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Abstract

Continuous chromatographic separation processes like simulated moving bed (SMB) systems have been employed in petrochemicals, sugar, and
more recently, in pharmaceutical industries by virtue of their superior separation efficiency. Miniaturization of chromatography-based analytical
techniques (e.g., high performance liquid chromatography, micro-HPLC or wHPLC) has already been successfully demonstrated in the last few
years owing to the rapid development in MEMS technology. With such a rapid progress in technology, it is definitely possible to realize the
miniaturization of a powerful continuous chromatographic process such as SMB. Micro-SMB (uwSMB) systems could not only inherit the merits
of WHPLC, but also provide efficient separation of compounds such as isomers and enantiomers that are otherwise very difficult to isolate. In this
paper, new simulations of the performance of a wuSMB system for the separation of a mixture of phenol and o-cresol, using a robust numerical
algorithm developed that mimics the dynamic operation of the wSMB system, are presented. A systematic parametric sensitivity analysis that
addresses the effects of various process parameters on the performance of the wSMB system is also presented. High purities and yields of both

phenol and o-cresol is achieved in the wSMB by judicious choice of process parameters.

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

With the revolutionary progress in MEMS technology, minia-
turized separation techniques have become very popular in the
last few years and they offer numerous advantages over con-
ventional separation processes such as reduced chemical con-
sumption, improved mass sensitivity and separation efficiency
[1]. Pregnancy and cholesterol test kits available at home nowa-
days are essentially micro-labs housing sampling, separation,
reaction, and detection units [2]. Many of the separation tech-
niques based on chromatography that are employed in chemical,
biomedical and environmental sciences have also been suc-
cessfully miniaturized. For example, miniaturized versions of
high performance liquid chromatography (wWHPLC) that are
either packed micro-columns [1-4] or surface-functionalized
micro monoliths [5,6] have already been demonstrated to iso-
late species at reduced chemical consumption and with better
sensitivity.

Besides being ubiquitously employed as an excellent
analytical system, HPLC is widely used in preparative and
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production-scale systems [7,8]. Implementation in production-
scale systems necessitates the need for employing continuous
chromatographic systems [9]. Simulated moving bed (SMB)
[10] and its variant VARICOL® [11,12] are two of the conven-
tional yet powerful continuous chromatographic systems that
have been successfully implemented in various industrial appli-
cations.

A schematic representation of a SMB system is illustrated in
Fig. 1 that consists of a number of packed (with adsorbent parti-
cles of diameter d},) columns of uniform cross-section connected
in a circular array, each of length L., and diameter d.. The two
incoming streams (the feed, F, and the desorbent/eluent, D) and
the two outgoing streams (the raffinate, Ra, and the extract, Ex)
divide the system into four sections (zones), namely P, Q, R
and S, each of which is comprised of p, q, r and s columns,
respectively. The flow rates in the sections P, Q, R and S are
designated as Op, QOq, Or and Qs, respectively, while those of
the feed, raffinate, eluent/desorbent and extract are designated
as Or, Ora, Op and Qgx, respectively. However, only four of the
above eight flow rates are independent, as the remaining four are
determined from the mass balance at points (nodes) A, B, C and
D (as shown in Fig. 1). By suitably advancing the inlet and outlet
ports, column by column, in the direction of the fluid flow at a
pre-set switching time, #;, the countercurrent movement of the
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Nomenclature

a; Langmuir isotherm constant of ‘i’th component

b; Langmuir isotherm constant of ‘i’th component
(1/mol)

ajj quadratic isotherm interaction constant (I/mol)

bjj quadratic isotherm interaction constant (I/mol)?

C liquid phase concentration (mol/l)

Co initial liquid phase concentration (mol/l)

Dax axial diffusivity (cm?/min)

deol column diameter (cm)

dp particle diameter (cm)

Lecol column length (cm)

m; dimensionless solid velocity (based on triangle
theory)

Pe Peclet number

Pp purity of phenol (%)

Pc purity of o-cresol (%)

q concentration in the solid phase (mol/l)

q" concentration at solid phase in equilibrium with
mobile phase (mol/l)

Or feed flow rate (ml/min)

0; flow rate in section ‘i=P, Q, R, S’ (ml/min)

[ switching period (min)

Ur fluid interstitial velocity (cm/min)

Veol column volume (cm?)

Yp yield of phenol (%)
Yc yield of o-cresol (%)

Greek letters

o lumped mass transfer coefficient (min~—!)

am lumped dimensionless mass transfer coefficient
bed porosity

solid to fluid volume ratio

solid velocity

dimensionless length

dimensionless time

DX VYT ™

Superscripts and subscripts

D desorbent or eluent
Ex extract

F feed

P,Q,R,S sections of the SMB
Ra raffinate

solids is simulated. This switching time is the key parameter,
which defines the hypothetical solid velocity (¢ ~ Lcoi/ts). How-
ever, the countercurrent separation of the components could be
achieved only by judiciously specifying the internal flow rates
in the columns besides the switching time.

An exhaustive literature is available on conventional SMB
systems. Theories like McCabe-Thiele method [9], triangle the-
ory [13,14], and standing wave design [15] have also been
developed over the years that have become quite popular in the
operability design of SMB systems. Researchers have success-
fully demonstrated using SMB to obtain high purity and yield of

Raffinate, Ra Desorbent , D

Section S

d uonaag

Section R

Direction of port
switching

Section Q

Feed, F Extract, Ex

Fig. 1. A schematic representation of a four zone (two columns per zone) SMB
system.

species from a variety of mixtures that include aromatics [16],
sugars [17-19], and more recently enantiomers [11,12,20-23].
Several researchers have also reported design and optimiza-
tion methodologies [13-16,18,19,21,24,25] to achieve optimal
separation using SMB. Attempts have also been successful in
employing SMB as an in situ reactor-separator [26—28].

2. Micro-simulated moving bed (WSMB) system

Enantiomers, which are routinely used in pharmaceuticals,
have near unity partition coefficients and are very difficult to
isolate. As mentioned earlier, SMB systems have been proven
to be highly effective in isolating components like isomers and
enantiomers (with partition coefficient — 1) that are difficult
to separate via other chromatographic techniques. Not only that
these compounds are very expensive but also the adsorbents and
eluents/desorbents used in SMB are very costly. Hence, there
is always a need for reduction in the volume of columns, con-

Table 1
Operating and adsorption parameters for single column elution in conventional
HPLC [30]

Lcor (mm) 150.0
dco) (mm) 3.3
dy (um) 7.0
Vi (ul) 550.0
Q; (ml/min) 1.0
Co,p (mol/l) 0.1
Co,c (mol/l) 0.1
v (- 0.49
ay (-) 5.4
ay (5) 12.48
by (mol/l)~! 2.85
by (mol/1)~! 7.5
aps (mol/)~! 11.7
a (mol/)~! —12.8
bis (mol/1)~2 —10.69
by (mol/1)~2 —24.7
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0.12 Table 3
01 —+ Phenol Reference process parameters for uSMB
g 0.08 e Cveel Leor (mm) 50.0
= dcol (pm) 320.0
g 0061 dp (um) 50
e P, g, 1, s (column configuration) 1,2,2,1
= Op (wl/min) 20,0
0.02 Qq (l/min) 15.34
Or (wl/min) 15.4
’ ‘ Os (ul/min) 120
’ 2 L 8 7 Cop(moll) 0.1
Kipmio) Co.c (mol/l) 0.1
Fig. 2. Simulated concentration elution profile in a conventional HPLC for phe- v (_)A - 044
nol and o-cresol obtained at experimental conditions (cf. Table 1) reported by o (min™") 150.0
Jandera et al. [30]. Separon SGX C;g microparticles (7 wm) is the packing mate- a () 3.87
rial and 30% (by volume) of methanol in water is the desorbent. a () 5.52
by (mol/)~! 0.49
by (mol/1)~! 2.05

Table 2
Operating and adsorption parameters for single column elution in wHPLC [4]

Z:le EEI:)) ;33:8 The primary goal of the present study is to systematically
dy (pm) 5.0 study the influence of different process parameters on the perfor-
Vi () 55 mance of the uSMB system. The separation of a binary mixture
Qi (pl/min) 5.0 of phenol and o-cresol using 50% (by volume) methanol in water
g‘“’ (m(’ll//ll) g} as the eluent over Separon SGX C;g microparticles (5 um) as
UO(’S) (moll) 0.44 adsorbent [4] is chosen as the model system in the present study.
a () 3.87 Phenol is the weakly adsorbed species and hence collected from
a (-) 5.52 the raffinate stream, while o-cresol is the strongly adsorbed one
by (mol/))~! 0.49 which is collected from the extract stream. In what follows, the
by (mol/l)~! 2.05
0.05 I I
sumption of eluent and yet maintain high purity and yield of - 004 e = Phenol ()
product species. Inspired by the recent works on miniaturiza- ] i
tion of HPLC columns [1-6], an attempt has been made in this = 0031
paper, to investigate the performance of a micro-SMB (LSMB) é 0.027
system by numerical simulations. Micro-SMB systems, apart 0.01
from inheriting the various afore-mentioned advantages of the o s !
PHPLC columns, can also be very effective in separating com-
pounds that are very difficult to isolate via other separation 005
techniques. Also with a better understanding of the performance (b)
of wSMB systems, one can envision the possibility of integrating ;_‘f 0041 /
the wSMB system as a reactor-separator given that conventional -:g 0.03 1
SMB has already been demonstrated to efficiently serve as an in £ 002
situ reactor-separator [26-28]. = ™ K /
0.16 0
—~ 0.12- gtz bnenol 0.05
b —— o0-Cresol R ()
= = 0041
= 0.081 5]
£ £ 0.03 |
o E]
0.04 1 £ 0024
0 ' : y . 0.01
0 2 4 6 8 10 0 _—
t (min)
F Ra E Ex

Fig. 3. Simulated concentration elution profile in a wHPLC for phenol and o-

cresol obtained at experimental conditions (cf. Table 2) reported by Jandera et Fig. 4. Simulated concentration profiles in a uSMB system for phenol and o-
al. [4]. Separon SGX C;g microparticles (5 pm) is the packing material and 50% cresol at cyclic steady state: (a) start; (b) middle; and (c) end of the switching
(by volume) of methanol in water is the desorbent. period (s =0.52 min). The process parameters are listed in Table 3.
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development and validation of the numerical algorithm for the
WSMB system is discussed. The parametric sensitivity of various
process parameters such as the switching time (), number of
columns (p, g, 1, s) in each section (P, Q, R, S) of the wSMB, the
different section flow rates (Qp, Qq, Or, Os) on the performance
of the wSMB system is then discussed. Finally, the concluding
remarks and the outlook of future research are presented.

3. Numerical model

A mathematical model that has been proven to mimic con-
ventional SMB systems [16,18,19] very well is employed in the
present study to capture the dynamic behavior of the nSMB

t; (min)
100 &
75 7]
50
Pe (%)
25 7
1] T T T T
0.2 0.4 0.6 0.8 1 1.2
100 A
75
50
Pc (%)
25
0 T T T T
0.2 0.4 0.6 0.8 1 1.2
100
75
50 7
Yp (%)
257
0 T T T T
0.2 0.4 0.6 0.8 1 1.2
100 4
75
50
YC (ol;)
25
0 T T T T
0.2 0.4 0.6 0.8 1 1.2
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system. The differential transient mass balance equations along
with the boundary conditions are as follows:

Cik ik _ Yk PCix  3Cix 0
99 26 Pe, 9x2 x
g,k

ale = am(g;y — qik) )

where C; is the concentration of the ‘i’th species in the liquid
in the **k’th column, g, the concentration in the solid phase
in equilibrium with that in the liquid, g;x the concentration in
the solid, x =z/L¢o the dimensionless length, v=(1 — €)/e the
ratio of volumes of solid to liquid phases, ¢ the bed porosity,
om = tsa the dimensionless mass transfer coefficient and 0 = #/¢,

o (min™)

50 —&— ts=10.52 min
—&— ts=0.47 min
25 T T T T — T
10 100 1000
100 4
>
L
75
50
25 — T —TTTTTTT
10 100 1000
100 4
]
L
75
50
25 T
10 100 1000
100 4
90
4
80 ¢
70 T T —T—TTTTTT
10 100 1000

Fig. 5. Effects of switching time (#5) and mass transfer coefficient («) on the performance of wSMB system. Reference parameters are listed in Table 3.
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is the dimensionless time. The other dimensionless parameters
in the above equations are the ratio of liquid to solid velocities
(Yk = UF, 15/ Lco) and Peclet number (Pey = Ug, Leol/ Daxy)-
As the column diameter is decreased, the adsorption isotherm
parameters of the different species, though being thermody-
namic properties, change due to differences in packing den-
sity and inaccurate measurements of extra-column volumes
[4]. Hence, adsorption isotherms measured using conventional
HPLC columns may not hold good for wSMB system. Jandera et
al. [3,4,29] and Jandera and Komers [30] reported a series of sys-
tematic measurements of isotherms using various conventional
and packed WHPLC columns. In the present study, either a com-
petitive Langmuir isotherm (Eq. (3)) obtained from a pHPLC
column [4] or a competitive quadratic isotherm (Eq. (4)) [30]
(for the validation of the algorithm) reported by Jandera et al. is
used to describe the multi-component adsorption equilibria.

a;Cix
Gr=""cs 3)
1+ ijlbjcj'k
p
100 ¢ - <
20
Pp (%) :
80 —+—ts =052 min
—o—ts =0.47 min
70 T T T 1
1 2 3 4
100
90
Pc (%)
80
70 T T T
1 2 3 4
00— ——¢—¢
90
Yp (%)
80 ¢ - o
70 T T l
1 2 3 4
100 otz?o—o
90
Yc (%)
80
70 T T
1 2 3 4

_ a;Cix + ajpCir Cpi
1+ Z?Zlbjcjk + bipCik Cpi

sk
9k

s (p#D)

The boundary conditions are:

. 1 0Ci
c" =Cix(0, ) — — —=
i,x z,k( ) Pek 3)(

aC;
7”/‘(1’ 9 =0
ax

The initial conditions are:

Cik(x, 00 =CY(x) and gix(x, 0) = g2, ()
The mass balance at the node is then,

i = Cix—1(1, 0)

q
100 2

80

60

40

1 2 3 4
100 + \ 4
80
60
40 T T T 1
1 2 3 4
100 ¢ 4 \ 4 \ 4
80
60
40 T T
1 2 3 4
100
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Fig. 6. Effects of number of columns (p and q) in sections P and Q, respectively, on the performance of wSMB system. Reference parameters are listed in Table 3.
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except if the column follows feed or desorbent port in which
case,

in _ [OFCir+ 0qCix—1(1, 0)]

n and
ok Or
i OsCir-1(1, 0)
1n 5
m =2 7 ©)
ok Op
respectively.

The resulting system of PDEs are discretized in space using
the finite difference approximations to convert them into a sys-
tem of coupled ODE-IVPs (Method of Lines) [22,27,28]. Each
column length is spatially discretized using 100 grid points.
These stiff initial value ODEs were solved using a robust algo-
rithm developed in FORTRAN90 along with the subroutine,
DIVPAG (based on Gear’s method), in the IMSL library. Since a
periodic switching is imposed on the system, the wSMB system
operates under transient conditions. However, a cyclic (periodic)
steady state with a period equal to the global switching time is
eventually reached after several switchings. For the system stud-
ied in this paper, a periodic steady state is attained after about 150
switching cycles. High mass transfer rates are assumed and the

r
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Peclet number is calculated using the commonly used correla-
tion [31]. The purities (%) of phenol and o-cresol are designated
as Pp and Pc, respectively, while their yields (%) are denoted by
Yp and Y, respectively. The definitions of the purity and yield
of the two species, respectively, are as follows:

Cp?
Pp=—" %100 10
|4 Cga 4 Cga
CEx
Pc=——C _ %100 11
©7 CB oy CF (4o
CRa
yp = ZRaCP 00 (12)
OrCop
CEX
Yo = OrCc x 100 (13)
OrCo,c

The algorithm developed is benchmarked by first simulating
the single-column elution curves of phenol and o-cresol in a
HPLC column (3.3 mm) at the experimental process parame-
ters (cf. Table 1) reported by Jandera and Komers [30]. Fig. 2
clearly elucidates that the simulated elution curves are in excel-

Pp (%) 80 —— ts =0.52 min 80
—0— ts =0.47 min
70 ‘ : - . | |
1 2 3 4 1 2 3 4
100 > 100 4
920 90
r—% —
Pc (%) 80 80
70 T T 70 T T
1 2 3 4 1 2 3 4
100 > 100 ,
90 20
Yp (%) 80 —— —< 80
Lol ‘ . 70 . :
1 2 3 4 1 2 3 4
100 ¢ o < { w33 ——0—=¢
90 90
Yc (%) 80 30 1
70 + T T 70 T T
1 2 3 4 1 2 3 4

Fig. 7. Effects of number of columns (r and s) in sections R and S, respectively, on the performance of wSMB system. Reference parameters are listed in Table 3.
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lent agreement with the experimental curves [30]. Jandera et al.
[4] also reported adsorption isotherms of phenol and o-cresol
obtained from a micro-HPLC column (320 pm). Though the
authors reported the experimental process parameters for the
single column elution measurements (cf. Table 2), they did not
report the elution curve which could have been beneficial to
benchmark the present algorithm. For completeness, the sim-
ulated elution curves in a WHPLC column at the experimental
conditions listed in Table 2 [4] are illustrated in Fig. 3. Clearly,
the separation (Fig. 3) under the experimental conditions is not
as efficient as that from the conventional HPLC column (Fig. 2).

4. Results and discussion

Mazzotti et al. [13,14] have shown through the now-so-
popular triangle theory that complete separation is possible if
the dimensionless solid velocity m; (i=P, Q, R, S) in the differ-

175
ent sections of SMB satisfies a set of inequalities.
its — Vool €
m; = Qits col (14)
Veot(1 —€)

Following the triangle theory [13,14], a series of simulations
are performed to find out a set of process parameters for the
rSMB system where complete separation of phenol and o-
cresol is achieved. A switching period (¢5) of 0.52 min for the
WSMB system (Lcor =5 cm, deol =320 wm, dp =5 pm, v=0.44)
that consisted of a column configuration of 1-2-2-1 in the P, Q,
R, and S sections, respectively, and other judicious choice of
process parameters (cf. Table 3) satisfies the constraints of the
triangle theory for the competitive Langmuir isotherm [4] which
aptly describes the distribution of phenol and o-cresol in the solid
and liquid phases. Fig. 4 elucidates the simulated concentration
profiles of phenol and o-cresol (under the afore-mentioned con-
ditions; also as listed in Table 3) in the four different sections
of the wSMB system at the beginning (see Fig. 4(a)), middle
(Fig. 4(b)) and end of the switching period (Fig. 4(c)) after cyclic
steady state is attained. Fig. 4 clearly shows that complete sep-

Q, (ml/min) QQ (ml/min)
100 100
75
920
Pp (00) 50 <
01| —e—ts=0.52 mi 58 -
—0—ts = 0.47 mi
70 T T 0 T T
0.019 0.021 0.023 0.025 0.0125 0.0135 0.0145 0.0155
100 100 *
20 75 7
Pc (0/“) 50 2
80 o
25 7
70 - T T 0 T T
0.019 0.021 0.023 0.025 0.0125 0.0135 0.0145 0.0155
100 y 100
75
90
Ye (%) 3
80
25
70 + T T 1 0 T T
0.019 0.021 0.023 0.025 0.0125 0.0135 0.0145 0.0155
100 100 o4
5 -
920 7
3
Y (%) 50
80
25 1
70 T T 0 T T
0.019 0.021 0.023 0.025 0.0125 0.0135 0.0145 0.0155

Fig. 8. Effects of flow rates in sections P and Q, respectively, on the performance of wSMB system. Reference parameters are listed in Table 3.
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aration of the two species (100% purity and yield of phenol and
o-cresol, respectively), is achieved. Under the flow conditions
as given in Fig. 4, achieving the desired pressure drop for flow
through micro-columns is of prime importance. However, using
the classical Ergun’s equation [32], the pressure drop between
the ends of the columns of the wSMB system is determined to
be of the order of 1 atm, which can be readily achieved by the
instrumentation described by Jandera et al. [3,4,29] and Jandera
and Komers [30].

The variations in performance of the w.SMB with changes
in switching period () and mass transfer coefficient (o) at
fixed values of all other process parameters (cf. Table 3) are
elucidated in Fig. 5. Clearly, there is an optimal value of f
at which both phenol and o-cresol are separated with 100%
purity and yield, respectively. Under the reference conditions,
complete separation is achieved with a switching period of
0.52 min. However, when ¢; is slightly changed to 0.47 min, both
the species are not obtained at 100% purity. As expected, as the
mass transfer coefficient (o) is increased, complete separation is
achieved when 7, =0.52 min. Also, it is evident from Fig. 5 that

Qg (ml/min)

100 *R

Pp (%)

]| —e—t

——t

S
S

0.0153

100

Pc (%)

0.0155

0.0157
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even at high o, when ¢, =0.47 min, complete separation is not
achieved.

Figs. 6 and 7 illustrate the effect of the number of columns
in the different sections on the performance of wSMB system at
two different #; while holding the other process parameters con-
stant (cf. Table 3). When 75 =0.52 min, the number of columns
in all the sections (P, Q, R and S) hardly affects the system
performance and always complete separation is achieved. How-
ever, when section R (feed section) consists of only one column
(with other parameters fixed) at #, =0.52 min, the solid volume
in the feed section is not enough to completely adsorb o-cresol
and hence the purity of phenol is affected (cf. Fig. 7). Also
it is evident from Figs. 6 and 7 that the system performance
is severely affected by the change in the number of columns
when #; =0.47 min. Both components are not obtained at 100%
purity and yield in this case. While the purity and yield of one of
the components is improved, those of the other component are
diminished, which implies that there is a complex interplay of
the various process parameters on the performance of the wu.SMB
system.

0.0

WV

0.0153

100

Y (%)

b
e

0.0155

0.0157

0.0

V

159

159

0.0153
100 -
75 -

50
Ye (%)

0,0155

0.0157

0.0159

0
0.0153
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0.0159
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100
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80
70 T |
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B \’
70 T T
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100 \ 2 *
90 | \}
80 =Y
< — ¢
70 T T
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920
80
70 T T
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Fig. 9. Effects of flow rates in sections R and S, respectively, on the performance of WSMB system. Reference parameters are listed in Table 3.
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The change in the system performance with variations in
the different section flow rates (at constant values of other
parameters listed in Table 3) at two different 7, is explicated
in Figs. 8 and 9. Again, the system performance is mostly supe-
rior when ¢, =0.52 min compared to that when 7, = 0.47 min. The
variations in the internal flow rates in sections P and S do not
affect the purity and yield of both species significantly when
t;=0.52 min. Complete separation is achieved for a wide range
of Op and Qs at t,=0.52 min. However, the variations in the
flow rates Qg and Qg significantly affect the purity and yield
of the two components even when #;=0.52min. Low (high)
values of Qg (Qr), holding other parameters constant, causes
(implies) an increase in the feed flow rate (Qr) that can be too
high to be handled by the volume of adsorbent in section R
thereby hampering the purity (as low as 50%) and yield (as
low as 20%) of both components (cf. Figs. 8 and 9). How-

o (min™)

177

ever, it is evident from Fig. 9 that when 7, =0.47 min, as Qr
is increased, the system performance is superior compared to
that when 7, =0.52 min. This could be attributed to the increase
in solid phase velocity (¢ ~ L¢o)/ts = 10.64 cm/min) due to the
small 7 (at high £, =0.52 min, ¢ ~ 9.62 cm/min) which compen-
sates for the increase in feed flow rate (QF).

It is also imperative to find out if there is any room for reduc-
tion in the volume of the columns (by decreasing L) and still
achieve complete separation of the product species. Also it is
essential to see if complete separation can be achieved with
changes in the feed concentration. Fig. 10 elucidates the effect of
the variations in « at two different L., (at other constant param-
eters listed in Table 3) on the purity and yield of phenol and
o-cresol. When L. is 3 cm, £ is set to be 0.31 min so that the
solid phase velocity (¢) is still maintained at 9.62 cm/min (which
is the case when Lo =5 ¢cm and 7g =0.52 min). This ensures that

Cop or Cy ¢ (mol/liter)

100 *+—&
N wi_\’—:
Pp (%) g
_ 50 i
—&— Lcol=5cm —— ts=0.52 min
—O— Leol=3cm —O— ts = 0.47 min
25 —TT T — T 25 ; : :
10 100 1000 0 0.1 0.2 0.3 0.4
100 > 100 *r— * 4
. < /J/f
Pc (%)
50 50 7
25 T —T T T T T T T T 25 T T T
10 100 1000 0 0.1 0.2 0.3 0.4
100 ; 100 r— po? 4
75 75
Yp (%)
50 50
25 —T—T T ——T T 25 : ; -
10 100 1000 0 0.1 0.2 0.3 0.4
100 3 100
75 (e
YC (D l))
50 50
2
25 + T Y 25 T T T
10 100 1000 0 0.1 0.2 0.3 0.4

Fig. 10. Effects of « (for different L.,)) and feed concentration (Cp) on the performance of wuSMB system. For each L, f; is chosen such that £ =9.62 cm/min. Other
reference parameters are listed in Table 3.
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at the reference values of all other parameters, the uSMB system
provides complete separation of the components (cf. Fig. 10).
However, it is worth noting that the decrease in length of the
column is also subjected to the experimental constraints as the
operation of wSMB involves complicated instrumentation. Also
shown in Fig. 10 is the effect of changes in feed concentration
(Co) on the system performance. It is evident from Fig. 10 that as
the feed concentration of both the components is increased (by
equal amounts), the purity and yield of one of the species always
gets diminished. This reiterates the fact that the performance of
the wSMB system is strongly influenced by the complex inter-
play of the various process parameters.

5. Conclusions

Numerical simulations presented in this paper capture the
dynamic behavior of a novel .SMB system for the separation
of a model system (viz., a mixture of phenol and o-cresol). Judi-
cious choice of process parameters based on triangle theory
[13,14] provides complete separation of phenol and o-cresol.
However, the performance of the wSMB system is affected in a
complex manner by various process parameters. Slight changes
in the process parameters result in the decrease in purity and
yield of at least one of the species in some cases and in the worst
scenario, affects both the species. A systematic and comprehen-
sive optimization study needs to be performed to achieve optimal
operation of the wSMB system. Experimental validation is yet
another and important logical step.

Drawing inspiration from the MEMS community, where
researchers aim at developing integrated micro-devices to
enhance the throughput, the integration of the nSMB systems
could be envisaged as an option. Also, the wSMB system has
the potential to serve as an in situ reactor-separator (like conven-
tional reactive SMB systems [26—28]), which could open new
avenues for the micro-reactor research community.
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