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Abstract— An alternate method for preparative chromatography, moving feed-injection system was
studied with a modified plate model and was compared with the conventional preparative case. Experinients
were performed for the separation of diethylether and dichloromethane by a gas-liquid chromatography. The
moving feed technique had some advantages over the conventional preparative system; decreased bandwid-

ths, higher peak maxima, and better resolution.

The moving feed chromatography can be optimized by variation of the feed port velocities. A plate mode!
was used successfully to predict the experimental concentration profiles. The effects of the particle size were

also studied experimentally.

INTRODUCTION

The high resolution and versatility of analytical
batch chromatography using both gas and liquid mo-
bile phases has been concentrated in considerable att-
entions for years to convert the technique into a pre-
parative method.

The most obvious approach is to scale up an analy-
tical chromatography by using large diameter col-
umns, Scale up of these batch systems has been stu-
died by many researchers [1, 2, 3].

The conventional elution chromatography or batch
system is thermodynamically inefficient and its throu-
ghput capability is not large. To overcome the problem
in batch system, the continuous mode was introduced
and has taken several forms: vertical moving bed {4],
rotating-circular celumn [5], and simulated moving
bed (SMB) [6]. Significant industrial applications have
been found by the simulated moving bed of Universal
Oil Products [7]. Baker et al.[8] developed a simulated
counter-current refiner for the fractionation of dextran.
Row and Lee [9] showed experimentally that moving
feed-injection and product-withdrawal enabled to se-
parate the binary feed mixtures continuously. Later, as
a scaled-up system, combined continuous and pre-
parative chromatography has been proposed [10].

Wankat [11] proposed an alternate method of im-
proving the efficiency of a preparative system, moving
feed point system and demonstrated the advantages of
using a moving feed with the local equilibrium model.

* To whom ali correspondence should be addressed.

He and his colleagues[12, 13] found a method to have
better resolution and higher throughput compared to a
conventional preparative system.

In this work, a theoretical plate model was used to
investigate the characteristics of the moving feed-injec-
tion chromatography (MFIC) and the theoretical results
were compared with those of experiments for the se-
paration of diethylether (DEE) and dichloromethane
(DCM) by gas-liquid chromatography. The effects of
the operating variables on the performance of this sys-
tem was also discussed experimentally.

MOVING FEED-INJECTION
CHROMATOGRAPHY

The conventional operating method of fixed beds
for preparative chromatography is to use a large pulse
of feed followed by a carrier gas or solvent in a tong
period. The pulse of feed is fed to the bottom of the col-
umn and the carrier is also continuously fed to the bot-
tom of the column. Therefore, the region in which all
the components are intermixed is very wide because
the total of the feed is introduced to the column at the
same position.

The moving feed-injection technique uses a feed
injection point which moves at a velocity U, up the
column during the time the feed containing two or
more solutes is injected. The carrier gas is continuous-
ly fed to the battomn of the column. In actual practice a
segmented column with feed ports at distinct locations
is used and movement of the feed port can be attained
by switching the feed port locations. The arrangement
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of the segmented column used in this study is shown
in Fig. 1. In the moving feed-injection system the feed
is introduced as a long pulse. The first portion of this
pulse is put into number 1 of the column while the se-
cond portion of the feed pulse is put into number 2 of
the-column, and so on. By use of this technique of
feed-injection, the region of intermixing can greatly be
reduced in the system. Because only the first portion of
the feed pulse travels the total length of the column
and the other portions travel the smaller distances
than the first, the total migration distance of the solutes
is less than that of the preparative case. This may re-
duce zone spreading which is proportional to the total
migration time. The solute bands fed at different times
and positions superpose in the column and conse-
quently the outlet concentration becomes very high.
The feed port velocity, U, is defined as the velocity
with which the position of feed-injection moves up the
column, and it is calculated as in Table 2. The separa-
tion condition of the moving feed-injection system is
that the feed port velocity should be lied between the
*velocities of the two components in the column.

THEORETICAL PLATE MODEL

In the theoretical plate model, a chromatographic
column is conceived in the form of consecutively un-
ited equilibrium steps, upon each of which thermo-
dynamic equilibrium exists between the gas and liquid
phase. It is assumed that complete mixing of the gas
do not vary throughout the column and the com-
ponents are independent of each other.

A material balance equation for the first step Is as
follows

vadY; —vdX, + Y, dV=Y,dV 0SV=EV,

vndY; v dX Y, dV =0 vy, (1
where Y and X are concentrations of solute in the gas
and the liquid phase, v,, and v, are volumes of the gas
and liquid phase of one plate, V is the volume of the
gas that has passed through the column, and V, is the
volume of feed with a concentration of Y.

For all other steps, the following equation is valid:

vndYn TvsdXn + Y, dV=Y, ,dV (n=2,3, - N)

(2;

Assuming a linear isotherm,

K=X,/Ya. (3)
the systems of equations 1 and 2 can be reduced to

*. The velocity of a component or the solute velocity is the
velocity at which the solute moves through a column and its
average value can be calculated by dividing the total length
of the column with the retention time of the component.
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jfv"f-: a{Q-Ya.) (4)
where Q=Y, at O =V=V,
Q=0 at V2V, n=1
Q=Y. (n=2, 3, -+, N}
a=-1/{vy ~Kvg),
With the initial conditions
Y, =Y, ==Y, =10 (5)

the equation (4) gives a full mathematical description
of the plate model of the chromatographic process.

To apply the model to the moving feed-injection
systern, several simplifying assumptions may be add-
ed: the feed pulses at different positions independent
of one another and constant HETP regardless of the
feed positions. With these assumptions, the outlet con-
centration can be calculated by summing a series of
solution obtained for a single pulse of feed as shown in
Fig. 2, and 1, 2, and 3 in the figure indicate the num-
bers of sequent feed ports.

EXPERIMENTAL

The schematic diagram of the moving feed-injec-
tion system is shown in Fig. 1. The chromatographic
beds consisted of 10 small columns made of stainless
steel with 10 mm 1.D. and 26 cm packed height. From
one {conventional chromatography) to 8 feed ports
could be used in the experiments. Switching of the
feed-injection position was done automatically with
solenoid valves controlled by a specially-designed mi-
croprocessor. The materials used and their properties
are listed in Table 1. Outlet products were analyzed by
an analytical gas chromatograph {(GOW MAC 550 P

g
[ feed WT""" —— 5 1
| reservoir e T T e
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i @ GC J vent
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Fig. 1. Schematic diagram of apparatus for moving

feed-injection chromatography.
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Table 1. Materials used and their properties.

carrier gas N,

Chromosorh A

20/30, 45/60 mesh
dinonylphthalate

20% by wt. %
diethylether(DEE),
dichloromethane(DCM)

solid support
particle size
liquid phase
liquid loading
feed component

typical properties of the materials

material formula molecular weight b.p. (°C)
DEE C,H;0CyHjg 74.12 34.6
DCM  CH,Cl, 34.93 39.0
DNP  CgH,(COOC,Hq), 418.62 175.0*

*: recommended maximum temperature

TCD) through ten port sampling valves (Valco Instru-
ment Co.). In this experiments, two stream of N, were
used, one for a carrier gas, and the other for a feed
stream which passed through a saturator containing li-
quid feed mixture and then entered into the chroma-
tographic column. The chromatographic beds were
confined in an enclosure of steel with an electric
heater inside it.

RESULTS AND DISCUSSION

The plate 1model is very simple and herice, is easily
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Fig. 2. Solution of the model for moving feed-injection
chromategraphy.
(A, B: components)

Table 2. Feed injection time to each port.
(unit = minute}

Run Ug* Number of Feed Ports

No. {cm/min) 1 2 3 4 5 6 7 8 910
SIM-1 0. 12

SIM-2 65 4 4 4

SIM-3 8.7 3333

SIM-4  13.0 222 2 22

SIM-5  17.3 1515151.5151.51.51.3
SIM-6  21.7 1.2121.21.21.212121.21.21.2
SIM-7 13.0 6 6

SIM-8 13.0 4 4 4
SIM-9**13.0 111111111111

*: The velocity of feed port, Up, is calculated as follows:
for Run No. SIM-2
U L+l 26426
Tyt 444
**: For Run No. SIM-9, the distance between any two
adjacent feed ports is reduced by half, i.e. 13 cm.

=6.5{cm/mn)

applied to the moving feed-injection system. The ch-
aracteristics and advantages of the system over the
conventional preparative case can be clearly shown
with this model.

The fundamental difference between the two ch-
romatographic system lies ir the mode of ieed injec-
tion to the column. In the moving feed-injection sys-
tem, the outlet concentration profiles are directly de-
pendent on the velocity of moving feed port, whereas
in the conventional preparative system this is not the
case because the feed port is fixed.

Simulation was done with respect to a real system
used in this work where the total length of the column
was 260 cm and feed-injection ports were located dis-
tinctively 26 cm apart from adjacent ports, and the
conditions were listed in Table 2.

The concentration profiles of the preparative and
moving feed-injection systems are compared in Fig. 3.
The latter has better resolution with sharper band-
width and trailing edge of more-absorbed component,
DCM, comes out faster. The moving feed-injection sys-
temn is very flexible in its operation and the bandwid-
ths and resolution can be varied somewhat at will by
changing the feed port velocities.

The resolution, which is used as a measure of se-
paration of the two components, is commonly defined
as

2d
;+W2
where d is the distance between maxima of the two ad-
jacent peaks, w, and w, are the lengths of the base

R= 6)
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Fig. 3. Comparison between the elution profiles of
conventional preparative and moving feed-

injection systems with equal feed-injection time

of 12 min.
(Stationary feed=Run No. SIM-1, Moving
feed=Run No SIM-4, column tempera-

ture =29°C)

lines cut by the two tangents of each peak.

The effects of the feed port velocity on bandwidth
and resolution are shown in Figs. 4 and 5, respective-
ly, and it is clear that there is an optimum average feed
port velocity or range of feed port velocities. As shown
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Fig. 4. Effect of Ug on bandwidth for totaj feed-injec-
tion time of 12 min.
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Fig. 5. Effect of Uz on resolution for total feed-injec-
tion time of 12 min.
(calumn temperature =29°C)

in the figures, a peak of one component can be made
very sharp by appropriately adjusting the feed port ve-
locity while that of the other is broadened. The band-
width of each component shows a minimum point
with respect to the feed port velocity. This is clearly
shown for the component of DCM in Fig. 4. For DEE,
however, the minimum point is not clear in this range
of feed port velocity, U,.

The temperature has great effect on the resolution.
The velocities of the components in the column in-
crease with the column temperature. For z given sys-
tem, however, the attainable maximum feed port ve-
locity, Up,, is limited to the value expressed as
follwos:

UFM = ’LA/ {7

tr —ty

where L, is the distance from the origin of the column
to the last feed port, t; is the total feed injection time
and t, is the time of feed-injection to the last port.
Therefore, when the column temperature increases, the
maximum feed port velocity may be exceeded by the
solute velocities even with a constant carrier velocity,
which greatly deteriorates the resolution as shown in
Fig. 6. The column temperature as well as the carrier
velocity should be adjusted so that the separation con-
dition may be satisfied, or the aitainable maximum
feed port velocity may lie between the velocities of the
two components. In addition, the number of ports for
feed-injection has effect on the resolution even with
the same value of U, This is illustrated in Fig. 7 where
the resolutions are increased with the number of feed
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Fig. 6. Effect of temperature on resolution for total
feed-injection time of 12 min.

(Run No SIM-4, Up=13.0 cm/min)

ports.

As already shown in the previous work [14, 15] the
plate model was in relatively good agreement with the
experimental data. The operating conditions of the
experiments are listed in Table 3. Comparisons bet-
ween the profiles of the simulation and experiment are
shown in Figs. 8 and 9 for the preparative and the
moving feed case, respectively. The discrepancies bet-
ween the profiles may be ascribed to the assumptions
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%
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e |
I
gi' l i ! J
0 5.0 10.0 15.0

Number of feed injection ports
Fig. 7. Effect of the number of feed ports on resolution
for total feed-injection time of 12 min.
(Run No SIM-4,7,8, and 9, Uz = 13.0 cm/min)
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particle size: 45/60 mesh

carrier flow rate

: with feed = 464.10 cm3/min
: without feed = 427.35 cm3/min
feed concentration
: DEE=2.829x 104 mol/!/
: DCM =1.950 x 10~% mol/!
time of feed-injection to each port (unit:min)

Run No.

Temp. Ug Number of feed ports

(°C) (cm/min) 1 2 3 4 5 6
Run 1 29 0 12
Run 2 29 13.0 2 2 2 2 2 2

in the model which fail to meet the real system.
However, with some inappropriate aspects, the model
is very useful to interpret the moving feed-injection
systermn and predict its optimum operating conditions.
Experimental results obtained with the particle
size of 20/30 and 45/60 mesh sizes were compared.
The size of the solid supports has some effects on the
column performance. Generally column efficiency in-
creases with decrease in particle size. However, pres-
sure drop considerably increases with decreasing the
size thus limiting the reduction of the particle size.
Therefore any increase in efficiency gained by reduced
particle size is obtained only at the expense of a greatly
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Fig. 8. Comparison between experimental and calcul-

ated elution profiles for conventional prepara-
tive chromatography.
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increased flow resistance {16].

Figures 10 and 11 shows the effects of the change
in particle size on the elution profiles of the conven-
tional preparative and the moving feed system, respec-
tively. As can be seen, the change in the particle size
has little effect on the less absorbed component, DEE,
while for the DCM the increased retention times and
bandwidths are resulted with the smaller particles. As
a whole, the separation is better for the case of the
smaller supports of 45/60 mesh size, but the effects of
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Fig. 10. Effect of the particle size on the elution pro-

files of the conventional preparative system.
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files of the moving feed-injection system.

the particle size are not so great. This is because in the
preparative work, as the sample size increases the ef-
fect of the partcle size is small and the penalty accom-
panying the reduction of the support size becomes
very slight [17, 18).

CONCLUSIONS

The results of simulation and experiments show
that the moving feed-injection technique offers im-
proved separation and flexibility over the conventional
preparative system. Products can be obtained with fas-
ter separation and better resolution by using a moving
feed. In this system the extent of the separation de-
pends on the velocities of the moving feed ports, in
which the resolution of two adjacent components in a
chromatogram cna be improved by choosing the feed
port velocity between the velocities of the two com-
ponents which vary with carrier velocity and column
temperature. Therefore the operating conditions
should be carefully chosen so that the separation con-
dition may be fuifilled. The plate model with some
simplifying assumptions was in good agreement with
the experimental data and can be used to predict the
optimum operating conditions of the moving feed-in-
jection system. For a given set of experiinental condi-
tions, the smaller size of solid support gave a slightly
better resolution with increased bandwidth.

NOMENCLATURE
a constant, 1/(v,, + Kv,)
d . distance between the two peak maxima, min
K  : pariition coefficient
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total length of the chromatographic beds, cm

: distance from the origin of the column to the
last feed-injection port, cm

. length of the i-th feed column, cm

. value defined by Eq. (4)
resolution
time of feed-injection to the last feed port, min
time of feed-injection to the i-th port, min
total feed-injection time, min

. feed port velocity, cm/min

: attainable miximum feed port velocity,
cm/min

: volume of the gas that has passed through the
column, cm?®

: volume of feed with concentraticn of Y, cm®

- void volume in a plate, cm®

: volume of stationary phase in a plate, em®

. distance of the base line cut by the two tan-
gents of the peak, min

: concentration of solute in the stationary
phase, mol/!

. concentration of solute in the mobile phase,
mol//

. feed concentration, mol//
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