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"USE OF RAFFINATE LINE FLUSE IN A SIMULATED CONTINUOUS
MOVING BED ADSORPTIVE SEPARATION PROCESS®

5 o FIELD
. ~ The invention relatés to =2 process for the

adsorptive separation of hydrocarbens - for example, a
process for the cocntinuous _simulated countercurrent

19 adsorptive separation of 'a_i:omatic hydrocarbons. A
preferred application of such a process is the separation
of aromatic hydrocarbons such as the separation of para-
xylene from a feed mi.xt;ure comprising at least two xylene
isomers, including the para-isomer, wusing a =zeolitic -

1s adsorbent and a particular desorbent.

BACKGROUND

The polyester fabri'cs- and articles which are in
20 wide use today are produced frem a polymer of ethylene
glycol and teraphthalic acid. Teraphthalic acid is
produced by the oxidation of paré.—xylené.- Para-xylene is
typically recovered from a rredeminantly C, aromatic
hydrocarbon fraction derived. from various sources such as
25 catalytic reforming by liqﬁid—liquid extraction and/ox
fractional distillation. The para-xylene is commercially
separated from a para-xylene-containing feed stream,
usually containing all three xylene isomers, by either
crystallization or adsorptive separation or a combination
30 of these two techniques. Adsorptive separation is the
newer technique and has _captured the great majority of the
market share of newly constructed plants for the production

of para-xylene. ' . '
_ Essentially all of these adsorptive separation
35 units wuse a simulated countercurrent movement of the
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adsorbent and the xfléne containing feed stream. This
simulation is performed wusing established commercial
technology wherein the adsorbent is held in place in one or

‘more cylindrical adsorbent chambers and the positions at

which the streams involved in the process enter and leave
the chambers are slowly shifced along the length of the
beds. Normally there are at least four streams (feed,
desorbent, extract and raffinate) employed in this
procedure and the location at which the feed and desorbent
streams enter the chamber and the extract and raffinate
streams leave the chamber are simultaneous shifted in the
same direction at set intervals. Each. shift in location of
these transfer points delivers or removes liquid from a
different bed within the chamber. This shifting could be
performed using a dedicated 1in_é_ for each stream at the
entrance to each bed. However, this will greatly increase
the cost of the process and therefore the lines are reused
and each line carr.i_eé one of the four process streams at
some point in the cﬁ/cle.

US-A-3,686,342 is rebresentative and describes the
separation of para-xylene .'from .mixed xylenes using
simulated countercurrent adsorption employing a =zeolitic
adsorbent and para diethylbenzene as the desorbent.  The
art also includes a recognitibn that the presence of
residual compounds in the transfer lines can have some
detrimental effects on a simulated moving bed process.
US-A-3,201,491 and WO 395/07740 both address the flushing of
the line used to deliver the feed stream to the adsorbent
chamber as a means to increase the purity of the recovered
extract oxr sorbate . component. This step avolids
contamination of the extract stream with raffinate
components of Ehe feed remaining in this line when it is
subsequently used to withdraw the extract stream from the
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chamber. Both references employ a desorbemt rich steam to
flush the contents of this liﬁe back intc the adsorbent
chamber. ' '

SUMMARY

The invention is an improvement tc simulated moving
bed adsorxptive separation processes and includes the step
of flushing the transfer line through which the raffinate
stream was just withdrawn from the adsorbent chamber,
whereby the capacity of the process is increased.

A broad embodiment o¢f the invention is a process
for the continuous smulated moving bed adsoxptive
separation of a des:.red f:.rst -..ompound from a feed mixture
comprising at least the first compound and a second
compound, which process comprises passing a feed stream
comprising said feed mixture thrxough a first conduit into
an adsorbent chamber which contains a number of beds of an
adsorbent which selectively retains said first compound,
with the adsorbent beds being separated by transfer points
for the process streams used in the process; withdrawing a
raffinate stream comprls:.ng the second compound from the
adsorbent at a second po:.nt through a second conduit,
passing a desorbent stream 1nto the - adsorbent chamber at a
third point through a th:er . conduit, and removing an
extract stream comprising the desorbent and the first
compound f£rom the adsorbent chamber at a fourth point
through a fourth condu:.t, per:.od:.cally :.ncrement:.ng the
location of the first, second, thiréd and fourth points
along the 1length of the adsorbent chamber and thereby
changing the conduits used to carry the feed, desorbent,
extract and raffinate streams to simulate countercurrent
movement of the beds of adsorbent and the feed stream:
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furt.her_. characterized by Zlushing at least a portion of the
.residual contents of the conduit used to remove the
raffinate stream f_;-ofn, the. adsorbent chamber Dby causing a
stream of liquid to flow 't_:hfough the second conduit.

- Preferably the contents are returnsd into the bed of

adsorbent at a transfer point immediately upstream of the
new second point at which the raffinate stream is being

withdrawn from the adsorbent chamber.
DETAL D IPTION PREFE _EMBOD. TS

In numerous processes desqribed in the patent
literature zeolitic adsorbents are used to separate various
hydrocarbons and other chemical compounds such as
chlorinated aromat‘i'c_:.'s. The chemical compound separations
which have been ‘the specific focus of these processes
include linear versus nonlinear aliphatic hydrocarbons and
linear versus nonlinear olefinic hy;d:coc_:ar_bons. Another
example of hydrocarxbon separa'tion by ciass is the recovery
of either paraffins or aromatics from a feed mixture
comprising both aromatics and paraffins. The subject
procaess can be émp_ldyed in these separations or in the
separation of other compdurids inclu&ing chiral compounds
for use in pharmaceuticals and fine chemicals, oxygenates
such as alcohols and ethers, carbohydrates such as sugars,
and dimethyl naphthalenes. Efficiency is a more important
factor in the commercial success of small units producing
separated chiral cémpounds and other fine chemicals than
for large scale units such as those producing para-xylene.
The following description of the 'subj'ect invention will
however be presented basically in terms of the separation
of various isomers of dialkyl substituted monocyclic
aromatics €£rom the other  isomers, which 'is normally
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performed in large scale units.

During the adsorption step of the process a feed
mixture containing a mixture of iscmers, such as xylene
isomers, is contacted with the adssrbent at adscrption
conditions and the desired isomer is selectively adsorbed
and retained by the adsorbent while the other components of
the feed mixture are relatively unabsorbed. The feed
mixture may contain cowpéunds ‘other than isomers of the

desired compound. For instance, a mixed Xylene feed stream
. may contain ethylben,_ene a.nd/or C, aromatics. When the

adsorbent contains a near equ:,l:.m::.um loading of the more
selectively adsorbed isomer, it is referred to as a "rich"
adsorbent. The unabsorbed raffinate components of the feed
mixture are then removed from the interstitial void spaces
between the part:.cles of adsorbent a.nd from the surface of
the adsorbent. The adsorbed :.somer 1s then recovered from
the rich adsorbent by contacting the z_'_'ch adsorbent with a
stream comprising .'a desorbé,nt_ ma_t_eriai ~at desorption
conditions. The désorbent displ_ac:es the desired isomer to
form an extract -stream, which is transferred to a
fractionation zone for recovery of tne desired isomer from
the mixture co'ntai_.n_:y.ng the desired isomer and desorbent.
Processeé 'f'b; the 'a'déo.rp_tive' separation of para-

xylene from .ot;he.f xylene  isomers = by sinmla.ted
countercurrent adsorption are both widely described and
widely practiced. These . processes ypn. cally include at

least three or four separate steps wh:.ch are performed
sequentially in separate zones within a mass of adsorbent
retained in one or more vert..c:al cyliner.cal adsorpt:.on
chambers. Each of these zones normally is formed from a
plurality of beds of adsorbent, sometimes referred to as
subbeds, with the number of beds per zone ranging from 2 oxr
3 up to 8-10. The most widely practiced commercial process
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units typically centai;:'about ::2_4 beds. All of the beds are
contained in .one or .more"_ve:tical' vessels referred to
herein collectively as the adsorbent chambexr. The beds are
stxructurally separated £from c_;n‘.e. another by a horizontal
liquid collection/distribution grid.  Each grid is
connectad to a transfer line defining 2 transfer point at
which ©process streams enter and leave the vertical
adsorption chambers. ' -

In the first step, normally- being labeled as
occurring in the adsorption zone or Zone I of the chamber,
the feed stream is contacted with a selective adsorbent
which adsorbs the desired isomer. This removes the desired
isomer £rom the flowing liquid This depleted liquid and
any desorbent which becomes a;dm:.xed w:.th it during passage
through the adsorpt1 on zone is removed from the process as
a process stream referred to as the raff:.nate stream.

The adsorbent in zZone I is surrounded by liguid
which contains the undes:.red 1somer(s}, ‘that is with
raffinate. This liqu:.d is removed f;:p;u the adsorbent in
zone II, referred to as a purification zone. In the .
purification zone the undesired raffinate components are
flushed from the wvoid volume of the adsorbent bed by a
material which is easily _eeparated from the desired
component by fracﬁionel dis'tiilation.'

In Zone IIT of the adsorbent chamber(s) the desired
isomer is released from tne adsorbent by exposing and
flushing the adsprb_ent with a liquid called desorbent. The
released desired isomer and accompanying desorbent are
removed from the adsorbent in the form of a stream referred
to herein as the extract stream. Zone IV is a portion of
the adsorbent located between Zones I and III which ie used
to segregate Zomes I and III. In Zone IV desorbent is
partially removed Ifrom the ‘adsorbent by a flowing mixture
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of desorbent and undesired comp.o'lients'cf' the feed stream.
The liquid £low through Zone IV prevents contamination of
Zone III by Zone I liquid by flow cocurrent to the
simulated motion of the adsorbenlt from Zone III toward Zone

I. A more thorcugh expianation of simulated moving bed

Pprocesses is given ia the Adsorptive Separation section of

the m—_qm_ner_._ne\'u@_ei__sa_ ;L_;eer.le;h;u._egz at page
563. .

This simulaticn is performed_ using established
commercial technology wherei_n,. the adsorbent is held in
place in one or more cylindricel_ adsorbent chambers and the
positions at which the streams invoived in the process
enter and leave the chambers are slowly shifted along the
length of the beds. B The s:.ngular noun chamber is used
herein to refer to one or more chambers. Normally there
are at Jleast four streams (feed desorbent, extract and
raffinate) employed 1n th..s procedure and the location at
which the feed and desorbent streams enter the chamber and

_the extract and raffinate e\.reams l=ave t"xe_ chamber are

simultaneous shifted in th_- same direction at set
intervals. Each shift in location of these transfer points
delivers or remoires 1iquid from a d:.fferent bed within the
chamber. This shlfting could be performed using a
dedicated line for each stream for each bed in the

chamber(s). However, &this w.r.ll grna*ly increase the cost
of the process and ;herefore the lines are wused for
different streams at different times. Each line carries

each of the four process streams at some point in the
cycle.

It is readily apparent that when a transfer line
which is being used to trerisport a. particular stream is
left idle at the end of a step it will remain full of the
compounds forming that streem until  these compounds are
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removed from the 1i_ne' -by a second '_fl_owing stream. The
residual compounds left in the'now onused transfer line
will therefore be e:.ther withdrawn from \:ne process as the
initial part of a process stream removed from the process
or forced into the adsorbent chamber when the transfer line
carries a stream removed from or passed lnLO rhe adsorbent
chamber.

Tt is an objective of the subject invention to
provide an improved process for the simulated moving bed
adsorptive separatiqn of chemical compounds, for example,
aromatic hydrocarbons. It is another objective of the
subject 1nventlon to- prov1de a process which increases the
capacity of a s:.mulated movn.ng bed adsorptlve separation
process to recover a selectlvely adsorbed combound It is
a specific objectn.ve to increase the capacity of a
simulated nmvzng bed ‘unit to recover para-xylene from a

-feed stream compr:.s:.ng a mixture of xylene isomers.

It has been found that these objectives can be
achieved by £flushing the contants of the transfer line
which has just been used to remove the raffinate stream
from the adsorbent chamber quing a stream of the feed
material. The use of the subject invention can provide a 3
to 6 volume percen't"increase.in the capacity of an existing
unit to produce a desired adsorbed isomer. The amount of
increase will depend on such factors as the amount of
capacity which is lost when the raffinate components of the
process are preferably forced back  into the adsorbent
chamber, which will vary depending en the conpounds which
are being separated using this process.

It must be recognized that the subject invention is
directed to flush:.ng a transfer line which carries liquid
to and from the adsorbent chamber. It is therefore not
related to technology which involves flushing the beds of
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adsorbent material. o

At least tv}o peints disting'uish the subject process
from the prior a:;t which teach flushing of the line which
has just caﬁ:ried the feed stxeam into the process. First,
the subject process is concerued w:':h the flushing of a
different line in the process. Ir:st-:—:a-:i_of flushing the
line which has just been used o add the feed stream to the
adsorbent chamber, the subject process flushes a different
line, the one just used to remove t’:.\_e raffinate stream.
Second, the invention flushes this line using a different
media. Furthermore both the purpose and effect of the

flushing steps are different. It is known that it is

undesirable to leave the residue of the feed stream in the
line which is sﬁbsequently used to withdraw the product
stream as the raff:mate components of the feed stream will
contaminate the produ..t In contrast the subject process
removes raff:.nate from the process . la.ne prior to the
transfer line be:.ng used to pass the feed stream into the
process to a.vo;Ld pass:.ng th.e desorr-ent present in the
raffinate stream back into the— a:xgorbe“t chamoer.

The passage of desorben* inte _LhP adsozbent chambex
through the feed line is undes:.rable as the desorbent
competes with the des:.red lsomer for adsorptive sites on
the adsorbent. The two compounds compete for the
adsorptive capacity. A s1mpl...f1ed summary of this is that
the adsorption capacity of the adsorbent in adsorption zone
(Zone I) is the sum of the desired isomer and the desorbent
compound which is' adsorbed on the ‘adsorbent. Decreasing
the amount of desorbent cba:.ged to the adsorption =zone
therefore increases the ax_'nount of ‘adsorbent capacity
available for para-xylene or lany other desired compound.

The terms ‘upstream" and ‘“downstream’ are used
herein in their normal sense and are interpreted based upon
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the overall dlrectlon in which iiq\..'id "é'flow*ng in the
adsorbent chamber. Tha.t is, 1;. l,.qu*d is generally flowing-:
downward through a .. vert:.ca.,. adsorbent chamber, then
upstream is equivalent to an upward ox '._,.gher location in
the chamber. This is primarily important in describing the
transfer line which ' is flushed in the subject invention.
It is the. line w‘xich- was used to remove the raffinate
stream before the iast z.ncrementlng of the transfer points
during the s:.mulat_on of _ countercurrent mov1ng bed
operation. Therefore it is thé transfer line just upstream
of the line presently used as the raffinate line.

The precise amount of materia'i which is used to
flush the raff:.nate line is not :.mportant but measurement
of this quantity is requlred S I: is nel:.eved there is only
minimal back-mixing . of ‘liquids in the trapsfer lines and
that therefore the amount of flush l:l.qu:.d need not greatly
exceed the total volume of the transfer llne(s) which is to
be flushed. The transfer * line” may be in several parts
linked together by valves or eome other connecting device.
A broad range of _i.e requ ired quantity of the flush liquid
is from 0.4 to 2.5 times thes ‘total. volume. A preferred
quantity of the feed stream used to flush the raffinate
line and any assoc:.ated valv:.ng is fro-n 0.5 to 1.5 times
this total wvolume. While larger amounts of flush may at
first appearance seem beneficial as they would increase the
degree of raffinate removal, it .mu.st be recognized that
this flush material is preferably passed into the adsorbent
chamber. Passing sigm".fic'ant'quantities of the feed stream
into the chamber near the raffinate withdrawal point will
change the concentration profiles in the adsorbent chamber.
This may increase the quantit;_y of the desired product that
is contained in the raffinate stream.

The invention will normally be employed in an-

10
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adsorptive separation process ~ which - simulates
ccuntercurrent movement oI the adsorbent and surrounding
liquid but it may also be practiced in a cocurrent
continuous process, like that disclosed in US-A-4,402,832
and US-A-4,478,721. The tunctions_'ané properties of
adsorbents and desorbeants in the chromai2 qraphlc separation
of liquid components are wel -xnown, and reference may be
made to US-A-4,642,337 for addltzonar descrlptlon of these
adsorption fundamentals. _

The practice of the subject invention requires no
significant changes in operating conditions, adsorbent or
desorbent composition or mechanical changes in the
adsorbent chambers. No new input streams are needed and
the output streams axre also essentlalry unchanged except
for the resultlng merovemen and some minor change in
composition. The only s1gn1f1cant requlred change to the
process equlpment is that needed to del:.ver a controlled
quantity of the feed stream to the l.u.ne to be flushed.
These changes are preferably nade in enc near the equipment
used to control the flow of the process streams to and from
the adsorbent chamber essentially in the same manner as in
the previously referred to Stine et ai reference. That
is, the subject process may be zmplemented on an existing
unit by a modlflcatlon rn the equlpment which directs fluid
flow. The amount of the flush material is preferably
controlled by a sihgle_valve on a single line through which

‘the flush material flows before enterxing the line and valve

system to be flushed. . _ -

The practice of the subject invention is not
believed related to or limited tc the use of any particular
adsorbent or adscrbent/descrbent comhinaticn. The only
limitation is the effectiveness of_tﬁe'adsorbent/desorbent
combination in the desired seperatian. Examples of
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adsorbents which may be used in the process of this
invention include nonzeclitic meclecular sieves including_

carbcn-based molecular sieves, silicalite and  the

crystalline aluminosilicates molecular sieves classified as
X and Y zeolites. ‘The adsorbent may or may not be a
zeolite. The scrps.J.ve 'oropertles ‘of one nonzeolitic
molecular sieve, A_PO .5, are descr*ned in a paper pr:.nted .
in the Lg;L__ﬁ_f_CQI_a].J_Sjé 11 23=-40 (1988). Details on
the composition and synthesis of many of these microporous
molecular sieves are provided in US-A-4,793,584;
Information on adsorbents may also be’ obtained from US-A-
4,385,994; US-A-4,605,492; . US-A~4,310,440; and, US-A-
4,440,871. leferz.ng sieve/desorbent . comb:.nat:.ons are used
for different separations. _' For instance, X zeolites,
specifically X zeol:.tes exchanged with barium or barium and
potassium ions at the:.r exchangeable gsites,  are the
preferred adsorbents for p—xylene recovery from xylene
mixtures. L _ _'

Zeol:.tes have knowr cage struc tures :.n which the
alumina and silica tetrahedra are ...nt...mately commected in
an open three-dlmens:.onal netwo'fk .._o form cage-like
structures w:.th w:.ndow-l:.ke pores. The tetrahedra are
cross-linked by the shar:.ng of oxygen atoms with spaces
between the tetrahedra occupied by water molecules prior to
partial or total dehydration of this =zeolite. The
dehydration of the zeolite results in crystals interlaced
with cells having molecular dimensions. Thus, the
crystalline aluminosilicates are often referred to as
molecular sieves when the separat:ion which they effect is
dependent essentiaily upon differences between the sizes of
the feed molecules. as, for instance, when smaller normal
paraffin molecules are separated from larger isoparaffin
molecules. In the preferred embodiments of this invention,

12
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however, this basis for. the te=rm molecular sieves is not
strictly accurate'sinc._e the éepa:aticn of specific arcmatic
isomers is apparently also highly dependent on differences
in electrochemical attraction between the different isomers
and the adsorbent rather than purely on physical size
differences in the iso_mé:: molecules.

In a hydratad form, the type X aluminosilicate
zeolites are represented by the formula below in terms of
moles of oxides:

(G . 920.2)My, O:AKO(2.520.5)SI0:yH,0

where "M" is a catioz; having & wvalence of not more than 3
which balances the_é.lectrovalence of the tetrahedra and is
generally referred tO'és_ an exchangeable cationic site, "n"
represents the valénce of. the cation, :and "y", which

_represents the moles of w_ater,,,'-is a value up to.9% depending

ypon the identity of "M" and the degree. of hydration of the
crystal. The cation "™" may be mcnocvalent, divalent ox
trivalent cations cxr mixtures thereof. Foxr instance, for
the separation of xylenes "M~ may' be barium or a mixture of
barium and potassium.

Zeolites :are used in-adsorption separations in the
form of particle agglomerates having aigh physical strength
and attrition xesistance. The agglomerates used in
separative proceéées contain the crystalline material
dispersed in an amorphous, inporganic matrix or binder,
having channels and cavities therein __whﬁ.ch enable liquid

access to the crystalline material. Methods for forming
the crystalline powders into  such agglomerates include the
addition of an inorganic binder, generally a clay

comprising a silicon dioxide and aluminum oxide, to the
high purity zeolite powder in wet mixture. The binder aids

13
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in forming or agg.‘.omerat:.ng the cwstall ne particles which
othexwise would comprise a fine powdev- ‘The blended clay-
zeolite mixture. is e_x_truded,_lnt_:o cylindrical pellets or
formed into beads which are enbsequently calcined in order
to convert the clay Lo an amorpbous binder of considerable
mechanical strength. The adsorbent particles may thus be
in the forﬁ of extrudates,.' tab ete,' rﬁac*ospheres or
granules hav:.ng a desu’ed part:.cle range, preferably from
1.9 mm to 250 microns (16 to 60 ctandard U.s. Mesh) . Clays
of the kaolin type, wadter pemeable organic polymers or
silica are generally nsed as blnders._

The perfomance of an adsorbent is greatly
influenced by a number of fac:tors not related to its
composition such as operat...ng cond:.t:.ons, feed stream
composition, wat-e*- a content .of the adsorbent and the
desorbent compos:.tlon The opt:.mum adsorbent composition
is therefore dependent upon a number of interrelated
variables. One such variable. .is the water content of the
adsorbent which is expressed here:.:x in .terms of the
recognized Loss on _"gnltion (LO.L) test. In the LOI test
the wvolatile matt'ef content (24 the "eoa.:r.tic adsorbent is
determined by the we:.ght: dlfference obtained before and
after drying a sample of the adsorbent at 500¢C under an
inert gas purge ._such as nitrogen for. a period of time
sufficient to achieve a constant weight. For p-xylene
recovexry it is preferred that the water content of the
adsorbent results.in an LOI at 500¢C of less than 7.0% and
preferably within the range of from 0 to 6.5 wtsk.

The zeolite will ordinarily be in the form of small
cxrystals present in the 'parti_cles in amounts ranging from
about 75 to about 98 wt. % of the particle based on
volatile-free composition. Volatile-free compositions are
generally determined after the adsorbent has been calcined

14
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at 900° C in order to drive, off_ all _vcir;:.t le matter The
remainder of the adsorbent will g‘enera.lly be the inorganic
matrix present in 14.-~mate mixture with the small particles
of the zeolite material. This matrix material may be an
adjunct of the manu.facturing“;n:écess for the zeolite [(for
example, from the intentionally inccmplete purification of
the zeolite during -:: ..ar!ufau.thre) or it may be added to
relatively pure zeo...:.te, bu.r. 1n either case its usual
purpose is as a b:.nuar to aid J.ﬂ fom:ng or agglomerat:.ng
the zeclite into the hard particles. - _

In the pr_actlce of -ne pres.ent' invention, a feed
mixture comprising two ox rnoré isomer's'. is passed through
one or more beds of an adsorbem. which sel ectz.vely ‘adsorbs
the desired xylene wb:.le perm:.tt.gng other :.somers and other
components of the'_ feed stream £o pass through the
adsorption zone in an unchanged cond:u::Lon. The flow of the
feed is stopped and the adsorpt:.on zone is then flushed to
remove nonadsorbed mater:.als surround:.ng the adsorbent.
Thereafter the desz.rsd 1som€* is desorbed from the
adsorbent by pn ing a. d*sorbent . stream through the
adsorbent bed. The. des_orhent materl.él is commonly also
used to flush nonaé'sorbe'd._ ma*;_._eri_als' from .'the void spaces
around and within. the ad-so;rbenf. .

Benzene, toluen'e,l and é;diethylbenzene are
noxrmally described as suitable desorbents for para-xylene
recovery in the references, with p-di'ethi(lbenzene (p-DEB)

having become a commercial standard for the separation. P-
DEB is a "heavy” desorbent (rugher bo:.l:.ng than p-xylene)
which allows for easier recovery of the  desorbent from the
extract and raffinate streams by fractional distillation.
Various terms usad herein are defined as follows.
A "feed mixture" is a mixture containing one or more
extract comporents and one or more raffinate components to

;

13
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be separated by tne prccess 'The term "feed stream"
indicates a stream of a feed . -nrxture whrch is passed into
contact with the adsorbent ts_ed in ene_ process. An
"extract component® is a compound or .class of compounds
that is more selectively adsorbed by the adsorbent while a
"raffinate component" is a compound ox. type of compound

that is 1less selecuvely adsorked. 'The't_erm "desoxbent
material" shall mean generally a material capable of
desorbing an extract component from the adsorbent. The

term "raffinate stream' or "raffinate output stresam" means
a stream in which a raffinate_con\ponent is removed from the
adsorbent bed after'the_'adsorption of extract compounds.
The composition "of 'the raffinate stream can vary Irom
essentially 100% desorbert materz.al to essentially 100%
raffinate components. - The ':_ texrm "extract stream" or
"extract output stream" means a stream :|.n wh:.ch an extract
material, wh:.ch has been desorbed by a desorbent material,
is removed from the adsorbent bed 'I‘he compos:.t:l.on of the
extract stream can’ vary from essentr .a.l_{ 100% desorbent
material to essentla;.ly 'LOO% e:v.t‘.ract. components

At least portlons of *'.he extra...t stream and the
raffinate stream are passed to separat:.on means, typically
fractional distillation columns, where at least a portion
of desorbent material is recovered to produce an extract
product and a 'raffinate _product. The texrms "extract
product" and "raf f:.nate product" mean products produced by
the process contaln:.ng, respect*vely, an extract component
and a raffinate component in higher concentratlons than
those found in the extract stream and the raffinate stream.
The term "rich" is intended -to'indica_'lte a concentration of
the indicated compound oxr class of co'mp'ounds greater than
50 mole percent.

The selectivity, (R), as used throughout this

158
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specification is defined es ‘the ratic of the two components
in the adsorbed phase divided by the ratio of the same two
components in . the unabsorped phase at equilibrium
conditions. Relative selectivity‘ is given by the equationm:

Selectivity = . wt, pergent C/wt.  percent D,
' wt. pexcent C/wt. percent D ,

where C and D are two components of the feed represented in
weight percent and tihe subscr- ts A and U represent the
adsorbed and unabsorbed phases, 're_'spectively. : The
equilibrium condi‘cicns are determined when the feed passing
over a bed of a.dsorbent doe.;' not change composition, in
other words, when there is no net transfer of material
occurring between tne' unabsorbed and " adsorbed phases.
Relative select::.v:.ty can be expressed not only for one feed
compound as compared to - another but can also be expressed
between any feed mixture component and the desorbent
material. S S P _
Where selectivity ¢f twc’ "'com'pcnents approaches
1.0, there is no preferential adsorption of one component.
by the adsorbent with respect Nto' the o'th'er, they are both
adsorbed to about the same degree w:n.th ‘respect to each
other. As R becomes less than or greater than 1. 0 there
is a preferent:.al adsorpt:x.cn by the adsorbent for one
component with respect to the other.  When comparing the
selectivity of the adsorbent for component C over component
D, a f larger than 1.0 indicates preferential adsorption of
component C wit;hin the adsorbent. A R less than 1.0 would
indicate that component D is preferentially adsorbed
leaving an unabscrbed phase Irif‘her in component C and an
adsorbed phase richer in component D.
An 1mportant cnaracter..s*:.c of an adsorbent is the
rate of exchange of ..he deso oent for the extract component
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of the feed mixture materlala .or; .in; other words,'lthe
relative rate of desorp ion of che ext*act component This
characteristic relates dlrectry;to the_amognt of desorbent
material that must be employediin thae proceSS Lo recover
the extract component from the_adsorbent. Faster rates of
exchange reduce the amount of desorbent.material needed to
remove the extract 'component; and therefore, permit a
reduction in the operating cost of the process. with
faster rates of exchange, iess desorbent material has to be
pumped through the;process and separated from the extract
stream for reuse ir ‘the procsss. Exchange rates are often
temperature dependent. Idealiﬁ, descrbent materials should
have a select1v1ty equal to about 1l or slrghtly less than 1
with respect to all extract components so that all of the
extract components . can be desorbed as_ a class with
reasonable flow rates of desoz bent naterlal and so that
extract components can latexr dlsplace desorbent material in
a subsequent adsorptlon step.-. _ .

In adsorptive- separatlon processes, which are
generally operated continuously at substantially constant
pressures and temperatures to insure 1liquid phase, the
desorbent mater;al must be judiciously selected to satisfy
many criteria. .. Flrst, the desoxbent. materlal should
displace an ex*ract component from the adsorbent with
reasonable mass flow ‘rates w1thout 1tself being so strongly
adsorbed as to .unduly preve_nt an extract component £from.
displacing the desorbent material in a following adsorption
cycle. Expressed in terms of *He selectivity, it is
preferred thdt the adsorbent be more select;ve for all of
the extract components with' respect to a raffinate
component than it is for the desorbent material with
respect to a raffinate component. JSecondly, desorbent
materials must be compatible with the particular adsorbent
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and the particular feed mixture. More specifically, they
must not reduce of destroy the capacity of the adsorbent, or
selectivity of ..he aascrbent for an =xtract component with
respect to a raffl ate '..ompone.-m Aad_J.- onal_ly, desorbent
materials should not chem.ca...,l.y react with or cause a
chemical reaction of either an extract component or a
raffinate compenernt. Both the extract stream and the
raffinate stream are typically. removed £rxom the adsorbent
void volume in admixture with desorbent ‘material and any
chemical reaction inveolving a desorbent material and an

extract component or a raffinate component or both would

complicate or prevent product recovery. The desorbent
should also be easily separated from the extract and
raffinate compor;enté .o a's. . by - fractionation. Finally,

desorbent materiaiéu s'hould. be réadily available and
reasonable in cost. . o .

Feed m:\.xturea wh:.ch can be util .,.z'ed in the process of
this invention are typ:.cal ly preparad by fractional
distillation. They fna._{ conpt. ise para-xya.ene ‘and at least
one other C, aromat:. 1somer, and Inay al 50 conta:.n other
hydrocarbons. Thus. the feed m,.xtﬂres -..o the process of
this invention can conta:m sizable quant:..ties of C,, C,, and
C, aromatics and may also contain quantvtzes of straight orx
branched chain pa...affins, cyc.a.opara“:.ns. ‘or olefinic
material having b01ling points relatively close to the
desired xylene J.somer. The desired xylene may be the parsa,
meta or ortho isomexr. The feed can alternat:wely contain a
mixture of iscmers: - of other aromatic or . paraffinic
hydrocarbons. Sqine.; specific examples are cresol isomers,
cymene isomers and d_imethyl naphtﬁalene isomers. The
subject process ma;} also be employed ro s-eparate classes of
compounds such as olefins from paraffins or straight chain
paraffins from nenstraight chain; e.g., iso and
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cyclopafaffins; ' Do . 'f}f: . . _
Mixtures c,:sntaining' eubstantial " quantities of
para-xylane, other C, ; aromatic :\.somers, and other
hydrocarbons and C, __a_i'omatics generally are produced by
catalytic naphtha refcrming | “and/ aromatic  hydrocarbon

isomerization processes. These precesses are well known in

‘the refining and petrochemical ar:ts. In a catalytic

naphtha reforming process a naphtha bo:.l:.ng range feed is
contacted with a platinum and hal ogen—contalnlng catalyst
at severities selef-ted to produce an. effluent containing C,

_aromatic isomers. . Generally, the reformate is then

fractionated to cencentrate the C, aroéa;i,q isomers into a

C, fraction which will alsoc contain. coboil'ing nonaromatics
and some C, and C, aromat:.cs.. Feed mixtures for the process
of this :anent:.on may also be obtalr\ed from isomerization

and transalkylat;on processes _ 'E_pr, ‘instance, the
transalkylation of m:.xtures " of c and/oxr C, -aromatics
produces xylene Lsomers.- _ XYlene m:.xtures recovered from

the adsorption zcne wh:.ch are defd.c:.ent in one or more
isomers can be :.:oﬁerlzed ac J.somer:.zatz.on conditions, to
produce an effluen*' contalm.ng C, aromat:.c isomers, which
can then be recycled to the adsorbt:.on zone for separation.
Adsorpt:.on ' cond:.t:.ons Cin 7 general include a
temperature range of from 20 to 250 C, w:.th from 60 to 200°C
being more preferred for para—tylene' separation.
Adsorption cond;t:.ons also include a. pressx.re sufficient to
maintain liquid phaee, which may be _from 101.3 kPa to 4.24

mPa (atmospheric to 600 psig). Desorption conditions
generally include the same range of temperatures and
pressure as used for adsorption conditions. Different

conditions may be preferred for other extract compounds.
One preferred embodiment of the subject process may
be characterized as a process for the continuocus simulated
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moving bed adsoi:p;;'i*'fé sepaiation of a desired (first
compcund from a feg.a'd'mixture comprising at least the first
compound and a second compound which process comprises
vassing a feed stream comprising said feed_ mixture through
a first transfer Llins into an édsorban_t chamber (s) which
contains at least ten separatzed beds of a particulate
zeolitic adsorbent which selectively retains said first
compound, Withdrawing a  raffinate stre2am comprising the
second compound f£rom the ads‘o:.:bent ‘chamber at a second
point through a second transfer line, passing a desorbent
stream into the adsorbent chamber -at a third point through
a third transfer Line, and removing an extract stream
comprising the deSﬁrbent and the flrst compound from the
adsorbent chambef at a fourth point through a fourth
transfer line: perlodlcally 1ncrement1ng the location of
the first, secon_d, -third and .fourth points and thereby
changing the ident:.t_j of the’ 't::ansi'er lines used to carry
the feed, desorbert, extract and '—aff:mate streams and
maintaining a £luid flow thrcugh the chamber to simulate
countercurrent movement of the bads of adsorbent and the
feed stream through the use .of a rotary valve; and,
flushing at 1east a port:.on of the residual contents of the
transfer 1line wh:.ch. has just been used to remove the
raffinate stream ff'oz*.t' the adsorbent chamber. These
contents are prererably pu.-,hed back into the adsorbent
chamber by passing a stream of llquzd through this transfer
line and into the acsorbent cha.mber.

In order to verify the improvement expected Irom
the invention, a comparison was pétfohned using a
computerized modei which has been _'Showﬁ to accurately
predict and correlate with the :'-éct'ual operation of
commercial scale simlated moving bed adsorptlve separation
units used to recov-er para—xylene from: a mixture of xylene
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isomers. The simﬁlgted unit’ had _tﬁ;nty¥four beds of
adsorbent divided between. tw§ 'coluﬁns' and a twenty-fpur
port rotary valvé_ to 'direct'_the floew of the process
streams. The feed to the_?oluﬁn was set toc contain the
compounds set oub ip. Table 1. The model produced the
different require&ja@sérbent to feed_ratios needed for the
unit to produce an extract haﬁiﬁg the required para-xylene
purity. These ratios wé?eluqﬁbé without the line flush
and 0.674 with the line fi@ﬁh. These ratios translate
into an approximately 4 volume percent increase in
capacity of a unit of fixed size. a

Table 1 .

—Eeéa.goggggitign in ﬂﬁfzil '
Nonarom;tics :', . ~ 0.68
- Benzene .. 0.00
[ Tolueme T 0.39
Ethy;bénzene .Hf ' - _ 8.10
1=—xy1ene = -
' M-xylene .. " 50.49
_O-xylene . - 16.67
g, . . 0.00
| qg;plus . ' . f:.:d.OO
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CLATMS:

1. In a process for the separation of a desired
compound from a feed mixture comprising two or more
chemical compounds by simulated countercurrent adsorptive

. separation wherein a. feed stream and a desorbent stream are
passed into at least one muiti-bed adsorbent chamber at two

different points wia dJifferent transfer lines and a

-raffinate stream and an extract stream are individually

removed from the adscrbent chamber at two different points
by two additional transfer line s, further characterized in
that a quantity of the feed stream is used to flush the
contents of the transfer line which has j'ust been used to
remove the raffinate 'strea.m'

2. The process of Claim 1 where:.n the volume of

the feed stream used to flush the raff:mate transfer line

is equal to 0.5 to 2.._5 times the total volume of the
raffinate transfer line and associated valving.

3. A process for tha .cont:'._r;uous simulated moving
bed adsorptive separaf:ion of a desired first compound' from
a feed mixture compr:.s:.ng at least the first compound and a
second compound, Wthh process compr4 ses:

a.) pase::.pg a feed stream_ compr:l.s:mg said feed
mixture through a first transfer lrne into an adsorbent
chamber which contains a umber of Deds of an adsorbent
which selectively retains said first compound, with the
beds being separated by tr.ansfer points for streams used in
the process;

b.) withdrawing a raffinate strxeam comprising the
second compound from the adslerbent chamber at a. second
point through a second transier line, passing a desorbent
stream into the adsorbent chémber at a third point through
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a third transfer line, and ::emoving_' an extract stream
comprising the desc*'bent'_ 'and tl‘;.é first compound from the
adsorbent chamber. at. a fourth po int through a - fourth
transfer line; ' Tl | '

c.) pericdically incremﬂqting tne location of the

first, second, third and fouvth points a..;d tuereby changing
the transfer lines used to . carry _*he feed, desorbent,

extract and raffinate streams  to simulate countercurrent
movement of the beds of adsorkent and _tile feed stream; the
process being furthef, characterized by: flushing at least a
portion of the residual contents of thé;. transfer line just
used to remove the. raffinaté stream from the adsorbent
chamber by causing a stream of liquid to flow through the
said transfer 11ne o - -

4. 'I‘he pfocess .of_' Claims .'1.2 or 3 further .
characterized J.n that the mater:.al flushed from the
transfer 1line wh:.ch had just p*evmusly carried the
raffinate stream :.s passed into a bed of adsorbent at a
transfer point J.mmed:.ately up tream oa.' the point at which

the raffinate stream is be:.ng wi thdrq'm from .the adsorbent
chanber .
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