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Abstract--Operational characteristics of the ,combined continuous and preparative gas-liquid chroma- 
tographic system were investigated for the separation of two close-boiling c~mponents, diethylether and di- 
chloromethane. It was experimentally confirmed that the additional column length and the desorbent ve- 
locity were the most important factors to ensure the continuous separation of the feed mixture. 

The theoretical concentration profiles derived with the assunlpti,.wJs of the uniform film thickness and 
linear partition equilibrium were in relatively good agreeme~t with the experimental data for the combined 
cuntinuot.!s and preparative chromatographic system, and it could be used as a powerful predictive tool for 
determining the optimum operating c~,nditions. 

INTRODUCTION 

Since the introduction of gas-liquid chromatog- 
raphy, it was recognized that this technology could be 

used for quantitative separation on ar~. in.dustrial scale 
Generally the chromatographic processes fall into twr 
main categories, batch and continuous. The batch lypc, 
o! the processes was initiated in ]953 and culnmercial 
units are now available [l]. The c~ntinur system 
was introduced soon after 1955 and recently concern.s 
on this systen| []ave beet] concentrated n~ainly t,,, in.- 
crease the throughputs [2,3]. 

The principles of the cotnbined continuous and 
preparative chr~mlatographic system are based r 
switching the configuration of the colunms [4-6]. The 
less-abst;rbed component cai~ be ~Jblained purely 
before the elutiun of the me;re-absorbed cumponenl 
in one of the sections (partition section). During that 
time, in the other section (desorption section) the less- 
absorbed component remained in the column with the 
more.-absorbed component can be separated by adjust- 
ing the additional column length and desorbent veloci- 
ty. If the above two steps can be simultaneously com- 
pleted within a certain time (switching time), the feed 

~"1"r ",,vh,am all correspondence should be addresse& 

mixture can be separated continuously. The switching 
time is varied by the characteristic combination of the 
stationary liquid and the feed mixtures. In the desorp- 
tion section, the remained components should be sep- 
arated within the switching time by change of the op- 
erating conditions. 

The basic principle of the UOP process [7] is that 
the components are separated in a rectification zcq~.e 
by a displacement method. In this system which is 
composed of two sections, however, the components 
which are not separated in one section can be sep- 
arated by increasing the column length in the other 
section. It is evident that the chromatographic system 
can be extended to more applicahility than the UOP 
process by file suitable selection of a stationa~" liquid 
phase. Only a few researchers have roughly reported 
the experimental results of the continuous or semi- 
cuutinu,aus chromatographic systems [8,9]. 

Using tbe tnathematical models developed hJr this 
chromatographic system, lhe effects of the experimen- 
tal operating conditions on the elution profiles of the 
two components will be discussed. Also, the purpose 
of tiffs work is to compare the experimental data with 
the calculated values for confirming the usefulness of 
the models. 
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M A T H E M A T I C A L  M O D E L S  

The distribution of the stationary' liquid phase on 
the solid support appears to be very complex because 
of irregularity of pore size and shape. The assumptions 
for establishing the governing equations of the pro- 
cesses are a uniformly distributed stationary liquid 
phase on the surface of the inert solid particle, the 
linear partition isotherm, the negligible sorption and 
pressure drop effects, and the sphere of a solid particle 
[4,5,10,11]. As the concept of the uniform film 
thickness simplifies the phenomena of the porous par- 
ticle coated with the stationary liquid phase, transient 
material balances of a component are 

_ _ _  Oc E O2c 3 1 - ~  Oq] c'9c Fu ---- D~ (1) 
a t  az  ~ a z '  ro ~ a t  I,=,,, 

for the mobile phase, 

Oq i 0 0 q  A p k / q  
- -  S T ) -  - - -  

% at = D ~ -  ~r-r ( r '  

(2) 

for the intraparticle phase, and 

On 02n 
0~- =D~ Ox ~ 

for the stationary liquid phase. 
The initial and boundary conditions are: 

(3) 

c = q = n = 0  (for t=0 .  z>0)  (4) 

c=c0( t )  (for t>0 ,  z=0)  (5) 

c=f in i te  (for t>0 ,  z~oo)  I6) 

O~q=0 (for t>0 ,  r=0)  (7) 
Or 

~n 
--0 (for t>0 ,  x = 0 )  (8) 

Ox 

Oq 
D ~ r  = k , ( c -  q) (for t>0 ,  r=r, , )  (9) 

an  

It is assumed that the partition effect is domip.an.t to 
that of adsorption with a linear equilibrium isotherm. 
The solution Eq. (1) to Eq. (10) in the Laplace domain 
is 

. L uo 

at the bed exit, z = L, where 

> {  3 : 1 - ' )  { sinh(a,r~,)Al }) (19, 
.a.=E i s ~ roe k ,  1 r .  ' ~' 

A, = r pk.,. -- (13) 
D~.l.,cosh (a.,r,) + ( k , -  r~)  sinh (a.,r,,) 

_ A ~:~cosh A, 

D~K 3/~Xa +D~kgcosh 3.a 1) 7 '  (14) 

= b'./~-~ s (15) Xa 
VIA 

The usual method of operating fixed beds for pre- 
parative scale is to use a large pulse of feed input to the 
column followed by a longer period of flow of carrier 
gas. In case of pulse input, C0(s ) has the following 
form 

1 -  e .t~ 
Co (sl = - - - -  {16) s 

where t0 : t ime of feed-injection., then Eq. (1]) 
becomes 

{17) 

Equation (17) can be used to predict the concenlra- 
tion profile of the component in the partition section. It 
is assumed that in the desorption section the corn- 
ponents are partitioned initially with the inlet concen- 
tration of the feed, c o . The governing equations are 
same as in the partition section. However, some of ini- 
tial and boundary conditions are different from those 
of the partition section. The initial condition and the 
boundary condition in the desorption section are as 
follows: 

c = q = c 0  {for t=0 .  z>0)  (18) 

n = K c o  (for t=0 ,  z>0)  (19) 

c = 0  (for t > 0 ,  z=0) .  (20) 

tinder the condition, the solution in the Laplace 
domain is 

C (s) = 7 (exp { -2L--(u~ ' ') 
(21) 

where 

7 : ( _  E-e*'c:~ + 3(1-r,,E %) k ,  .{ 7, sinh(, /~r O ) r ,  

+ 7~ > ]/7, {22) 
7~ / 

es 3 (1-  e) 7,sinh (~2,h,) 

go 

(23) 
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212 K.H. ROW et al. 

Table  I. The k inet ic  cons tan t  and  o ther  p a r a m e t e r s  used  in the  s imula t ions  

mesh size 60180 45160 20130 

rp (m) 0.0000996 0.000136 0.000314 

20% liquid loading 
C.66 0.66 0.54 

207o liquid loading 
@l~m) 0.0955 

DEE DCM 
temperature D/ K DI K 
~ 10-]0 m2/sec 10-10 m2/sec 

25 0.471 184.2 0.595 437.1 
35 0.650 }26.3 0.901 297.1 
45 1.090 88.7 1.275 206.8 

Ap (nl2/m 3) 130(1000.0 

,E 0.41 

D e (x 10 -9 m2tsec) 1.00 (DEE) 2.00 (DCM) 

)'2 := - 7ski~7, (D~ t~7"]r~cosh 1~/-~4r~) 

- sinh ( , /~ rp  /r~ + k f s m h  ;,/~-~,r~)/rp 

1 Z':= De ( % s + A ~ : . I  

(24~ 

(25.1 

D~ { D~ ssinh(~/Dg) ~kgcosh (4~fl')/I~ / 

126) 

A ~  j Kco 

k gco ~osh ' 
s / ~ c 0  

(27) 

Equation (17)is used as the in.put function for the 
inlet r the additional colurnn of the desorption sec- 
lion. That is 

L Uo J 

(%) 

The governing equations, initial ct)nditiolrS aud 
boundary conditions are same as those in the partition 
section. Therefore, the solution of the desorption sec- 

lion with the additional column length (L') in the s- 
domain is 

{ Liuo Uo~. ~, .~'~ 
C ,'s) = 7 (exp K ) ~ 4 7 ' J  / - :, 

xexp( 'L  ' ]'" g - L ' , E J  

The resulting Laplace transformed equations (Eqs. 
(17), (21) and (29)) should be converted into the real 
lime domain, but the analytical method is highly un- 
likely possible. For an approximation technique, the 
equations are inverted numerically with the curve fit- 
ting procedure suggested by Dang and Gibilaro [12]. In 
the numerical inversion, the infinite upper integration 
limit is taken as the corresponding value of the fie- 
quency to the amplitude ratio of the Laplace trans- 
formed equations of 0.0001, and it takes just several 
minutes using IBM AT TM to transform the equations 
into the real time domain. The kinetic constant and 
other parameters used in the simulations are listed in 
Table 1 [4,5]. 

E X P E R I M E N T A L  

Diethylether (DEE) and dichloromethane (DCM) 
were used as Ihe feed mixtures, and their boiliug 
poil]ts are 37.8~ and 34.6~ respectively. The parti- 
liui~ coefficients of DEE and DCM were evaluated on 
an analylical chromatographic cohunn over the wider 
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Fig. I. Photograph of the main chromatographic 

unit. 

[emperature raf~ges [13]. Nitrugen was used as the car- 
rier gas and the desorbent. 

Twelve culunms were arranged in a cilcular f~,rm. 
The column was rnade of stainless steel, 1 cm i.d., 30 
cm height, and the packed height was 25 cm. In both 
ends of the cohlmn, glass wool was used for solid par- 
ticles retained iz~. place. The column was packed with 

Chromosorb A (Alltech Associates) which has guud 
capacity to load stationary liquid and the surface is not 
highly adsorptive, so it is mainly used for preparative- 
scale separation [14]. The Chromosurb A ,~f three (lit- 
ferent particle sizes used were of 60/80, 45/60, amt 
20/30 mesh commercially available. A rutavapor 
(Bri[~kmanp. Cu.) was used to coat dinunylphthalate on 
the particle, and file ratio of the static)ha O' liquid t~, the 
solid support was 0.20 by weight fraction, h~r all parti- 
cle sizes. Each column has four openings, two ft)r 
entering streams and two for withdrawing stream.',, 
and it was covered with ceramic insulation Io keep the 
column temperature constant. 

F'hotograpb uf the ruain chromatographic system 
was shown in Fig. 1 [4-6]. Five solel!oid valves (CKD. 
AB 31-01-4) were arranged aroupd a column. A sup- 
porter was made to fix the twelve columns, sixty 
solenoid valves, and four distributors, aud was en- 

120 

-B 80 ]l 
,1) 

L 40 

4.0 8.0 12.0 16.0 20.0 

uave (cm /sec) 

Fig. 2. Effect of particle size on pressure drop. 
[I); 60/80 mesh, L-100 cm, (lI); 20/30 mesh, L-  
200 cm, (IIl); 20/30 mesh, L = 100 cm 

closed with the covers to maintain the desired temper- 
ature in the system. The four distributors, two for 
enterit~g streams and two for withdrawing slreaxils, 
were installed. Each distributor formed a cylindrical 
type whose upper side had one central bore, and the 
side of the distributor had twelve screwed openings. 
The en.tering stream passed through the central bore 
and went in.to one of the openings in the distributor, 
and then it entered the inlet of the column through the 
solen~;id valve connected with the opening. Converse- 
]y, the withdrawing stream through the solenoid valve 
from the outlet of tim column went through one of the 
openings and the central bore i~. the distributor, and 
finally this was sent for analysis. 

Two ~.)utlet streams and inlet feed mixtures were 
analyzed by a conventional gas chromatograph (Gow 
Mac 550P thermal conductivity detector) with a syr- 
inge (Hamilton Co.) and a ten-port multi-functional 
sampling ;alve (Valco Instruments Co.). Pressure gaug- 
es were set at the inlet and outlet of the main system, 
so the pressure drops of the two sections were record- 
ed. The dead vulume uf the system was dete 'mined 
from the measurement of the retention time <4 a he- 
lium sample. 

The sixty solenoid '~alves in the inain chron~alo- 
graphic syslem were controlled by a programmable 
controller. Flow paths of the partition and desorption 
sectiu~, were inilially sel by the controller, and Ihen 
they were automatically and co~secutively turned tu 
the next step after a switclning time. 

Korean J. Ch. E. (Vol. 7, No. 3) 
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16.0 
25~ 

DCM 

_~>~ 1 2 . 0  ~ 35~ 

: s o  . , r  

S.S/ D =  
..~ ~ ~ r , . . ~  ~ "  35oC 

- 

[ 
0 L , 1 , [ , l , [ 

2.0 4.0 6.0 8.0 10.0 
Feed concentration (tool 1/) x 10 -a 

Fig. 3. Effect of feed concentration on total elution 
volume with column temperatures. 
20i30 mesh, Uav e - 9 . 5 3  cmtsec, L .:: 100 co, 300 set' 
of switching lime 

RESULTS AND DISCUSSION 

in a gas chromatographic column, the gas fluws 
through the narrower interstices betweep, solid sup- 
purls packed ip. the column. The local changes in the 
viscosity and flow velocity of the gaseous mixlure 
result in the pressure gradient along the culunm [15j. 
The smaller particles caused the higher pressure drop 
as shown in Fig. 2. The velocity gradient would be 
changed bv the consequence of lhe pressure chap.ges 
in the column. Tile averae velocity it,. abscissa of Ihe 
figure, u,at,,<, means the velocity cor)ecled by the fiolk~w- 
ing compressibility faclor suggested by James and Mar- 
tin [16], 

3 ~ iP~/l~ 2 -  1; 
. I  = i:~. u~ 

2 ~ iP,/Pol 3 -  1: 

where P, and P0 denote the inlet and oullet pressure. 
respectively. Pressure drop of 30-90 cnlHg was (Jbserv- 
ed in the experimep.tal ranges of this system. "l'ke gas 

vetucity wil l  be more uniform at a low il!lel-to-oultel 
pressure ratio. Tilerefore, it is desirable tu use talhl,!r 
larger particle size alrd Iower flow' rales of carrier gas ,)r 
desorbenl ip. order to separate the feed efficiently. 

The lulal eluiicm volumes of the n'Axlure, DEE al!d 
DCM, are plotted with tile feed cot,_centralion at~(l t[,e 
column temperature in Fig. 3. This volume is the 
quantity of the gas volume which cat) elule the coln- 
ponents cumplelely in the length of the culunm. Also 
in the figure, the slope of each o:mlponent is dislin- 

x 10 -3 
12.5 

10.0 

g' 7.5 

8 5.0 

2.5 

0.0 

DEE 

-2 t~ "I i I 
" i ! 

DCM 

k i", 
'~' ~, 

V, \ k .  
�9 I 

400.0 800.0 1200.0 1600.0 2000.0 

Time (sec) 
Fig. 4. Effect of feed concentration on elution pro- 

file. 
([); CO,DEE = 10.0• 10 -3 mol l l ,  (ll); 8.3x 10 -3 muli/, 
(111); 6.8• 10 -3 tool~I, (I); C0.DCM=7.3xl0 -3 muI/L 

(11): 6.3• -3 molt/> (Ill); 4.9x10 ~3 moli/, 21)130 

mesh, 25~ nay e = 9.53 cmlsec, L = 100 cm, 300 
sec of switching time 

1.2 

1.0 

i F 0 8 ~  
E 

0.6 
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_~ 0.4 k- 
.% 
7: I 
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0.00 

Fig. 5. 

l ' ' - ~ 1 7 6  

I , I ~ (  t I I , I t I 
50 I00 150 200 250 300 35o ,till 

Time (sec) 

Comparison of experimental data (O) with 
calculated values (--} for DEE. 
(l); (-'O,DEE :" 0.9()~ 10 3 lncAl/, ill): 0.91 . 11) -3 ul<,ll[. 
(I) ; C'O.DC,~ # - 3.40 • 10 -3 m,>l!l. (11); 0.90 < 1l!3 I~. ,1il. 

20130 mesll. 350( ", %'re .9. It) c'nllsec, 1. 150 ti l l . 
360 sec (Jr switching time 

guishable. Although the slope of lhe elution profile of 
DEE is low at!d ~hat of DCM is high. file bandv~idlt~ r 
Ihe both o..,mpuuenls was observed h; be v,.idut \,,111~ 
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Time (sec) 

Fig. 6. Comparison of experimental data (O) with 
calculated values (--) for DEE. 
CO,DEE:O.98• 10 -3 tool/l, C0,DCT~I =0.91 < 10 -3 IHol//, 
45160 mesh, 35~ Uave =8.80 cm/sec, L :  100 cm, 
240 sec of switching time 

1.2 

/ 
/ /  

0.8 ~r 
/ 
I 

0.6 / 
I 

/ 
/ 

0.4 -X 

0.2 

0.0 
50 

L \ 

I '\ 

2 - - ~  , , 
1 O0 150 200 

Time (see) 
250 

Fig. 7. Comparison of experimental data of DEE (O) 
and DCM (A) with calculated values (--). 

CO,DEE: Oft8  r 1{} ":] nlol//, co.Dc:~ 0.82, 10 3 mul/t. 

20130 mesh, 35~ u.~, e-20.50 cm/sec, L 100 cm, 
240 sec of switchis}g time 

Table 2. Switching times with operating conditions 

(unit: sec) 

mesh size 20/30 45/60 60180 

T(~ L(cm) 100 150 100 150 100 150 

25 270 480 300 480 300 480 

35 240 360 240 360 240 360 

45 180 270 180 300 180 300 

increasing the feed concentration a~.d decreasi~g fl~e 
culLirnn temperature which was resulled Mnu the lim- 
ited capacity of vapurizatiop, when Ihe more feed mix- 
tures were injected (see Fig. 4). c 0 indicates the inlet 

cul3cei!tratiun ~f the feed. 
The caiculaled curves in the f(~lh~wing figures were  

the numerical  inversion of Eqs. (17), (21) and (29}, 
with the partition section, the desorption section, and 
the desorption section with additional colump, length, 

respectively. The two exper imenta l  concentrat ion pru- 

files with the feed concentrat ion of DEE are compared  
to the calculated values in the partition section as in 
Fig. 5. At the higher concentrat ion of DCM, the nur- 

realized concentrat ion exceeded the inlet teed cop.cen- 
tration cq the DEE. For tim particle size of 20/30 mesh,  

the leading edge of the exper imental  profile was less 
s teep than thai of the calculated, bowew_~r for 45/60 

me.~;h, fl~e agreement  be tween the two profiles was 

good, as show~ in Fig. 6. The deviation in Fig. 5 may 

1.2 

t). '1 

0.2 - ~ 
- \ ".\ 

0 1 7  ~ 
50 100 ] 51) 200 

Time (see) 

Fig. Ill. Comparison of experimental data of DEE (O) 
and DCM (A) with calculated values (--). 

C0,DE E : 0.94 ~ l0 -3 nIul//, C0.DC M : 0.78 ~ I0 3 m~,I/L 
45160 mesh, 45~ uc~, e = I I.'30 cm/sec, L l()0 cm. 
181) sec (,f swit(:hiu~g time 

be attributed to I:he larger axial dispersion of the parti- 
cle size, 20/30 mesh. The performance of the system 
in the partit ion section ,,',,'as not varied greatly by !be ef- 
fect of the particle sizes, because the switching t ime 
was almost constant for the particle sizes involved (see 
Table 2). 
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/ " ~O  - A -  ~ - 6 .  x 

08 / /  \k\ " a . . . 4  
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DEE \\.\ I DCM \"\ / 

0.6 _ o \ , , t  \ 

()A t 

\ \q\  \ l  k 0 . 2 -  / ~ X \  

t 
(.l.(~ i , , ' ~  ' \ , 9  ' r ' , \  

50 100 150 200 250 
Tinle (see) 

Fig. 9. Comparison of exper imenta l  data of DEE (O) 
and DCM (zx) with  calculated va lues  (--). 
c,).bf E 0.94 • l0 :t moll/, c,/sx',~ 0.75 ~ 103 ni<Jb'L 
45160 n l e s h ,  45~ tla~ c I i . l l )  t : l l l l se t  [, 150 Clll, 
300 sec tJ[ switching time 

0.8 

i 0.6 

0.4. 

o.8F- ,1 'q ,' \' 
L ocM \,, 
{ , ' /  \ ' ,  

i l  HI'  \ \ 
\ ,  

~ l /; t '  \ ' ,  
b ' l i /  l',, \ " ,  

I ! t  \k 
().oLL---Z~- I ,xr - . l  I 

0 50 100 150 200 
Time (see) 

Fig. lO. Comparison of exper imenta l  data of DEE (O) 
and DCM (zx) with calculated va lues  {--). 
CUDEE I).61 , ]t) 3 i i lo i lL  c' l ) t ) ( , t l  0 5 7 ~  l0  :t nit, l i t .  

20!:')0 I l l t 'Mi, <'t~~ '. tli<le 18.6() t'lll/ser [, 1(10 C'lll. 
L' ~l) t i l l ,  240 ~;t't of sw i tch ing  Ihllc! 

Figure 7 shows the conceniratiun profiles of the 
desorption section. In the model equaiion4 (Eqs. (18), 
(20)), the initial concentrations were assilmed to be 
distributed with the inlet coi~.centrafion of the feed, 
%. This assumption seems to be valid for Ihe less-a[)- 
sorbed cun@unei~.i (DEE) but Ihe more-absorbed cviiL- 
pop.era (DCM) is not exactly for Ihe case. Tllat is, iH the 
partition sectioi~ which is lu become the desurpliul! 
sectiup, after a switchiHg time, DCM is not ui!ifornfi'r 
distributed aim more likely maldistribuled arouiM tile 
inlet of the cultmm, because its pariiliol! o~efficiel~t is 
large. Therefore, during Ihe n,ex~ switchir% tiille. Ihe 
cuncer!lratic, n profile of DCM in Ihe desurplitJn seclio{! 
de'~iales fruni lhe calculaled values as in Fig. 7. H{J,a'- 
ever, as Ihe colunH: temperahJre increased, su,.h de,..i- 
aliuq~, belween the cakulaled values ap.d experhileHial 
data fur the leadiug edge it! Ihe prufiie ,.Jr DCM ,.',.as 
negligible due 1o Ihe good dislribulioi~ in the higher 
ternperalure (see Fig. 8). 

Figure 9 shows the n/ore skewed experiinel~ta] p,< ,- 
files in the lunger culunm, lep.gth of 150 cm. This tel M- 
ency seems lu be d/ie tu the H:creased axial dispersi,, ~ 
caused by the higher outlet gas wdocity [10]. The m. c',- 
age gas velucities, uo~ ,. used i,~ Figs. 8 ami 9 were 
alm,.~st same, huv,,ever, tile fac/,:~, of .I was 0.593 iH Ihe 
column length of 150 CHI, while it was () 728 iH the 
lel!glh (J[ l(i0 qlli. li lileal!s Ihal the ~,ullel ~as ~eh,til~ 
uf tile h;i!ger (tJluIlll!, 18.7 cnl!set, is l]tllC[l tiiglicr 
ltiai! thai c,l/he shorler column, 15.3 cill!.',ec. 

1 0 

0.8 [- 

O.6 t 

0 A I 

0 

M 

D[ 

j 
5O 

ii 

k 

L 
100 ] 50 200 250 
Time (sue) 

Fig. 1 1. Comparison of exper imenta l  data of DEE (O} 
and DCM (zx) with calculated va lues  (--). 
ci)l)k-/: 061 . 1() ~ m~,l/f, c'(,pc~l 0.57 , l() :i ira,I/ 
20'31) III0!-;h, ;<).~v(, l ime ],t).{,)O tlII/SPC', k l l)()c i i  

1/ 10() crn. 2'1() sec ,,f s~ih'hiHg I]ii/(, 

Tk0 tw~ coHlpoi!el!lS were I!~J[ res~]ved il~ Ihc. dc,- 
sor[)liui! seclh~I~ as shuwt! iI~ Figs. 7-9. If the des~,~p- 
li<~l~ secli,.[) is used e x c l u s i v e h ,  flw I /I tH'CI~II)SIHbu(J 

componei~t caP. be ubtained purely after lhe t]usepara- 
ted mixture are recycled in a batch type. Cunlmuous 
operaliu,], hc,wever, ca[~ Ix, at{tiered by r 

July,  1990 



The Combined Continuous and Preparative Chromatography 217 
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Fig. 12. Comparison of experimental data of DEE (O) 
and I}CM (A) in pure components with those 
o[ DEE (O) and DCM (,L) in their mixtures. 
f i n  pur r !  tOl/Ip{JlqelGI. IJI)DE E (').8 ] - 1(}  3 I l l l ) ] i [ ,  

C{)lJC,t! 5 1 9 - 1 ( i  3 moll / ,  for illixltirtts.  CibDI:. h- 

7.(16 �9 10 3 nioJI/ ,  C0Dc,t! : 5 . 4 6 ,  I t)  / mull~. 21)i3!) 

l l l t !s[ I ,  3b~163 tlu( e & 3 ( )  c I / i i sec ,  L T:~ c'I11, ',~fii) s t ' (  

.f swiichM~ linie 

Ihe additiuHal oAump_s tu the eud o[ the desorpfi(m 
secli,.nL As shuwn in Figs. l() and II ,  Ihe resolutiuu 
between t h e / w u  CO[llp(.q)el l[S w a s  impruved gradually 
by i[x:reasi[!g the additi{~nal column lenglh from 50 h, 

100 ciu. The small differences in the trailing edge ul 
l lw c'l)i~cei!tralhm I)rc, file of DEE and i~, tke l'.,a(_lil!g 
edge ~ff DCM Inay be partly ca~lsed by Ihe assuniphul! 
u l lhel inearpart i thJI :equi l ibr iuni .  Wilh ~djustlnem,,f 
lhe des(>t-beiH veh)cily alop.e, the remained CUlnpu- 
lw[~!s it~ Ihe desurpti(~n section with the additiunal c(4- 
m m  length can be separated within Ihe swikhin~ 
tir:/e (>f 240 sec (Fig. l 1). 

~Ahel !  I l K '  feed c~)ncenlraliui~ is u!creased, the 
utec[lalliSIll iu I h e  c o ] [ I n u !  [ ) e c u l n e s  [tl!~re cu]nph,x. 
a[!d ~em,)al]) the iiffurmaliu[! ab(,,clt the uonli[?car Js()- 
flt,,rius is [~euessat-v tu develt)p /he luodeI equali(,l~s. 
Despite ()f rite relatively high cul~.centrati(m ,Jr the feed. 
Ill'..' diffe)euces betweett the elutiot? pr, ffiles ~1 ptl)e 
maR, rials and mixtures were uul large as shuw)~ i)~ I-'i~ 
] 2. The inleraclJ()p, belweel? Ihe c{>mpoi~enls se.'.'u ~s h, 
lie [!egligible withiu tiw range ()f the coi!(el2hali(,q! ,,l 
lhe cxperinlents. The prc, ssure drop bv the s~ualh,t 
parlicle size and h>nD'r column leuglh uausud ;iw 
~wiali~)l! uf tile gas vek,cily, a[!d lhe hi.<.!her feed u,,I- 
cel]lralMi!s alung the lenglh uf the u,lul mv, as ]]c< u~- 
sarilv aceolnpal!ied by change ()f rite veh)cilies, h, l i b  
SVStClU. IlK' asstuupiiut~ l[lal the %eh,citv ~.4 catriu~ ,.r 
d( , s~ t -be l ! t  re l l l~ t i l !ed  c{H}Ma(!l Ihr(,ugllt)tll Ill(' (r 

,,,,?is c~lupel~sated tB, lh~! ;]vet-age ~iis \rehJcil}'. 11! spilt' 
uf l i l t  blila]l de'~iuliuI)S, Ihe calt:ulaled Cul!ceIflrali<)i~ 

profiles are in relatively good agreement  with the ex- 
perimental  data. Hence, the uniform thickness mudel 
can be used as a suitable estimation of the :Or[mum 
operating conditions fur the combined continuous and 
preparative ch,omatugraphic system. 

CONCLUSIONS 

Based on file uperafiop.al principle of the combiued 
continuous ap.d preparative chrolnatugraphic system~ 
the experimental conditiuns were mainly affected by 
tile additiunal column length and the desurbettt veluc- 
ilv. The ilwreased pressure drup caused by the lunger 
c'(lltlnu! !englh and higher gas veh;city could tie mitii- 
mized by using larger [)articles, and the variation of 
IM' veh,cily al{,IN the colunm ~as simply currecled by 
Ih,., average! gas veluc:itv. Because the differences be- 
I,,ueu[~ the elufiun profiles of the pure materials ap_d 
luixlures were relatively small il? this gas-liquid chro- 
luah,g)alflty, the assuntptiun uf linear parliliul~ rela- 
ti(J~z was reasonable. 

The swilchmg time for guud separation was experi- 
memall,~ delermined, and it was mainly affected by 
the ( ~.,ltmu~ lemperature ap.d column length. Ip. spite uf 
the small deviations caused by the assumplic.p.s c.,f the 
(x,I!sh~lI!l gas velueily and linear partition isolhernh the 
thec)relkal conce]:Irafion profiles were ip. relatively 
good agreement with the experimental data. For the 
combined continuous and preparative chromatogra- 
phic system, t:mrefore, the uniform thickness model 
cart be used for the proper estimation of apt[mum 
operating conditions. 

NOMENCLATURE 

A p  

(, 

{'[) 

C(s) 
I)< 
D,, 

E 
k/ 
k. 

I/ 

MIvtacc  a r e a  of  p u r ( ) u s  p ~ t r [ i d e  p e r  Ult:t VU]UUle 

[nFim :~] 
concentration {>f solute in mobile phase [tool/l] 

ilflet c,.,l!cel!Faliun of s, dute [mol//] 
[.aplacc '.ransf~rni of c(l) 

) i difflJsi~,I! c~,effi~ie[!t in pore spaci[!g [m~,secl 
diffusi~,l! coefficienl in slaliuna O' liquid phase 
[ m:~/se,::l 
axial disl)ersiuI! c,)('fficbnl [m2/sec] 
iI~k'rl)arlicle mass transfer cuefJiciept [nl/sec] 
inFal)arfiele mass )ransfer euefficiep.I with re- 
sped  to slalio[)ar 5 liquid ifltase-film [ni/sec] 
(<,mpmssibilit.,, fach~r chffiHed in Eq. (30) 
parliliu[! uueffickmt 
c(Jhmu! M!glh in parl!fiu[! seeli~i) and desorp- 
liol! secliol) [cm] 
ilddiliup.ai ct~luml! leltgth H! des(n-pliup, seclion 
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Pi 

P0 
q 
r 

rp 

s 

t : 

t o : 
T : 
U : 

U o : 

Uau e : 

X : 

z : 

[cm] 
concentration of solute in stationary liquid 
phase [moll/] 
pressure at inlet condition [cmHg] 
pressure at outlet condition [cmHg] 
concentration of solute in pore spacing [moll/] 
radial distance [m] 
radius of porous particle [m] 
variable of Laplace transform 
time [sec] 
time of feed-injection [sec] 
column temperature [K] 
interstitial velocity of carrier gas or desorbent 
[cm / sec] 
superficia[ velocity of carrier gas or desorbent 
[cmfsec] 
average velocity of carrier gas or desorbent 
[cm/sec] 
distance perpendicular to surface of porous 
particle [m] 
axial distance [m] 

G r e e k  L e t t e r s  

T. "t I, T 2, ?'3, 74, 75 : values defined by Eq. (22) to Eq. 
(27) 

~" : film thickness of stationary liquid phase [#m] 
: void fraclion of chromatographic column 

% : porosity with presence of stationary liquid 
phase 

/~, "~1, ')"2, )"3 : values defined by Eq. (12) to Eq. (15) 
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