Korean Chem. Eng. Res., Vol. 46, No. 4, August, 2008, pp. 732-738

YAEle] 4 19 sSMB SHO| RUE Old=EA 222 M=

UzlE - 2T
QUspolea 4Rt

[e]
402-751

(2008 49 119 A4, 2008

Retention Analysis of Binary Mixture Injected into a Four-Zone Simulated Moving
Bed at Steady-State

Jinhyo Yang, Jin-Il Kim and Yoon-Mo Koo'

Department of Biological Engineering, Inha University, ERC for Advanced Bioseparation Technology, Inha University,
253, Yonghyun-dong, Nam-gu, Incheon 402-751, Korea
(Received 11 April 2008; accepted 9 May 2008)

>~

SMB 342 Af3f8), ustel, Ak AFES
o B S QIn k. e AT /1% e

TN BAT 5 9 BAY S

ok

o}
Ao 2 PAL
7, vheret 4
#go] AlEslo] BiLe|3 Qe e, TRIE WHOE SMB
o, o]a} e AFe HANES AR Aeo] Aol S
#Aakat glek. ol Aol AAPEe] ol SMB oA 7%

I AZeE T 7)EEA 3= A
Fae] FEEHe s SMB 342

;o

it

3749 2] WAUTE olslishs 750l ®aL 3l
MB 74| 231& wrt §olsH skaL, SMB

Al S (psicose (A) B fructose (B) <3¢} A|Zo] F9E]= AlS (psicose (C) ¥ fructose (D) <& AF 545

ol BARIHL SRS A2 AR
W=7 SMB BN fEHE 22

T ANE

FAo] shtel MR B PHRASE /1FE BAe wrh
selg 5 Itk AR, Alze] Fshs BAEE ols) v i

BAe] Ao 984S Brk wel Pgdele] BEehs 2S SIS

Abstract — Simulated moving bed (SMB) process is a continuous chromatographic technology used to separate a large
amount of petrochemicals, fine chemicals, pharmaceuticals, and so on, drawing a great attraction of related industries.
With the recent development of biotechnology, the SMB process has been adopted for the separation of various useful
bio-products. Attempts to understand the separation mechanism of the SMB process in many aspects are reported in
many publications. These researches have dealt with the improvement of SMB for easier operation and solving problem
in process. The feed mixture fed into the SMB process may be of different concentration batch by batch rather than in
uniform concentration. Retention behaviors of feed (psicose (A) and fructose (B) mixture) existing in the SMB unit in
dynamic steady-state and feed (psicose (C) and fructose (D) mixture) newly injected into the SMB were analyzed. It was
observed that the existing components, (A) and (B), were eluted relatively faster as the injection time of new feed was
earlier during the port-switching period. In addition, the components (C) and (D) were eluted earlier as fresh feed was

injected earlier in a port-switching time.
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Fig. 1. Operating diagram of a four-zone SMB unit. There are two
inputs, feed and desorbent, and two outputs, extract and raffi-
nate, in a SMB unit.
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Table 1. Simulation parameters of the SMB unit

C, 39.80
Feed concentration (g/1) Cs 10041
Ce 39.80
Cp 100.411
SMB configuration 1-1-1-1
Temperature (°C) 50
Length of packed section (cm) L 19.5
Internal diameter of packed section (cm) D 2.5
Total void fraction (-) 0.4701
Particle radius of absorbent (micron) 37
A Psicose existed in the
SMB unit
B Fructose existed in the
Components of feed SMB unit
C Psicose to be fed into the
SMB unit
D Fructose to be fed into the
SMB unit
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Fig. 2. Separation region by triangle theory. Dot () is for the operat-
ing condition and it was determined with safety margin of 0.15.

Table 2. Operating condition of the SMB unit

Feed flow rate (ml/min) F 1.00

Desorbent flow rate (ml/min) D 1.49

Extract flow rate (ml/min) E 1.28
Raftinate flow rate (ml/min) R 1.21
Switching time (min) Ts 36

m; 1.29

. my 0.58

Flow rate ratio (-) my, 1.49

myy 0.44

particle bed void fractionye YA K 9 K= 2 (52 AF
52 52 332 (isothermal adsorption equilibrium)2] &1l Al5=
(partition coefficient)*]TH15].
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Table 3. Isotherm parameters of two components

Psicose Fructose
Isotherm parameter (-) 1.33743 0.50342
Mass transfer coefficient (1/min) 10 10
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Fig. 3. Internal concentration profile of the SMB unit for the separa-
tion of (A) and (B). Solid (—) and dotted (---) lines are for (A)
and (B), respectively.
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Fig. 4. History of extract port. Dotted (--) and short dashed (---) lines
are for (A) and (B), respectively.
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Fig. 5. History of raffinate port. Dotted (-+) and short dashed (---)
lines are for (A) and (B), respectively.
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7} 97.09%, (B)7} 99.68%0] 1T}, 5% % = (enrichment):= (B)7}
0.82% 0.763) (AR} O ¥=9kow, [ ming 1 em’S] FHAE o]
&3to] A 7sE 7 =49 BAMI (productivity> (A)2] 75
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T,,°1 720 min® W, A =20] Q1% psicose(C)¥} 715U % psicose
(A9 extract &7 A 1IZ= Fig. 79 BAISKIH 71599

Purity (%) Yield (%) Productivity (g/min/cm?) Desorbent (I/cycle) Enrichment (-)
. . A 99.14 97.09 0.19x107 0.21 0.76
Simulation 3
B 99.00 99.68 0.49%10 0.21 0.82
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varying T,,.. Closed circle (@), open diamond (<>), open trian-
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min, respectively.
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A E71=
m : mass flow ratio
Q : volumetric flow rate [ml/min]
A% : column volume [ml]
top : port-switching time [min]
e : total bed void fraction
€, : inter-particle bed void fraction
K, : partition coefficient of solute i
q; : adsorbed stationary phase concentration of solute i,
[g adsorbed solute/l stationary phase]
C; : concentration of solute i [g solute/l mobile phase]
T,y : time to inject fresh feed [min]
m' : number of steps to divide port-switching time
1 : number of between 0 and m'-1
n : number of port-switching times
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