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Separation of Close-Boiling Components Using a New
Chromatographic Method

K. H. ROW and W. K. LEE*

DEPARTMENT OF CHEMICAL ENGINEERING
KOREA ADVANCED INSTITUTE OF SCIENCE AND TECHNOLOGY
DONGDAEMUN, SEQUL, KOREA

Abstract

A combined continuous and preparative system of gas-liquid chromatography
was developed and used for the separation of the close-boiling components
diethyl ether and dichloromethane. In this system the less-absorbed component
in the mixture can be obtained continuously in an almost pure state in one
section and the remaining components can be separated in the other section of
the column. Several experimental conditions (e.g.. column length, particle size,
feed concentration, and flow rates of carrier gas and desorbent) were varied in
order to evaluate their effects on the performance of the chromatographic system.
From the results of the experiments, additional column length and desorbent
velocity were found to be the most important factors in separating the feed
mixture continuously. The optimum switching time for good separation was
experimentally measured. and it was mainly affected by column temperature and
column length if the feed mixture and stationary phase were fixed. Throughputs
of between 5 to 10 cm’/h resulted in good purity under certain experimental
conditions.

INTRODUCTION

In response to the need for fast and accurate separation, various
methods have been developed. One of the most powerful processes
among them is chromatography.

In 1952, James and Martin (/) introduced gas-liquid chromatography
which is based on differences in the partition coefficients of substances
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distributed between a stationary liquid phase and a mobile phase (2). The
advantages of conventional gas chromatography are the speed of analysis
and the simplicity of detection (3), but it is inherently difficult to scale up
to industrial size because conventional chromatography uses the batch
method for handling the feed mixture as a pulse and requires substantial
dilution of the components with the mobile phase (4).

After the introduction of the UOP process (5), however, considerable
progress has been made toward separation using continuous chroma-
tography. Barker et al. (6) developed a semicontinuous countercurrent
refiner (SCCR) for dextran fractionation. In previous papers (7, 8), we
investigated moving feed-injection chromatography. Reviews of chro-
matography as a preparative process or.on a production scale have been
made by Barker (9) and Sussman (10).

In this paper a new separation method is introduced in which feed
mixtures (binary) are separated continuously by the combined operation
of continuous and preparative chromatography in two sections (partition
and desorption). Although the system is equipped with segmented
columns and the less-absorbed (less-adsorbed) component can be
obtained in pure form in the partition (adsorption) section as well as in
other continuous systems, the remaining components can also be
separated in the desorption section by changes of such operating
conditions as column length and desorbent velocity. In the UOP process,
part of the more-absorbed component was directed from the desorption
zone into the rectification zone in which displacement of the less-
adsorbed component occurred. The displacement method has limited
applicability compared to the much greater flexibility offered by the gas-
liquid technique. A purge section was used in the SCCR unit to obtain
the more-absorbed component, while in this system several columns are
added in the desorption section to separate the noneluted components.
The effects of various experimental conditions on the performance of the
system are discussed.

OPERATIONAL PRINCIPLES OF THE SYSTEM

As a feed mixture is injected into the column, the less-absorbed
component is eluted initially by the solubility difference of the feed
mixture and the stationary liquid phase. After a while, as the more-
absorbed component begins to be eluted, components whose com-
positions are the same as the feed mixture come out of the column. As
seen in Fig, 1, the less-absorbed component exists as a pure product for a
time (the shaded section of the figure).
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FIiG. 1. Elution profile in case of step input. 45/60 mesh: 35°C; average gas velocity = 7.69
cm/s; column length = 150 cm: feed concentration, DEE = 0.72 X 107 mol/L,
DCM = 0.69 X 107% mol/L.

If the column in the system is divided into two sections, the less-
absorbed component can be obtained in pure form before the elution of
the more-absorbed component in one of the partition section. During
that time, in the desorption section, the less-absorbed component
remaining in the column with the more-absorbed component can be
separated by adjusting the column length and the desorbent velocity.

If the above two steps can be completed simultaneously within a
certain time (switching time), the feed mixture can be separated
continuously. The switching time is varied by combinations of the
stationary liquid and the feed mixtures. In the desorption section the
remaining components are separated within the switching time by
changes of the operating conditions.

Figure 2 shows the arrangement of segmented columns and solenoid
valves in the equipment. During operation, two streams, carrier gas with
feed and desorbent, enter the system, and are withdrawn through the
partition and desorption sections.

For example, the partition section consists of four columns and the
desorption section of eight columns. During the first switching time, the
feed mixture is continuously injected into the inlet of Column 1, and the
less-absorbed component is obtained in pure form at the outlet of
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FIG. 2. Schematic diagram of flow path in partition section and desorption section.

Column 4. Just before the elution of the more-absorbed component,
within the second switching time the feed mixture is injected in the inlet
of Column 9. Columns 1-8 are the desorption section, and at the outlet of
Column 8 the remaining less-absorbed component and the more-
absorbed components are obtained separately within the switching
time.

The system is a binary separation process which, by careful selection of
stationary liquid phase and operating conditions, can be extended to
various feed mixtures.

EQUIPMENT

A general view of the system is shown in Fig. 3. A schematic diagram of
the overall experimental apparatus is shown in Fig. 4. Nitrogen was used
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FiG. 3. Photograph of the chromatographic unit.

as the carrier gas and the desorbent, and the flow rates were controlled by
microneedie valves (44, 45).

The feed reservoir C was made of stainless steel, 6 cm i.d., 50 cm high,
and filled with % and % in. ceramic Raschig rings to enlarge the
interfacial area between the carrier gas and the liquid feed mixtures.

Twelve columns were arranged in a circle. Each column was made of
stainless steel, 1 cm i.d., 30 cm high, with a packed height was 25 cm.
Glass wool was used in both ends of the column to retain solid particles
in place. Each column had four openings, two for entering streams and
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FiG. 4. Schematic diagram of experimental apparatus. 4,, 44, 45: microneedle valves. A4, A5

solenoid valves. B: manometers for adjustment of flow rates. C: feed reservoir. D: inlet of

feed. E: outlet of feed. F: preheaters for carrier gas and desorbent. G: temperature

controllers. H,, H,: heating wires. I: main chromatographic system. J: programmable

controller. K: pressure gauges. L|, L,: gas chromatographs. M: multifunctional sampling

valve. N, Ny: bubble flow meters for carrier gas and desorbent. 0;-0s: thermocouples. P:
electric heater.

two for leaving streams. The system was covered with ceramic insulation
to keep the column temperatures constant.

Five solenoid valves (CKD, AB 31-01-4) were used per column. The
detailed arrangement of the main chromatographic columns (J) is shown
in Fig. 2. A supporter was made to fix the 12 columns, 60 solenoid valves,
and four distributors, and it was enclosed to maintain the desired
temperature. Two distributors were for entering streams and two for
leaving streams. The upper side of each distributor has one central bore,
and the side of each distributor has 12 openings. The entering stream
passes through the central bore and into one of the openings in the
distributor.

An electric heater (P) in circular form was set in the inner side of the
main system for easy temperature control. Two outlet streams and inlet
feed mixtures were analyzed by conventional gas chromatography (Gow
Mac 550P thermal conductivity detector, L, and L,) with a syringe
(Hamilton Co.) and a 10-port multifunctional sampling valve (Valco
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Instruments Co., M). The signals were analyzed by a HP 3390A
integrator. A programmable controller (J) was used to control the
solenoid valves used for the main chromatographic system.

EXPERIMENTAL

The column was packed with Chromosorb A (Alltech Associates)
whose particle sizes were 60/80, 45/60, and 20/30 mesh. A rotavapor
(Brinkmann Co.) was used to coat dinonylphthalate on the particles, and
the ratio of the stationary liquid to the solid support was 0.20 for all
particle sizes.

Diethyl ether (DEE) and dichloromethane (DCM) were used as feed
materials. Their boiling points are 37.8 and 34.6°C, respectively. One of the
advantages of the chromatography over simple distillation is that separa-
tion can be done even in the case of small boiling point differences.

The feed mixture was put into the reservoir through the inlet valve (D)
and drained through the outlet valve (E). With the solenoid valves 4, and
A; on, part of the nitrogen was passed into the feed reservoir (C). The
concentration of the inlet feed mixture was controlled by adjusting the
microneedle valve (4;). Outlet flow rates were measured by the bubble
flowmeters N, and N,.

Lines of & in. copper tubing to the main system were wrapped with the
heating wire (H,) to prevent condensation of the feed materials in the
carrier gas.

By the use of the programmable controller (J) the flow paths of the
partition and desorption sections were programmed, and the paths
automatically turned to the next stage after each switching time. The
temperatures of several positions were read on the temperature indicator
connected to the thermocouples (0,-0s). Pressure gauges (K) were set at
the inlet and outlet of the main system. _

The dead volume of the system was determined from measurement of
the retention time of a helium sample. The results showed that the dead
volume per column was about 31 cm® and that of the inlet and outlet lines
was 10 cm’. The elution profile from the data points in each experimental
run was corrected for the total dead volume.

RESULTS AND DISCUSSION

The pressure drop sharply increased in the longer column with
particles of 60/80 and 20/30 mesh; smaller particles caused a larger
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pressure drop (Fig. 5). The velocity was changed as a consequence of
pressure changes in the column. The average velocity indicated by the
abscissa of Fig. 5 means the velocity corrected by the compressibility
factor, j = 3{(P/P,)* — 1}/2{(P/P,)’ — 1}, of James and Martin (/), where P,
and P, denote the inlet and outlet pressures, respectively. A pressure drop
of 30-90 cmHg was observed in the experimental range of this system.

The total elution volumes of the DEE and DCM mixture are plotted
with the feed concentration and the column temperature in Fig. 6. The
volume is the quantity of the gas which can elute the components
completely in the column. Although the slope of the elution curve of DEE
was low and that of DCM was high, the bandwidth of both components
was observed to be wider with increasing feed concentration and
decreasing column temperature.

In order to examine the applicability of this system over a wide range of
operating conditions, the outlet concentrations of DEE and DCM were
measured and the concentration profiles of the components in each
experimental run were obtained. Experimental conditions of some runs
in the partition section are listed in Table 1, in which the peak width (in
seconds) is defined as the time from start to feed concentration.

Three different elution profiles with the three particle sizes in a

1401 I
1201

1OOL

g

Pressure drop (cm Hg)

20

1 1 n 1 " L

" i i
.0 4.0 8.0 120 16.0 20.0

average gas velocity (cm/sec)

FIG. 5. Effect of average gas velocity on pressure drop. I = 60/80 mesh, column length = 200
cm: [I = 60/80 mesh, 100 cm; IIT = 20/30 mesh, 200 cm; IV = 20/30 mesh, 100 cm.
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time.
TABLE 1
Experimental Conditions in the Partition Section
Run
1 2 3 4 5 6 7 8 9 10

Mesh size 20/30 45/60 60/80 60/80 60/80 6(/80 20/30 20/30 20/30 20/30
Column temperature
°C) 45 45 45 45 45 45 45 35 35 35
Column length (cm) 100 100 100 150 150 150 150 150 150 150
Average carrier
velocity (cm/s) 953 876 7.70 847 735 523 909 909 909 9.09
Feed concentration
(X 1073 mol/L):
DEE 099 098 099 135 135 134 090 340 050 088
DCM 089 0951 088 128 129 131 088 050 091 089
Peak width (s) 1138 989 872 970 1106 1122 1000 630 169.6 2652




13:11 25 January 2011

Downl oaded At:

1770 ROW AND LEE

constant outlet velocity of 10.61 cm/s of carrier gas are shown in Fig, 7.
The ordinate is the ratio of outlet to feed concentration. The compres-
sibility factors for 20/30, 45/60, and 60/80 mesh sizes are 0.898, 0.826, and
0.726, respectively. It is also shown that the smaller particle had good
column efficiency, but the larger pressure drop caused by them placed a
limitation on the use of a high gas velocity.

Figures 8 and 9 show the effects of average carrier velocity and column
temperaturc in the partition section, respectively. As the velocity in-
creased, the slope of the leading edge in the profile became sharper. The
column temperature is an important factor to be considered in the
partition section because the partition coefficient is a function of
temperature. The values of DEE were 184.2, 126.3, and 88.7, and for DCM
were 437.1, 297.1, and 206.8 at 25, 35, and 45°C, respectively (I1).
Therefore, the separation factor of the two components was about 2.35. As
the column temperature increased, the gas volume required for eluting
the components became smaller. That is, as the products exit faster from
the column, they are not completely separated. Figure 9 shows that in a
higher concentration of DEE (3.40 X 107* mol/L) than of DCM (0.20 X

1.0

Normalized concentration
o
1

0 i | " | . L .
0 50.0 100.0 150.0 2000 250.0

time (sec)

FiG. 7. Effect of particle size on elution profile in partition section. I = 20/30 mesh (Run 1);
I1 = 45/60 mesh (Run 2); Il = 60/80 mesh (Run 3); DEE.
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F1G. 8. Effect of average carrier velocity on elution profile in partition section. I = 847 cm/s
(Run 4); IT = 7.35 cm/s (Run 5); III = 523 cm/s (Run 6); DEE.

10~ mol/L), the outlet concentration of DEE exceeded its inlet feed
concentration.

The stationary liquid should generally be chosen to be as highly
selective with the feed materials as possible. Once the system was
determined, the switching time was measured as the elapsed time from
start to just before the elution of the more-absorbed component, DCM.
As seen in Table 2, the column temperature and the column length
mainly affected the switching time. The experimental conditions of some
runs in the desorption section are listed in Table 2 in order to understand
the effects of unseparated DEE and DCM in the section. The impurity in
the desorption section is defined by the ratio of the overlapped section to
the total areas of two chromatograms.

The desorption section can be classified by whether or not an
additional column length was used. Figures 10 and 11 show elution
profiles in the desorption section without additional column lengths.
Upon increasing the column length, the elution profile of DCM was more
skewed. This is attributed to the larger pressure drop caused by a longer
column length (12). Smaller particle size also shows lower impurity, as in
Fig. 11. In the case of no additional column length, the impurities are
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FIG. 9. Effect of column temperature on elution profile in partition section. I = 45°C (Run
7): 1T = 35°C (Run 8); Tl = 35°C (Run 9): IV = 25°C (Run 10): DEE.

rather serious. The additional column length is a unique factor to
improve purity in the system. As shown in Fig. 12 with an increase in
column length, better resolution was achieved but the process time
exceeded the switching time of 240 s. The desorbent velocity was adjusted
to overcome this difficulty. By increasing the desorbent velocity, the
operation was continued with a switching time of 240 s (Fig. 13).

Based on the results of the experimental conditions in Run 18, a
quantity of feed mixture between 5-10 cm*/h was injected continuously
into the system and pure DEE was obtained in the partition section, and
DEE and DCM were almost completely separated in the desorption
section.

The usefulness of the system depends mainly on a good selection of
experimental conditions in the desorption section, i.e., the additional
column length and the desorbent velocity. In the partition section the
effect of the column temperature is important because the period when
the less-absorbed component, DEE, exists in a pure state is determined
by the temperature. Figure 14 shows that impurity was decreased by a
lower temperature in the desorption section (see also Table 2).

One of the obvious advantages of this system is that the less-absorbed



13:11 25 January 2011

Downl oaded At:

SEPARATION OF CLOSE-BOILING COMPONENTS 1773

TABLE 2
Experimental Conditions in the Desorption Section

Run

1nm 12 13 14 15 16 17 18 19 20 21 22

Mesh size 45/60 45/60 60/80 45/60 20/30 20/30 20/30 20/30 20/30 20/30 20/30 20/30
Column

temperature

Q) 35 35 45 45 35 35 35 35 45 35 35 35
Column length

(cm) 100 150 100 100 100 100 100 100 150 150 150 150
Additional

column length

(cm) 0 0 0 0 25 75 100 100 50 S50 50 50
Average

desorbent

velocity

(cm/s) 12.41 1022 13.03 12.62 19.40 19.83 18.53 21.87 14.46 16.65 14.97 17.92
Feed

concentration

(x 1073

mol/L): DEE 092 094 094 098 0.61 045 085 084 064 068 340 340

DCM 070 0.75 078 0.82 0.57 046 0.78 0.82 073 077 020 020

Switching time

(s) 240 360 180 180 240 240 240 240 270 240 360 360
Impurity (%) 287 183 13.1 186 120 39 16 187 126 864 8751524

component can be obtained as an almost pure product. Figure 15 shows
that in the case of a higher concentration of DEE than of DCM, as the
trailing edge of the less-absorbed component in the concentration profile
was decreased, the leading edge of DCM in the profile was abruptly
increased.

CONCLUSIONS

The combined continuous and preparative chromatographic sepa-
ration of the close-boiling components diethyl ether (DEE) and di-
chloromethane (DCM) was experimentally performed. This system was
characterized by segmented columns and solenoid valves controlled with
a programmable controller.

The most important factors were additional column length and
desorbent velocity. Rather larger particle sizes were preferred in order to
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compensate for the increased pressure drop of the longer column length
and the greater velocities of the carrier gas and desorbent.

The switching time was determined by the choice of the stationary
liquid and the materials to be separated. Therefore, the stationary liquid
should be chosen with as high a selectivity as possible for the feed
mixture. Throughputs between 5-10 cm’/h yielded pure DEE and almost
completely separated DEE and DCM with column lengths of 100 cm in
the partition and the desorption sections, 20/30 mesh particle size, and
35°C column temperature.
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