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Introduction

* Concept of Simulated Moving Bed:
1st UOP patent (1961)
Sorbex processes.

* Applications:

Petroleum reﬁningA and petrochemicals
(Parex and Molex processes)

Carbohydrate industry
(production of fructose from corn syrup)
(Sarex process)

1

*The SMB technology has recently found
new applications in the areas of

. biotechnology, pharmaceuticals and
fine chemistry.
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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
It is a continuous process;
Can perform low selectivity separations;
Reduction in eluent consumption and
adsorbent requirements.
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Section II

Direction of flud flow
and pen swilching

Section [V

Schemalic diagram of a Simulated Moving Bed
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Objectives

* 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
modeling.

Reference: Pais, Loureiro and Rodrigues. "*Modeling
Strategies for Enantiomers Separation by SMB
Chromatography®, AIChE J., 44, 561-569 (1998),
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The TMB model considers:

* Axial dispersion flow
for the bulk fluid phase

* Intraparticle mass transfer rate
described by the
linear driving force approximation

* The model can handle
- any kind of adsorption isotherm

salid eirculation

Zone [ Zone [I Zonc I~ Zone IV

B— A A—n
' E x n R

liquid recirculatian

.
-

Schematic diagram of a True Moving Bed
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Model equations for the steady-state TMB model -

Mass balance in a volume element of the bed j:

1—¢g) L, ® -
T“qrj - f[,-j) =
Muass balance in the particle:
dy;
g d—z-i-qu —q;)=0
Boundary conditions for section j:

DL- deir
z=0: C"""""‘""‘_U=C'
¥ v; dz 4.0
z=LJ-: Cij =Cyypg  extract, raffinate nodes

v
o= _!Cij+!,0 eluent node
viv

v v
ci="Ley0--Ecf  feed node
vii v !

and Tij = Qij+10
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Global balances:

vy =vpr e eluent node

Vp=vi—vy extract node
vy =vyp+ve feed node
Vi SV —=va raffinate node
Multicomponent adsorption equilibrium
isotherm:

® *
qp; = falcapcgy)and gy, = fylcyjicp)

Model parameters

Ratio between sofid and fluid volumes

o,
7= L Ralio batween fluid and solid velocities
lls

Pe;= bl '8 Peclet number

Number of mass transfer units

s
Adsorption equilibrium parameters have lo be added to
the list abave.
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Simulation results

Efiect of the extract flow-rate

Systems studied

Operation

on the SMB performance
- SMB pilot unit:
u I i 4 1
99% P e i v | :
! | = M % Separation of chiral 4 l LICOSEP 12-26 (Novasep, France)
. ‘ = Pl et EpuNIte enalismars ' Exnerimental performance parameters.
il | = ;{4 e ! !—‘ (Sandoz Pharma , Basel, Switzerland) ~ OCH, System _|PUX (%)[PUR (%)]RCX (%)|RCR (%)
: vX = = = Chiral
| ; g Stalonary phase: microcnysialine celulose |5 o000 -EH
A e i triacetate (dp=45 pm) ! : - : : :
s f ; Mobile phase:  methanol | . SClnl) | PR (gey e
s ‘ 1= . Temperature: 25 °C ystem | _(QetOr) | gr(ci+Cp)
1 : ; | i i e grcch+cl) Vicg
15 { i TH 5 35 H E 7 \ ! Chiral epoxide 400 52
=y ra i
Influence of the mass transfer resistance o 3 1 e R Separation of : Sy L L
on the separation region (target 99%) " il *ou ) | P ] Sl | S
v v . 3] 1 " " -] n n <O m-ﬂallm.llﬂl Enaﬂ“ﬂmers \ Colurmn diamater {am) 1:“ 26
Optimum operation conditions (99% vertex) e Flowrse (miimi ; Colurm enh {em) [T] 105
k (s1) Qe Qx Qr Qr - X (Aldrich, USA, Cal. No. 10,465-5) g Tiombes ol echurns "a" ==
05 | 1829 | 17.62 | 680 | 7.47 *The deviation of the extract flow-rate from Stahonary phase: Pirkle type, DNBPG-Silica T -
01 | 2270 | 1680 | 239 | 8.19 ; its optimum value drastically affects the (dP=25-40 pm) B L Soimal
Swilch tma Interval [mand 13
S B A o ) performance of one or the other Mobile phase:  heptane-isopropanol 72:2s) [Recydiog i} P 5%
SHB Operationcondons: Q005+ C=25.09 mlin enantiomer, depending on which direction T wre:  25°C i in T
Cleed =29 gl each enanliomer  Swilch time inlerval: 3 min . emperaiure: s i =
Vixisobent bect 446 ] Recycling flow rate: 35.38 miimin Qx is changed. . — -
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|
B ——— m Comparison hetween Conclusions
| \“‘r\i\ in experimental and model results
1t s I
< I R i i
i i gt ,/lf" 5 T *The .SMBITMB_ 'packages are |mp9rtant
i_ e = e ' v ! e learning and training tools used to predict the
" / : £ i : effect of operating variables on the process
/ | u : ¥ | performance, and so the choice of the best
- ! 3 34 5 % 1 ' - : conditions for the SMB operation.
Tl Optimum purities and recoveries LY * The regions for enantiomer separation can be
Separation region Ina Gxversus Qs ploL. BANN - numerically predicted, considering non-linear
Reglon limited by closed squares: s i g iti jon i rms, dispersion
separalion region for a 95% purity crileria. ' W : —-'-nww:'.' hi-naphthol enantiomers l :ﬂtc.ll-lﬁgg;el;?s?;etilizgfses 'h engmena
Open squares: path of equal rafiinale and exiract purilies. | | i [ : p .
(mass transfer coefficient: k=0.1 s+1) : gt 4 . ) i The mass transfer resistance phenomenon
. P ; f : —cn affects (reduces) the separation region of
*Since the objective of the SMB operation ) \\= o | ; J o both ena(nh‘omers? P :
is to obtain the two pure enantiomers, the : /:>-*“"-.__ﬁ___ 5 ! s i .Q I — tical tool f
path of equal purities is the optimum ‘ LRREIE IR AR s . C;(Dver;sugs ch;;u E;?r;ressanﬁr;c tgze?;“no;
I , Imbminl H = : osin
a ; ! : P f :
tr JECW‘Y that must be followed Salvent consamption and adsorbent productivity , j conditions. The optimum will result from a
*The optimum will result from a trade-off TR RTSTIRASIN st Dawoase | trade-off between solvent consumption and
between solvent consumption and References: Pais, Loureira and Rodrigues g % 5 and

productivity, purity and recovery
requirements, and system robustness.
LSAE n

LSRE

Chem. Engng Sci,, 52, 245-257 (1997).

J. Chromatog. A, 769, 25-35 (1997).
J. Chromalog. A, submitted (1998).
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chiral epoxide enantiomers
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productivity, purity recovery
requirements, and system robustness.
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