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ABSTRACT

Counter-current gas- Hquid chromatography, i+ which samples are processed continuously, is suitable for preparative separations.
Following previous work, which made the fundamental aspects clear, o scaled-up instrument was constructed. Several factors that
influence the sample separation. such as selection of the liquid phase, separation temperatune, pas- and liquid-phase flow ratio, sample
feed rate and the structure of separation tower, were evaluated in oxder to optimize separations on the scaled-up system. Under the
optimum operating conditions, a mixture of cis- and trans-decahydronaphthalene (1:1. wiw) could be introduced at a rate of 7.2 mi/h
into the avstem and a purity of cach isomer of more than 95% was obtained continuously for more than 15 h

INTRODUCTION

In continuous counter-current gas-liquid chro-
matogiaphy (CCGLC). the gas and liquid phases
move in opposite dircctions, which makes contin-
uous sample introduction possible for preparative-
scale purification. In a previous paper, we reported
a high-temperature continuous CCGLC system and
demonstrated some applications [1]. However. the
system was not suitable for practical use because
the maximum sample feed rate was less than 1 mb'h
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and further investigations on the operating condi-
tion were required. In this work, we designed a
larger scale CCGLC system and studied the influ-
ences of operating parameters such as liquid phase,
separation temperature, gas and liquid flows, maxi-
mum sample feed rate and tower structure on a
two-component scparation. Decahydronaphtha-
lene stereoisomers, the scparation of which has been
studied previously and found to be difficult [1], were
chosen as the test sample in order to evaluate the
new svstem.

EXPERIMENTAL

Instrumentation
The new CCGLC sysiem is similar to the previ-
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<ig. 1. Separation towe: . {a) Ligquid-phase inlet unit; (b) top gas-
phase outlet unit; (¢) upper separating section unit; (d) lower
separating section unit; (¢) bottom gas-phase outlet unit; (D
stripning section units (g) gas-phase inlet and hiquid-phase outlet
unit.

ous one [1}, with the following differences. The tow-
¢r diameter was enlarged from 17 mm to 50 mm.
The tower consisted of scven Pyrex glass units,
namely a liquid-phase inlet, a top gas-phase outlet,
an upper separating section, a lower scparating sec-
tion and a gas-phase inlet. Stainless-steel nets were
placed inside the liquid-phase inlet, gas-phase out-
lets and gas-phase inlet for fixing the stainless-steel
helical-coil packing (Naniwapac). The packing was
placed in the hatched area in Fig. 1. Silicone-rubber
sheets were inscrted between the glass-to-glass in-
terfaces to prevent gas leaks.

The gas flow system is shown in Fig. 2. Two ni-
trogen cylinders (B grade, Nippon Sanso) were con-
nected to the tlow system and used alternately be-
cause the system consumed more nitrogen than the

K. Sato ¢t al. | J. Chromatogr, 629 (1993) 291-296

previous sysiem. Trace amounts of oxygen in the
nitrogen were removed by the heated purifiers (300
mm X 6 mm 1.D. stainless-steel tubes) packed with
reduced copper beads (1-2 mm diameter). Two pu-
rifiers were used alternately and reactivated by pas-
sage of hydrogen at 300°C when not being used.
The nitrogen was fed after heating to the temper-
ature of the tower using heaters inserted in the gas
line.

The liquid phase was pumped into the top of the
tower by a constant-flow pump (Shibata Model
SPC-200 micro pump). The temperatures of the
pump, liquid vhase tank and flow line were kept at
60, 100 and 70°C, respectively. Samples were fed to
the middle of the tower using a constant-flow pump
(Senshu Kagaku Model 3100S) through a syringe
needle. The whole sample flow line was heated to
keep the viscosity of samples low.

One of the two components cluted from the tow-
er was trapped in the collector (volume 25 ml) after
cooling by a water-jacketed cooler, as shown in Fig.
3. Nine mantle heaters were placed around the tow-
cr and the temperatures were controlled indepen-
dently. The temperature was monitored using
thermister thermometers (Takara Kogyo A600 and

D226) and a thermosensor (Takara Kogyo
BXK-67).
Sample

A dccahydronaphthalene stereoisomer mixture,
which was not sufficiently separated with the previ-
ous system [1]. was used as the test sample. trans-
Decahydronaphthalene (b.p. 187.2°C) and cis-deca-
hydronaphthalene (b.p. 195.7°C) were purchased
from Tokyo Kasei Kogyo (Tokyo, Japan) and a 1:1
mixtlure was prepared.

Measurement of partition coefficients

The partition coeflicients were calculated from
the gas chromatographic retention times. A Shi-
madzu Model GC-8A gas chromatograph equipped
with a flamc ionization detector was used. Samples
were injected onto a 2 m x 3.0 mm .D. column
packed with 20% Apiczon C on Chromosorb W
AW DMCS (80-100 mesh).

Measurement of the purity of the eluates
The collected product was dissolved in 2-3 ml of
dichloromethane and 1 gl was injected into a gas
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Fig. 2. Gas flow system. (0} Thermaocouple: (b) electrical furnace: (©) reactor packed with reduced copper beads: ¢d) flow meter: (¢}
contrel valve: (1) three-way valve: () four-way vialve: thy heaters: (i) to separatiol tower: (§1 1o vent.

chromatograph. A 2 m x 3.0 mm LD. column
packed with 20% Apiczon C on Chromosorb W
AW DMCS (80—100 mesh) was used at 130°C.

RESULTS AND DISCUSSION

Theoretical approach to the optimum separation
Liquid phase. For the liquid phase, silicone
KF-54 (Shinctsu Kagaku) and Apiczon C were test-
ed. Packed columns with both liquid phases were
prepared and the partition coeflicients were ob-
taincd. The values on KF-54 (162 for the trans and
208 for the ciy form at 140°C) were smaller than
those on Apiczon C (358 and 464. respectively, at
142°C). The ratios of the partition coefficients (scp-
aration factor), however, were almost the same
(1.284 with KF-54 at 140°C and 1.296 with Apiczon
C at 142°C). Although both liquid phases had simi-
lar scparation properties. Apiezon C was chosen be-
cause its better stability in long-term operation.
Partition coefficients. The logarithm of the parti-

tion coeflicicnt is lincarly related to the reciprocal of
the separation temperature. From the partition
coeflicient data at 121, 142, 162 and 183°C. the fol-
lowing empirical equations were derived by approx-
imation:

InK, = 4.72(1/T) - 10° — 548
InK, = 4.87(1/T) - 10* — 5.60

where X, and K, are the partition cocflicicnts of the
trans and cis forms, respectively. and 7" (K) is the
separation temperature. The corrclation cocfficient
was 1.

Optimum flow ratios and separation temperature.
The gas- and liquid-flow ratio (GL) in the separa-
tion scction should be between the two partition
cocfficients in CCGLC. When the separation is low.
partition cocfficient becomes large, then G/L also
becomes large. This means that a high gas flow-rate
should be used. As the trapping efficiency becomes
low at high gas flow-rates. a high scparation tem-
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Fig. 3. Trap system. () From separation tower: (by needle valie
) sampling port: (d) water jacket: (o) collector: (1) trap, (g) flow
meter: {h) to vent,

perature is to be preferred. However, at low temper-
atures, the separation cfliciency becomes high as the
scparation factor increases. Therefore, to determine
the optimum scparation temperature, those factors
should be taken into consideration.

Maximum sample feed rate. The maximum sam-
plc feed rate, £ is calculated by the following
equation:

= IKP(G = LK) + cKPILK. = G)
max !K(('](,O — P') + (K,(?(\O - P‘)

ELE T -
T3 % T 33400 {(mol nunj

where ¢ and ¢ are the contents of the trany and cis
forms, respectively (1 + ¢ = 100). K, and K, are the
partition coellicients of the rrans and cis forms, P,
and P. (mmHg) are the vapour pressures of the
trans and c¢is forms, G and L (ml/h) are the flow-
rates of the gas and liquid phases, respectively, and
T" (°C) is the separation temperature.
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The calculated maximum feed rates ot the deca-
hydronaphthalene sample are plotted against tem-
perature in Fig. 4. The calculated maximum feed
rates were lowest at eq. 125°C. The maximum sam-
ple feed rate is also proportional to the liquid flow-
rate. Considering the limitation of the liquid flow-
rate and the structure of the system., the sample feed
rates were set from 7.2 to 14.7 ml h. Better results
were obtained at lower sample feed rates.

Tower structure

Tower construction. In the previous work [1]. the
separation tower wis made (rom a single glass wabe.
However, the newly constructed tower was made
from seven units, which made possible the insertion
of the thermosensors in several locations. This
structure wis also convenient for fixing the stain-
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Fig. §. Content of cixsdecahydronaphthalene in the bottom and
top recovered fractions: comparison of separation cificieney ac-

cording to separation tower diameter. Tower diameter: = 17
wng = 50

less-steel net inside the tower, No influence on the
separation efficiency was observed when tirese con-
nected sections were used.

Diaincter of the tower. It is generally considered
that the separation cfhiciency deercases as the diam-
cler increases. In this experiment. however, the data
obtained with a diameter of 50 mm was better than
that with 17 mm. The concentration of impurity at
the top of the 17 mm diameter tower was lower than
that with the 50 mm diameter tower, but at the bot-
tom that of the 30 mm diameter tower was much
higher than that of the 17 mm diameter tower, as
shown in Fig. 5. Both towers had same length and
were operated under optimum conditions and the
sample feed rates were about half of the calculated
values. Diftferent liquid phascs. namely silicone
KF-54 and Apiczon C, were used in the 17 and 350
mm diameter towers, but the ratios between the
partition cocflicients and G L values were similar.
Henee the poor purity at the bottom of the 17 mm
diameter tower might be due to the tower being
overloaded and the excess component feli o the
bottom of the tower, which suggests that the effec-
tve amount of liquid phase was small. Tt is assumed
that thick-film flow might have occurred at the glass
wall and the cffective depth of the liquid film depth
decreased.

Packing. Direct feeding of liquid phase into the
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new tower did not seem to make a uniform liquid
lilm on the packing. It was considered that the vis-
cosity of the liquid at room temperature was too
low to disperse the liquid phase uniformly. There-
fore. the liquid was diluted with chioroform (1:1,
v/v) and an aliquot of the mixture was fed into the
tower to coat the packing surface. The chloroform
was then removed by raising the temperature of the
tower. The condition of the helical wire packing and
the standing angle of the tower were critical for ob-
taining a uniform coating.

Gas preheating

When the gas was introduced directly from the
high-pressure cylinder through the purifier, fluctu-
ation of the liquid flow at the bottom of the tower
was observed. It was considered that the direct flow
from the cylinder partially cooled the liquid phase,
which made liquid phase viscous and caused turbu-
lent tlow. On preheating the gas to the temperature
of the stripping section. no fluactuation in flow oc-
curred,

The inner diameter of the gas outlet at the mid-
point of the tower was so narrow (7 mm) compared
with the diameter of the tower (50 mm) that the
liquid phase flowed out with the gas steam and
liquid phasc flooding occurred. To prevent this
flooding. an additional outlet was added on the op-
posite side to the first onc.

Liguid-phase flow

To keep the liquid flow smooth, the viscosity of
the liquid phase should be sufficiently low. From
the test experiment, it was found necessary to heat
the liquid phasc to >60°C. Further, the liquid
phasc at the entrance of the tower should be heated
to the temperature of the tower so as not to change
the scparating conditions, because a cold liquid
phasce lowered the temperature. The stainless-steel
wirc net at the top of the tower was confirmed to
work as a distributor and a uniform flow of the
liquid phase resulted.

Optimization of operating conditions

The gas-phase flow-rates were within the range
63.7-139.2 L h. Above 100 | h, poor trapping cffi-
ciency resulted. The liquid flow-rates were from
0.195 to 0.376 /h, which were determin=d from the
gas flow-rates and G L values. The experiments
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were carried out at tower temperatures of 140 und
150°C. Three sample feed rates were chosen for the
different liquid flow-rates: 7.2 ml/h at a liquid flow-
rate of 0.195 1/h, 12.0 ml/h at 0.294 I/h and 14.1
ml/h at 0.376 I/h. Each feed rate was determined by
considering a safer running and was lower than the
calculated maximum feed rate.

The optimum operating conditions at 150°C were
studied by changing the gas flow-rates. At around
G/L = 383, 93% trans form and 89% cis form were
obtained. The difference between the actual and
theoretical optimum G/L values was about 18%. It
was assumed that the actual temperature was 3-4°C
lower than the measured temperature. The opti-
mum operating conditions at 140°C were also stud-
ied by changing the gas flow-rates. At G/L = 460,
97.5% trans form and 98.8% cis form were ob-
tained. At 140°C, the difference between actual and
theoretical optimum G/L was about 7.7%. The
same reason for the difference was assumed, but it
became smaller., The partition cocflicient at 150°C
was small and thercfore the consumption of gas
phasc could be small, However, higher puritics of
products were ebtained at 140°C than at 150°C. The
separation factor seemed more effective.
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Separation of decahydronaphthalene stercoisomers

The mixture of trans- and cis-decahydronaphtha-
lene (1:1, w/w) was separated by long-term oper-
ation under the optimum conditions, For more
than 15 h, steady results of >95% purity for both
isomers wete achieved.

CONCLUSIONS

For preparative purposes, a scaled-up CCGLC
system was constructed and the optimum operating
conditions were investigated. Scparation of a deca-
hydronaphthalene stercoisomer mixture was at-
tempted and 97.5% pure trans form from the top
and 98.8% pure civ form from the bottom of the
scparating tower at 140°C were achieved. The puri-
ty of the cix form in the cluate from the bottom of
the tower (98.8%) was much improved compared
with the result (92.1%) in the previous study [1].
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