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15 more compounds of different skeletal structure is passed through one or more

beds of an adsorbent which selectively adsorbs a compound of one skeletal

structure while permitting other components of the feed stream to pass through the

adsorption zone in an unchanged condition. The flow of the feed through the

adsorbent bed is stopped and the adsorption zone is then flushed to remove

20 nonadsorbed materials surrounding the adsorbent. Thereafter the desired

compound is desorbed from the adsorbent by passing a desorbent stream through

the adsorbent bed. The desorbent material is commonly also used to flush

nonadsorbed materials from the void spaces around and within the adsorbent.

This could be performed in a single large bed of adsorbent or in several parallel

25  beds on a swing bed basis. However, it has been found that simulated moving bed

(SMB) adsorptive separation provides several advantages such as high purity and
recovery.

The passage of the desorbent through the adsorbent dislodges the

selectively retained compounds to produce an exiract stream. The exiract stream

30 contains a mixture of desorbent and the desired compounds, with these materials

being then separated by distillation in a column referred to as the extract column.
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zone to provide a higher purity paraffin extract. US-A-4,006,197 extends this

teaching on desorbent recycling to three component desorbent mixtures. US-A-
5,177,295 describes the fractionation of a "heavy" desorbent used in the
recovery of paraxylene from a mixture of aromatic hydrocarbons.

20 The dividing wall or Petyluk configuration for fractionation columns was
initially introduced some 50 years ago by Petyluk et al. A recent commercialization
of a fractionation column employing this technique prompted more recent
investigations as described in the article appearing at page s14 of a Supplement to
The Chemical Engineer, 27 August 1992.

25 US-A-2,471,134 describes the use of a dividing wall column in the

separation of light hydrocarbons ranging from methane to butane. US-A-4,230,533
describes a control system for a dividing wall column and illustrates the use of the
claimed invention in the separation of aromatics comprising benzene, toluene and
orthoxylene.

30 BRIEF SUMMARY OF THE INVENTION

The invention is an improved simulated moving bed adsorptive separation
process characterized by the use of an integrated fractional distillation column to

separate a stream comprising two extract components plus the desorbent into



The invention is an inproved sinulated novi ng bed adsorptive separation
process characterized by the use of an integrated fractional distillation
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different from the tfirst and second conpounds to allow its faci

separ at i on sbyulatext mayiteg bediasisorptinei sapagatidnproseshavhich campdses paasibgiang
adsorbed onto,the adsorbent to | esser ex(%eiﬁ.t t han .se}i d first,chem cal
r
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adsor bent; passing a desorbent Stream conprising a desorbent conpound into

cont act wi tAdseitiongprmoeting epnditiens aindet iwhichadberfirahcompainghishagleetdeli ned

the first chem cal d pti | b
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lesser extent than said first chemical compound, and thus forming a raffinate
20 stream comprising the second compound and a desorbent formerly present in the
quantity of the selective adsorbent; passing a desorbent stream comprising a
desorbent compound into contact with said quantity of the selective adsorbent,
which has retained the first chemical compound, under desorption promoting
conditions to yield an extract stream comprising the desorbent compound, the first
25 compound and the third compound; passing the extract stream into a dividing wall
fractionation column operated at fractionation conditions and divided into at least a
first and a second parallel fractionation zones by a dividing wall, with the first and
the second fractionation zones each having an upper and a lower end located
within the fractionation column, with the first and second fractionation zones being
30 in open communication at their upper ends with an undivided upper section of the
fractionation column and in open communication at their lower ends with an
undivided lower section of the fractionation column, and with the extract stream

entering the column at an intermediate point of the first fractionation zone;
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the second fractionation zones each having an upper and a | ower end | ocated
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The Drawing is a highly sinplified process flow di agram show ng the

extract streamrecovered fromthe adsorbent chanber 14 being passed into
the 10 left hand fractigpptf orgoapRbONOE TWEDHAWIN@Y wal | product
recovery colum 6. PREFERRED EMBODI MENTS AND DETAI LED DESCRI PTI ON Many
commercially i rrportant pet rochem cal and pet rol eumindustry processes seek

to separate cI
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pl astics. The separation of high octane hydrocarbons from a napht ha
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the close volatility of the conpounds or the overlap in b0|I|ng points
across a broad boiling range of coqpounds makes  t he ug fractional

distillation i gABKt PERIMETERIY| HEPARRY iRIOR e@ép@é en © Relrpleigy dnggy
I ff
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havi ng a range of carbon nu ext endi n Adsorptive
separ atsi orsépzaraifiate bl clemita oopmohndmhyf&tnmﬁpat alaisenExamples of this are the

recovery of normal paraffins from petroleum kerosene fractions for use in the

production of detergents and the recovery of paraxylene from a mixture of Cg
aromatics in the production of polyesters and other plastics. The separation of
high octane hydrocarbons from a naphtha boiling range petroleum fraction and
20 the recovery of olefins from a mixture of paraffins and olefins are other examples
of situations in which the close volatility of the compounds or the overlap in
boiling points across a broad boiling range of compounds makes the use of
fractional distillation impractical. For instance in the case of the recovery of
normal paraffins referred to above it is often desired to recover paraffins having a
25  range of carbon numbers extending from Cg to Cy2.

Adsorptive separation is widely used to perform the separations
mentioned above. In adsorptive separation a desorbent provides the driving
force to release the compounds selectively retained upon an adsorbent.
Therefore the adsorbent must be continuously cycled between exposure to the

30 feed stream and to a desorbent stream. As described below, this forms at least
two effluent streams, the raffinate stream containing unadsorbed compounds
and the extract stream containing the desired desorbent compound, which may
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menti oned above. In adsorptive separation a desorbent provides the driving
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conventlo Ign simlar to depi ct ed umm. For purposes of

descri pti dowe® arta highas boiting pdiat thamether dfinate iandoextractecgrhporents of shpar at e
a feed strfea of line 1 conprising a mnor amount of toluene and a m xture
of sevkral'® aromati ¢ hydrocarbons includi ng paraxylene. The feed w ||

Lofbene 1 3 PR STANARIE ORI SRR SV RRORy
vol ati | it isgpasatiompsecass having a single adsorbent chamber 14. Only one of the two
columns employed in the process is shown. The other column may be of
conventional design similar to the depicted column. For purposes of description
20 it is assumed that the process is being employed to separate a feed stream of
line 1 comprising a minor amount of toluene and a mixture of several Cg
aromatic hydrocarbons including paraxylene. The feed will normally also
comprise metaxylene, orthoxylene and ethylbenzene. The toluene is a remnant
of imprecise upstream fractionation. The very close volatilities of these Cg
25 aromatic compounds makes it impractical to separate them on a commercial
scale by fractional distillation.

The feed stream of line 1 is passed into a rotary valve 2. This rotary valve
has a number of ports corresponding to the number of adsorption chamber
process streams plus the number of sub beds of adsorbent located in the one or

30 more adsorbent chambers used in the process. As the adsorbent chamber(s)
may contain from 8 to 24 adsorbent sub beds, there are a large number of bed
lines involved in the process and 12 to 30 separate lines normally connect to the

rotary valve 2. For simplicity only those bed lines in use at the moment in time
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25 aromatic conpounds mekes it inpractical to separate themon a conmmerci al
scale by fractional distillation. The feed streamof line 1 is passed into
a rotary welm®s299 This rotary valve has a nunber of port®crarsoespoendi ng to
t he nunber of adsorption chanber process streans plus the nunber of sub
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line 24. Line 24 carries the raffinate stream to a fractionation zone which is not
shown in order to simplify the drawing. This may be a conventional or dividing
wall column.

20 Simultaneous to the adsorption procedure a stream of desorbent is
continuously passed into the adsorbent chamber 14 via line 12. The desorbent
is distributed across the cross section of the column and moves downward
through several beds of adsorbent which form a desorption zone. The desorbent
removes paraxylene and toluene from the adsorbent. This creates a mixture of

25 paraxylene, toluene and desorbent which flows through the section of the
adsorbent chamber functioning as the desorption zone. This material is
removed from the bottom of the chamber 14 and returned to the top of the
chamber via a line not shown referred to in the art as the "pump around" line.
This stream flows through more adsorbent at the top of the chamber forming the

30 remainder of the desorption zone. It is then removed from the adsorbent
chamber 14 via line 13 as the extract stream and passed into the rotary valve 2.

The rotary valve directs the extract stream of line 13 into line 15. Line 15

delivers the extract stream into a first vertical fractionation zone occupying a
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portion of the column 6. As with the first fractionation zone, the upper end of the
20  right hand second zone is in open communication with the upper section of the
column 8, which contains additional fractionation trays 21 extending across the
entire column cross-section.
The toluene present in the exiract stream of line 15 is driven upward in
the first fractionation zone and enters the top of the column 6. The top of the
25 column is a purification zone which is designed to separate extract components
from the toluene. This purification zone can also be used for a separation of
different desorbent components when a multi-component desorbent stream is
employed. A toluene-rich vapor siream is removed from the top of column 6 via
line 7 and passed through an overhead condenser not shown to form liquid
30 delivered to the receiver 8. A stream of liquid phase toluene is removed from the
receiver and divided into a first portion which is returned to the top of the
fractionation column 6 as reflux and a second portion which is removed from the

process via line 25. As used herein the term "rich" is intended fo indicate a
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portion of the colum 6. As with the first fractionation zone, the upper
end of the 20 right hand second zone is in open communication with the

upper secwDea/08f79¢ he colum 6, which contains additional PCramspi/ened i on
trays 21 extending across the entire columm cross-section. The tol uene

present in the extract streamof line 15 is driven upward in .the first
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separ ation of The bettemt ofdeslumne@talsmopopenes anhendigided! fractooapomeone.

desorbent streamis enpl oyed. A toluene-rich, vapor streamis renoved from
the top of 'ibEaRR BRSO/ quicdiaping Jm bofin s, it aRd secPRE TacHoRdE L er
not shawn JtanekorThisiiguiHis3sutiedtod 86 #hctionaN@ishiIRERNVIERICR- driyelLC£apBraAtid | qui d
phase toluene is renoved fromthe receiver and divided into a first
portion whyshio¢arbpas wpwedds @st vaparophitsf comgentfatiagttheriess valadits desorbeat

he used ndrth ABBREMDRMd Mt Je Rec R s draimictlie 45 idedy Ml 7os™
PCT/ US01/ 43504k a estisiRh noeEh&Wn Provifidig vagho? ab @tk beftemuinttivided fegsioration
conpounds greater than 50 and greferably greater than 75 nol percent. The

bot t om of Z8f¥eunthe® dapebesbiph ibodsemeniquitiis/eerabinedarith ariascdrentiieam vhi s
e Bl P2 A Soia 0, R RO ebERl £ MR BT 2 109 s on

fractionatli rquifd 7S sub

whi ch dri wesow&redrdustribenttiy dhoe pabssts talthearadaryamlvapovia link 123 opneesd imt i ng
the less volatile desorbent into a bottons liquid renoved-via |line
19. - This dBPaNEEeBn Is effected through the use of a reboiler not shown

provi di ng vapor : ngi ui-de acti I caal. bent

rich bottons | |Eﬁj€é‘hp§"®§ngl8ﬁ%® \glimé(m?ﬂagfd@;eo? Igﬁﬂpgtlrgghaerﬁg(ggalaog P?%%% ,

whi ch i s dhdraithe tivd paralidh éractibnation zarmisving gakdlonatdntnaltor gals ttameutdday The
3 for

Fause T Uhietoss beiRe 1 poTaBaobURl o s debIdR AP oINS diaih S
o som PR (EUEBEhlert 1 BRI Scibahadoit tAaRabind one
wal | 19. Awale lifuid geplest petioratipons mflowlngotie normal downward flow of liquid, but

its structure is such that the upward flow of vapor is at least greatly restricted.

The tray may totally block the upward vapor flow. The use of this tray is

20 preferred as it provides a means to positively control the division of the upward
gas flow between the two fractionation zones, which is a prime means of
controlling performance of the two zones. The total vapor flow is, therefore,
preferably removed from the column via line 16 and divided between lines 18
and 20 which feed the vapor to the bottom of the two parallel fractionation zones.

25 The gas flow may be controlled by one or more flow conirol valves or by
adjusting the relative liquid levels in the bottom of the two zones. This is
described in some detail in previously cited US-A-4,230,533 for a slightly
different arrangement.

A preferred embodiment of the invention may, therefore, be characterized

30 as a simulated moving bed adsorptive separation process for the separation of
xylene isomers, which process comprises passing a feed stream comprising a
para-xylene, meta-xylene and toluene into an adsorption zone comprising a bed

of a selective adsorbent maintained at adsorption promoting conditions under
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horizontal liquid flow between the parallel fractionation zones. This tray
may have liquid sealed perforations allow ng the normal downward fl ow of
i quid, bwODo3joswstructure is such that the upward fl ow ofPCTafs01/49184 at

| east greatly restricted. The tray may totally block the upward vapor
flow. The ug.e of thi i des a,nmeans. to.

s tray i.s 20 preferred as it, pro
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fracti Onattbﬂfénéoﬁéiﬁ? A8b Atdotbét PhidTehd B@Bsint 16 16s¥ek idd@erehbAr parace of
the two zones. The tTotal vapor flowis, therefore, preferably renoved from
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di fferent i reioiesirean gperssingd therbdrsareant eompindsvearerptenty, an
t herefore,,. h ' : i.oul at ed. wovi ng, . :
sopar ati onOBErER AR WAE St SheBt ' &) YRy R RECiBRRP SOl
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tol uene into an adsorption zone conprjsing a bed of a selective adsorbent
mai nt ai nedPafell@layariienalien Zenes i hiy & shadindowallundty each fesipnationzgone

PCT/ UsSQ1/ 4 ' - ' : ' £ A

sel ectsll%\%eﬁ 5%9 B}eaﬁryp%lé\i;\nhp ﬁ aO@g\% Géﬁgqg@tﬁé Vg s"g%aédfs%!r:%%rf]aq%ﬁt 0 g’n\ghﬁgrrl%ent
to a | essdirstanesecohafragtionationykemss being ihlopenf commumicatioafdtithair eipper eam

conpri si ng ta. xyl ene;, passing a desorbent .into contact with said bed of
Lhe sel ectenis MEBRD VR RPRRsegton ok the draskPaaig SALM @RI SPRN under

desor pt i orgRhRHIRd Bncﬁf‘%éi:rol&?vetr %% ds‘ta'vﬂth ah YhAGd %{\{@ﬁ@e‘&%ﬁrbﬁ g the

desor bent conmpound, para-xyl ene an ol uene; passing the extract- stream
into a - diragttinagjon vwedllmn, farec wiithntite extracbbream entgsimgathed calumn at an
| east a.first a

paral | B iPEETIEGHEe: RANG ohdte BFLIBRRHIRg et amoWnG h RPaet PERERT on
ol . e BT g T10 Segand o
communi catfrastiomation gonep greeving reasov@rhhad vapat sireardcappasing éeltieoe fioim t he
fracti onatei“,c‘) r]upcpoelru\"i"rgt aer}mocli io? RR®factionation column, removing a boitoms stream
comprising the desorbent from a lower second end of the fractionation column.

20 A representative comparison of the separation of the Drawing based
upon engineering design calculations, which for the conventional case have the
benefit of comparison to many operating units, indicates that a conventional two-
column system (extract column and finishing column) which contains a total of
110 trays could be replaced with a single dividing wall column containing a total

25 of 100 trays. The trays of the base case include 50 in the extract column and 60
in the finishing column. The dividing wall column requires a total reboiling duty
of 98 MMBTU/hr versus 110 MMBTU/hr for the conventional column pair. The
dividing wall column requires a total condenser duty of 87 MMBTU/hr versus 109
for the standard two-column case. Other economies are derived from a

30 reduction in control systems, piping, pumps and plot space.

Operating conditions for adsorption include, in general, a temperature range
of from 20 to 250°C, with from 60 to 200°C being preferred. Temperatures from

90°C to 160°C are highly preferred for the second adsorption zone. Adsorption
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product streamwhich is rich in para-xylene froman internedi ate point of
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, 09, f / .
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tenperéﬁrggwggge 0 h%%%é%ﬁ{ugﬁ%@@bﬁ?th from60 to 200C bei ng
preferred. Tenpéithouglesmbichorof B@Cdescrpliog ereimiigiskey ipriefras refduferoft the

d ad t.on. d ti . -9 WD.03/ 051799 PCT/ US01/ 49104
conditi ons BB rERE SME 7By B8 InveRiBadaaisraRAERRIoNS OHanANaHas ehe
process bél’f@ﬁmh? dds@kbtﬂ/epi“b;)l%f?atld?‘héfﬁ&h g@ﬁlgﬁnsrfad P&y %Xg%ﬁg?ﬁidé@/lg#z 8ﬁgoorps' g

Desorption condifions gener y I nclud ne te pressure

as used fomora@spalste badeohdisorbest. The feal fmitdo dhd gpplicafien oétha pratessisSVB

process.i s enat with an A'F flow rate through he adsorptjon,zone in
Phe br S MEGHR,Procest pleflbes oy aileif i it shemacarspiong thise
"circul at i eaimpelingeWaidh ivie de@ired YO kepEratd by Racticihiiohb aHotmdafation kel eed
flowrate. The practice of the subject invention requires no significant

vari ati on PArfepeanas eigthedaressoisshedaplacement of theewtaryamive vith @simaniold
;"’L;hi N thesadsmr SPDANVEN 2 RN aysTAL Habve ' MerPdSBERtin RS SH 8R4 A5 GUBIATS At
4,434,051, and become more practical as the number of sub-beds of adsorbent
20 decreases.

Yet another variation which departs from the depiction in the Drawing is the
instance of a separation in which the desorbent has a lower boiling point than the
raffinate and extract components. In this case the desorbent is removed from the
top of the column. Both of the parallel fractionation zones would still be in

25 communication with the larger cross section portion of the column from which the
desorbent is withdrawn. The use of "heavy" desorbents, that is desorbents having
higher boiling points than the raffinate or extract components of the feed, in the
separation of paraxylene is described in US-A-5,107,062; US-A-5,057,643 and US-
A-5,012,038. The fractionation of a heavy desorbent from the extract and raffinate

30 is shown in previously cited US-A-5,177,295.

The success of a particular adsorptive separation is determined by many

factors. Predominant in these factors are the composition of the adsorbent
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enpl oyed in the process. T remai ning factors are basically relate
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is disclosed and clainmed in US-A-4,061, 724. nore” detdiled _ description
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particles. The blended clay-adsorbent mixture may be extruded into cylindrical

pellets or formed into beads which are subsequently calcined in order to convert

20  the clay to an amorphous binder of considerable mechanical strength. The
adsorbent may also be bound into irregular shaped particles formed by spray
drying or crushing of larger masses followed by size screening. The adsorbent
particles may thus be in the form of extrudates, tablets, spheres or granules having
a desired particle range, preferably from 1.9 mm to 250 microns (16 to 60 Standard

25 U.S. Mesh). Clays of the kaolin type, water permeable organic polymers or silica
are generally used as binders.

The active molecular sieve component of the adsorbents will ordinarily be in
the form of small crystals present in the adsorbent particles in amounts ranging
from 75 to 98-wt.% of the particle based on volatile-free composition. Volatile-free

30  compositions are generally determined after the adsorbent has been calcined at
900°C in order to drive off all volatile matter. The remainder of the adsorbent will
generally be the inorganic matrix of the binder present in intimate mixture with the
small particles of the silicalite material. This matrix material may be an adjunct of
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Crystalline Silica Mlecular Sieve," Nature, Vol. 271, Feb. 9, 1978 which
Is incorporated herein by reference for its description and
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silicali tevuadhenlgsombgnhaﬁnmract ure. Those skilled in the art will appreciate
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compounds. For instance a preferred desorbent for the separation of normal Ce-

20 Cyq paraffins from kerosene comprises a mixture of a normal paraffin and a

cycloparaffin (naphthene). A mixture in which the normal and cycloparaffins have

the same carbon number is highly preferred, with carbon numbers of the desorbent

compounds being in the general range of 5 to 8. The preferred normal paraffin is

n-hexane, and the desorbent may range from 0 to 100% normal paraffin. The

25  desorbent may also be 100% cycloparaffin. The desorbents preferred for the

separation of Cg aromatic hydrocarbons differs from those preferred for paraffin

separations. The preferred "light" desorbent, which is removed overhead in the

subject process is toluene. A preferred heavy desorbent is para-diethylbenzene,

which may be used in admixture with a saturated hydrocarbon. Other heavy

30 desorbents for this separation include Indane and Indan derivatives, diethyltoluene
and Tetralin derivatives as described in U.S. patent 5,107,062.

A related SMB processing technique is the use of "zone flush." The zone

flush forms a buffer zone between the feed and exiract bed lines to keep the
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5 such as operating conditions, feed stream conposition and the water
content of the adsorbent. The opti mum adsorbent conposition and operating
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d b t f, the.

Fani tion (Hexgeated R aFrﬁﬂﬁoﬁrBﬁﬁ%ezgqm%%er” HasoRgIdreTE BtedRE U « ne
zeolitic ags@ubastiuss ré@n@s@wﬂe%mbh@atwlm!tr@bfweem reihpiae8, thef ore
and after drying a sanple of the adsorbent” at 500C under an I nert gas

pur ge suchUss ohizonegitusty tsr prefersed ol the adsaptionf zansisewhen digle ipusitye extract

st ant pr.o r hat, t he wat.er
content  of Dt s teshdl. T gh e PROG R ‘of e Bh&eH; b SESpriShEn
pr ef er apl yregolbica bh@rhbédrf@émeth@f eitravm&ovcgr faffhatt . Solups tibpdesedsa® bl ui ds
may dry the adsorbent, the hydration |level of the sieve is normally

control | edS‘ER/ar@’E?n%FPWIeF saluen. eA high &gitityosireass of fhenlavas &i@mﬂb@@mp@ner@aqﬁ As

For | nst ange e 08 SIS et el uled B tnp zolP fen SRR O

par af fi ns Fudnekiaforsation oorthe iuse of duai ctnienert desomentd amhioatddhmiars ta
i ch the normal and cycl oparaffins

cycloparaffin (na ene A m xt re|n

hglve pt he E%RFB\(/%Q?%CSW RH}Me?Uq saShﬁ §Hisg qi\ry@ﬁaﬁtr@amww b@aqtﬁafﬁeﬂlﬁmklﬁ of
the degpr b oo fagpou gtSA%eszog% the. ﬁ%%gaz{q]d angs. -2k 096! 78 and "US-A-
preferred normal’ paraffin i's exane sorbent”’ may range from 0
to 100% no#,086 7p4é5r whfqhnareThEomrdmdoln@em byagferbsce fer 1R0%eaghingpan ahiti n.
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a buffer zone between the feed and extract bed lines to keep the 12 WO

03/ 051799 isoyapgtnephteiene edSrAd12:030. ShiBrigchpelngynkas bemre&tandedrtg t he
adsor pti onyzoRg, - Wb &t §fd18 10 the separation of chiral compounds and to more

complicated organics such as fatty acids and triglycerides as described in US-A-

20 5,225,580. It is believed the subject process can be applied to any such SMB

process requiting desorbent recovery from extract or raffinate components,
especially when a third component separable by fractionation is also present.

For purposes of this invention, various terms used herein are defined as

follows. A “feed mixture" is a mixture containing one or more extract components

25 and one or more raffinate components to be separated by the process. The term

"feed stream" indicates a stream of a feed mixture which is passed into contact

with the adsorbent used in the 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 or type of compound that is less selectively

30 adsorbed. The term "desorbent material" shall mean generally a material capable

of desorbing an extract component from the adsorbent. The term "raffinate stream”

or "raffinate output stream" means a stream in which a raffinate component is

removed from the adsorbent bed after the adsorption of extract compounds. The
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of a zone flush requires a nore conplicated, and thus nore costly rotary
val ve, the wuse of zone flush is preferred in the adsorption zones when
hi gh puriwgoasnsract product are desired. In practice, a ®aanisot/yief the
m xed conponent desorbent 5 recovered overhead fromthe extract and/or

Sream of cnEnesneh o FRshabrp e o8t 9488 ceibuilo e eadbel (L
recover ed- n@igrialteestentiflyy 700%- raffinasd coiipoRBhts. FThé herm i"ekieddiaiiieam"asy t he
use of dual conponent desorbents and on techniques to inprove product

purity sucheded pinissivrm' meanstd sEgamnaywihieh ai axiieel Mataralygvhigh has

4+ 036, 745 GRPIReSPDeRTRy Adesot PRl rie §FemaErtlidn D8 atehait ol e, o,

this aspecompositidB dvetinahogyt sEYBmMTeahn@goiromassserdiallppitioeddésorbent de
variety of chenicals in addition to those described abpve. For instance,
US- A- 4, 467 Mmaigrialde essetialy HO0% eytrastcasnponeis fhe demmas 1axteebPisese @ds uch

ok \ . ) _ .
Goseri bed i YRS IO BRR med SuEABRIAN Ay trotbrfibodtrecainlten dhofity, ©
US- A- 5, 012 afi3éxtreavRongudnentt cayyl A asffinaén certpendatl int digheheconepatrationsnthai

, to.th ti f chiral d dt onpl i d
or gani cs sig¥eadoUT 19 s @XUarlaSieE #RMr ko dalBalfe SUEABL NVITRIRN ATSH
5, 225, 580. aHEpo%nPEIHér%%F! trhg é&%b?%ee%%?f PeGiih PethaRrdied ao%r{g{%dswh

SMB process requiring desorbent recovery omextract or raffi
conponent s mayesmy coalairyanireancasadniandentsaiimmnent separabl e by fracti onation

e dofi hed as. T RAROTA U Gt ey wrogbind P Guh Bal G eoCor
hore extr a@ﬂs@t‘bﬁ@ﬁ'&ﬁﬁﬁ%er(@?irﬁ@g rRifSheof PBh6s." BELAIAIS (TesRy I8 Mesciitedip

separated by the process. The term"feed stream i'ndicates a streamof a
feed m xt utermehofchor § Zoasse fFirshe@ntaeirhaiveen e feedhairesis anddhe adsedentist he

process, A extracl. CURIEDLiolsof OO AL FLaRS,Ql. GUOYA e

conmponent " pegomes @ROURde® by liydiel Wiiclk eBRRittheh#iddsied &uiees)etHal 65 Mith30
adsorbed. The term "desorbent material™ shall mean generally a nmaterial

capabl e ofaftiaater piThig Iéw'lyicéiet Fepevesh freBn e a¢i$th?ﬂh'@ éeRe b deierretine azem
o e oBlfSABh <M. hEhbl TR ke S BPRSIRER RS SoRRIEERCT o,
of extract flasiheb froas theltieid volume of the adsorbent bed by a material which is easily
20 separated from the desired component by fractional distillation. In Zone Il of the
adsorbent chamber(s) the desired isomer is released from the adsorbent by
exposing and flushing the adsorbent with the desorbent (mobile phase). The
released desired component and accompanying desorbent are removed from the
adsorbent in the form of the exiract stream. Zone IV is a portion of the adsorbent
25 located between Zones | and Ill which is used to segregate Zones | and Ill.
In Zone 1V desorbent is partially removed from the adsorbent by a flowing mixture
of desorbent and undesired components of the feed stream. The liquid flow
through Zone IV prevents contamination of Zone Il by Zone | liquid by flow
cocurrent to the simulated motion of the adsorbent from Zone Il toward Zone I. A
30 more thorough explanation of simulated moving bed processes is given in the
Adsorptive Separation section of the Kirk-Othmer Encyclopedia of Chemical
Technology at page 563. The terms "upstream" and "downstream" are used
herein in their normal sense and are interpreted based upon the overall direction in

14-



-13 WO 03/051799 PCT/US01/ 49104 conposition of the raffinate stream can
vary fromessentially 100% desorbent naterial to essentially 100%

raf fi nat ewoonpsrient s. The term "extract strean or "extr&co/usot/pud4 streant
nmeans a streamin which an extract material, which has been desorbed by a
desor bent terial, .is removed fromih r bent : - iii,on of
the ext racVNGh leijid é%ﬁo%nq/ i a@gg@ﬁﬁf §ﬂ?@bﬁgooolﬁa§§& EQ’:&U% %ggﬁ;ég li/t 0
essenti al 'ﬂov@iﬂg‘%d%hm% BRSTRAN N hrticE ead$ipBnt’ @vhmbet, mherdugistreand is
"raffinate product” nean streans produced by the Brocess cont ai ni ng,

respect i vebguivalent ioan uewargdmrtighartioeatigondn tg ehamber conponent i n hi gher
concentrations than those found in the extract streamand the raffinate
stream wi t hdrawn from 1o adsorbent chanber. The extract stream nmay be rich
in the desired conpound or nmay only contain an increased concentration. It
has become customary in the art to group the nunerous beds in the SMB

adsor ption chanber(s) into a nunber of zones. Usually the process is
described in ternms of 4 or 5 zones. First contact between the feed stream

and the adsorbent is 15 made in Zone |, the adsorption zone. The adsorbent
or stationary phase in Zone | becones surrounded by liquid which contains
the undesired isoner(s), that is, wwth raffinate. This liquid is renoved

fromthe adsorbent in Zone Il, referred to as a purification zone. In the

purification zone the undesired raffinate conponents are flushed fromthe
voi d volune of the adsorbent bed by a material which is easily 20 separated
fromthe desired conponent by fractional distillation. In Zone |1l of the
adsor bent chanber(s) the desired isoner is released fromthe adsorbent by
exposing and flushing the adsorbent with the desorbent (nobile phase). The
rel eased desired conponent and acconpanyi ng desorbent are renoved fromthe
adsorbent in the formof the extract stream Zone IV is a portion of the
adsorbent 25 | ocated between Zones | and Il which is used to segregate
Zones | and Ill. In Zone IV desorbent is partially renoved fromthe
adsorbent by a flowing m xture of desorbent and undesired conponents of
the feed stream The liquid flow through Zone IV prevents contam nation of
Zone 111 by Zone | liquid by flow cocurrent to the sinulated notion of the
adsorbent from Zone Il toward Zone I. A 30 nore thorough explanation of

si nmul ated noving bed processes is given in the
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Adsorptive Separation section of the Kirk-O hnmer Encycl opedia of Chem cal
Technol ogy at page 563. The terns "upstreamt and "downstreani are used

her ei n i rwohgios17emr mal sense and are interpreted based up®aTiusel/emes al |

direction in -14 WO 03/051799 PCT/ US01/ 49104 which liquid is flowing in
t he adsorbent chanber. That is, if liquid is generally flow ng dowward
t hrough a V@atmgal adsorbent chanber, then upstreamis equivalent to an
upward or higher location in the chanber. -15 WD 03/051799 PCT/ US01/ 49104

dainms: 1. i mul at ed. npvi d 8 i . whi ch
comr 1 ses: Ta.) ToaCaTnEpulg 1 A5 Bin, oasralion oo WEBB SRERINGS: i r d

chem cal conpoungls | rHaasiy asiSfeel! sGBaAPRONGHEME SANErd koAl and thir
sel ective adsorbe)rslt nr%i n?ie% ned at adsorption proggmti ng conditions under

whi ch the first conpahetical eanpetndeainjo aet adsesptiornzone poamrising af bad ef

sel ectiye adsorbent co 0.t second . cO und, with . the third.
conpound having a boi% F%gfeg:ﬂ}’%t adgﬁftfq?ﬁi éﬁ?'ﬁfﬁ'ﬁ%ﬁf @?erﬂ\gsﬂr@fﬂr’[ hB'TPWY and
second conpounds to a&jonelitiold itderf whichetheemat aohfpbur fs' S6IbERR retained
distillation and with the third conpound bei ng adsorbed onto the adsorbent

to a |l esser extent tdiaA Quandity of dhe Seladtivaladserppninenmpaed uthe seeanty a

bresent i n the quant O the Wt R8T UL RAHBEHRT “o8vHES ¥ diding, bR ¥
desor bent stream consuifidievgtlyadiffesantifesth therfipsiumed seobed eoRipttindgl thhaley d

quantity of the selectivye adsorbent, which has retained the first chem cal
corrpour}é, under desoriSt \f[%ﬁﬁ'ep%ﬂ%rﬁ“ﬁ@ by, Jrrgtiangh listilajipal and nwih t thgc thied r eam

conprising the desor %mdo%mgp OadddiBel drib tﬁ@%{?l\%rﬁ?ﬁgé&éﬁé}i Lident

conpound; 20 c.) passin ac reaminto
fractionation col um thapevadd didstathéméal iconsgddumil, comid thuso ferning alirgifidat i nt o
at least a first andstr%a%aggr?\%rig%bq[ leeslectalrw %E)%Op%%tnidoé]n g%eessor yenz%fgrirr\{ér?yi ng
wall, with

present in the quantity of the selective adsorbent;

15 b.)  passing a desorbent stream comprising a desorbent compound
into contact with said quantity of the selective adsorbent, which has
retained the first chemical comp'ound, under desorption promoting
conditions to yield an extract stream comprising the desorbent
compound, the first compound and the third compound;

20 c.) passing the extract stream into a dividing wall fractionation column
operated at fractionation conditions and divided into at least a first
and a second parallel fractionation zones by a dividing wall, with
the first and the second fractionation zones each having an upper
and a lower end located within the fractionation column, with the

25 first and second fractionation zones being in open communication
at their upper ends with an undivided upper section of the
fractionation column and in open communication at their lower
ends with an undivided lower section of the fractionation column,
and with the extract stream entering the column at an intermediate

30 point of the first fractionation zone;

d.)  removing an extract product stream comprising the first compound

from an intermediate point of the second fractionation zone;
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the first and the second fractionation zones each having an upper and a
| ower end | ocated within the fractionation colum, wth the 25 first and
second frwotmosey? on zones being in open communi cation atCrhsor/4upper ends
wi th an undi vi ded upper section of the fractionation colum and in ?peﬂ
communi cation at _their_ |ower ends wth an undivided | gwer section_of the
fractionation cofdm, fe%?ﬁ(&f'Wt%PE%’\éL%?%{&c%mé%m g'f"ic{ﬁomﬂeu'&%lfrﬁ’m]aat
an internediate 30 patstlendioftthe flactishatidnesdlingnat i on zone; d.) renoving an
extract product stream conprising the first conpound froman internediate
poi nt of the secbhd freBeVvibgat ipsacesssirearecampisingsthrodesbensoempouad e. )

recovering a product rl.si third conpound froma first end
of the fractionation @éﬁ%@ewﬁ?ebg%%%gggtl%}%lggsgolgmpeam conprising the
desor berd cenpouTite mgrawse steeith andheteihhthd Laeividthtipperceddtivn of the The
process of claim1l wherein the undivided upper section of the

fractionation cofragiPriaiionoealusan iis lpertedpisethe npner othindhef fthe ciractienation

colum, and the - LS - . LS . .
Femoved from t netuhh St P RlqecsR ileaM it iERRY RECLERT BB s o
claim1 wherein témovedlfroirdie dﬁpmrensi]ftﬁtth@lfraofiométﬂ)n chI‘JifrfrﬁCt l ogat Ih on col um
Is located [n the | ower thir f the fractionation colum, and the process
stream conpri si n§"e hB@?@%r%@ﬁi}a'%ﬁp%h%e'ﬂsthq arsipdded rlewer neeatione of dhe gf
the fragf{ionati ] or | r el | . an
second gdhem' cal O@%&n@ounl Q églru Bﬁa{ga@ ??%lac %Af‘ gg%gc}ﬁ@ﬂ ?farigé h%(g[log]%tgggss
of claim1 where¢olutrine dnd tte pratesssrednt bempraingctingp descibenacenmoundtis C

hyd b . 6. _Th f dai wh in the third conpound has a
I gwre;)cg:)i Fin?lg p@rﬂe"%o({ﬁﬁre'fﬁ@q?‘f"%g*"?ﬁé”@e&é&iﬁr}@(yﬁﬁm”and i s adsor bed
onto the agisor beRg prdcdss & E&M ?Xxﬂ%&irﬁ'ﬁh@ﬂ‘irﬁ?ﬁd EbE&hd gﬁ%@&éﬂ"@o %ggsan

product stream 20 conprising the third chem cal conpound s renmov
over head are paraffinic hydrocarbons.
15 5. The process of claim 1 wherein the first and second chemical compounds

are aromatic hydrocarbons.

6. The process of Claim 1 wherein the third compound has a lower boiling
point than the first and second compounds and is adsorbed onto the
adsorbent to a lesser extent than said first compound, the product stream

20 comprising the third chemical compound is removed as an overhead
stream from an upper first end of the fractionation column, and the
process stream comprising the desorbent compound is removed as a
bottoms stream from a lower second end of the fractionation column.

7. The process of claim 6 wherein the first chemical compound is a normal

25 paraffin.
The process of claim 6 wherein the first chemical compound is an olefin.
The process of claim 1 wherein the simulated moving bed adsorptive
separation process separates xylene isomers, the feed stream comprises
a para-xylene, meta-xylene and toluene para-xylene is selectively
30 retained on the selective adsorbent, with toluene being also adsorbed
onto the adsorbent to a lesser extent than para-xylene, the raffinate

stream comprises meta xylene and the desorbent compound;
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stream from an upper first end of the fractionation columm, and the
process stream conprising the desorbent conpound is renoved as a bottons
stream f re’moa/ososer second end of the fractionation col umeCTUSOTiAOHr OCcess
of claim®6 wherein the first chem cal conmpound is a normal 25 paraffin 8.

The process of cjai rein the.first chemc dis an olefi

9. The process ogfh )gfsarﬁ\{w%ﬁmg}%qrﬂpg%%s@\ergfﬁsg{léwat 'HE&%%M P 9@0{
separation proce@maﬂoaﬁ@bﬁﬁawdr@aacﬂ SRIEPA B ricHIfh ﬁ%@(ﬁérﬁ@aﬂv%@%'@%r a
par a- xyl ene, neta-xyl éne and tol uene par a- xylene is sel ectively 30 retained

on the sel ecti vestieRR/Bragemprising taluens tt@mearmepngrwsgend@ime)ﬁactlmt@nt he

adsorbent to a | fflnate strea
Commroos ot a XTI, S Bhidb AR PR St i APl PiyetibeE
PCT/ USOY 49104 bdeoras tsti@ain §®mpﬂ§thﬁ@ldle§6mehhfs @ﬁ@fd@pﬁa@m@rmwnd
par a- xyl ene and toluene, the extract product streamis rich in

par a- xyl ene, ovePRAM %Q)@Fthesffa@wtj@mplugnm@ pEvigeniherprogeamsiioa®r fir st
end of the fracté&ﬂghép‘gt gcaleggnjenttg %thge an extract product stream
conpri sing toluene dI E Eam conprising the desorbent is

renoved frohd.a | Bheprosessooiiclem Divheten fivacpwendtiioanof ohpomirom thicolvivde t he
process stream co I’IS W%O%_he desor bent caqonpound, 10. The process of claim

9 wherein the up¥Rft nf‘Po a@mloﬂr%mﬂénﬂ%mf'm&@&jlQﬁ?oﬁfj fragdionation
fractiopation coi | VI dﬂ fod 1Akt t ng ?@S&féfbd HtREbh O 118t aHY Z@R6Rd! S

coll ected and the et ween t Seécon fractionation
zones in a cont rfmad:tmhahmnrmnesmacontrolled manner.
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