaturation defined in Eq. (1)

: order for My defined in Eq. (2)

: birth rate constant

: preexponential factor for birth rate constant

3=tEs H264 M3 198841 6
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ke : growth rate constant

kgo: preexponential factor for growth rate constant
k, : volumetric shape factor (-)

L : crystal size (mm)

L’ : length of cooling coil (cm)

M7 : suspension density (g/cm®)

N : cumulative number of crystals (cm™)

n ; population density of crystals (cm™/mm™)

n° : nuclei population density (cm™/mm™)

S : supersaturation (g/cm™)

T : bulk temperature (k)

T : temperature in the region affected by cooling

surface (k)
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