355

sE) HWAHAK KONGHAK, Vol. 15, No.5, October 1977, pp.355—363
<HX (Journal of the Korean Institute of Chemical Engineers)

S FEE 2[8 CICtaX|H o] 2E 3t WE 0|

o & F*.Z H** .0 B 3
dA R &z Foo e et
I dd g tETt TAATA

R4 1977. 7. 20)

Modeling and Simulation of a Multistage-Contactor
for Solvent Extraction

Won Zin Oh*, Chul Kim** and Tae Hee Lee

Department of Chemical Engineering, College of Engineering
Yonsei University, Seoul 120, Korea
and
*x+Chemical Technology Laboratory
Korea Nuclear Fuel Development Institute, Seoul 131, Korea
(Received July 20, 1977)

2 oF
L FZo] A LHE ot Pump—Mix Mixer-Settler 8] f-EF &4
o 7|4 Bl EdaE dHEdzR, AX2E CSTRAEH 20
o= ReES /‘]711"‘]‘?1% YAANA ERBZHTFE FUcE, F—A FA oA %73%%9_& _}M
o Be AFAZL LEFFE Foho] mAATH vlzd A% & wo] 47 03}
o 2 JATE BR3 AFAA AAE 2l g2 o] FXAY F54E
AEe Ekh

%Y B2dg AYuAsg
5

Abstract

‘The hydrodynamic characteristics of Multistage Mixer-Settlers were studied by establishing a
mathematical model based on the assumptions of complete mixing in the mixer and plug flow with
‘CSTR recirculation in the settler. The model parameters were determined by the moment and
time lag matching and experiments were carried out with a water-kerosene system by obtaining
residence time distributions for both phases using impulse response technique. The suggested model
well predicted the experimental results within the experimental error range, while the other exist-

ing models were found to be too idealized to depict the dynamic characteristics of this equipment.

CEFs ARAARALIE FHATA



356 294 -

1. A =

Sl FEAA A 455, 24, 274, €
24527, 349" § J7A7 d=d 2
Z 3349 398 BHon St AAzE o
57 Mixer-Settler 7} 52 wo] so] 3 9t}
E3] Mixer-Settler = 19401d ol Mensing3?o]
pump-mix €12 % A 93k ol F 23 4] li7t
A AR Fol 2 SIS AF GolAz g
t} o] Mixer-Settler X A o] @3} = Coplan
7} Davidson!®1Dg- u] £3le] & o FAE416
27,31,38,49)0] 1=9| 3} o},

0}2] 8 Pump-Mix Mixer-Settler ] A<4x9]
o oA Agol}, e, Adzdzid 3
%A Az SHEGS 22 A
FgEe oo 4 o) wHel 47
¢2Ue M 34 $54¢ A
o} Eg A%E F4 Eohm Ao

Mixer-Settler of 4 &= g ul3 7] ol B %
Aske gel 7 49 Aol A5l o
of = BARLH HEFAE Ao
t}27] =) Fo]c}, Apelblat & Faraggi®
CSTR 2.9 & 7}] 52 Mixer-Settler 2]
54¢ #MeH 2 Jou 45 2
et

Aly &} Wittenmark?¥ =
o 3] /Hﬁgﬁgﬁﬂﬂ-ﬁ]/‘]ﬂ} Murphree &-8&2

lg Al 7l T 7hA] w3 e CSTR == 2 simulat-
ion & 3¥}32 Pseudo Random Binary Sequence 3
identification 3+ A 3 & A = (settler) & @l <o)
ukd A A oF gheks A EE ol Fol Wil

Haligan 9} Smutz!?= thgk Mixer-Settler 2
A AYY AT 2 FERAS T 4 59 ol
Fol $agol Hrrkl Wikl AuE Ve
G AA2EF ded Ehasdoz Y
S W gt $UMEeS mdo] & g o
=tz Yok

Hanson # Sharif?®= 2%} Mixer-Settler &
498z A 9 43R4 2879 (dead
space) & Zi= FAEFH Et2EE FIA

82138t R15H A5E 1977 108

r°“

1

a2l

T T 4 A3

M %
2 A 2

mﬁ£4wwa

e

o e e 4o
. m

ne, M H)

N of St

4 %} Mixer-Settler

ZERREE

2 EANEY 2, 9AETH EBzsEo
o} 2 ZA G EEZ Mixer-Settler 8] §%-
E54& vehligled & fEe] AdsE 23
ARe] s ¢ nAH.

Rozen et al. & ot EA EAAFo] 1)
A AAA Aokl B CSTREA 8 E3
558 Y43l CSTR 22 2 simulation & 3t
©om Mixer-Settler & w7t 55 ol Ao A&
5 zdo] A e AsE R FA g uAY
b BA EAA ] A3l TR EHo
A o wd Az 23k gich
AAAE ANz JEYHES oI =
;(]qq (o) E"ﬂizﬁﬂ#‘i —5]. /'-zﬂ-;a E_rm ] ,q]

8 2+ Pump-Mix Mixer-Settler Z-X A8 f

E‘E}% Auslet, 53 22AE 4 i
]045_7}‘ o} & Mixer-Settler 7+ F-5-o

FU4S 2o AL FEFH A
°3_(t1me lag) ¢ &vlEA ZH3ped <k

& Fo] &7 24 (impulse response) A o 2

A9 ShE $REA L 25

FOP 0}‘.1;520}‘_,
2ok ook,
_':4_.&.

_— e T

2]

u] 28+
2, 8 o

o ul4 o] Mixter-Settler o] #8 R ZF7HA] of
Hn2ol w2 Mixer-Settler &) Zg+g &3z
(mlxer)ﬁ} A A 2z (settler)] o] glo] A
2 dAa5gzz 7443 A (CSTR model) =t &
gzt A 2E FY3e] SAETFze} Stz
FEom EA3 ZA(CSTR & plug flow model)
oz aA g F AU o F RddAE
}bLO]

oxl



L322 S 9% GRANA 2hD 3 A Bl 4 357

1€l & 4L e 2o
(1) F &9 v EFAoln ERALS g
-5-}_;] o'l-‘—T;'I_
(@) 249 e 443
(3) 7 A7k} gpo] A Qo]
FrEd A vehdh
@) EF=e AARAAY gd=9 FL
A e gAEF= T
(5) A=+ CSTR A<3&
Fol
o] 2l AX 29 A+ CSTRY &4
A7) fragel o8 o] FAAY JEEA
=% vehlie] etz £3 W4z 24A
4L BAEH "k Fig.1& N4 29 Mi
xer-Settler ¥ & BojF 3 Qlc}

s

e g3t s

Fig. 1. Schematic diagram of Nth stage Mixer-Settler
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Fig.3. A Floor Plan of Eight Stages
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Fig.4. An End View of One Stage
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Table 1. Experimental Conditions
Exp. Eettler Flow Rate (ml/min)
No. evel RPM .
(cm) AQ. 1 ORG.
1 2.1 735 25 43.5
2 n 810 " ”
3 " 870 " ”
4 ” 980 " ”
5 o 735 ” 22.5
6 ” 810 ” v
7 ” 870 ” 1
8 ” 980 n ”
9 ” 735 ” 34.0
10 ” " ” 57.5
11 " " " 67.5
12 ” ” 33.2 21.0
13 " ” " 34.0
14 ”n ” ” 46.5
15 ” ” ” 59.5
16 " ” " 67.5
17 " " 43.1 21.0
18 ” ” ” 34.0
19 ” ” " 46.5
20 ” " " 7.5
21 ” " ” 67.5
22 ” " 53.0 57.5
23 1.7 ” 23.0 21.0
24 ” ” ” 46.5
25 " ” 33.2 34.0
26 2.5 ” 23.0 21.0
27 ” ” ” 46.5
28 ” ” 33.2 34.0
29 2.9 " 23.0 1.0
30 " ” " 46.5
31 " ” 33.2 34.0
3-3. AH A

2E AY del¥st L5 CDC 6000
Series A% F AH&3H] A LG, A2
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Mean time : 42. 159 min.
Variance : 122. 98 min?

Fig. 5. Aqueous Phase RTD
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Table 2. Percent Error Comparison of Each Model

Standard No. of
Mean deviation data

Model

Agqueous phase :

CSTR 30.74 6. 23 31
CSTR & plug 16. 64 4.35 31
CSTR & plug with 9.69 3.10 31
CSTR recirculation

Organic phase :

CSTR 24.26 11.08 31
CSTR & plug 5.38 2.42 31
CSTR & plug with  6.20 4.72 31
CSTRrecirculation

CSTR =2&l-& Fig. 5%} Fig.6 2 Table 29
veERd whe} o] A wkA] okrh o]ZlE o] B
o] Mixer-Settler & 53 A
A7 AF}oln o] 9} -2 I
A o] AAAY F5EAE A A AR

A REE el
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Nomenclatures
a Arbitrary constant
b Arbitrary constant
Ey Outlet concentration of Organic phase
in the Nth stage (mol/l)
E'y Outlet concentration of Organic phase
in the Nth stage mixer (mol/{)
Ep, Recirculation concentration of Organic
phase in the Nth stage (mol/?)
Epne Total concentration of Organic phase

in the Nth stage (mol/l)
fi(¢#)  RTD {function of i model (dimensionl-
€ss)
Transfer function of the Nth stage (di-
mensionless)

Gn(S)

g(®) RTD function obtained from the expe-
riment (dimensionless)

H, Volume of Aqueous phase in the mixer
(m?)

H, Volume of Aqueous phase in the settler
(ml)

H, Volume of Aqueous phase in the reci-
reulating CSTR (m!)

Ao Volume of Organic phase in the mixer
(ml)

hy Volume of Organic phase in the settler
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q Flow rate of Organic phase (m//min) Biotechnol., 23 (1973), 643.
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R Laplace transform of R 4. A.S. Anderssen and E.T. White, Chem.
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