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Abstract--A scaled-up chromatographic system was used to separate two close-boiling components, 
diethylether and dichloromethane by gas-liquid chromatography. The system was composed of 12 
segmented columns and sixty solenoid valves controlled by a programmable controller. 

Effects of various flow paths on outlet concentration profiles were investigated to find optimum condi- 
tions. Compared to conventional preparative chromatography, mowng feed-injection and product- 
wflhdrawal made it possible to separate the feed mixtures continuously in two sections, partition section and 
desorption section. 

Frnm the results of exl~eriments, the operating principle of the desirable method was that within a certain 
time (switching time), less-absorbed component was obtained purely in the partition section, and in the 
desorption section the remained components were separated by increase in column length. Therefore, con- 
tinuous separation can be achieved if the operations in the sections are performed within a switching time. 

INTRODUCTION 

Many separation methods have emerged rand found 
practical applications. However, one of the most power- 
ful and versatile separation processes that has been 
dewloped is chromatography [ 1]. From the start, it was 
recognized that this method could be used for quan- 
titative separation [2]. Until now, much attempts to scale 
up analytical gas chromatographic units have been 
made to treat larger quantity of feed mixtures, 

Advantages of the analytical gas chromatography are 
fast time of analysis, convenient quantitative and 
qualtative treatment, sensitivity of de'~ection, and 
simplicity of the apparatus [3]. But it is known that the 
conventional chromatography is inherently difficult to 
scale up on an industrial size for the reasons that the 
method is batch operation for handling the feed mixture 
as a pulse, and it presents a problem of stabilizing the 
symtem against mixing or natural convection [4]. 

Different view points o,f the way the chromato- 
graphic system can best be scaled up have been taken 
and these fall into two main categories, batch [5] and 
continuous [6]. In the batch :system, a direct scale up of 
the analytical process is attempted by using larger 
diameter and length of packed beds. In the continuous 
system, the chromatographic bed is connected with 
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segmented columns, in which moving feed-injection 
and product-withdrawal are simultaneously achieved. 

In a gas-liquid chromatography, the feed mixtures 
are distributed preferentially by a stationary phase sup- 
ported on a relatively inert surface of porous solid parti- 
cle, That is, the separation is mainly affected by the dif- 
ferent solubilities of the feed with the stationary phase 
[7,8]. The main advantages of the partition system in 
comparison to adsorption are as follows [9]: 
(1) easier desorption of the partitioned products 
(2) wider field of application (for heat-sensitive or high 

boiling liquid mixtures) 
(3) more versatile separation systems (more stationary 

liquid phases than adsorbents) 
It is almost impossible to separate continuously feed 

mixtures using single columns. Therefore, in this 
system, 12 segmented columns were classified into par- 
tition and desorption sections. Each section formed a 
closed loop, through which carr:er gas and desorbent 
passed respectively. In this paper, the purpose of this 
work is to investigate the effect of the two flow paths on 
separation of binary close-boiling components by the 
gas-liquid chromatography. 

EXPERIMENTAL 

Materials used in this experiment  
The column was packed with Chromosorb A obtain- 
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ed from Alltech Associate (U.S.A.). The particle has good 
capacity to contain stationary, liquid and does not easily 
break down with handling, so it is mainly used for large 
scale ch roma tog rapMc  separa t ion  [10]. The 
Chromosorb A of 45/60 mesh sizes commercially 
available were used. 

Feed materials used in the experiments were 
diethylether (DEE) and dichloromethane (DCM), which 

have fi'm close-boiling points, 34.7~ and 39.0~ res- 
pectively. Dinonylphthalate was used as a stationa .ry li- 
quid on the solid support and coated by 20% weight 
fraction with a rota~, evaporator (Brinkmann Co.). 

E x p e r i m e n t a l  a p p a r a t u s  
Sci~ematic diagram of the overall experintental ap- 

paratus is shown in Fig. 1 [ 1 l j. Nitrogen was used as the 
carrier gas and the desorbent. Tim flow rates of these 
were controlled by the nticroneedle valves (A4, As). Tim 
two s:reams were put into the main chror~atographic 
syslem ( l ). 

Feed reservoir (C) was made of stainless steel, 6cm 
I.D., 50 cm height, and filled with 1/8" and 1f2" ceramic 
Raschig rings to enlarge the interfacial area between the 
carrier gas and Ihe liquid feed mixtures. 

Twelve o;lum[is were arrauged in a circular form. 
The e,JlUnln was inade of stainless steel, lcm I.D., 30era 
heighL and the packed height was 25cm. In both ends of 
the column, glass wool was used to retain the solid par- 
ticles in place. Each colunm had four openings, two for 
entering streams and two for withdrawing s::reams, and 
it was covered with ceramics to keep the column 
temperature constant. 

All the lines were made of 1/8" copper tube to 
reduce the dead volume in the system and transparent 
tube was used in the connection part to prevent any gas 
leakage. 

Five solenoid valves (CKD, AB 31-01-4~ were used 
per column. Schematic diagram of the main chromato- 
graphic system (I)is shown in Fig. 2. A supporter was 
made to fix the twelve columns, sixty solenoid valves, 
and four distributors, and was enclosed with the covers 
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S c h e m a t i c  diagram of the main chroma- 

tographic  sys tem.  

to maintain room temperature in the system. The four 
distributors, two for entering streams and two for 
withdrawing streams, were set up. 

Two outlet streams and inlet feed mixtures were 
analyzed by conventional gas chromatographs (Gow 
Mac 550P thermal conductivity detector, Lt and k_,) with 
syringe (Haruilton Co.) and ten-port multi-functional 
sampling valves (Valco Instrunmnts Co., M), in which 
desired amount of sample was taken and transferred to 
the chromatograph. The sampling valve provides a wide 
variety of analytical benefits in both gas and liquid 
chromatography. Table 1 shows the operatin~ condi- 
tions of the gas chromatographs (L~ and L2). P:~ugram- 
mable controller (PC, J) was used to control the solenoid 
valves. 

Before the start of each experimental run, all col- 
umns were cleaned by fresh nitrogen. The feed mixture 

Table  1. Operat ing  condi t ions  of g a s  chroma-  

tograph.  

Sample DEE;, DCM 

Detec to r  thermal conductivity/I 'CD) 

Packing material Chromo>;orb A (45/,5C' mesh) 

Column length 1.2nt 

Type coiled copper lobe 

Diameler 1/8 inch 

O vei l  1 em pe t'a~ u re 140 '(} 

injection ~entperalure 150'C 

Deteclor  temperature 250 ~ 

Current 200 mA 

Carr ier  gas lle, 30 psi 

Flow rate 50 cm3/min 

March, 1987 
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was gut into the reservoir (C) through the inlet va!ve (D) 
and drained through the outlet valve (E). With the 
solen:)id valve, Ae and A:~, on, the part of nitrogen was 
passecJ into the feed reservoir (C), and the concentration .o = 
of the inlet feed mixture was controlled by adjusting the "~ 
microneedie valve (AO. Outlet flow rates were measured ~ 1, 0 
by die bubble flow meters, NI and N2. 

Lines of 1/8" copper tube to the main syslem (I)were ~ 
wrapped with the heating wire (HI) to prevent condensa- -u 0.75 
tion of the feed materials in carrier gas. s 

By use of the programmable controller (J), the flow E 0.50 
o paths of partition section and desorption section were z 

programmed respectively, and the paths mltomaticaliy 0.25 
turned to the next stage after eve~' switching time. The 
temperatures of several positions were read by the 
temperature indicator connected to the thermocouples 0 
(01-C'5). Pressure gauges (K) were installed at inlet and 
outle: of the main system(l), respectively, so the pressure Fig, 4. 
drops of the two sections were observed. 

Dead volume was determined from the measure- 
ment of the retention time of a helium sample. The 
resul~:s showed that the dead volume per colunm was 
abou: 31 cm ~ and that of inlet and outlet lines was 
i0cn .:~ Eiulion profile from the data points in each ex- 
perimental run ',,,,'as corrected for the total dead volume. 

RESULTS AND DISCUSSION 

One ol the advantages ol chromatographic system 
over simple distillation is that separations can be done 
even in the cases of slnall difierences in boiling points 
[12]. When the feed mixture of Iess-absorbed component, 
DEE, and more-absorbed compone~t, DCM, was injected 
into Ihe column of 150 cm, outlet concentration profiles 
of the components are shown in Fig. 3, in which cr 
denotes the inlet concentration. That is, DEE is eluted 
initially from the column, and after a while, DCM comes 
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Concentration profiles in partition sec-  

tion with continuous feed. injection. 

SW=3min,  outlet carr ier  veloci ty=19.0 
cm/sec,  Type=  I .  

out together with the DEE. Resolution belween both 
components was partially achiew_~d due to the solubility 
difference of tile feed mixture with statk)na~" liquid 
phase. Using the single column, it is more difficult to 
separate the feed efficiently as time ot feed-miection 
becomes longer. Therefore different locations fl)r feed- 
injections and product-withdrawals are needed to operate 
contir~uously the system. If the system is equipped with 
segmented columns and solenoid valves and the feed 
mixture is iniected systematically at a regular inter- 
vals, the section of the unseparated components can be 
reduced. The inte~al is called by the switching time. 

Figures 4 and 5 show the concentration profiles in 
the partition section. The types of flow paths in the parti- 
tion section of Figures 4 through 7 are illustrated in 
Table 2. The overlapped column length in the table 
means the length of overlapped co[unto section after se- 
quent switching times. At the same carrier flow rates, as 
the flow paths were changed, different quantities of 
DCM (areas of the inclined lines in the figures) were ob- 
tained. In other words, after a switching time, decrease 
iJ~ number of Ihe overlapped columns lessened the 
quantity of the more-absorbed component h~. the parti- 
tion section. 

Generally, the stationaG liquid should be chosen tu 
give as high a selectivity with feed materials as p()ssible. 
Once the system was deternfined, the switching time 
could be experimentally measured as the elapsed time 
from the start to iust before Ihe elulion ~,f Ihe illl.,tt,- 
absorbed component, DCM. The column lemperature 
had mainly effect on the switching time, because the 
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elution of components front the columu depended un 
the temperature. As tim switching time tak,,s a smaller 
value, as seen in Fig. 6, the less-absorbed component  
can be obtained purely in the partition section. 
Moreover, the switching time was also affected by the 
column length (Fig. 7). 

Although DEE is eluted in pure state in tim partilion 
section as in Fig. 6, different methods were considered 
for the effect ol flow paths on the resolution of the binaD' 
components  in desorption section in order to separa'~e 
continuously the remained components  in Ihe section. 

Three types of the paths in the partition section and 
desorption section are listed in Table 2. In Figures 8 
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tion wi th  cont inuous  feed. inject ion.  

SW =2rain, outlet c a r r i e r  velocity == 19.0 
cm/sec ,  T y p e =  [[. 

through I 1, the concei~tration profile in the partition sec- 
lion was expressed by solid lines, and that in the desorp- 
li~n section by d:~tted lines. Melhod of type IV was that 
ti~e h~catiun of feed-injection and product-withdrawal 
was shifted to the. right side of 3 columns from the inlets 
of the twu sections after e v e ~  switching time. Figures 8 

Table  2, Types  of  f low paths  in part i t ion and desorption sec t ions .  

column length (cm) overlapped column length (cm) SW !min) Figures  

Type parti t ion section parti t ion section 

1 75 50 3 4 

1] 75 25 2, 3 5, 6 

Ill 150 75 7 7 

Type parti t ion desorption parti t ion desorption 

I~ ~ 150 150 75 75 5, 7 8, Q 

V 150 150 75 0 7 10 

~I 100 200 0 0 7 11 

March, t 9 8 7  
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and 9 show the case fur the switching time o[ 5 rain and 
7 rain, respectively. Under the conditions of the cons- 
tam velocities of the carrier gas and the desorbent, a:-, 
Ihe s~,vitching lime of 5 rain was increased Io 7 rain, the 
less-absorbed component, DEE:, was obtained more, bul 
the u:ore-absorb('d conlponent, DCM, als(: came t)tll 
from the column within the switching time. Motet,vet. 
for both cases�9 initially the two conlpol~ei~ls were not 
separated in the desorpation section. Type IV is similar 
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t{~ Ihc c{~n~enlional preparative chromatography, and 
tilt' melh,,d has only advantage of obtaining the pure 
i)rt<]/lc:l ~,f the less-absorbed component  in an easy and 
al lh  dlldl [C i n a i / i l e r .  

"1',, improve the resolution in the desorplion section 
~l Ihe lype IV, mt t le  method of type V (Fig. I0) the direc- 
tiun of carrier gas was made counlereurrent to thai of 
desorbeut and three colunms were added at the end of 
the desorption section even though the flow path in the 
partition section was similar to thai of the previous type 
IV. The experimental results of the type V showed that 
lhe two components  were separately obtained in the 
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desorption section. 
In contrast with the types IV and V, characteristics of 

type VI was that the same column were not used in the 
partition section, while carrier gas and desorbent flow in 
the same direction. "]'he type VI prevents tile possibility 
that the more-absorbed component is eluted in the parti- 
tion section and increases the resolutioF~ of the two com- 
ponents in the desorption section by" virtue of the longer 
additional column length (see Fig. 11). 

CONCLUSIONS 

Twelve segmented columns with solenoid valves 
were used for separating two close-boiling components, 
diethylether (DEE) and dichloromethane (DCM), by gas- 
liquid chromatography. 

Various flow paths were considered to find optimum 
cumlition, and from the results of experiments, it could 
be cr that 
1. Compared to conventional preparative chromalo- 

graphy, muvmg feed-injection and product-with- 
drawal made it possible to separate the feed con- 
tinuously. 

2 Swilching time was determined as the elapsed time 
truni the start to just before tile elution cf more- 
absorbed component, and aIfected by the column 
temperature and the column length if the feed mix- 
ture aud the stationa~" liquid were fixed. 

3. Within a switching time, less-absorbed component 
could be obtained purely in the partition section, 

and in the desorpti~)n seclion, the remained com- 
ponents could separated by increase in column 
length. 

All, A4, As 
A4, A5 

NOMENCLATURE 

B 

C 
D 
E 
F 
(3 

HI, H 2 
l 

.1 
K 
L~, L: 
M 
NI, N_, 

() r()s 
P 

microneedle valves 
solenoid valves 
manometers for adjustment of flow 
:rates 
feed reservoir 
inlet of feed 
outlet of feed 
preheaters for carrier gas and desorbent 
temperature controllers 
heating wires 
main chromatographic system 
programmable cuntroller 
pressure gages 
!gas chromatogral)hs 
multi-functional sampling valve 
bubble flow meters for carrier gas and 
desurbent 
1 hermocouples 
electric heater 
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