Available online at www.sciencedirect.com

SCIENCE@DIREGT° JOURNAL OF
CHROMATOGRAPHY A

v LIRS
ELSEVIER Journal of Chromatography A, 1041 (2004) 53—-62

www.elsevier.com/locate/chroma

Analysis of the isolation of a target component using multicomponent
isocratic preparative elution chromatography

Yichu Sharf, Andreas Seidel-Morgenstetf *

2 Max-Planck-Institut fir Dynamik Komplexer Technischer Systeme, Sandtorstrasse 1, D-39106 Magdeburg, Germany
b Otto-von-Guericke-Universitat, Universitatsplatz 2, D-39106 Magdeburg, Germany

Received 20 February 2004; received in revised form 28 April 2004; accepted 29 April 2004

Abstract

The separation of a certain target component from a multicomponent mixture using isocratic preparative elution chromatography was studied
theoretically. In particular, the important and most complicated case was considered that the target component does not elute in the first or last
position. To specify the productivity of collecting this component different options are suggested to identify suitable times for fractionation.
Using a conventional Craig model, capable to quantify chromatographic processes, the impact of several essential parameters (e.g. thresholc
concentration, desired purity, injection volume, separation factor between neighboring components, composition of the mixture) is evaluated
for a ternary system based on parametric calculations. The paper provides simple tools to evaluate and optimize the productivity and other
objective functions relevant in multicomponent preparative chromatography.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction components. A quantitative investigation of different oper-
ating parameters will be helpful to find for such systems
Preparative chromatography is an important industrially suitable operating conditions and to achieve high produc-
applied separation process for the isolation and purification tion rates. Although research has been already carried out
of pharmaceuticals and other value added products. Sinceto predict and analyze elution profiles for multicomponent
the operating parameters have a strong effect on the producmixtures under overloaded conditions (€f9]), there is a
tivity with which a certain component can be obtained, much need in providing simple and reliable tools capable to quan-
interest has been focused on the investigation and optimiza-tify the specific productivity for a target component and to
tion of these parameters (e[d—5]). In preparative chro-  analyze systematically the dependence of the course of the
matography the columns are overloaded and, consequentlychromatographic process on the operating parameters.
the process is characterized by nonlinear and competitive This paper attempts to contribute to answer the following
equilibrium functions. Thus, in contrast to analytical chro- questions:
matography, the migration of one component in the column

will effect in a complex manner the migration of the other (1) How can appropriate times of fractionation (cut times)
components. For this reason, many theoretical studies have  pe determined for the collection of a certain target com-
been focused on analyzing the separation of two components  ponent within a multicomponent elution profile taking
(e.g.[6-8]). However, in general it is necessary to collect a into account specific purity requirements?
certain component from mixtures containing more than two (2) How does the productivity of the separation depend
guantitatively on certain parameters describing the chro-

— matographic system?
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2. Theory the column o, divided by the total number of stagd,
There are several models available capable to quantify Ay = o (2)

the development of concentration profiles in chromato-

graphic columng2]. Due to the fact that under overloaded \yith

conditions the adsorption isotherms are nonlinear, numeri- AL v

cal solutions of the underlying model equations are needed.sq — ~-Co/—~C0l¢ _ 7Col®, 3)

The models can be divided into two groups: (a) contin- Ve Ve

uous models (charactg_riz_ed b}_/ part@al differential equa- |, Eq. (3)Acol, Leol, Vol are the cross section area, the
tions) such as the equilibrium-dispersive mofslL0], the length and the volume of the colum¥ is the volumetric
lumped kinetic model (e.d11]), or the general rate model o rate of the mobile phase.
[1,2,9] and (b) discrete models (characterized by algebraic  at this point a restriction of the Craig model should be
equations or ordinary differential equations) such as the mentioned. Due to the fact that there is applied only one
eqqlhtirlum stage model, the Craig model or the “tank i stage number there is no straightforward possibility to take
series”-mode[12-14] Combining these models with suit-  the fact into account that there might be different values
able equilibrium relations, elution profiles can be predicted. optimal for different components. It should be also noted that
It is well known that all the mentioned models deliver there exists a relation between the number of stages in the
almost identical results provided the column efficiency is Craig model,P, and the well-known number of theoretical
high [2,10]. . . stages (column efficiencyNpiate [2].

In this paper, the Craig model was chosen to simulate Considering initially (¢ = 0) not preloaded columns
elution profiles for multicomponent mixtures. Reasons for pg|ds:

this choice were the simplicity and flexibility of this model

and the fact that it can be easily extended to describe gradientC,?j =0 andq?j =0 i=1N; j=1P 4)
elution chromatography which is planed for a subsequent

work. It should be noted that the general trends discussed [N elution chromatography typically rectangular injection

below do not depend on the selection of the column model. ?rl(l)ﬁles are imposed at = 0. They can be described as
ollows:

2.1. Craig model ) Cio forkx Ar =<ty
. . . . Cio= i=1N; k=1K.

The Craig mode[13] is a classical tool to describe the ' 0 fork x At > tinj

development of concentration profiles in chromatographic (5)
columns. In the Craig model, the column is divided ifto

stages of equal size consisting out of a fraction filled with  |In Eq. (5) Ci 0 is the injection concentration artglj is
the stationary phase and a fraction filled with the mobile the injection time, which is the ratio of the injection volume,
phase. In a first step, in each stage the components are/j,;, and the volumetric flow rate/g:

equilibrated between the two phases in accordance with

the adsorption isotherms. Then, in a second step, the liquid,, . _ M (6)
phase is withdrawn from the last stage. The liquid frac- Ve

tions in the other stages are transferred in the direction of The most important information required to describe a

the mobile phase flow into the next stage. Sample or fresh . R
: g . . . concrete separation process are the adsorption isotherms,
mobile phase is introduced in the first stage. This process.

. . ) . i.e. the functiongj(c). Frequently, and also in this work, the
is repeated several times, typically until the whole amount following equations of the competitive Langmuir model are
injected has left the last stage.

The mass balance equation of the Craig process can beused:

expressed for a component stagg and an exchange step a;C; b;C;

. di= ——~  — ={Ysati————~ l:]"N
k as follows: g S b Cn 1+ > m=1bmCon
l—c¢ 7
k+1 k k+1 k
G~ Gt = @i ) =0 "
i=1LN; j=1P; k=1K, 1) wherea; (or gsat;) andb; are the free parameters. The

are often called Henry constants aggh; stands for the
where C is the liquid phase concentration,the column saturation capacity of componentn the stationary phase
porosity,q the concentration in the stationary phase in equi- (gsati = ai/b;).
librium with the local liquid phase concentrations. The dif- It should be noted that other adsorption isotherm models
ference between two exchange steps, designated dnd capable to describe more complex shapes of adsorption equi-
k + 1, corresponds to the characteristic mobile phase resi-librium functions can be implemented into the Craig model
dence time in a stage\t. It is related to the dead time of in a similar way.
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Table 1
Reference parameters used in calculations
Isotherm First Intermediate Last -
parameters component component component £
<
a2 4.79 5.80 6.99 =
b; (ml/mg) 0.0266 0.0266 0.0266 P
o
System and operating parametelrgp = 10cm, Acol = 0.283¢cms, & = “ e e
0.775,VE = 1.0 mI/min,to =2.19 min,Clvo = szo = C3,o =200 mg/ml,
P = 1000.
12 =az3=12. !
threshold Mooy
The ratio between two Henry constants is called separa- X sttt en dT""e
tion factore: ggtart gend teon
Aim = i with a; > a,,. (8) Fig. 2. Schematic presentation of an elution profile foN-@omponent
’ am mixture. Indicated are for illustration the cycle time, the threshold con-

centration and the times for fractionating the first and the last eluting
Provided theC" 1, C¥., e, the adsorption isotherms and  component.

the relevant |n|t|al and Boundary conditions are specified,

the new equilibrium concentranong, k1 can be calculated s the ratio of the amount of componehnin the sample to

by solvingEq. (1)iteratively along the space (all stages) and the corresponding specific column saturation capacity, can
time (all considered exchange steps) coordinates. Hereby albe expressed as follows:
ways all component balances must be solved simultaneously. Vi C;

. . . . injCi,0
Suitable iteration schemes have been for example discussed.t ; =
in [14]. 1- 8)ACOILC0|¢]Sati

A selected set of parameters allowing to generate chro- Sometimes also a total loading factby ot, is used which
matograms with the Craig model is summarized for a ternary is defined as:

x 100 9)

system inTable 1 The numbers given in the table serve in N
this study as standard parameters. The elution profile simu-Ls ot = ZLfJ-. (20)
lated for these conditions and an injection volumé/gf = i=1

10pl is given inFig. L The figure shows the courses of the
total and the three individual concentrations. Under these
conditions the column is already slightly overloaded. This
causes the well-known peak tailing effect.

The injected amount can be also expressed conveniently, 5 parformance criteria
as a dimensionless loading factay,;. This factor, which

The total loading factor corresponding to the chro-
matogram shown ifrig. 1is 4.4 indicating a modest degree
of overloading.

A more general schematic representation of an elution

6 - T - T - T T profile corresponding to an injection oNacomponent mix-
ture is given inFig. 2 This figure serves to emphasize the
5L fact that the approach presented below can be applied to

analyze the isolation of a certain target component from a
mixture of an arbitrary number of components.

% e i In order to realize a productive process the injections
£ should be performed as often as possible. The cycle time,
§ 3t . Atc, is the time between two consecutive injections. It can
g be specified by the following two characteristic times: (a)
g Ll : 5" the time when the concentration of the first eluting
§ component exceeds a given specified threshold concentra-
¥ tion, Cthreshold and (b)t,ﬁ”d, the time when the concentration
1r 3, of the last eluting component drops below this value. Pos-
J i sibilities to specifyCinreshoigare discussed belowséction
0 . . . A 3.1). For At holds:
v =0 Time (:ﬁn) ° P A= g (11)
Fig. 1. Reference chromatogram of a three component mixture (individ- With the CyC|e time a prOdUCtion rate of componiarftri,
ual and total concentrations) simulated with the Craig moée}. (1), can be defined as the amount recovered from one injection,

Vinj = 10pl (L 10t = 4.4), other parameters as ifable 1 m;, over cross-section area and cycle time:



56 Y. Shan, A. Seidel-Morgenstern/J. Chromatogr. A 1041 (2004) 53-62

Pr, = mi (12) 2.3.1. Calculation of fractionation times for first and last
eAcolAtc eluting components
) ~Itis simple to specify the collection times for the first
Hereby the recovered fraction should possess a certaingnq |ast eluting components. For the first eluting component,
specified (desired) purity with respect to a component  he purified amount can be calculated by integrating its

which is defined as: concentration betweefa% (= 58" ands$"9 | (Fig. 2. The
PUE e m; 13 latter can be specified by assuring that the amount of this
Ulides= =¥ lmm' (13) component collected over the overall amount of the fraction
m=

is equal to Pui ges Thus, the time$"d, should satisfy:

In addition a recovery yield of componentan be de-
fined as the ratio of the amount recovered in the collected >
fraction over the amount of the same component injected in

end
tl,coII/At

Ck
_start
k_tigou/At Lp

= Pun,jint = Pun, ges (17)
15/ At ! '

: N
the sample: Zmzlzkztitar)t”/Athn,P
Yi= — (14) - .
ViniCio For the last eluting componeNt the purified amounfy

. . . . t
can be similarly calculated by integrating betwegi{),

To calculate production rates and yields for a certain com- and€"d (= z;f,”fb (Fig. 2. The former time is specified by

. . . N,col
ponenti, the cycle time,Atc, and the amount of purified  adjusting that the amount of componéhtollected over the
component collected in a single cyclg;, must be known. given time interval fulfils the purity requirement Riies

. . L /A
2.3. Calculation of cycle times, collection times and Zk;tstartll/AtCN)P
~"N,col

amounts of purified component ond
ZN ZIN,COH Ck
m=1 k=3 e m P

= Pury,int = PUly des (18)

The determination of the cycle timat. (Eq. (11) re-
quires simply the determination af'@" and /£"% using a
specified value foCihreshold(Fig. 2).

More complicated is the determination of the collection
times,tfg'ﬁ andtffgg”, and the corresponding amount of pu-
rified samplem;, for a component travelling somewhere
in the elution train.

The specification of the beginning and the end times for
collecting a componeritbetweentl.s’gaor,t| andtfgg” is related
to the desired purity of that component in the fraction. This

integral purity can be calculated according to:

2.3.2. Calculation of fractionation times for an
intermediate component

It is more complex to specify suitable collection times for
a component eluting at an arbitrary intermediate position
(1 < i < N). Before identifying such times it is useful
to investigate possible courses of the “local” (differential)
purity in the whole elution profile. Ifrig. 3is shown for a
ternary mixture the course of the local purity of component 2
at the column outlet for the same conditions used to generate

m; A;

Pun,int _ ~ i,coll _ ~ i i=1N. (15) 100
Zm=1mm,coll Zm=1Am 90}
with the corresponding partial peak areas of all components: ~ 80[

70t |
1561/ At < il
Aw= Y ChipAt m=1N. ) &
=g/ o o

Due to the discrete character of the Craig model the time a0l
axis is expressed as a function of the number of exchange
stepsk. For larger time steps (in case of smaller stage num- 297

bers) round off error might occur performing these dis- 10}

crete calculations. These round-off errors are negligible if . . . ‘ .

the efficiency is high as it is typically the case in many 3 35 4 45 5 5.5 6
applications. Time (min)

Before analyzing th ical) situation of r m-
etore a ?i.y .g the (t%pdfa)fsrt]uatf .O a t?'lget Cf‘.J Fig. 3. Typical course of the local purity of the second (intermediate)
ponent travelling in the middle of the elution profile at first component in an elution profile for the reference parameters and three

the trivial cases are considered, that the target componentjitterent injection volumes. The horizontal line marks a desired purity of
elutes in the first or in the last position. PUp, des= 0.95 (95%).
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Fig. 1 and in addition for two different injection volumes.
For the local purity holds:

k
_ CZ,P
Jlocal — N k
Zm:lcm,P

Obviously, a target component i can be only collected if
there exists a time interval in which the local purity of this
component is equal or larger than the desired integral purity
(Purj{local > Pur, ge9. If, as assumed in this particular ex-
ample Fig. 3), the integral purity of the second component
should be larger than 0.95 only with the lowest injection
volume considered (1j0) this goal can be reached in a
certain time interval (between 4.93 and 5.33min). The
corresponding integral purity of this fraction would be
Pur.int = 0.983. Thus, a larger fraction could be collected
to achieve exactly the specified purity of 0.95.

Obviously, itis reasonable to identify at first the interval of
the elution profile in which the local purity of the target com-
ponent exceeds the desired purity Rs i.e. ;7. tfgﬂr].
Then, as illustrated ifrig. 4, there exist essentially three
simple strategies to expand the size of this interval in or-

Pué 1 K. (29)

der to match integral and desired purity. Two strategies con-

sist in expanding the initial interval just in one direction,
i.e. in the direction of lower or in the direction of higher

retention times. The third strategy is based on expanding

the interval simultaneously into both directions. The math-
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(2) Expansion to lower retention times
This method is based on keeping the last time at which

the local purity of the target component is larger than the
desired purity;fgﬂr. The method consists in integrating
the concentrations of the components in the direction of
lower retention times until the integral purity reaches the
set value. Thus, @ can be found which is smaller

coll
than/Start
i,pur

Expansion in two directions

This more sophisticated expansion is based on enlarg-
ing the initial time interval {73y, tfgﬂr] step by step in
one of the two directions. Below only the typical case
is considered that the concentrations at the two times
it and 1700, are above the threshold concentration.
The interval is initially characterized by the following

two discrete grid points:

©)

start end
kstart — i,pur and kend — z,pur. (20)
At At

The specific partial peak areas corresponding to this in-
terval can be obtained by integration as follows:

xend

Aipur=Y CipAt i

kstart

1, N. 1)

In order to decide in which direction the stepwise en-

ematical description of these three strategies is summarizeqargemem of the interval should be performed the following

below.

(1) Expansion to higher retention times
In this method, the concentration of component i
in the fraction is determined by integrating between

start __ start ; end ; ;
el = Lpur @nd a times7c,. The latter time will be
larger then:®9 . It has to be determined in a way that

. Lpur, . e
the integral purity of the fraction matches the specified

desired value.

44— —p Expansion in two directions
Expansion to lower retention times

N\ il < Expansion to higher retention times
\ {
\ {
|
L
\ f
3 !
Y |
3 \ ] \,
8 b f \
g \ ] ) /—_\
2 \ \ e
5] Vo \
g \ |
| \
[$] V) \
\l\ \
\ \
|r \| < Above desied [P W
[ L purity / \
b ¢ 7 ks \
/ \
f /
i
C!hresho\d S e B Ry,
start start  start : end jend end
t ti,cml li.pur Time li,pur l‘|,C|:;II 3

scheme can be used:

if Pur™™ 1 = pul™  then

1

k1—1 ~ko+1
Ajpur = Ajpur+ maX[C[’]P ) Ci’zp ] At,

if Cﬁs}‘aa"—l > Cﬁ‘;’:%l . jStart _ gstart_ 4 (22)
I.I: C;(’S}t)an—l < C;(’e}:ld"rl : kend — kend_l_ 1
if Pur™™1 > Puk™™1  then
' l kstart 1 (23)
Ai’pur = Al"pur + Ci,P - A[ andkStart: kStart_ 1
if Purk™™ 1 < Puk™1  then
ur; < Pur, the (24)

d
Aipur = Ajpur+ CX5 t Ar andkend = kend 4 1.

This enlarging of the interval can be repeated as long as
the ratio of the collected amount of componérmver the
collected amount of the total sample is equal to or larger
than Purges The termination of this procedure yields the
required collection times:

start

i,coll —

KSRAr andr£09, = ke AL, (25)

t

It should be mentioned here, that under nonlinear condi-
tions there might exist more than one interval in which the

Fig. 4. Chromatogram to illustrate different possible methods to collect an l0cal purity of the target component exceeds the specified

intermediate component with a specified desired integral puritygur

purity requirement.
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3. Results of parametric calculations 02 — oo 3-: I

. . . E 0.15 e I | 25 . 33:
There are several parameters influencing the product|V|tyE> —+ Cpraanon= 107 €T | gl S

with which a certain target component can be collected. 5 0.1 # E 1_5---*"'

Some of them will be considered below in a parametric : & S

study based on solvingq. (1) Obviously, the parameters © &5 : sl : 0.5

of the adsorption isotherms (in particular the selectivity val- U i e o 0

uesa; ., Eq. (8) and the composition of the feed solution 100100 0% Vi (ul) 100900 107 v, ()

possess a large importance. Before discussing their influ-

ence the impact of the concentration threshdghyeshold AESO o b o

the “shaving method” applied (one or two side expansions), mg 200 [’;f"‘%;r 80 ﬁ,‘

the purity requirement specified, Pugs and the amount S 150 i 5 60 i

injected, Vinj, will be discussed. Since in preparative chro- £ ;44 I 40

matography, in order to maximize the productivity, usually gﬂ - & -

the flow rate is chosen as high as possible (respecting pres © g

sure drop limitg2]) the effect ofVg is not discussed here. L T T TR TRV

inj

For the sake of clarity a mixture containing three compo-
nents is considered in order to illustrate the influence of the Fig. 5. Effect of three possibilities to specifinresholdon the production
parameters mentioned above on the productivity with which of the third component for Puges= 0.99. Reference parameters, except
each of the three components can be isolated. If there would” = 2000 @ndC10 = C20 = Ca0 = 20 mg/ml.
elute more components before and after the three compo-
nents considered here, the same methodology can be appliedoncrete chromatographic conditions (which lead to differ-
to determine appropriate fractionation times and to deter- ent degrees of dilution). Regarding this fact an alternative
mine performance criteria. Obviously, a larger cycle time choice is to seCinreshold@s a certain small fraction of the
has to be accepted leading to a reduced productivity. Theremaximum concentration at the column outlet. The latter
will be typically also more competition effects caused by the method depends on the knowledge of the corresponding
presence of additional components. These effects might be elution profile and could be applied only a posteriori.
however, often small compared to the competition caused To illustrate the effect of the mentioned three different
by the two immediate neighbors of the target component. methods of selectin@thresholdin Fig. 5 are shown results
Currently a study is performed quantifying additional com- of calculating the cycle times, the production rates and the
petition effects by more “remote” neighbors. recovery yields with which the last eluting (third) compo-

Mostly the reference parameters listedTiable 1were nent can be obtained as a function of the injection volume.
used. SolvingEg. (1) with these parameters leads to the The threshold concentration is set to be: (a) a fixed value
reference chromatogram already shown abdig. (1). (0.01 mg/ml), (b) a fraction (0.001) of the injection concen-

tration of the target component (i.e. here 0.02 mg/ml), and
3.1. Effect of the threshold concentration on the production (c) a fraction of 0.01 of the specific maximum component

of component concentration at the column outlet (which depends on the
specific conditions).
The choice of the threshold concentratiGiyreshold fixes In all calculations reported beloWinresholgWas set as a

the start and end times for fractionation and thus the cycle fraction of the maximum outlet concentratio€ifreshold =
time (Fig. 2). In this way it effects the production rates 0.01C;2*), which provided for the particular example stud-
(Eq. (12). ied the highest production rates.
There exist various possibilities to select the threshold
concentration. In order to guarantee that the column is suffi- 3.2. Effect of specifying fractionation times on the
ciently regenerated and subsequent cycles are reproduciblg@roduction of an intermediate component
Cihreshold Should be kept small. In order to collect con-
centrated fractionsinreshoigshould have a relatively large In Section 2.3three different simple methods have been
value. discussed capable to determine the time interval in which a
Obviously, it is most simple to sefinresholg@s a fixed certain intermediate component should be collected. The ef-
value. However, in practical situations, the various concen- fect of applying these three fractionation methods is shown
trations of the different components in the mixture cause in Fig. 6awhere the productivity with which the second
difficulties to select a suitable value. Thus, it could be better component can be obtained is depicted as a function of the
to setCinreshold@S a relative value. One convenient choice injection volume. It can be seen that the productivity for ex-
is to chose a certain (small) fraction of the usually known panding the initial intervaltfgatj}, tfgﬂr] into both directions
concentration of each component in the injected sample.always leads to a higher productivity compared to the re-
This choice can be made a priori but does not consider thesults obtained with the other two expansion methods. These
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results could be expected because the former method is moresecond component exceeds a specified purity 0f fude=
flexible and comprises the two latter methods as special 0.90 is marked fa[}r =481 min,tgf;,‘f” = 5.21min]. The
cases. The advantage of the two side expansion method isorresponding collection times for the three methods are: (a)
more pronounced when the production rate is high. When the 4.65 and 5.21 min for expansion to lower retention times; (b)
injection volumes and thus the production rates are small, for 4.81 and 5.38 min for expansion to higher retention times;
the example studied, the results are almost the same for theand (c) 4.68 and 5.33 min for expansion into both directions
methods of expansion to lower retention times and expan- (leading to the highest productivity).
sion to higher retention times. However, when the injection  Although it is in general simple to apply the expansion
volumes are higher, expansion to lower retention becomesinto two directions method, it should be noted that the
superior. This could be understood in view of the sharpening analysis can be more complex if there exists more than
of the adsorption fronts in case of Langmuirian systems.  one maximum in the Pujca versus time curve which is

In Fig. 6bis given for a certain injection volume (14) possible under strongly overloaded conditions. A detailed
a specific part of the corresponding chromatogram showing discussion of this aspect is beyond the scope of this paper.
the elution profile of the second component, the tail of the  Since the highest productivity can be obtained using the
first component and the front of the third component. The expansion into both directions, only this methods is used
initially determined interval where the local purity of the below.

3.3. Effect of desired purity and injection volume on the

% production rates
55+ .
50l | Fig. 7shows for the reference parameters the dependence
of the specific production rate for the three components as
= 450 1 a function of the injection volume (or the loading factor)
E 40t A 1 and of the desired product purity. Several conclusions can
é.-,% i be drawn from these results.
S ,f/ —+ Expansion in two directions | (i) The production rate is the highest for the first eluting
:—_30 —& Expansion to lower retention times component
& -—+- Expansion to higherretention times .. P . . . . .
a 25 (i) The specific optimal loading factor is the highest for
20 the first eluting component.
Xt (iif) For each component the production rate can be in-
15§ T creased if the desired purity (Rdg9 is decreased.
1 1 1 1 1 1 1 1
195 4 6 8 10 12 14 16 18 20
(@) Vi (D)
5 . i ; .
451\ Ny
\L‘ . .- ™ i
4t /o e
l\. ‘F‘ \‘“.\‘
=35F A g
-E_ “1, i ')lf | \‘\ i
o \ : 3 N |
E 3r \ | | \ ]
é2.5- \ iﬁl‘ : ‘\
g \ |
c 2f “f
@ a |
e A
o 1.5+ {1\ |
o {1
1k f.’ : ‘-..\ |
/o w,
0.5¢ ( g M ~
0 il ¢ .; B K ; L
4.4 4.6 4.8 5 5.2 5.4 5.6
(b) ga Time (min) 1509,

V()
Fig. 6. Influence of method of fractionation: (a) on the production rate of "
intermediate component (Pufes = 0.90, reference parameters); (b) on  Fig. 7. Effect of desired purity on the production rate of different compo-
the time interval corresponding to expansion into two directions (solid nents. Parameters of reference case: (a) first eluting component; (b) last
lines), expansion to lower retention times (dotted line) and expansion to eluting component; (c) intermediate component.;gay (*) 0.90; @)
higher retention times (dashed line) for an injection volume of.ll4 0.93; ) 0.96; (x) 0.99.
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(iv) The specific optimal loading factors are higher for
lower purity requirements.
(v) Both the productivity and the optimal loading factor are

Y. Shan, A. Seidel-Morgenstern/J.
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Table 2
Influence of the separation factors on the production of the components
in a ternary mixture (€o:Cp,0:C30 = 1:1:1, Puyges= 0.99)

the lowest for the second (intermediate) component.  «12 12 12 12 15 15 15 18 18 18
az3 12 15 18 12 15 18 12 15 18
It should be noted that these typical trends are valid only — -
. . e . .7 First eluting component
for situations similar to the reference case (i.e. 111 mix- | " “331 331 331 922 922 922 1316 1446 144.6
ture, similar separation factoeg » andap 3, Langmuirian m (mg) 5.1 53 54 21.7 235 242 37.1 407 424
systems). If the composition of the mixture is different, the Y1 (%) 33.8 355 36.3 51.6 56.0 57.7 618 617 64.2
optimum loading factor of each component will change. An |nermediate component
extensive discussion and analytical solutions regarding the Ly 37 81 81 158 238 319 238 396 476
effect of the feed composition are available for binary mix- m(mg) 1.1 18 18 35 88 91 44 138 161
tures and columns with an infinite efficien3]. Y2 (%) 760 598 60.5 588 981 756 487 0919 897
Last eluting component
At ; Lt tot 73 219 328 7.3 219 328 73 219 328
3.4. Effect of injection volume on the recovery yields m(mg) 17 83 144 19 89 152 19 92 157
Y3 (%) 435 69.1 79.8 46.7 742 845 478 768 87.3

Extending the results given ifig. 7; in Fig. 8 are shown

the component production rates and the corresponding re-

covery yields as a function of the injection volume (or the

loading factor) for the reference parameters but a reduced

specified purity Pyrges = 0.85. The production rates follow
obviously the trends visible already fig. 7. The recovery

Lt tot: Optimum total loading factonn;: amount of componeritcollected
in a single cycle at optimum loading factoy;: yield of componeni at
optimum loading factor.

between the reference value of 1.2 and 1.8) keeping the
reference values for the Henry constant of the intermediate,

yields of all three components decrease when the injectiong, ang allgsa;; values constant.

volume is increasedF{g. 8h). This decrease is most pro-

For each paiw1 2 andaz 3 and each of the three com-

nounced a”fj happens already at lower injection volumes inponents a specific optimized loading factor was determined
case of the intermediate component. which maximized the amount that could be collected with
a desired purity of Pyges = 0.99. The obtained optimum
loading factors, the corresponding collected amounts and
the yields are listed ifable 2 The results show thai; »

Obviously, the course of the competitive adsorption strongly affects the production of the first component. The
isotherms has an essential influence on the separation proamount collected increases more than six times (from 5.1 to
cess. A comprehensive study of the impact of all individual 37.1 mg) whenx » increases from 1.2 to 1.8 (for keeping
isotherm equation parameters is difficult and outside the oy 3 = 1.2). The corresponding optimum loading factors
scope of this paper. Here, only the effect of the two sep- and the recovery yields also increase, but more moderately.
aration factorsy 2 and az 3 was analyzed (varying them  |n contrast, the amount of the first component that could
be collected is hardly influenced by, 3 (5.4 mg instead
of 5.1 mg for increasingez 3 from 1.2 to 1.8 and keeping
a1.2 = 1.2). Analogously, the productivity of collecting the
last component is dominated by 3 and less influenced by
a1,2 (Table 3. Under similar conditions it was found again
that the rate of producing the first eluting component is sig-
r nificantly higher then the rate of producing the last eluting
component.

Concerning the intermediate component batty and
a2.3 have a significant effect on the production rate. Tak-
ing intermediate separation factors as a reference state (e.g.
a12 = az3 = 1.5 leading tomy = 8.8 mg) it can be seen
in Table 2that a specific change ofi » has a larger con-
sequence than a specific changergg. An increase or de-
crease ofwy > to 1.8 or 1.2 led ton; 138 or 1.8 mg,
whereas an increase or decrease0f to 1.8 or 1.2 led to
mp = 9.1 or 3.5mg.

More results revealing the strong and complex influence
Fig. 8. Effect of injection volume (or loading factor) on: (a) production of the separation factors on the amounts produced and the

rate (a) and (b); (b) yield for all three components. Reference parameters.COfresponding recovery yields of the second component are
Pur; ges= 0.85. shown inFig. 9.

3.5. Effect of separation factors on productivity

@ —— First companent
—& Intermediate component
-=+- Last component b

1 1 1 \—)
120 140 160 180

1
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100 120 140 160
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@ Fig. 10. Effect of relative injection concentrations on the produc-

tion rate of the intermediate component. Reference parameters, except
C1,0+ C2,0 + C3,0 = 600mg/ml, Pug ges= 0.99.

T results. For the case considered relatively high production
i rates of the intermediate component can be obtained for
all of feed compositions studied when the injection volume
is between 6 and 10l. The highest production rate can
. be obtained when the target component is enriched in the
feed (here for the concentration ratio 1:3:1). In agreement
with the above discussion concerning the separation fac-
T tors w1 2 andwy 3 the situation 1:1:3 is more favorably for
_ the production of the second component than the situation
3:1:1. The same hold for the comparison 1:3:3 versus 3:3:1.
Thus, competition and losses are more increased by an in-
44 ; = - i crease of the fraction of the first eluting component in the
0 20 40 B0 80 100 120
(b) \’linj ("Ll) feed.

Fig. 9. The effect of separation factors on: (a) the amount that could be
collected; (b) yield of the second (intermediate) component. Reference
parameters, except isotherm parametassifas fixed andy andag were

set according to the separation factors givenandbs were also change
accordingly). Puf ges= 0.99. The effect of several important parameters on the produc-

tion of different components, especially on the production of

an intermediate component, using multicomponent prepara-

tive chromatography was discussed. Using the Craig model

From the results presented above it can be concluded thalyng a set of reference parameters the separation of a sample

the production of one component is mainly influenced by containing three components was investigated theoretically.
the separation factors with its closest neighbors. The ef- Simple methods were introduced allowing to specify suit-
fect of more “remote” peaks is smaller and might be even gple times to collect a certain target component with a spec-
negligible if the column is not extremely overloaded. This jfied purity. The elucidated influences of various parameters
aspect is currently quantified in a separate work in more o productivity and yields provide useful guidelines for

4. Conclusions

detail. improving the productivity of preparative multi-component
chromatography.
3.6. Effect of composition of feed mixture The practical application of the methods suggested re-

quires that in the column effluents not only overall but
Fixing the total concentration of all components in the also specific concentrations are measured. Thus, advanced
mixture, the influence of the sample composition on the detection and/or fraction collection techniques should be
production rates of the intermediate component was investi- applied to follow the elution profiles of the individual
gated for different injection volumegig. 10shows typical components.
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5. Nomenclature

Cio
k
Ci,j

Cthreshold
Lcol

Lt

L tot

m;

N

P

PI‘,‘

PUr; des
Pur; int

Purt

Jlocal

k
i,

dsati
to

b
star
I7

end
IN

start
i,coll
tend
i,coll
fStart
i,pur

parameters of Langmuir isotherm for
component, Eq. (7)

cross section area of the column
integrated peak area of component m
in a certain time periodiq. (16)
parameters of Langmuir isotherm for
component, Eqg. (7)

concentration of componenin the
injected mixture

concentration of componenin plate

j at exchange stelpin Craig model
threshold concentration for fractionation
length of the column

loading factor of componerit Eq. (9)
total loading factorgq. (10)

amount of component i recovered in the
collected fraction

number of components in the sample
number of stages in the column
production rate of componentEqg. (12)
desired purity of componett Eq. (13)
integral purity of componeritin a
certain fractionfkq. (15)

the course of local purity of component
i at the column outlet for exchange step
k, Eq. (19)

concentration of componenin the
stationary phase in plajeand exchange
stepk in equilibrium with the
corresponding concentrations in the
mobile phase

saturation capacity of componeinin the
stationary phase;g. (7)

dead time of the column, elution time of
a non-retained component

injection time

time at which the concentrations of the
first eluting component exceed$nreshold
time at which the concentrations of the
last eluting component drops below
Cthreshold

begin of collecting component

end of collecting componeit

begin of time interval in which the local
purity of component i is larger than
desired purity

tfgﬂr end of time interval in which the local
purity of component is larger than
desired purity

Vol volume of the column

VE the volumetric flow rate of the
mobile phase

Vinj injection volume

Y; recovery yield of componernt Eq. (14)

Qim separation factor between componeints
andm, Eq. (8)

£ column porosity

At residence time of the mobile phase
in a plate

Ate duration time of a single cycle

Indices

i component

i plate

k exchange step in Craig model
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