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ABSTRACT 

lNTROUUCTfOK 

in continuous counter-current gas-liquid chro- 
matography (CCGLC). the gas and liquid phases 
mow in opposite directions, which makes contin- 
uous sample introduction possible for preparativc- 
scale puritication. ‘In a previous paper, wc rcportcd 
a high-temperature continuous CCGLC system and 
dcmonstratcd some applications [l]. Howcvcr. the 
system was not suitable for practical use because 
the maximum sample feed rate xvas ICSS than I 1111 11 

and further investigations on the operating condi- 
tion wvcrc required. In this work, we designed a 
larger scale CCGLC system and studied the influ- 
encxs of operating parameters such as liquid phase, 
separation temperature, gas and liquid flows. maxi- 
mum sample fcxd rate and tower structure on a 
two-component separation. Decahydronaphtha- 
lene stereoisomers, the separation of which has been 
studied previously and found to be diflkult [I ]_ were 
chosen as the test sample in order to evaluate the 
new cw cm. -. 



011s one [I], with the following ditYcrcnccs. The tow- 
cr diamctcr was cnlargcd from 17 mm to 50 mm. 
The tower consisted of scvcn Pyrex glass units, 
namely a liquid-phase inlet, H top gas-phase outlet. 
an upper separating section. 51 lower scpafating scc- 
tion and a gas-phase inlet. Stainless-steel nets wcrc 
placed inside the liquid-phusc inlet, gas-phase out- 
lets and gas-phase inlet for fixing the stain&s-steel 
hclicrrl-coil packing (Naniwapac), The packing was 
placed in the hatched arca in Fig. 1. Silicone-rubber 
sheets wcrc inscrtcd bctwccn the glass-to-glass in- 
tcrfaccs to prcvcnt gas Icnks. 

The gas flow system is shown in Fig. 2. Two ni- 
trogcn cylinders (6 grade, Nippon Sanso) wcrc con- 
ncctcd to the flow system and used altcrnatcly be- 
cause the system consumed more nitrogen than the 

previous syswn. ‘I’racc amounts of oxygen in the 
nitrogen were rcmovcd by the hcatcd purifiers (300 
mm x 6 mm 1,D, stainless-steel tub& packed with 
rcduccd copper beads (1-2 mm diameter). Two pu- 
rifiers were used altcrnatcly and rcactiwtcd by pas- 

sage of hydrogen tit 300°C when not being used. 
The nitrogen was fed after heating to the tempcr- 
aturc: of the tower using heaters inserted in the gas 
line. 

Tho liqutd phase was pumped into the top of the 
tower by a constant-!low pump (Shibata Model 
SPC-200 micro pump). The tcmpcratutw of the 
pump, liquid phase tank and tlow line wtre kept at 
60, 100 and 70°C. rcspcctivcly. Samples were fed to 
the middle of the tower using a constant-flow pump 
(Scnshu Kagaku Model 3100s) through a syringe 
nccdlc. The whole sample flow line was heated to 
keep the viscosity of samples low. 

One of the two eomponcnts cluted from the tow- 
or was trapped in the collector (volume 25 ml) after 
cooling by a tvatcr-jackctcd cooler, us shown in Fig. 
3. Nine mantlc hcutcrs wcrc pli\ccd urormd the tow- 
cr and the temporaturcs wcrc controlled indcpcn- 
dcntly. The tcmpcraturo \vi\s monitored using 
thcrmistcr thcrmomctcrs (Takara Kogyo A600 and 
lX26) and it thcrmoscnsor (Takara Kogyo 
UXK-67). 

A dccahydroni~phthalctlo stcrcoisomcr mixture, 
which was not sufticicntly separated with the previ- 
ous systcrll [l]. \WS used i\s the test sample. II’EIILS- 
Dccahydrotli\phthalcnl: (b.p. I S7.2”C) and c*is-dccu- 
lrydronnphthalct~c (b.p. l95.7”C) were purchzscd 
from Tokyo Knsei Kogyo (Tokyo, Japan) and a 1: I 
mixture was prcparcd. 

The partition coeficicnts wcrc c~~lculiItcd from 
the gas chromatographic rctcntion times. A Shi- 
madzu Model GC-SA gas cht’omutoyraph cquippcd 
with a tlamc ionization dctcctor was used. S~nplcs 
wcrc injcctcd onto a 2 m X 3.0 mm I.D. column 
pack4 with 20% Apiczon L‘ on Chromosorb W 
AW DMCS (SO-100 mesh). 

Alctc.su~i~,llcrrt of’ the purity of the clrtcircs 
The collcctcd product was dissolved in 2-3 ml of 

dichloromcthunc and I jr1 \vtlS injcctcd into a gas 



293 

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

RESULTS AND DIStUSSlON 

Liqtki phnsc~, For the liquid phase. silicone 
KF-54 (Shinctsu Kagaku) and Apiczon C were tcst- 
cd. Packed columns with both liquid phases wvcrc 
prepared and the partition cocfficicnts were ob- 
taincd. The vntues on KF-54 (162 for the trwm and 
205 for the cis form at 140°C) were ~n~fkt than 
those on Apiczon C (3% and 464. rcspectivcly. at 
142°C). The ratios of the partition cocfficicnts (sop- 
aration factor), howcwr, wcrc almost the same 
(I ,284 with KF-54 a~ 140°C and 1.236 with Apiczon 
C at 142°C). Although both liquid phases had simi- 
lar separation properties. Apiezon C was chosen bc- 
cause its better stability in long-term operation. 

Pcrrtitiort coc$icimts. The logarithm of the parti- 

tion coclkicnt is lincurly rclattd to the rcu-iprocal of 
the separation temperature. From the partition 
cocl-fcicnt data ut 121. 142, 162 and ISYC. the fol- 
lowing empirical equations were dcriwd by appros- 
imation: 

In& = 4.72(1:;7) . to” - 5.45 

It>& = 4.S7( l/T) . !O’ - 5.60 

whet-c kP, and K, are the partition cocffcicnts of the 
twt.~ and ci.s forms. resptxtivcly. and T (K) is the 
separation tctnpcraturc. The correlation cocfiicicnt 
wa?; 1. 

Oprittttrnt jktow twri0.s crud scyxtturiori tcwtpt-uclfurc’. 
The gas- and liquid-flow ratio (G. t) in the scpara- 
tion section should be betwcn the two partition 
cocflicicnts in CCGLC. When the separation is low. 
partition coctkicnt bccomcs large. then G/i. also 
becomes large, This means that a high gas flow-rate 
should bc used. As the trapping etticiency bccomcs 
low at high gas flow-rates. a high separation tcm- 
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pcrttturc is to be prct’crrcd. Howcvcr, at low tcmpcr- 
a tures. the separation ctiicicncy bccotncs high as the 
separation factor increws. Thcrcforc, to dctertninc 
the optinwt~ scpartttian totnpcraturc, those kctors 
should bc taken into consideration. 

j_. _ tK,.P,(G - Lh;) + i*K,P‘,,.tLK,. -G) 
m.\\ - t&.(760 - P,f -+ t~K,mio - P,., 
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whet-c t ami c arc the contcttts of the twrrs and civ 
thn~~s. rcspcctively (t f c = 1001. K, and k’< art the 
partition cocflicicnts of ths trms and (*is fi>rms, P, 

and P,~ ftnntHg) arc the vapour prcssurcs of tho 
mm and cis fornts, G and L (ml/h) are the fkw 
rates of the gas and liquid phases, rcspcctivetg. and 
T’ PC) is the separation tcmpwttuw. 

40 
mi 
/ 
h 

The cukulatcd ntusirnuttt li\cci rates ot’ OIC dunt- 
hydmr\aphthulctlc Sitlll~~tC arc plotted against tcttt- 
pcrutute in Fig. 4. The calculutcd nwsitnutn f&d 
raks wore lowcst at cu. 12X. The nxtsitnwt satn- 
plc feed rate is also proportiottai ta the liquid tlw- 
rntc. Considering the limitation of’ the liquid tlow- 
rsk and the struaurc ot’thc sgstctn, the wmplc kcd 
rules wcrc set rt-oni 7.2 to 14.7 tttl. tt. f3cttcr results 
were ohtaincd at lower san~ptc fwd txtcs. 

T~~wcv- r.onst,‘ttt,tiorl. In the previous work [ 11. the 
separation tower ws ttxtdc from ;I singtc glass tube. 
Ho\scvcr. the newly constructed tower was made 
front stvcn units. which tnadc possible the insertion 
of the thcrmoscttsors in scvcral locations. This 
structure wts also convcnicnt for fixing the stain- 
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new tower did not Seem to make u uniform liquid 
lilm on the packing. It was considcmd that the vi+ 
cosity of the liquid ;Lt room tcmpcratun? was too 
law to dispcrsc the liquid phase uniformly. There- 
fort. the liquid was diluted with chloroform (l:l, 
v/v) and an aliquot of the mixture wus f&i into the 
tower to coat the packing surr;tcc. The chloroform 
\WS then txmovcd 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- 
tuining i1 uniform COitting. 

When the gas was introduced dixctiy from the 
high-pressure cylinder through the purifier, fluctu- 
ation of the liquid flow at the bottom of the tower 
\Ws obscrvtd. It \\‘a~ considcrcd thrtt the dimt ROW 

from the cylinder partially cooicd the liquid phase, 
which made liquid phase viscous and cztuscd turbu- 
lent ttow. On preheating the gas to the tempcraturc 
of the stripping section. no firrctuution in flow oc- 
currcd, 

The inner diztmctcr of the gltis autlcl rtt the mid- 
pO;ut 0T the towor WitS so niwrcw (7 mm) compwzd 
with the dimwtcr of thy tower (SO mm) thLit the 
liquid phssc flowxi out with the gus ste;tm and 
liquid phase flooding occurred. To prctcnt this 
Hoodin~. un additionrtl outlet w;ts added on the op- 
posits side to the tiru one. 

To keep the liquid flow smooth, the viscosity of 
the liquid phase should bc suRkicntig law. From 
the test cspcrimcnt, it was found ncccssary to heat 
the liquid phase to >6O”C. Further, the liquid 
phase ut the cntrtlnce of the to\vcr should bc heated 
to the tcmpcrt~turc of the tower so as not to change 
the scpawting conditions. bccx~sc a cold liquid 
phase iowcred the tcmpcrature. The stainless-steel 
\virc net at the top of the tower was confirmed to 
work as a distributor and i\ uniform fIot\: of the 
liquid phase resulted. 

Xc fas-phase fto\\-tatus xvcre tvithin the range 
63.7 139.2 1 h. Above !OO I. h, poor trapping &ii- 
cicncy resulted. The liquid flow-rates wcrc from 
0.195 to 0.376 t !h. which were detcrminti from the 
gns flow-rtitcs and G L. values. The tspcrimcnts 



K. Sitto et RI. / 3. Cimrrrutrt~r. 639 (1993) 29I-296 

wcrc carried out at tower tcmpcrsiturcs of 140 and 
tSO”C, Three sample feed rates were chosen for the 
diffcrcnt liquid ftow-rates: 7.2 ml/h at a liquid flow- 
rate of 0.195 I/h, 12.0 ml/h ut 0,294 I/h and 14.1 
ml/h at 0.376 I/h. Each kcd rate was determined by 
considering a safer running and was lower than the 
cnlculatcd maximum &cd rate. 

The optimum operating conditions at 1 SO”C wcrc 
studied by changing the gas flow-rates. At around 
GIL = 383,93% tr’arts form and 89% r*is form wcrc 
obtuincd. The diffcrcncc bctwccn the actual and 
thcorctical optimum G/L values was about 18%. It 
was assumed that the actual temperature was 3-4°C 
lower than the measured tcmpcraturc. The opti- 
mum operating conditions at 140°C were also stud- 
icd by changing the gas flow-rates. At G/t = 460, 
97.50/n ~wrts form and 98.8*/o cis form wcrc ob- 
tained. At 140°C. the diffcrcncc bctwccn actual and 
theoretical optimum G/L was about 7.7%. The 
same reason for the difference was assumed, but it 
became smaller. The partition cocfticicnt at 150°C 
WHS snx~ll and thercforc the consumption of gas 
phase could bc small. Wowcvcr, higher purities of 
products wcrc obtained ai 140°C than at 1 SOT. The 
scpm-ation factor seemed mm etk’cotiw. 

Scparittim qf’ clccali~clronaplttfal~tie stewoisowrcr:s 
The mixture of tmrts- and cab-dccHhydrunaphtha- 

icnc ( 1: 1, w/w) WBS scparmcd by long-term opcr- 
ation under the optimum conditions, For more 
than IS h, steady results of > 9S”/o purity for both 
isomers were achicvcd. 

CONCLUSIONS 

For prcparutivo purposes, a scaled-up CCGLC 
system was constructed and the optimum operating 
conditions wcrc investigated, Separation of a dcca- 
hydronaphthalcne stcrcoisomcr mixture was at- 
tcmptcd and 97.5% pure f~ru form from the top 
and 98.8O/o pure cis form from the bottom of the 
separating tower at 140°C were achicvod. The puri- 
ty of the c+.s form in the cfuatc from the bottom of 
the tower (98.8%) was much improved compared 
with the result (92.1%) in the previous study [I]. 


