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Introduction 
·Concept of Simulated Moving Bed: 

1st UOP patent (1 961) 
Sorbex processes. 

• Applications: 

Petroleum refining and petrochemicals 
(Parex and Molex processes) 

Carbohydrate industry 
(production of fructose from corn syrup) 

(Sarex process) 

·The SMB technology has recently found 
new applications in the areas of 
biotechnology, pharmaceuticals and 
fine chemistry. 

lSRf 

SMB Principle 
·Flow scheme that takes advantages of 
continuous and countercurrent 
movement of liquid and solid without 
actual movement of the adsorbent. 

•The adsorbent bed is divided into a 
number of fixed-bed columns, while the 
inlet and outlet lines move 
simultaneously one column at fixed time ~ 
intervals in the direction of the liquid 
phase flow. 

•Advantages of SMB chromatography: 
lt is a continuous process; 
Can perform low selectivity separations; 
Reduction in eluent consumption and 
adsorbent requirements. 
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Section I! 

Section IV 

Schemalic diagram of a Simulated Moving Bed 
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Ob.iectives 

• Modeling strategies of a 
Simulated Moving Bed unit 

• SMB simulation and study of the 
influence of operating parameters 

on the SMB performance 

• Optimization of the SMB 
operation conditions 

• Experimental operation 
of a SMB pilot unit 

(Licosep 12-26, NOVASEP, France) 
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Modeling 
·Two main strategies: 

The SMB model: considers the real shift 
of the injection and collection points. 

The TMB (true moving bed) model: 
considers liquid and solid flow in 
opposite directions. 

·For practical purposes, optimization and . 
choice of SMB configuration (length of 
each section) can be safely carried out 
on the basis of analogy with TMB 
mode ling. 

Reference: Pais, Lourelro and Rodrigues, 'Modeling 
Strategies for Enantiomers Separation by SMB 
Chromatography', A/ChE J., 44, 561·569 (1998). 

!SHE 5 

Model equauons for the steadv-state TMB model 

Mass balance in a volume elemerzt of the bedj: 

d 2cij dcij (1-E) • 
DL. ---v · - ---k(q .. -q··)= O 

J dz.2 1 dz. E lj IJ 

1'vlass balance in the particle: 
dq.. • 

u5 -d11 +k(q .. -qij)=O 
Z IJ 

Boundary conditions for section j: 

:=0: 
DL1 dcij 

Cij "" --T=cij,O 
Vj Z 

: = Lj: cij = cij+/,0 extract, raffinate nodes 

and 

IS BE 

v, 
cij =-cij+l,O 

v,v 

!!J1L V F 
Cij = Cij+l,O _ _f_C . 

VJI VI/ I 

qij = qij+l,O 

eluent node 

feed node 

The TMB model considers: 

• Axial dispersion flow 
for the bulk fluid phase 

• lntraparticle mass transfer rate 
described by the 

linear driving force approximation 

• The model can handle 
.. any.kind of adsorption isotherm 

aolltl ci~ulatlon 

Uquid recircultlliOn 

Schemauc diagram of a True Moving Bed 

lSRE 6 

Global balances: 

Vf = Vfl' +v£ eluent node 

vu=vf-VX 

vm = vu+ vF 

vw = vm-vR 

extract node 

feed node 

rnffinate node 

Multicompmze/!t adsorption equilibrium 
i.wlherm: 

q;j = f A(cA1,c81J andq;j = f o(cAj•cBj) 

1 - E 

E 

Model parameters 

Ratio between solid and fluid volumes 

V. 

r 1 = ...1.. Ratio between fluid and solid velocities 
lis 

V·L· 
Pe 1 = :..J.::L Peel et number 

Dij 

kL· 
a 1 = --1 Number of mass transfer units 

"• 
Adsorption equilibrium parameters have to be added to 
the list above. 

lSHE 8 



Simulation twesults 
Ur---~--~~------~ 

99% 
H--~-· 

Ttn 

--t.o.ss·' 
-·k=O.rs"' 

U 1 I 
u u To l lJ 

lnnuence of IIlo mass llansfer resistance 
on llle separaUon region ltarget99%J 

Optimum operation conditions (99% vertex) 
k (s-1) Oe Ox OF OR 
0.5 18.29 17.62 6.80 7.47 
0.1 22.70 16.90 2_39 8.19 

Sy>tem: bl-naphthol enantiomers 
SAIB Op613tion conditions: 0Ft0e=Ox+OR=25.ll9 mllmin 

Sv.1lch time Interval: 3 min 
Recycling flow rate; 35.38 mllmin 

Creed= 2.9 g/1 each enantiomer 
v-1 beG. 446 m1 

LSRE 

' . 
0,1--..1 

Separauon region In a lh versus QF plot 
Region flll1ited by closed squares: 

separation region lor a 95% purity criteria. 
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Open squares: path of equal raffinate and extract purities. 
(mass lranslercoefficient /r-0.1 s·l) 

·Since the objective of the SMB operation 
is to obtain the two pure enantiomers, the 
path of equal purities is the optimum 
trajectory that must be followed. 

•The optimum will result from a trade-off 
between solvent consumption and 
productivity, purity and recovery 
requirements, and system robustness. 
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Elfect of the extractllow-rate 
on llle SMB performance 

i 
= a=r-e ~i::-.~ . ; .... .. ~ , 7, ··:!·. ·- ·· 

l ·-,--- ·., 1
=1 E-+.: i \,<~; 
.. 17 "f:-t'" 11 \ 
lA~ I 

'"' 
e ,., 
t 
.! .. 

"' .. 

... tl ln u ,.. 
. ~ .. ~ ......... 

ll 14 ll u :u u lt 

!.utanR--.l~l 

• The deviation of the extract flow-rate from 
its optimum value drastically affects the 
performance of one or the other 
enantiomer, depending on which direction 
Ox is changed. 

IS RE 

OpUmum purtUes and recoveries 
as a runcuoa ollbe feed now rate. 

~ r-~----~--.-~==~· 

I • 
Q,IMWool 

Solvent consumpUon and adsorbent producUv11V 
as a runcuoa ollbe reed now rata. 
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References: Pais, Loureiro and Rodrigues 
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Systems studied 

Separauon of chlral 
epoXide enanuomers CX1

1.1

0 
. 
H 

(Sandoz Pharma, Base/, Swi!zerland) ocn .. 

Stationary phase: microcrystalline cellulose 
triacetate (dp=45 J..lm) 

Mobile phase: methanol 
Temperature: 25 oc 

011 

otl 

Separauon of 
hi-naphthol enanuomers ~ (Aidrich, USA, Cat. No. 10, 465-5) 

Stationary phase: Pirkle type, DNBPG-Silica 
(dp=25-40 J..lffi) 

Mobile phase: heptane-isopropanol (72!281 

Temperature: 25 oc 
LSRE 

lSOE 

comparison between 
experimental and model results 

- ·~ ~ 

" 

bl-naphlbol enanUomers 

chlral epoxide enanuomers 
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Ope111ation 
SMB pilot unit: 

LICOSEP 12-26 (Novasep, France) 

Experimental performance parameters . 
System PUX(% PUR(% RCX(% RCR(% 

Chlral epaxld• 

Si-naphthol 

System 

Chlral epolldo 

Bi-nCijl_hthol 

lSBE 

90.0 92.0 94.0 91.1 
93.0 96.2 97.3 91.6 

SC(mVg) PR (g/day !bed) 
(Q~ +Qf.) F cF QF(Cd. + I!) 

QF(CF +C~) Yb.J 

400 52 
1200 GB 

Slll)lllllnaiiUncolllllUoa. 

"""' 
10122-

5 
Ui 
ZI20 
or 
~.00 

1.52 
2:05 

Bklloh!hel 
tB 
10.5 
i 

2-2·2·2 
25 

l!I(ID"""*'' 
2.!l 
V5 
35.Ja 
llis 
16.110 
] .61 
g.og 

Conclusions 
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·The SMBITMB packages are important 
learning and training tools used to predict the 
effect of operating variables on the process 
performance, and so the choice of the best 
conditions for the SMB operation. 

• The regions for enantiomer separation can be 
numerically predicted, considering non-linear 
competitive adsorption isotherms, dispersion 
and mass transfer resislances phenomena. 
The mass transfer resistance phenomenon 
affects (reduces) the separation region of 
both enantiomers. 

• Ox versus OF plot provides a practical tool for 
choosing the better SMB operating 
conditions. The optimum will result from a 
trade-off between solvent consumption and 
productivity, purity and recovery 
requirements, and system robustness. 
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