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SEPARATION PROCESS OF COMPONENTS OF 
FEED MIXTURE UTILIZING SOLID SORBENT 

This invention relates to an improved process for 
continuouslyseparating, in the liquid phase, two or 
more components of a liquid feed mixture utilizing a 
solid sorbent particle capable of selectively sorbing at 
least one component of the mixture. More particularly, 
it relates to certain improvements in a process for con 
tinuously separating, in liquid phase, the components 
of a liquid feed mixture such as xylene isomers, at least 
one of which is selectively sorbed by contact with solid 
sorbent particles such as zeolite, utilizing a simulated 
countercurrent ?ow system as hereinafter illustrated in 
detail, the improvement relating to discovery of pro 
cess techniques which enables the separation of the se 
lectively sorbed component having a high degree of pu 
rity at a reduced cost. 
Most sorption apparatus of the type wherein a solid 

sorbent is employed, for example, for drying gas, ad 
sorbing an organic substance, or separating n-paraffin 
in gaseous phase, involves the process technique of a 
type such that -a number of sorption beds comprising 
the solid sorbent particles are used in turn to carry out 
sorption, , desorption and regeneration in gaseous 
phase. However, such a process technique cannot be 
advantageously employed in the separation in liquid 
phase because, even at a stage when a sorption opera 
tion terminates, considerable amounts of a liquid feed 
stock remain unsorbed in the void spaces between adja 
cent particles of the solid sorbent, which makes it im 
possible to obtain a desired product of a high degree of 
purity with good yield. - 

ln order to obviate this defect, it has been heretofore 
proposed to employ sweeping material in addition to 
the sorbent as disclosed in, for example, Chem. Eng. 
Prog. 48, 276 (1952). This is, however, disadvanta 
geous because of complication of the operation and an 
increase in the cost for the distillation apparatus. In 
particular, such a single stage sorption-desorption 'pro 
cess, when it is applied to adsorption-separation of a 
liquid feed mixture having a low separation factor, such 
as a mixture of xylene isomers, cannot provide the de 
sired product, e.g., p-xylene, of high purity. 

In the case of adsorption-separation of such a liquid 
feed mixture, the provision of a moving bed type ad 
sorption process wherein the moving bed comprises ad 
sorbent particles is countercurrently contacted with 
both streams of a liquid feed stock and desorbent ap~ 
parently enhances the purifying effect, and it results in 
a high degree of purity of the adsorbed product. How 
ever, a problem arises; use of fragile solid sorbent parti 
cles such as zeolite is impracticable and chanelling of 
the stream is unavoidable at the industrial scale level. 
Thus, a so-called "simulated countercurrent ?ow sys 

tem” wherein solid sorbent particles are actually sta 
tionary has been proposed to ensure the product purity, 
which system is disclosed in the Japanese Patent Publi 
cation 15681/67. In the known process, a sorption col 
umn is divided into four zones, i.e., a sorption zone, a 
secondary recti?cation zone, a desorption zone and a 
primary rectification zone, which zones are serially in 
terconnected in order, and a continuously circulating 
?uid stream ?owing through the four zones is main 
tained by circulating the ef?uent ?uid from an outlet of 
the last zone to an inlet of the first zone and all the 
points of introducing and withdrawing the inlet and 
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outlet streams are simultaneously shifted at the stated 
intervals of time in a downstream direction to provide 
thereby a simulated countercurrent ?ow system 
wherein there is achieved a similar effect to that in the 
moving bed type adsorption process; a high degree of 
purity of the sorbate product can be obtained by the 
stream of desorbent ?owing throughout all the four 
zones at a higher ?ow rate. 
However, the process also has some defects; the ?ow 

of desorbent into the recti?cation zone and the sorp 
tion zone at a higher ?ow rate is rather uneconomical 
and decreases the separation efficiency in both the rec 
tifying and sorbing action or sorbent. The disadvantage 
of the process is hereinafter described in detail in com 
parison with the process of the present invention. 
An object of the present invention is, in short, to pro 

vide a novel simpli?ed process system which enables 
the separation of the sorbate product of high purity 
with an enhanced efficiency and thus, at a reduced 
cost. 
Other objects and advantages of the present inven 

tion will be apparent from the following description. 
in accordance with the present invention, there is 

provided an improvement in a process for continuously 
separating, in liquid phase, the components of a liquid 
feed mixture, at least one of which is selectively sorbed 
by contact with solid sorbent particles, utilizing a simu 
lated countercurrent ?ow system wherein liquid 
streams are allowed to ?ow through three serially and 
circularly interconnected zones; a desorption zone, a 
recti?cation zone and a sorption zone, each zone being 
divided into a plural of serially interconnected sections, 
each section being packed with a mass of the solid sor 
bent particles, by introducing desorbent into the ?rst 
section of the desorption zone, withdrawing a desorp- ' 
tion ef?uent comprising a selectively sorbed compo 
nent from the last section of the desorption zone, intro 
ducing the liquid feed mixture to the first section of the 
sorption zone and withdrawing a raf?nate effluent 
comprising a less sorbed component and the desorbent 
from the sorption zone, and all the points of introduc 
ing and withdrawing the liquid streams into and from 
the sections are simultaneously shifted, one section at 
a time at stated intervals of time, in a downstream di 
rection while maintaining the same order of continuity 

_ and the same spatial relationship between all the 
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points, the improvement being characterized by inter 
rupting the liquid streams ?owing through the three 
zones at a point between the desorption zone and the 
rectification zone while the ?rst portion of the desorp 
tion effluent flowing out from the last section of the de 
sorption zone, which portion contains either a little or 
no desorbent but contains the selectively sorbed com 
ponent, is directly circulated, and the second portion 
thereof which portion contains the selectively sorbed 
component of high purity, but at a lower concentration 
in comparison with the ?rst portion, is introduced into 
a distillation apparatus from which one portion of the 
sorbate distillate is circulated, both as re?ux into the 
?rst section of the recti?cation zone. 

In one embodiment, the process of the present inven 
tion as disclosed above is further characterized in that 
the liquid streams ?owing through the three zones are 
further interrupted at a point between the sorption 
zone and the desorption zone and the raffinate effluent 
is withdrawn from the bottom of the last section of the 
sorption zone while the ?rst portion of the raffmate ef 
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?uent which does not substantially contain the less 
sorbed component is directly circulated into the first 
section of the desorption zone, and the second portion 
thereof which contains both the less sorbed component 
and the desorbent is introduced into a distillation appa 
ratus from which the desorbent fraction is circulated 
into the first section of the desorption zone. 

In another embodiment, the process of the present 
invention as disclosed above is further characterized in 
that one portion of the raffinate effluent is withdrawn 
from a point such that at least one section of the sorp 
tion zone remains downstream therefrom. 
The present invention relates fundamentally to a 

sorption-separation system involving three zones; a de 
sorption zone, a recti?cation zone and a sorption zone, 
which system is hereinafter illustrated in detail with ref 
erence to the accompanying ?gures. For convenience 
of illustration, desorbent having a boiling point lower 
than that of a liquid feed mixture comprising a sorbate 
component (selectively sorbed component) and raf? 
nate components (less sorbed component) is referred 
to herein. It is, however, to be understood that desor 
bent having a boiling point higher than that of the liq 
uid feed mixture can also be used in the practice of the 
invention. 
FIG. ,1 illustrates one preferable mode of the sorption 

cycle of the present process, 
FIG. 2 illustrates another preferable mode of the 

sorption cycle of the present process, 
FIG. 3 schematically shows the mode as illustrated in 

FIG. 2, in detail, 
FIGS. 4, 5 and 6 show selectivity (a) of crystalline 

metal alumino-silicate sorbent, 
FIG. 7 shows the change of the purity of p-xylene 

product, separated from the desorbent, in the desorp 
tion ef?uent with the lapse of time. 
As shown in FIG. I, the present sorption-separation 

system fundamentally involves solid sorbent particles 
charged columns which are divided into three zones; 1 
desorption zone, 2 recti?cation zone and 3 sorption 
zone. These zones are serially and circularly intercon 
nected in order. Each zone is composed of a plural of 
serially interconnected sections in the ?ow direction of 
liquid streams. 

In the desorption zone I, a sorbate component selec 
tively sorbed onto solid sorbent particles is desorbed by 
contact with a desorbent stream. In the recti?cation 
zone 2, countercurrent contact between the stream of 
a sorbate product and a simulated ?ow of the solid sor 
bent particles is effected to maximize thereby the pu 
rity of the product. In the sorption zone 3, separation 
of a liquid feed mixture takes places by selective sorp 
tion of a sorbate component of the mixture by solid sor 
bent particles. 
Flows of the various liquids are illustrated with refer 

ence to FIG. I. Desorbent l2 flows into the desorption 
zone 1 through an inlet of the ?rst section 101 of the 
zone while a liquid mixture 13 of desorbent and sorbate 
(the mixture is hereinafter referred to as “desorption 
ef?uent") is withdrawn through an outlet of the last 
section 104 of the desorption zone 1 and flows through 
a mixing equipment 4 into a distillation column 5 
wherein the desorption ef?uent is separated into both 
desorbent l4 and sorbate components. The desorbent 
14 is circulated for re-use, as hereinafter more speci? 
cally illustrated. One portion of the sorbate component 
15 is withdrawn from the system as a product and the 
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4 
other portion ?ows 16 into the top section 201 of the 
recti?cation zone 2 as a re?ux stream. A liquid feed 
mixture 11 comprising at least one sorbate component 
?ows through an inlet positioned between both the rec 
tification and sorption zones into the sorption zone 3. 
A mixture 17 of desorbent and raf?nate components, 
i.e., less sorbed components (which mixture is herein 
after referred to as “raf?nate ef?uent”) is withdrawn 
from the bottom section 304 of the sorption zone 3 and 
flows through a mixing equipment 6 into a distillation 
column 7 wherein the raf?nate ef?uent is separated 
into desorbent I8 and raf?nate 19. The desorbent I8 
is circulated for re-use and the raf?nate 19 is with 
drawn from the system. The liquid streams ?owing 
through the three zones are interrupted at two points 
between both the desorption and rectification zones 
and both the sorption and desorption zones, respec 
tively, by suitable interrupting means such as valves 8, 
9. 
The top sections 101, 201, 301 of the desorption, 

recti?cation and sorption zones are simultaneously 
transferred to the bottoms of the sorption, desorption 
and recti?cation zones, respectively, at stated intervals, 
of time. The transfer is effected by shifting all the 
points of introducing and withdrawing of all the liquid 
streams (12, I3, 23, 11 and 17) into and from the sorp 
tion column one step (i.e., one section) simultaneously 
in a downstream direction. Thus, a simulated counter 
current ?ow system is provided whereby the effects are 
obtainable similar to that achieved by a moving bed 
type sorption process wherein reflux streams come 
countercurrently into contact with ?uid occupying the 
void spaces between sorbent particles, and the recti?~ 
cation action, going hand in hand with desorption ac 
tion effected in the desorption zone, ensures the con 
tinuous preparation of the sorbate product of high pu 
rity. 

In the above described system wherein sorbate prod 
ucts ?ow back to the adsorption column so as to maxi 
mize the purity of product to be prepared, a stream of 
solid sorbent particles seemingly ?ows in the opposite 
direction to the re?ux stream of the products by shift 
ing the points of introducing and withdrawing of the 
liquid streams into and from the adsorption column. 
Accompanying the simulated shift of solid sorbent par 
ticles, ?uid occupying the void spaces between the sor~ 
bent particles also ?ows in the opposite direction to the 
re?ux stream of the product. Therefore, the recti?ca 
tion effect due to the re?ux stream in an adsorption 
column substantially corresponds to the difference in 
?ow rate between an actual re?ux stream and the 
stream ?owing in the opposite direction to the re?ux 
stream. The volume of the fluid occupying the void 
spaces is extremely large in the liquid phase and ac 
cordingly, it is of no advantage from an economical 
point of view to apply the above illustrated system as 
it is, to liquid phase separation. 
Thus, the present invention has been completed, 

based upon the following technical ideas: 
It is preferable to utilize solid sorbent particles having 

a relatively small size for increasing the sorption rate in 
the sroption-separation process. It was found that, if 
uniform distribution of the liquid feed ?ow is attained 
successfully at an entrance portion of the sorption col 
umn, streams of the liquid ?owing through beds of solid 
sorbent particles are quite similar to a piston ?ow. Con 
sequently, it is observed that desorption ef?uent ?ow 
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ing out from the bottom of the desorption zone varies 
in composition with the lapse of time; ‘at the time imme 
diately after shifting the points of outlet and inlet, the 
desorption ef?uent contains sorbate product (selec 
tively sorbed component) at an approximately 100 per 
cent concentration because only the liquid occupying 
the void spaces between the sorbent particles is‘ pushed 
out in accordance with piston'?ow, but at the time 
when the liquid occupying the void spaces is com 
pletely removed, a desorption ef?uent containing both 
the product selectively sorbed on the sorbent particle 
and desorbent begins to flow out and the concentration 
of desorbent in the effluent increases with the lapse of 
time. . 

Based upon the above observation, the process of the 
present invention involves the following procedures; a 
stream 13 of the desorption ef?uent ?owing out from 
the bottom of the last section 104 of the desorption 
zone 1 during the ?rst part of the time interval between 
shifts, which ef?uent contains sorbate product at an ex 
tremely high concentration, is introduced, not into a 
fractionation means such as distillation column 5, but 
directly into a reservoir 22 through a valve 211, in which 
reservoir 22 the effluent is mixed with a re?ux stream 

' 16 of a portion‘of sorbate product fraction separated at 
a distillation column 5 and the mixture is allowed to 
?ow into the recti?cation zone 2 as a re?ux stream 23, 
as shown in FIG. 1. When desorbent begins to increase 
in the desorption ef?uent l3 removed from the desorp 
tion zone 1 at the end of a certain period of time from 
the shift in inlets and outlets, the valve 21 is shut simul 
taneously with the valve 20 being opened, thereby the 
desorption ef?uent 13 is allowed to be introduced into 
a distillation column 5 and the sorbate fraction from 
the distillation column 5 is divided into two portions; 
one portion being withdrawn 15 as a product and the 
other being circulated 16 to the top of the rectification 
zone 2 as a re?ux stream (the latter re?ux ?owing from 
the distillation column 5 to the recti?cation zone 2 is 
hereinafter referred to as “substantial re?ux" and the 
former reflux ?owing, not through the distillation col 
umn, but directly to the recti?cation zone 2 is hereinaf 
ter referred to as “bypass re?ux”). 

In accordance with the above process, a flow rate of 
the substantial reflux ?owing by way of a fractionation 
means can be considerably reduced, and thus, in the 
case where an ideal piston flow is realized through the 
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sorption column, a the flow rate of the substantial re~ I 
?ux can be reduced to the degree equal to or less than 
that in gaseous phase separation. 
Concerning the handling of raf?nafte ef?uent re 

moved from the sorption zone 3, two processes are pro 
vided in accordance with the present invention. 
The ?rst process is illustrated with reference to FIG. 

1. A stream 17 of the entire effluent ?owing out from 
the bottom of the last section 304! in the sorption zone 
3 is divided into two portions; a first portion of the'ef 
?uent removed during the ?rst part of the time interval 
between shifts of inlets and outlets, which portion has 
occupied the void spaces between sorbent particles and 
does not substantially contain the raftinate component 
(less sorbed component), i.e., consisting substantially 
of desorbent, is directly circulated 27 through a valve 
25 and a reservoir 26, without going by way of a frac 
tionation means, to the first section lllll. of the desorp 
tion zone 11. The other portion of the ef?uent removed 
during the second part of the cycle, which contains 
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both raftinates and desorbent, is introduced through a 
valve 2d and a reservoir 6 into a fractionation means 
such as a’ distillation column 7, from which desorbent 
the fraction 18 is circulated to the first section 1011 in 
the desorption zone l and the raftinate fraction is re 
moved 119 from the system. Thus, the process reduces 
heat loads and consumption of utilities in comparison 
with the conventional process wherein heating of the 
entire ef?uent is required for the distillation. 
The second process for the handling of the raffinate 

ef?uent removed from the sorption zone, which is illus 
trated with reference to FIG. 2, is characterized as fol 
lows: 
l. The sorption zone 3 has an increased number of sec 
tions. Raffinate effluent 17 is withdrawn from a point 
such that at least one section (which total number is 
four in the example illustrated in FIGS. 2 and 3) re 
mains downstream thereof. 
2. In operation, the entire liquid stream ?owing 
through the sorption zone 3 is divided into two por 
tions, one portion being withdrawn l7 from the zone 3. 
as a raffmate ef?uent and the other portion allowed to 
?ow directly down into the remaining sections (305, 
3&6, 307, 3%). 
Theformer portion of raffinate ef?uent 17 is intro 

duced into a distillation column 7, from which desor 
bent fraction 11% is circulated to the top of the desorp 
tion zone. This ?ow system is not provided with the by 
pass ?ow conduit shown in FIG. 1 by the numerical ref 
erence 27. 
3. The number of the sections existing downstream 
from the withdrawal point of raftinate ef?uent 17 in the 
sorption zone 3 are determined as follows; the entire 
length of the sections from the withdrawal point to the 
bottom of the last section 311th in the sorption zone is 
such that a concentration of raftinate contained in the 
stream ?owing down through these sections reaches 
approximately zero at the bottom of the last section 
30%. 
4. Thus, the stream substantially containing no raffi 
nate components is directly and continuously intro 
duced through a valve ‘9 into the desorption zone. 
The second process achieves the same effect as that 

of the ?rst process by the arrangement of an increased 
number of the sections in the sorption zone without 
providing a bypass flow conduit as illustrated in FIG. l. 
A preferred embodiment of the invention is summa 

rized as listed below. 
1. A sorption-separation column involving solid sor 
bent particles consists of three zones; a desorption 
zone, a rectification zone and a sorption zone. 
2. Each zone is divided into a plurality of serially inter 
connected adjacent sections each being packed with a 
mass of the solid sorbent particles, and all the points of 
introducing and withdrawing liquid streams are simul 
taneously shifted, one section at a time at stated inter 
vals of time in a downstream direction while maintain 

' ing the same order of continuity and the same spatial 
relationship between the points whereby the liquid 
streams contact the mass of solid sorbent particles in a 
simulated countercurrent manner. 
3. A portion of sorbate products is circulated as a re?ux 
stream to the top section in the rectification zone to 
thereby maximize the purity of sorbate products. 
4. Flow of the liquid stream ?owing through the three 
zones is interrupted at a point between the desorption 
zone and the rectification zone whereby a ?ow rate of 
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desorbent ?owing into both the recti?cation and sorp 
tion zones is advantageously controlled to thereby en 
hance the efficiency of solid sorbent particles in both 
zones. 
5. Desorption ef?uent containing a selectively sorbed 
component at a high concentration, which is removed 
from the last section of the desorption zone during the 
?rst part of the time interval between shifts of all the 
introduction and withdrawal points is allowed to ?ow 
back as a bypass re?ux to the top section in the recti? 
cation zone, together with a substantial re?ux, without 
passing by way of a distillation apparatus, because the 
desorption effluent has a similar composition to that of 
the substantial re?ux allowed to ?ow back to the recti 
?cation zone. The reason for the above is that, accom 
panying the simulated shift of sorbent particles, there 
is a simulated shift of the liquid occupying the void 
spaces between the sorbent particles also and there 
fore, immediately after the shift, the liquid occupying 
the void spaces in the last section of the desorption 
zone, which has just shifted from the top section of the 
recti?cation, has the same composition as that of the 
substantial re?ux. 
6. The entire liquid stream ?owing through the sorption 
zone is divided into two portions; one portion being 
continuously withdrawn as a raffinate ef?uent from a 
point so that at least one section of the sorption zone 
remains downstream thereof and the other portion 
being allowed to ?ow down directly through the re 
maining sections of the zone as illustrated above with 
reference to FIG. 2. The ?ow rates of both streams and 
the number of the sections existing downstream from 
the withdrawl point of the raf?nate ef?uent are suitably 
determined whereby the concentration of raf?nate 
component in the liquid stream, which concentration 
decreases with a descent of the stream through the sec 
tions, reaches approximately zero at the bottom of the 
last section in the sorption zone and thus, a liquid 
stream free of raf?nate component is allowed to ?ow 
into the desorption zone. 

In order to realize a piston ?ow in the sorption col 
umns, it is effective to utilize sorbent particles of a 
smaller size and a column of a smaller diameter and to 
increase the linear velocity of the liquid stream. It is 
particularly important for the objective that the liquid 
stream is uniformly dispersed in the inlet portion of the 
sorption columns, and this may be achieved by a suit 
able distributing means such as a distributing plate and 
a distributing pipe. It may also be achieved by for ex 
ample, dividing the sorption column lengthwise. 

In accordance with the process of the present inven 
tion, all the points of the introduction and withdrawal 
of liquid streams are shifted at the same time and at a 
predetermined interval of time. The shift may be ef 
fected by opening and shutting valves arranged in pipes 
connecting all the sections with each other and with liq 
uid streams ?owing into and out of the column. The 
valves used in the process include two or threeway 
valves of a type operated for example by oil pressure, 
air pressure or electric power. 
A liquid feed stock supply pipe 11, a re?ux pipe 23 

and a desorbent supply pipe 12; and a desorption ef?u 
ent pipe 13 and a raf?nate ef?uent pipe I7 may be ar 
ranged in such a manner that they are in common be 
tween the valves and the sorption column as shown in 
FIG. 3 which is hereinafter illustrated. 
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8 
The process conditions of the invention are illus 

trated below. 
1. The process is carried out in a liquid phase. 
The process of the present invention is effective par 

ticularly for liquid phase separation; although the sorp 
tion rate in liquid phase separation is lower than that in 
gaseous phase separation, the process possesses the fol 
lowing advantages in liquid phase; 
A. The life of the sorbent is prolonged because firstly 
the separation process may be carried out at a rela 
tively low temperature and secondly, impurities having 
a high boiling point produced on sorbent particles are 
continuously washed off thus preventing deterioration 
of the sorbent. 
B. Consumption of utilities is small. 
C. The apparatus to be used in the process is of small 
size. 
D. The liquid phase separation is particularly advanta 
geous in the case where a desorbent having a high boil 
ing point is used. On the contrary, in gaseous phase sep 
aration wherein the desorbent is utilized, a high tem 
perature operation is required, which results in lower 
ing of sorption capacity, undesirable side-reactions and 
shortening of the life of sorbent. 
2. Temperature and linear velocity in the column. 

In order to minimize the pressure drop of the stream 
through the sorption column, it is most desirable effec 
tive to utilize sorbent particles having a large size or to 
reduce the linear velocity of liquid. A preferred size 
(diameter) of sorbent particles is within the range from 
0.05 to 5 mm. With a decrease in the linear velocity of 
the liquid ?ow, uniformity of the liquid stream tends to 
be decreased, although the pressure drop is minimized. 
A preferred linear velocity thereof based on the empty 

. column is within the range from 0.5 to 20 cm/sec. With 
an increase of temperature, the sorption rate also in 
creases, but the sorption capacity decreases. Further, 
a high temperature causes undesirable side-reactions. 
Suitable temperatures vary depending upon the partic 
ular process but may be easily determined by consider 
ing the above factors. 
3. Re?ux ratio, required amount of solid sorbent, inter 
val from the shift of all the introduction and withdrawal 
points to the next shift and number of sections: 

In order to ensure high degree of purity of sorbate 
product in accordance with the process of the present 
invention the sorbate component is allowed to ?ow 
back as a re?ux stream with a flow rate exceeding the 
minimum reflux ratio to the recti?cation zone whereby 
the component contacts countercurrently with the sor 
bent particles simulatively ?owing upstream in the rec 
ti?cation zone, as is carried out in a distillation column. 
The term “re?ux ratio" as used herein means the ratio 
of the ?ow rate of the sorbate product allowed to ?ow 
back to the recti?cation zone to the entire sorbate 
product with drawn from the The minimum re?ux ratio 
varies depending upon the composition of the liquid 
feed stock, purity of the product, the particular sor 
bent, etc. An increased re?ux ratio is obviously disad 
vantageous from an economical viewpoint. From our 
experiments, it has been found that the re?ux ratio is 
preferably 1.0] to 2.0 times the minimum re?ux ratio. 

In general, a change wherein the number of sections 
is increased and the volume of sorbent charged in each 
section is decreased so as to keep the sorption capacity 
constant, and the interval of time between the shifts of 
the introduction and withdrawal points is shortened, 
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has the advantage that total amounts of sorbent re 
quired may be reduced, but the disadvantage that the 
number of valves required increases with the increased 
number of the sections. Further, the shortening of the 
interval raises a problem of mechanical structure of 
valves for smooth shifting. On the other hand, another 
modi?cation wherein the volume of sorbent to be 
charged into each section is increased and the interval 
is prolonged requires a greater amount of sorbent. Tak 
ing the above facts into consideration, these process 
conditions should be suitably determined. 
From our experiments, it has been found that an in 

terval or 0.5 to 10 minutes between the shifts is gener 
ally preferred. The number of the sections should be 
determined depending upon absorption equilibrium, 
re?ux ratio, ?ow rate of desorbent, the interval of time 
between the shifts, etc., and, in general, is preferably 9 
to 40. In general, a liquid phase sorption process is far 
more affected by the shift of points of introducing and 
withdrawing of the inlet and outlet streams and there 
fore, a larger number of the sections is required in com 
parison with a gaseous phase sorption process. 
The amount of sorbent to be required in the present 

process is indicated by the following formula: 
Amount of sorbent to be required T = N. W.0/60_ 

wherein 
N is the number of the sections, 
W is the apparent ?ow rate of sorbent (T/Hr), 
0 is the interval of time between the shifts (min). 

It has been found from our extensive experiments'that 
the amount of sorbent is preferably within the range 
from 5 to I00 tons per ton of sorbate product per hour. 
4. Bypass re?ux - 
As the ?ow rate of the bypass re?ux varies depending 

upon the degree of the undesirable mixing between 
both sorbate and the desorbent in the sorption column, 
void in a sorption column, the separation factor be 
tween sorbate and desorbent, etc., the real ?ow rate of 
the bypass ?ow should be determined based upon a 
model experiment wherein a sorption colum analogous 
to that used for the mass production is utilized. in the 
case where an ideal distribution of liquid is effected in 
the sorption column, the flow rate of bypass reflux cor 
responds to the product of fractional void in a sorption 
column and the apparent flow rate of sorbent. 
The bypass re?ux does not cause any particular trou 

ble in the operation of the sorption column even if the 
reflux contains a small amount of desorbent. in general, 
a concentration of desorbent in the bypass re?ux is 
preferably at most 40 or 50 percent. When the concen 
tration exceeds the upper limit, the amount of desor 
bent, which is sorbed onto and shifts together with sor~ 
bent particles, inevitably increases. 
5. Raffinate effluent 
The process of the present invention is further char 

acterized, as illustrated above, in that one portion of 
the raft'mate-containing liquid ?owing down through 
the sorption zone is withdrawn as a raffinate ef?uent 
from a point such that at least one section of the sorp 
tion zone remains downstream thereof. A suitable ?ow 
rate of the raffinate ef?uent varies depending upon op 
eration conditions, composition of liquid feed stock, 
adsorption selectively, the number of the sections, etc. 
It has been found that a suitable ?ow rate, in general, 
falls within the range de?ned by the following inequal 
ity. 
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wherein 
Y is the ?ow rate of raft'mate ef?uent (ms/Hr), 
R is the ?ow rate of reflux (ma/Hr), 
F is the ?ow rate of liquid feed strock (ma/Hr), 
W is the flow rate of sorbent (T/l-lr), 
V is the void fractiln per unit weight of sorbent 
(ma/T), 

C is the sorption capacity per the unit wieight of sor 
bent (ma/T). 

From an economical viewpoint, it is preferable to lower 
the flow rate as‘ far as possible while still satisfying the 
inequality. 
The process of the present invention is applicable to 

all methods of sorption-separation relying upon solid 
sorbent particles having a capacity to selectively sorb 
at least one of the components of a feed stock in liquid 
phase, such as the separation of an ole?n and paraffin; 
and separation of an aromatic hydrocarbon and a non 
aromatic hydrocarbon, both by sorbents such as silica 
gel or active charcoal as well as separation of alkyl 
substituted aromatic compounds by the zeolite adsor 
bent, and separation of n-paraffins from their isomers 
relying upon molecular sieve sorbent. in particular, a 
separation process relying upon solid sorbent particles 
of a type too fragile to be utilized in moving beds or flu 
idized beds may preferably be performed by the pres 
ent invention. 
Among others, the present process may be most pref 

erably applied to separation of p-xylene from xylene 
isomers particularly relying upon a particular crystal 
line metal alumino-silicate sorbent. 
The separation of p-xylene from xylene isomers is 

hereinafter illustrated in greater detail. 
When p-xylene was intended to be selectively sepa 

rated from a mixed xylene, i.e., xylene isomers ordi 
narily comprising p-xylene, m-xylene, o-xylene and eth~ 
ylbenzene, a high degree of selectivity was, in the past, 
not obtainable for all the kinds of xylene feed stocks 
because the selectivity varies too much with the partic 
ular xylene isomers. Even the sorbent which possessed 
a greater capacity to selectively sorb p-xylene from the 
particular xylene feed stock could not be successfully 
applied to all other xylene feed stock, the composition 
of which inevitably varies with the stock situation. It 
has been, therefore, eagerly desired to solve the prob 
lem. 
The following crystalline metal alumino-silicate sor 

bents are rather preferably utilized for the separation 
of xylene; 
A. Potassium-substituted zeolite-X or -Y, repre 

sented by the formula, K2OAl203.mSiO,.xll-l2() wherein 
m is a positive real number and x is a real number. 

B. Barium-substituted zeolite-X or -Y, represented 
by the formula, BaOAlzOa'mSiOz'xHzt) wherein m and 
x are the same as de?ned above. 
C. Barium and potassium-substituted zeolite-X or -Y. 
it has been surprisingly found that a selectivity of a 

faujasite-type crystalline alumino-silicate sorbent, a 
part of cations contained therein having been substi 
tuted with (a) barium, (b) potassium and/or (c) at least 
one metal selected from the group consisting of zirco 
nium, yttrium, neodymium, lead, uranium and mercury 
(which group is referred to hereinafter as “group A“), 
greatly varies depending upon both the silica/alumina 
ratio and the proportion of the metals, i.e., barium, po 
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tassium and group A metal, introduced therein, and 
that faujasite-type crystalline alumino-silicate sorbent 
exhibits an extremely improved selectivity by suitably 
selecting both the silica/alumina ratio and the propor 
tion of the metals; sorption characteristics of the sor 
bent particles vary too much with the silica/alumina ra 
tio; and the sorbent particles having desirable sorption 
characteristics may be prepared by blending two sor 
bents, the sorption characteristics of which differ from 
each other. 
More particularly, the preferable sorbents for the 

separation of p-xylene are the speci?c crystalline metal 
alumino-silicate, which is classi?ed into the three types; 

1. Crystalline metal alumino-silicate in the form of 
faujasite-type, characterized as having a silica/alumina 
ratio of less than 4.0 and containing (a) barium, (b) po 
tassium and (c) at least one metal (hereinafter referred 
to as M for brevity) selected from A group in the pro 
portion satisfying the following atomic ratios; 

K/K(K + 280) = 0.0 ~0.5 

M/(K + 280) = 0.0 ~0.5 

2. Crystalline metal alumino-silicate in the form of 
faujasite-type, characterized as having a silica/alumina 
ratio of not less than 4.0 and containing (a) barium, (b) 
potassium and (c) M, de?ned above, in the proportion 
satisfying the following atomic ratio; 

K/(k + 28a) = 0.6 ~l.0 

M/(K + 28a) = 0.0 ~0.5 

3. A mixed metal alumino-silicate comprising both 
the crystalline metal alumino-slicates de?ned in the 
preceding items (1) and (2). 

It should be noted that the sorbent characteristics of 
the preferable alumino-silicate, i.e., oridinarily referred 
to as zeolite, in the form of faujasite-type crystalline 
material greatly depends upon both the silica/alumina 
ratio and the content of the metals. In other words, in 
the case of the silica/alumino ratio being less than 4, 
the proportion of metals indicated by both formulae 
K/(K + 28a) and M/(K + 280) preferably falls within 
the range of 0.0 ~0.5. On the contrary, in the case of 
the ratio being not less them-911M ,aropqrtion of the 
metals indicated by both K/(K + 28a) and M/(K + 
28a) preferably falls within the range of 0.6 to 1.0 and 
0.0 to 0.5, respectively. The numerical value of 0.0 in 
both equations means that potassium and/or M is not 
contained in the alumino-silicate sorbent and the value 
of 1.0 in the former formula means that barium is not 
contained therein. 
The metal alumino-silicates de?ned above exhibit an 

extremely high selectivity to p-xylene among xylene 
isomers, but an extremely weak affinity for other xy 
lene isomers, i.e., o-xylene, m-xylene and ethylben 
zene. In other words, the crystalline metal alumino 
silicate sorbent has excellent selectivity with respect to 
p-xylene and thus, facilitates the separation of a p 
xylene product of high purity at a reduced cost. 
The crystalline metal alumino-silicate in the form of 

faujasite-type to be preferably utilized in the present 
process may be prepared by substituting barium, potas 
sium and the metal M ions for a cation, for example, so 
dium ion of a faujasite-type crystalline zeolite, which 
zeolite is ordinarily commercially available and may be 
prepared by the hydrothermal reaction wherein a silica 
source such as sodium silicate, silica gel, etc. it reacted 
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with alumina source such as sodium alumina'te, etc., so 
dium hydroxide and water. The synthesis is disclosed in 
detail in, for example, Japanese Patent Publications 
No.124/1963,1639/1961,20121/1965,19180/1966, 
16941/1967, 8527/1967, 6712/1957, 5722/1968, 
12016/1969, 23986/1969, 20387/1967, 5054/1965, 
845/1967, 746/1965, 5806/1963, 30611/1969, 
3659/1963 and 12016/1969. 
The substitution of barium, potassium and the metal 

M de?ned above for the sodium ion of the faujasite 
type crystalline zeolite may be effected by conventional 
methods known as ion exchange of such zeolites. Usu 
ally, aqueous solutions of salts of the metal to be substi 
tuted are utilized for the substitution. The aqueous so 
lutions may be applied separately, or as a mixed solu 
tion. 

Preferably, compounds to be used for the substitu 
tion include, for example, a metal salt of inorganic 
acids such as nitric acid, carbonic acid and hydrochlo 
ric acid, metal hydroxide and other inorganic com 
pounds. Organic salts such as acetate may also be_used. 
Amongst others, nitrate and carbonate are most prefer 
able. These salts may be utilized as a solution in any 
concentrations, but in the case of an aqueous solution, 
the concentration is preferably 1 to 20 percent and 
most preferably 5 to 10 percent, both by weight. 
The ion exchange may be satisfactorily effected even 

at room temperature, but preferably at an elevated 
temperature, for example, at 100°C or more, to raise 
the reaction rate. It may be performed continuously or 
batchwise. The degree of the substitution of barium, 
potassium and the metal M for the cation such as so 
dium ion is preferably not less than 60 percent and 
most preferably not less than 80 percent based on the 
total cations present. 

Zeolite, thus prepared by the ion exchange, contains 
a large amount of water therein and therefore, ordi 
narily must be subjected to a dehydration treatment so 
as to be activated. The treatment may be effected by 
heating the zeolite at temperatures higher than 100°C 
but lower than the decomposition temperature thereof, 
e.g., preferably 150° to 600°C and most preferably 
200°C to 500°C, and for a period of scores of minutes 
to several hours. The zeolite to be utilized in the pres 
ent process may further contain therein any other cat-_ 
ions in addition to barium, potassium and the metal M 
unless they counteract the inventive effect. 

The relation between the composition of zeolite sor 
bent and the selectivity to p-xylene will be hereinafter 
illustrated. 
FIG. 4 shows the selectivity (a), which is de?ned by 

the following formula: 

(IA/B = CSA/CSB- CLB/CLA 

wherein C5,, and CS8 are concentrations of components 
A and B in the sorbed phase, respectively and CM and 
C“, are' concentrations of components A and B in the 
liquid phase which are in equilibrium with the sorbed 
phase, respectively, of various alumino-silicate sor 
bents differing in silica/alumina ratio and the propor 
tion of the metals Ba, K and M. In FIG. 4, PX, MX, OX 
and EB indicate p-xylene, m-xylene, o-xylene and eth 
ylbenzene, respectively. 
As is evident from FIG. 4, the sorbent having a silica/ 

alumina ratio of 3.2 exhibits a high selectivity at a K/(K 
+ 28a) ratio ranging from 0.0 to 0.5, particularly from 
0.3 to 0.5, but a low selectivity at both the ratios falling 
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outside the ranges. On the contrary, the sorbent having 
a silica/aluminaratio of 4.8 exhibits a high selectivity 
at a k/(K + 280) ratio ranging from 0.6 to 1.0, but a low 
selectivity at both the ratios falling outside the ranges. 
The sorbent having a silica/alumina ratio of less than 
4.0 is effective particularly for the separation of p 
xylene from ethylbenzene in comparison with the sor 
bent having the ratio of not less than 4.0. On the con 
trary, the latter sorbent having the ratio of not‘less than 
4.0 is effective particularly for the separation of p 
xylene from o- and m-xylenes in comparison with the 
former sorbent. 
FIG. 5 shows dependence of selectivity (at) upon 

silica/alumina ratio, which was tested under the condi 
tions of the K/(K + 23a) ratio being constant and the 
silica/alumina ratio being varied. As is evident from 
FIG. 5, with respect to the sorbent having a K/(K + 
280) ratio of 0.4, it exhibits a high selectivity at a 
silica/alumina ratio of less than 4.0. But, the sorbent 
having a K/(K + 2Ba) ratio of 0.8 exhibits this at a 
silica/alumina ratio of not less than 4.0. 

It should be noted that the sorbent having a, 
silica/alumina ratio of less than 4.0, when K/(K + 28a) 
ratio falls within the range from 0.0 to 0.5, is effective 
particularly for the separation of ‘p-xylene from ethyl 
benzene, and the sorbent having a silica/alumina ratio 
of not less than 4.0, when K/(K + 28a) ratio falls within 
the range from 0.6 to 1.0, is effective particularly for 
the separation of p-xylene from o- and m-xylenes and 
that selectivity may be varied at will by blending both 
the sorbents, as illustrated‘: in FIG. 6. FIG. 6 shows the 
dependence of selectivity (or) upon the mixed propor 
tion of both the alumino-silicates, one being 
SiOZIAlZO3= 3.2, K/(K + 28a) = 0.4 and the other 
being Sim/A1203 it-?iiltl't =, 2B1<1),.=.9;.8, wherein 
the ordinate indicates the selectivity (a) and abscissa 
iPdi§al§§ the Inixsqprspqrtbstrsrcentt _-. 
Thus a sorbent having desirable selectivity, which de 

pends upon a composition of the xylene feed stock used 
in the present process, may easily be prepared merely 
by blending both the sorbents in. a suitable proportion, 
one of which sorbents has a silica/alumina ratio of less 
than 4.0 and K/(K = 280) ratio of 0.0 to 0.5 and is suit 
able for treating a xylene feed stock which is poor in 0 
and/or m-xylene, and the other of which sorbents has 
a silica/alumina ratio of not less than 4.0 and K/(K + 
280) ratio or 0.6 to 1.0 and is suitable for treating a xy 
lene feed stock being poor in ethylbenzene. 

Further, the introduction of at least one metal, here 
inbefore referred to as M, improves the selectivity to 
p-xylene, but weaken the affinity for other xylene iso 
mers, particularly ethylbenzene. 
The optimum amount of the metal M to be substi 

tuted for sodium depends upon the particular metal. 
Generally the metal should be preferably present in the 
amount satisfying the following atomic ratio; 

M/(K + 280:) = 0.0 ~ 0.5 

Table l shows selectivity (a) of various sorbents pre 
pared by the introduction of the metal M into potassi 
um- and barium-substituted alumina-silicates differing 
in the silica/alumina ratio and the KKK + 230) ratio 
from each other. 

Table l 
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lid 
2 3.2 0.3 Zr 0.1 2.3 4.6 
3 4.8 0.7 0 2.0 6.5 
4 4.8 0.7 Y 0.05 2.2 6.4 
5 4.8 0.7 Nd 0.05 2.3 6.4 
6 4.8 1.0 0 1.8 6.6 
7 4.8 1.0 Pb 0.03 2.3 6.6 
8 4.8 1.0 Th 0.03 2.0 6.5 
9 4.8 1.0 U 0.04 2.1 6.7 
10 4.8 1.0 Hg 0.04 2.2 6.6 

As is evident from Table 1, lead and mercury are 
particularly preferable among the metals listed above. 
‘Selection of a suitable desorbent is also important be; 

cause it affects the cost of separation. Suitable desor 
bents are those which are capable of being sorbed onto 
sorbent particles at a high sorption rate and of desorb 
ing sorbate from the sorbent and’ satisfy the following 
equationin sorbate-desorbent system; 

Selectivity (a) = Y(l -- X)/(1 —- Y)X = 0.2 —5 

wherein X and Y are fractions by weight of sorbate in 
the liquid phase and in the sorbed phase, respectively. 
When a weak desorbent (which exhibits a selectivity 
exceeding 5) is utilized, a large amount of desorbent is 
needed for the desorption, which leads to an increase 
of the desorbent concentration in the sorbate product 
and therefore, an increase in the cost of separation. On 
the contrary, strong desorbent (which exibits a selectiv 
ity of less than 0.2), has a tendency to remain in the 
sorbent in a greater amount, which also leads to an in 
crease of the desorbent concentration in the product. 
Further, the desorbent remaining undersorbed in sor 
bent causes reduction of the sorption capacity of the 
sorbate and accordingly, an increase in the amount of 
sorbent to be used. 
The desorbent should preferably have a boiling point 

differing from those of the sorbate product and the raf 
finate by 5°C or more. A desorbent having an ex 
tremely low boiling point is not preferred because there 
is, a need to maintain the pressure high enough to en 
sure the liquid phase. 

Suitable desorbents should be chosen in consider 
ation of the above matters. Preferred desorbents to be 
used particularly for the separation of p-xylene from 
other xylene isomers includes, for example, allryl 
substituted aromatic hydrocarbons having seven to 12 
carbon atoms such as toluene, o-ethyltoluene, m 
ethyltoluene, p-ethyltoluene, 1,2,4-trimethylbenzene, 
1,3,5-trimethylbenzene, l ,2,3-trimethylbenzene, n 
propylbenzene any isomers or a mixture of o-, m1 sins‘ 
p-diethylbenzene; and ethylidene chloride, dichloror 
propane, chloroform, thiophene, and the ‘like. 
Features and advantages of the present invention are 

summarized as follows; 
1. The present process involves a sorption-separation 
system wherein the beds of solid sorbent particles are 
divided into serially and circularly interconnected 
three zones; a desorption zone, a recti?cation zone and 
a sorption zone, through which ‘zones liquid streams 
flow, but, the flow thereof is interrupted between the 
desorption zone and the recti?cation zone, whereby 
there exists no desorbent in the recti?cation zone or, 
even if it exists therein, is far less in comparison with 
the known separation system as disclosed in the Japa 
nese Patent Publication 15681/1967, which fact leads 
to an improvement in the efficiency of rectification. 
2. The present process involves the interruption of the 
liquid streams at a point between the desorption zone 
and the recti?cation zone and a ?rst portion of the de 
sorption effluent ?owing out from the desorption zone, 
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which portion contains either a little or no desorbent 
but contains a sorbate component, is directly circulated 
and the second portion thereof which contains both a 
sorbate component of high purity at a low concentra 
tion in comparison with the ?rst portion and desorbent, 
is introduced into a fractionation apparatus from which 
a portion of the sorbate fraction is circulated, both into 
the rectification zone as a re?ux stream. 
Thus, the re?ux of sorbate rather than desorbent ena~ 

bles not only a high degree of purity of the product 
being obtained, but also increases the concentration of 
sorbate at the upper part of the rectification zone, that 
is, it increases the concentration of the sorbate product 
in the liquid sorbed onto sorbent particles, which con 
duces to the reduction of the apparent ?ow rate of sor 
bent. 
3. Because of the absence of the cyclic ?ow of the de 
sorbent stream through all the desorption, recti?cation 
and sorption zones in the present process, the concen 
tration of desorbent in both desorption effluent and raf 
?nate effluent is low and thereby, substantial econo 
mies for the fractionation of desorbent are ensured. ~ 
4. The known process as disclosed in Japanese Patent 
Publication 15681/1967, wherein liquid stream circu 
lates through all the beds of sorbent particles, requires 
programming facilities for controlling, more particu 
larly, varying the ?ow rate of the cyclic ?ow each time 
all the valves are changed over. On the contrary, the 
process of the invention does not require such auxiliary 
facilities as the complicated programming facilities for 
controlling the cyclic ?ow rate and pumps because of 
the absence of such a cyclic flow. 
The process of the present invention is further illus 

trated in the following examples which exemplify the 
separation of p-xylene from xylene isomers. 

EXAMPLE l 

Such an arrangement as shown in P16. 3 involves pip 
ing including 71 valves and 16 vertical columns serially 
interconnected all the columns being divided into three 
zones; desorption, recti?cation and sorption zones and 
each zone being comprised of 4, 4 and 8 columns, re 
spectively. Each column had an inner diameter of 25 
mm and a height of 2.0 m and was packed with potas 
sium zeolite Y particles having a silica/alumina ratio of 
4.7 to a height of 1.8 m from the bottom, which spheri 
cal particles, are ofa particle size of 1 mm, and copper 
particles have a particle size of 1 mm in the remaining 
vacant space, i.e., to a height of 0.2 m from the top of 
the zeolite layer. The total amount of the zeolite parti 
cles packed in the columns was 10.5 kg. Thus, a ?ow 
rate of ?ow of sorbent (W) was 10.5/l6 X 60/5 = 7.9 
(Kg/Hr) at the shift interval of 5 minutes. Sorption ca 
pacity (C) and fractional void (V) of the sorbent were 
0.26 I/Kg and 1.10 I/Kg, respectively. All the pipes and 
the valves had an inner diameter of 2 mm and the dis 
tance between the column and the valve for shifting the 
points of introducing and withdrawing of the liquid 
streams into and from the columns was determined 
short enough to present contamination of the liquid 
stream. Opening and shutting of all the valves was ef 
fected by a program timing apparatus, time required 
for opening and shutting being less than 1 second. 
A feed stock consisting of 20 percent by weight of p 

xylene, 40 percent by weight of m-xylene, 20 percent 
by weight of ethylbenzene and 20 percent by weight of 
o-xylene, after being heated to 140°C, was continu 
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ously fed through a pipe 11 at a ?ow rate of 2.1 l/Hr 
and a pressure of 8 Kg/cmzG. P-xylene having a purity 
of 99.3 percent by weight, after being heated to 140°C, 
was continuously fed as re?ux through a pipe 23 at a 
?ow rate of 9.5 l/l-lr and a pressure of 10 Kg/cmzG. Di 
ethylbenzene, after being heated to 140°C was continu 
ously fed through a pipe 12 at a flow rate of 5 l/Hr and 
a pressure of 12 kglcmzG. 

Prior to the feeding of the three liquids, 27 valves, in 
dicated by the numerical references V-l, 5, 9, 21, 22, 
23, 24, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 44, 
52, 61, 66, 71, 81, 87, 90 and 91 in FIG. 3, were 
opened and the other 44 valves were shut. Five minutes 
after the feeding commenced. These valves were simul 
taneously changed over; 27 valves of the references 
V-2, 6, 10, 21, 22, 23, 24, 25, 27, 28, 29, 30, 31, 32, 
33, 34, 35, 36, 45, 53, 61, 66, 71, 82, 88, 90 and 91 
were opened and the other 44 valves were shut 
whereby all the points of introduction and withdrawal 
of the liquid streams were shifted by one section (i.e., 
one column). Similarly, all the introduction and with 
drawal points were simultaneously shifted at intervals 
of five minutes. 
Raf?nate ef?uent was continuously withdrawn at a 

constant ?ow rate of 2.8 l/l-lr, in which ef?uent diethyl 
benzene desorbent was present at a concentration of 38 
percent by weight based on the ef?uent, and p-xylene 
was present at a concentration of 2 percent by weight 
based on the entire xylene fraction contained therein. 
Desorption ef?uent was withdrawn at a ?ow rate of 
13.8 l/l'lr. The entire amount was fed into a distillation 
column to be thereby separated into diethylbenzene 
and p-xylene. The p-xylene fraction had a purity of 
99.3 percent by weight. 

EXAMPLE 2 

Utilizing the same apparatus as that of Example 1, 
procedures of Example 1 were repeated wherein a 
mixed liquid consisting of 20 percent by weight of p 
xylene having a purity of 99.3 and 80 percent by weight 
of diethylbenzene, after being heated to 140°C, was 
continuously circulated through the pipe 23 as re?ux at 
a ?ow rate of 9.5 l/Hr and a pressure of 101(g/cm’G. 
The concentration of p-xylene in the entire xylene 

fraction contained in the ef?uent ?owing through the 
pipe 17 was 2 percent by weight. The entire desorption 
ef?uent ?owing out at a ?ow rate of 13.8 l/Hr was fed 
into a distillation column to be thereby separated into 
p-xylene and ethylbenzene. The p-xylene fraction ex 
hibited a purity of 98.5 percent, which is lower by 0.8 
percent compared with that of Example 1. 

EXAMPLE 3 

Utilizing the same apparatus as that of Example 1, 
the procedures of Example 1 were repeated wherein 
desorption ef?uent ?owing out at a ?ow rate of 13.8 
l/Hr was divided into two portions; the ?rst portion 
thereof, withdrawn for a period of 118 seconds after 
the shift of the withdrawal point was recycled through 
a pipe 23 as re?ux (herein referred to as bypass re?ux), 
which portion was mainly composed of sorbate prod 
uct, and therefore not required to be separated by dis 
tillation, and the second portion withdrawn after the 
lapse of l l 8 seconds from the shift was fed into a distil 
lation column to be separated into p-xylene and dieth 
ylbenzene. The p-xylene fraction exhibited a purity of 
99.5 percent by weight, which is higher by 0.2 percent 
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by weight compared with that of Example 1. One por 
tion'of the p-xylene fraction was withdrawn at a flow 
rate of 0.39 l/Hr from the system as a product and the 
other portion was recycled as re?ux (herein referred to 
as substantial re?ux). An average purity of p-xylene‘ in 
both the bypass re?ux and the substantial re?ux was 
99.3 percent by weight. 

Raffinate effluent ?owing through a pipe 17 con 
tained desorbent at a concentration of 38 percent by 
weight and p-xylene at a concentration of 2 percent by 
weight based on the entire xylene fraction contained 
therein. 
The change in the purity of p-xylene product, sepa— 

rated from desorbent, in the desorption ef?uent with 
the lapse of time during the interval between shifts is 
shown in FIG. 7 wherein the ordinate indicates purity 
of p-xylene product (percent by weight) and the ab 
scissa indicates the lapse of time after the shift (see). 
It is evident from FIG. 7 that the p-xylene purity in 
creases with the lapse of time and therefore, p-xylene 
product of high purity is obtainable by distilling the sec 
ond portion of the desorption ef?uent. 
Another advantage obtained by the process wherein 

the first portion of desorption ef?uent ?owing out for 
a period of l 18 seconds after the shift was recycled as 
bypass re?ux is as follows; the substantial re?ux ratio, 
i.e., the ?ow rate ratio between the substantial re?ux 
stream to be recycled from a distillation apparatus and 
the sorbate product to be withdrawn from the system, 
could be sharply reduced as compared with that of the 
process wherein the entire desorption ef?uent is intro 
duced into a distillation apparatus, that is, the ratio was 
reduced from 9.5/0.39 z 24 to 4.07/0.39 z 10 in the 
present example, leading to reduction of the distillation 
cost. 

EXAMPLE 4 

Utilizing the same apparatus as that of Example 1, 
the procedures of Example 1 were repeated wherein 
both the ?ow rates of the raffinate ef?uent withdrawn 
through a pipe 17 and the desorbent feed introduced 
through a pipe 12 were 2.2 l/Hr and 4.4 l/Hr, respec 
tively, with all other conditions remaining substantially 
same. 

The concentration of desorbent in raffinate ef?uent 
was 23 percent by weight and the concentration of p 
xylene in the entire xylene contained in the ef?uent was 
2 percent by weight. The p-xylene purity of the entire 
xylene contained in the desorption ef?uent was 98.2 
percent by weight, showing that, in the case where the 
?ow rate of the raffinate ef?uent is lower than that de 
?ned by the formula, R + F — (WV + 0.7WC), at least 
one portion of the xylene isomer components other 
than p-xylene, which components are not completely 
separated in a sorption zone and thus, enter a desorp 
tion zone, is incorporated into the desorption ef?uent. 

In this example, the entire amount of p-xylene having 
a purity of 98.2 percent was withdrawn from the system 
as a product and another p-xylene having a purity of 
99.3 percent was circulated as a re?ux stream. 

EXAMPLE 5 

Utilizing the same apparatus as that of Example 1, 
the procedures of Example 1 were repeated wherein 
spherically molded sorbent particles having a diameter 
of 1 mm and comprising faujasite-type crystalline zeo 
lite characterized as having a silica/alumina ratio of 4.7 
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and containing Ba, K and Pb in the proportions satisfy 
ing the following atomic ratio; 

K/(K + 28a) = 0.7 

Pb/(K + 2Ba) = 0.05 

were substituted for the potassium zeolite Y particle 
with all other conditions remaining substantially same. 
The concentration of desorbent in raffinate was 38 

percent by weight and the concentration of p-xylene in 
the entire xylene components contained in the raffinate 
ef?uent was 1.8 percent by weight. The purity‘ of p 
xylene in the desorption ef?uent was 99.5 percent. 

Example 6 

The procedures of Example 5 were repeated wherein 
faujasite-typ'e crystalline zeolite characterized as hav 
ing a silica/alumina ratio of 3.0 and containing Ba, K 
and Pb in the proportion satisfying the following atomic 
ratio; > 

K/(K + 28a) = 0.40 

was substituted with all other conditions remaining sub 
stantially same. 
The concentration of desorbent in raffinate ef?uent 

was 38 percent by weight and the concentration of p 
xylene in the entire xylene ‘components contained in 
the raffinate ef?uent was 1.9 percent by weight. The 
purity of p-xylene in the desorption ef?uent was 99.5 
percent. 
What we claim is: 
ll. In a process for continuously separating, in liquid 

phase, the components of a liquid feed mixture, at least 
one of which is selectively sorbed by contact with solid 
sorbent particles, utilizing a simulated countercurrent 
?ow system wherein liquid streams are allowed to flow 
through three serially and circularly interconnected 
zones; a desorption zone, a recti?cation zone and a 
sorption zone, each zone being divided into a plurality 
of serially interconnected sections, each section being 
packed with a mass of said solid sorbent particles, by 
introducing de'sorbent into the ?rst section of said de 
sorption zone, withdrawing a desorption ef?uent com 
prising a selectively sorbed component from the last 
section of said desorption zone, introducing said liquid 
feed mixture into the first section of said sorption zone 
and withdrawing a raffinate ef?uent comprising a less 
sorbed component and said desorbent from said sorp 
tion zone, and all the points of introducing and with 
drawing said liquid streams into and from said sections 
are simultaneously shifted, one section at a time at 
stated intervals of time, in a downstream direction 
while maintaining the same order of continuity and the 
same spatial relationship between said points, an im 
provement characterized by interrupting said liquid 
streams ?owing through said three zones at a point be 
tween said desorption zone and said rectification zone 
while the first portion of said desorption ef?uent ?ow 
ing out from said last section of said desorption zone, 
which portion contains either a little or no desorbent 
but contains said selectively sorbed component, is di 
rectly circulated, and the second portion thereof which 
portion contains said selectively sorbed component of 
high purity, but at a lower concentration in comparison 
with the first portion, is introduced into a distillation 
apparatus from which one portion of the sorbate frac 
tion is circulated, both as re?ux into the first section of 
said rectification zone. 
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2. The process according to claim 1 further charac 
terized in that said liquid streams ?owing through said 
three zones are further interrupted at a point between 
said sorption zone and said desorption zone and said 
raffinate effluent is withdrawn from the bottom of the 
last section of said sorption zone while the ?rst portion 
of said raffinate ef?uent which portion substantially 
consists of said desorbent is directly circulated into the 
firt section of the desorption zone and the second por 
tion thereof which contains both said less sorbed com 
ponent and said desorbent is introduced into a distilla 
tion apparatus from which the desorbent fraction is cir 
culated, into the ?rst section of said desorption zone. 

3. The process according to claim 1 further charac 
terized in that one portion of said raffinate effluent is 
withdrawn from a point such that at least one section 
of said sorption zone remains downstream therefrom. 

4. The process according to claim 1 further charac 
terized in that said solid sorbent is a crystalline metal 
alumino-silicate and said liquid feed mixture is a mix 
ture of xylene isomers. 

5. The process according to claim 4 further charac 
terized in that said crystalline metal alumino-silicate is 
a faujasite-type crystalline metal alumino-silicate hav 
ing a silica/alumina ratio ofless than 4.0 and containing 
(a) barium (b) potassium and (c) at least one metal se 
lected from the group consisting of zirconium, yttrium, 
neodymium, lead, uranium and mercury (herein re 
ferred to as M) in the proportion satisfying the follow 
ing atomic ratios; 

K/(K + 2Ba) = 0.0 ~ 0.5 

M/(K + 2Ba) = 0.0 ~ 0.5 

6. The process according to claim 4 further charac 
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20 
terized in that said crystalline metal alumino-silicate is 
a faujasite-type crystalline metal alumino-silicate hav 
ing a silica/alumina ratio of not less than 4.0 and con 
taining (a) barium, (b) potassium and (c) at least one 
metal M selected from the group consisting of zirco 
nium, yttrium, neodymium, lead, uranium and mercury 
in the proportion satisfying the following atomic ratios; 

K/(K + 2311) = 0.6 ~ 1.0 

M/(K + 23a) = 0.0 ~ 0.5 

7. The process according to claim 4 further charac 
terized in that said crystalline metal alumino-silicate is 
a mixture of both the faujasite-type crystalline metal 
alumino-silicates, one having a silica/alumina ratio of 
less than 4.0 and containing (a) barium, (b) potassium 
and (c) at least one metal selected from the group con 

sisting of zirconium, yttrium, neodymium, lead, ura 
nium and mercury in the proportion satisfying the fol 
lowing ratios; 

K/(K + 28a) = 0.0 ~ 0.5 

M/(K + 2311) = 0.0 ~ 0.5 and the other having a 

silica/alumina ratio of not less than 4.0 and containing 
(a) barium, (b) potassium and (c) at least one metal M 

selected from the group consisting of zirconium, 
yttrium, neodymium, lead, uranium and mercury in the 

proportion satisfying the following atomic ratios; 

K/(K + 2Ba) = 0.6 ~ 1.0 

M/(K + 28a) = 0.0 ~ 0.5 

***** 


