PROCESS AND APPARATUS FOR SEPARATING PARA-XYLENE FROM A MIXTURE OF C8 AND
C9 AROMATIC HYDROCARBONS FIELD OF THE INVENTION [0001]The present invention pertains
to a process and apparatus for the separation of para- xylene from a mixture of C8 aromatic
hydrocarbons containing at least one C9 aromatic hydrocarbon. In particular, the invention includes at
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for the separation of a feed
[0001] The present invention pertains to a process and apparatus for the

separation of para- xylene from a mixture of C8 aromatic hydrocarbons containing at
least one C9 aromatic hydrocarbon. In particular, the invention includes at least two

adsorptive separation steps.
BACKGROUND OF THE INVENTION

[0002] Para-xylene is an important raw material in the chemical and fiber
industries. For example, terephthalic acid derived from para-xylene is used to produce
polyester fabrics. Para- xylene is usually separated from a mixture of para-xylene and
at least one other C8 aromatic hydrocarbon by either crystallization, adsorptive

separation, or a combination of these two techniques.

[0003] US 3,392,113 discloses a cyclic process for the separation of a feed
mixture of fluid compounds by contacting the feed with a solid sorbent, such as
molecular sieves, selective for at least one compound of said feed mixture, and
thereafter passing a fluid desorbent into contact with the sorbent to displace the
resulting selectively sorbed compound, said desorbent ordinarily containing trace
quantities of aromatic and/or oxygenate impurities which undesirably alter the
kinetics, or rates of sorption and desorption of the aforesaid process, over a number of
sorption- desorption cycles, the method of stabilizing the kinetics by contacting the
desorbent with a separate bed of solid sorbent, prior to utilizing the desorbent in the

desorption step, to remove said impurities.

[0004] US 5,012,038 recognizes the common use of para-diethylbenzene (p-DEB)
as a desorbent for the separation of para-xylene from C8 aromatic hydrocarbon
mixtures. It is also known that use of p-DEB as the desorbent limits the C9 aromatics
in the feed mixture to less than 0.1 wt%. This requirement is usually met by first
distilling the feed in a so-called xylene splitter column. Otherwise, the C9 aromatic
hydrocarbons would gradually build up in the desorbent as it is recycled in the process
because C9 aromatics are difficult to separate from p- DEB by simple fractionation and

the desorbent must be recycled for economic reasons.



mixture of fluid compounds by contacting the feed with a solid sorbent, such as molecular sieves,
selective for at least one compound of said feed mixture, and thereafter passing a fluid desorbent into
contact with the sorbent to displace the resulting selectively sorbed compound, said desorbent
ordinarily containing trace quantities of aromatic and/or oxygenate impurities which undesirably alter
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4,886,930; US 5,057,643; US 5,171,922; US 5,177,295; and US 5,495,061 disclose the use of
desorbents having higher boiling points than p-DEB to separate para-xylene from a feed mixture
having a C9 aromatic hydrocarbon content greater than 0.1 wt%. The C9 aromatics are then
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a second adsorptive distillation zone to produce a C9 aromatic hydrocarbon stream and a third

desorberﬂ%ﬁpéaﬁpEgmBRgmmﬁéﬁ%ra Ggﬁtrﬁmﬁﬁfeam in a raffinate distillation zone to

produce a second desorbent stream comprising the first desorbent component and the
C9 aromatic hydrocarbon component; separating the second desorbent stream in a
second adsorptive distillation zone to produce a C9 aromatic hydrocarbon stream and a

third desorbent stream comprising the first desorbent component.

[0007] In another embodiment, the invention may comprise separating para-
xylene from a feed stream comprising C8 aromatic hydrocarbons and at least one C9
aromatic hydrocarbon component the process comprising: (a) contacting a first
adsorbent comprising a Y zeolite or an X zeolite with the feed stream and a first
desorbent stream comprising a first desorbent component having a boiling point of at
least 150°C in a first adsorptive separation zone to produce a first extract stream
comprising para-xylene and the first desorbent component and a first raffinate stream
comprising para-xylene depleted C8 aromatic hydrocarbons, the C9 aromatic
hydrocarbon component, and the first desorbent component; (b) passing the first
extract stream to an extract distillation zone to produce a second desorbent stream
comprising the first desorbent component and a para-xylene product stream; (c)
passing the first raffinate stream to a raffinate distillation zone to produce a third

desorbent stream comprising the first desorbent component and the C9 aromatic
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[0007]In another embodiment, the invention may comprise separating para- xylene from a feed stream
comprising C8 aromatic hydrocarbons and at least one C9 aromatic hydrocarbon component the
process comprising: (a) contacting a first adsorbent comprising a Y zeolite or an X zeolite with the feed
stream and a first desorbent stream comprising a first desorbent component having a boiling point of
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[0009]In another embodiment, the invention is an apparatus comprising a first adsorptive separation
zone, an REIEEEdi SR b 9BRLIR TRFR AES dSarRNS dHac958% second adsorptive separation
zone; wherein an extract conduit provides fluid communication from the first adsorptive separation
zone to tHROOlact distitafiBAtishE BafimaBtcshaURFBYIORIYIFE coPRaHicatoMAEmRNAaiigst
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zone to the raffinate distillation zone, a C9 aromatic conduit provides fluid
communication from the raffinate distillation zone to the second adsorptive separation
zone, and a recycle conduit provides fluid communication from at least one of the
extract distillation zone and the raffinate distillation zone to the first adsorptive

separation zone.

[0010] In another embodiment, the invention may comprise an apparatus for
separating para-xylene from a feed stream comprising C8 aromatic hydrocarbons and
at least one C9 aromatic hydrocarbon component, the apparatus comprising: (a) a first
adsorptive separation zone for separating para-xylene from the feed stream comprising
a first adsorbent chamber containing a first adsorbent; (b) a feed conduit providing
fluid communication of the feed stream to the first adsorptive separation zone; (c) a
desorbent conduit providing fluid communication of a first desorbent component to the
first adsorptive separation zone; (d) a first extract distillation zone comprising an
extract distillation column; (e) a first extract conduit providing fluid communication
from the first adsorptive separation zone to the first extract distillation zone; (f) a

raffinate distillation zone comprising a raffinate distillation column; (g) a first raffinate



separating para-xylene from a feed stream comprising C8 aromatic hydrocarbons and at least one C9
aromatic hydrocarbon component, the apparatus comprising: (a) a first adsorptive separation zone for
separating para-xylene from the feed stream comprising a first adsorbent chamber containing a first
adsorbent; (b) a feed conduit providing fluid communication of the feed stream to the first adsorptive
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[0011]In a further embodiment, recycle conduits provide fluid communication of the first desorbent
componetittiffom both the extract and raffinate distillation zones to the first adsorptive separation zone.
In another embodiment, the apparatus further comprises a second extract conduit providing fluid
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[0012] Thus, in one aspect the invention provides greater flexibility by enabling
the adsorptive separation of a C9 aromatic hydrocarbon component from a desorbent
component used in the adsorptive separation of para-xylene from feed mixtures
comprising C8 aromatic hydrocarbons and at least one C9 aromatic hydrocarbon. In
another aspect, the invention provides greater flexibility by enabling the adsorptive
separation of para-xylene from the feed mixture wherein the desorbent stream may

comprise up to 25 wt% C9 aromatic hydrocarbons.
BRIEF DESCRIPTION OF THE DRAWINGS
[0013] Figure 1 is a simplified flow scheme of an embodiment of the invention.

[0014] Figure 2 is a simplified flow scheme illustrating an embodiment of the

invention wherein the raffinate distillation zone produces three product streams.

[0015] Figure 3 is a simplified flow scheme of an adsorptive separation zone of

the invention illustrating a fixed bed embodiment.



invention wherein the raffinate distillation zone produces three product streams. [0015]Figure 3 is a
simplified flow scheme of an adsorptive separation zone of the invention illustrating a fixed bed
embodiment. [0016]Figure 4 is a simplified flow scheme of an adsorptive separation zone of the
invention illustrating a simulated moving bed embodiment. [0017]The Figures are intended to be

illustrativpooftep presepidnvention andaggined interdaschtadimirtbe seoepg pfitbeskpyantiahasoset farth
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of the process zones, well known in the art, such as pumps, control valves, instrumentation,
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are simplified schematic diagrams showing exemplary embodiments of process flow
schemes, including process zones, helpful for an understanding of the invention.
Details of the process zones, well known in the art, such as pumps, control valves,
instrumentation, heat-recovery circuits, and similar hardware which are non-essential

to an understanding of the invention are not illustrated.
DETAILED DESCRIPTION OF THE INVENTION

[0018] Two adsorptive separation steps or zones are used to separate para-xylene
from a feed stream comprising C8 aromatic hydrocarbons and at least one C9 aromatic
hydrocarbon component. As used herein, the term "zone" can refer to one or more
equipment items and/or one or more sub-zones. Equipment items may include, for
example, one or more vessels, heaters, separators, exchangers, conduits, pumps,
compressors, and controllers. Additionally, an equipment item can further include one

or more zones or sub-zones.

[0019] The feed stream is a mixture comprising at least two C8 aromatic
hydrocarbons; para-xylene, and at least one of meta-xylene, ortho-xylene, and
ethylbenzene. The feed stream also comprises at least one C9 aromatic hydrocarbon
component, such as any of the isomers of propylbenzene, methylethylbenzene, and
trimethylbenzene. The feed stream may comprise several or all of the C8 and C9
aromatic hydrocarbons, for example, when the feed is derived from one or more oil
refining processes such as catalytic reforming, stream cracking, crystallizer mother

liquors, transalkylation, and xylene isomerization.

[0020] The feed to be processed by this invention may contain as much as 25
wt% C9 aromatics hydrocarbons. Feed streams having at least 0.1 wt% C9 aromatics
are contemplated for use in this process. In an embodiment, the feed stream may
comprise from 0.3 wt% to 5 wt% C9 aromatic hydrocarbons. In another embodiment,
the feed stream may comprise from 6 wt% to 15 wt% C9 aromatics. In an embodiment,
the feed stream may not contain more than 10 ppm-mass C10+ aromatic

hydrocarbons.



[0018]Two adsorptive separation steps or zones are used to separate para-xylene from a feed stream
comprising C8 aromatic hydrocarbons and at least one C9 aromatic hydrocarbon component. As used
herein, the term "zone" can refer to one or more equipment items and/or one or more sub-zones.
Equipment items may include, for example, one or more vessels, heaters, separators, exchangers,
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more than 10 ppm-mass C10+ aromatic hydrocarbons. [0021]Figure 1 illustrates the flow scheme of
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adsorptive:sapaatienzene 100 via feed conduit 1 and desorbent conduit 3, respectively. Adsorptive
separation zone 100 comprises adsorbent chamber 110 containing an adsorbent selective for

para-xylqapeugr the oiel S AtonaiaydRcakResdatherfeagd. N dsprRilye iSeRakation zene 140
produces an extract stream carried by extract conduit 5 and a raffinate stream carried by raffinate
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. class of feed components relative to the remaining feed components. The selectively
retained feed component(s) are released or desorbed from the adsorbent by contacting
the adsorbent with the desorbent. Thus, the adsorptive separation process produces an
extract stream comprising the selectively adsorbed component or class of components
and a raffinate stream comprising the remaining feed components that are less
selectively adsorbed. The desorbent stream may comprise one or more desorbent
components and use of multiple desorbent streams is also known in the art. The
extract and raffinate streams passing from the adsorbent chamber typically also

comprise one or more desorbent components.

[0023] A variety of adsorptive separation techniques are well known in the art
including fixed bed such as operating in a batch or swing bed mode, moving bed, and
simulated moving bed (SMB). The invention is not intended to be limited by the
particular adsorptive separation technique or mode of operation. Additional information
regarding adsorptive separation principles and detail are readily available, e.g., Kirk-
Othmer Encyclopedia of Chemical Technology Vol. 1, 3rd ed., Adsorptive Separation
(Liquids) pp 563-581, 1978 and Preparative and Production Scale Chromatography
edited by G. Ganetsos and P. E. Barker, 1993.

[0024] As these various adsorptive separation processes operate on the same

basic chromatographic separation principles, the following discussion of adsorbents



[0022]Adsorptive separation processes are well known in the art. hi brief summary, a feed stream and
desorbent stream are introduced to an adsorbent chamber which may include one or more vessels
containing an adsorbent. During an adsorption step, the adsorbent contacts the feed and selectively
retains a feed component or a class of feed components relative to the remaining feed components.
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relative t(&(ﬁlggr%%é ggparations of various mixtures in the form of agglomerates having high
physical strength and attrition resistance. 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 blended clay zeolite mixture is extruded into cylindrical type pellets or
formed into beads which are subsequently calcined in order to convert the clay to an
amorphous binder of considerable mechanical strength. As binders, clays of the kaolin

type, water permeable organic polymers, or silica are generally used.

[0027] Desorbent stream in line or conduit 3 used in adsorptive separation zone
100 may comprise one or more desorbent components. Suitable desorbent components
are "heavy", i.e., they have a boiling point of at least 150°C. In an embodiment, a
desorbent component has a boiling point greater than 160°C. In another embodiment, a
desorbent component has a boiling point greater than 170°C. Examples of desorbent
components in stream 3 suitable for use in adsorptive separation zone 100 include:
para-diethylbenzene, diethyltoluene, tetralin, alkyl and dialkyl tetralin derivatives,
indane, naphthalene, methylnaphthalene, para-dimethylnaphthalene, and mixtures
thereof. In an embodiment, desorbent stream 3 comprises para-diethylbenzene (P-

DEB).

[0028] In an embodiment the instant invention recognizes that desorbent
introduced to adsorptive separation zone 100 may comprise as much as 25 wt% C9
aromatics hydrocarbons. In an embodiment, desorbent stream 3 may comprise at least

0.7 wt% C9 aromatics. In another embodiment, the C9 aromatic hydrocarbon content
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aromatic isomers are suitable for use in adsorptive separation zone 100. X and Y zeolites are well
known in the art for separating para-xylene from other C8 aromatic hydrocarbons. Optionally, these
zeolites may containing IUPAC Group 1 or 2 metal ions at exchangeable cation sites. In an
embodiment, the adsorbent comprises X zeolite or Y zeolite. Optionally, the adsorbent may comprise

barium, patassidesbbathsbasiniangHRoBssiuEaOQL 6l tda aisptikrovap thaticlyStallin@ 00 ranges

aluminosjlicates, i.e,, zeqlites, are used in adsorptive separations of various mixtures in the form of
0tomorSHER Rabih figh BySicdt SEBHBER S SETISH e S AREES HRARB s o ornd I e Ctine
powders amtorsudtsagglomerates 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
blended ¢tey2mgolite mixiuse ds@¢ikededpatatytingdsical tye pelisisobiorcedititmbeatls iMaickiara
subsequenthycaleined in order o canverting glay o an amaiphious hinder of congiderable mechanical
strength. KS'Bin ers, c ay§o the'Kaolin ¥ype, water permeable organic polymer£ or silica are
generallyiBed]2o 2me2tbeiot 2004 in Anethrecsmabiidimsad thaatwegptivdsepatioiz8heD0

may comprise, a6 BB rErdeSQFPaRt GOMPRARHIS mAiARR dRRAPYIHLANRINEAISALE HReRYY, i€,
they have a boﬂmg oint of at least 150C. In an embodiment, a desorbent component has a boiling

point gre RAERt AR e B8ES- IPSFHUREPRBBGIERE TaEBIHE oM FRR3S BSitRG BETAT e ter
than 1708€&d prassplas of desdrhenadeshpananisidisiceamiad sufiableed usabnddsarptinessepairation
zone 100 nclule: para diethybanzene, diefhylioluans teyalin, sl and gl tspalin derivaives
indane, napﬁﬁtﬂa ene, methylnapﬂqtﬁglene, para-di ﬁnapﬁ?ﬁg ene, and mixtures thereor. h an
embodinfRngwekefisasosheaniesnipases paitherdsgihenicrbap pER) [oo2dNHredusmehodiment
the instant invention recognizes that desorbent introduced to adsorptive separation zone 100 may
comprisf@@30lich as Faffivat€ Baromatics tyadodarbarsndveah Butbodinentfitessrbem Stneaor® may

comprise;deahPr{s¥d% G aBmALGSmBARANEL MROtTeNt JNE1{ A AR GOWH IR AR santent
such as ethylbenzene, ortho-xylene, meta-xylene, and most of the C9 aromatics.
Although there may be a small amount of para-xylene present, the raffinate stream C8
aromatics may be referred to as para-xylene depleted C8 aromatics. Extract stream in
conduit 5 removed from adsorptive separation zone 100 comprises a desorbent
component and the most strongly adsorbed feed components including para-xylene

and, if present, toluene and para-methylethylbenzene.

[0031] As illustrated in Figure 1 , extract stream 5 withdrawn from adsorptive
separation zone 100 is passed to extract distillation zone 200. Extract distillation zone
200 comprises extract distillation column 210 and produces para-xylene product
stream in line 215 and a desorbent stream removed in conduit 220. Extract product
stream 215 may comprise substantially all of the para-xylene in extract stream 5 from
adsorptive separation zone 100. As used herein, the term "substantially all' can mean
an amount generally of at least 90%, preferably at least 95%, and optimally at least
99%, by weight, of a compound or class of compounds in a stream. In an embodiment,
para-xylene product stream 215 is the overhead or light stream from extract distillation
column 210 and desorbent stream 220 is the bottoms or heavy stream from distillation
column 210. In an embodiment, at least a portion of desorbent stream 220 removed
from extract distillation zone 200 may be recycled via optional conduit 250 to provide at
least a portion of desorbent stream 3 used in adsorptive separation zone 100. Thus, a
recycle conduit providing fluid communication from extract distillation zone 200 to

adsorptive separation zone 100 may be the portions of lines 220, 250, and 3 defining



of the desorbent stream in line 3 introduced to adsorptive separation zone 100 ranges from 1 wt% to 5
wt%.; in another embodiment, the range is from 3 wt% to 15 wt% C9 aromatics. [0029]In adsorptive
separation zone 100, adsorption conditions will include a temperature range from 20C to 3000C. In an
embodiment the adsorption temperature will range from 20C to 250C; in another embodiment the

range is fiigen AQ1d taRP0Gatthe adeaptioRPRsTNE Thsuffigiemde maintainliguid phasee WhichHeay
be from 1 bafr}g tgi40 bargg Desor ti0é1 co itiﬁ)ns mg%glclude the same rar.%ge of Sgn?eratufges and
pressure XS TERE Iy SALSHS R OAGIRSHLUH SORBH DGR ST S SR RESS BV S B SPRTEH Sotle
100 may prseivapdhphaset delsdnptiondesndifidhs ddlowinipaize the amount of desorbent that remains on

the adsorbent when feed is next introduced. [0030]Raffinate stream in conduit 7 removed from
adsorpti@espqration 2t 00 qehtpisekildasoibeitt odh poens and thealegsesprnghsatisorbed

feed components such as ethylbenzene, ortho;x 4e e, meta-xylepne, and most of. the %9 aromatics.
Moo n R AEE LA SHRIIRESR® RRAARIREr e B NFAS AN ORISR el
be referréthlosssopheavyipenéadep diee! S8 crepmryi@x pa swedrnitho Aolngss sand veddrdial to

adsorptivg, sepreafiasnzans: 1A cmPrises easerReN samrenantand themashstoroly adsoned

feed components including para-xylene and, if present, toluene and para-methylethylbenzene.
[0031]As4ATEIRYRY fEFRGTe ‘115%{%6? sthSafiP BRAthdPawWR frot T SR80 BVe Heh P 5isF Y ol 28 Ts
passed teqxipact @istilatinon #one@d.doxtiaat distilatanrzone2)0tcondpusesexipact ist)|atiaty or
column 240,204 prodyces parasiene progluclsieam Inding 2t anda desorbent Suqam. [gmoyed in
conduit 220 Extract do UCt Stfeam 21 may coniprise su%stantlaﬁy afl of the ‘p/aFr)a-xy ene I extract
stream 5droistadaoeptivelseparationepriaandiras paesl HereighhentconerseddtantiedRodlT ctastiesan

an amoutgsearalyf atdenstii@¥opreigeably at least 95%, and optimally at least 99%, by weight, of
a compound or class of compounds in a stream. In an embodiment, para-xylene product stream 215 is

the overhag@ gy light sgream ir onaliSe&(ﬁrggglqisggﬁgorbggllu%gglglggd &%%Ripgntaﬁt&?@%%lzopfoﬁl?ct

bottoms or heavy stream from distillation column 210. In an’'embodiment, at least a portion o
desorberitt&gam 2o0ieisotrffionligrrsct disirateH Zoneo0 Hey e thasy dragariay istfoA Asduit

250 to previglevatileshn poition aiidasetiant stigamd vsadialadsadiive separsorzansQ0tHibus,
a recycle conduit providing fluid communi at"jonfrom extract distillation zone 200 to adsorptive
oparati TR IR0 WA DRSS SUBAE PIAT Do S FAbANAGR © SUch 81 IUGRE arc
removed to enable the para-xylene product 215 to meet desired purity specifications.
Extract distillation zone 200 may be configured and operated as well known in the art
to make three or more product streams, e.g. adding a side draw to extract column 210,
using a dividing wall distillation column, and/or including multiple distillation columns

such as optional extract finishing distillation column 211 illustrated in Figure 1.

[0034] Para-methylethylbenzene (p-MEB) may also be present in extract stream 5
from adsorptive separation zone 100 and may be distributed in various ratios between
the para-xylene 215 and desorbent 220 products of extract distillation zone 200.
Factors that impact the p-MEB distribution between the products include parameters
such as the design and operation of the distillation column and the boiling point(s) of
the desorbent component(s) employed. As recognized herein, desorbent stream 3
introduced to adsorptive separation zone 100 may contain up to 25 wt% C9 aromatic
hydrocarbons, which may include p-MEB. As it is desirable for economic reasons to
recycle desorbent in the process, unacceptable accumulation of p-MEB in extract

distillation zone desorbent stream 220 may be managed in a number of ways.

[0035] In an embodiment, the content of p-MEB in feed stream 1 to adsorptive
separation zone 100 may be limited such that the amount of p-MEB in feed stream 1 is

not more than 0.05 wt% of the para-xylene in feed stream 1. In an option not
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the fluid flow path between the zones. That is, here as in the remainder of the description, conduits
providing fluid communication may comprise multiple conduits or portions thereof to define a desired
fluid flow path. [0032]Those of ordinary skill in the art will understand that the process flow and
connections of various zones described herein is sufficient to practice the invention. Unless otherwise

stated, th@exastc@nagstiar: ReRbwithinhe zanesdspoetieasentiaki b inentionngop axemaient is
well knor\éim inég art (tgpaf{ a stream tg .d'stillationtzone mag/ be SeELt dirgctlé to the _colurt'nn,c or the
stream g)‘/efi E8EnttS Ot %?e& [ fViIHIhE 39N eslfgﬁ% Misat @ c]ﬁlﬁ'llfﬁe?g t& a&]ﬁs ow
tem pera.tsclla,egmj/dn paumap8eo adjbsdttr.mptesaﬂigmihendismesueiamsafeaxtn@ga zldwtellfatlatyrpasknlireqtly
from a distiiptigp eglunnigr they mavdiratRrss through amexerhead. Rt rsheilensection hefaredeaving

the distillation zone. [0033]Extract distillation zone 200 may also produce additional product streams.
As illustraetiiRrFguRAT A BE RIS ligHR coiHA Pard-AEhE ay e refievaY $itsim ibifratat
distillation1zeis e epdinngl ©oRskiE38- MBS kampisaifisyaetRogiaent Mansb e sisedamisle lighlere
impurities in extract stream 5 such as. toluene are removed ta enahle the para-xylene uct 215 to
et Ao BTy SO R E a ATo  SE R DOH T o R 2k R e e
well knovim ifhthearteoprrakecthrébare foore peodiecth stieg s el ddaingrasideythaw toakaetcRddlumn

210, usinlglgyd:%igigg}y\@él Gistillatign column, and/or including multiple distillation columns such as
optional extract finishing distillation column 211 illustrated in Figure 1. [0034]Para-methylethylbenzene

(p-MEB) giso be present in extract stream 5 from.adsorptive separation zone 100 and may. be
chatibutdg 0 ous 1o e T e il PR
distillatioAozshd ©00isFaatsesittat iahaatthelistEBodisaobatiol beBrdEnatre gividdetivinciane 300

parametels el &S g ferl o antheRer Bameh B dlistipesueRlinm althtee boding RerEs) gf e

desorbent component(s) employed. As recognized herein, desorbent stream 3 introduced to
adsorptivE e SiRIRT 2 b R E8F ig cotRaffu s TPO8 ek e F AT o VST L FRAIr 8L a5 s SIHRER ey
include prMiBatAsdissltesirabtelfanhecanonic refitons tprabyctestasarbStSndheé phecbsstoms or

bl |ati P-MEB i distillati t
managed A & Ay TOURCAR S B e Aaront oF R M A o

adsorptiviiaarafionzey € ADP gy fitanc@ by el thht e Girtigmatip MEB rafdea stidwnparys

xylene depleted C8 aromatic hydrocarbons) in raffinate stream 7 from adsorptive
separation zone 100. Desorbent stream 320 removed from raffinate distillation zone
300 may comprise substantially all the desorbent in raffinate stream 7 removed from
adsorptive separation zone 100. hi an embodiment, at least a portion of desorbent
stream 320 produced by raffinate distillation zone 300 may be recycled via optional
conduit 350 to provide at least a portion of desorbent stream 3 introduced used in

adsorptive separation zone 100.

[0037] C9 aromatic hydrocarbons have boiling points that range from 152°C to
176°C. Therefore, some of the C9 aromatic hydrocarbons in raffinate stream 7 from
adsorptive separation zone 100 will pass to raffinate distillation zone desorbent stream
320 if the boiling point of the desorbent component is not sufficiently high such as
when p-DEB is the desorbent component. Adsorptive separation zone 400 prevents
unacceptable accumulation of C9 aromatic hydrocarbons in desorbent stream 3 which
may be recycled to adsorptive separation zone 100. Adsorptive separation zone 400 may
also be used in embodiments where the desorbent component has a higher boiling
point than p-DEB. Although it may be possible to separate higher boiling desorbents

from C9 aromatics via distillation, the instant invention
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not more than 0.05 wt% of the para-xylene in feed stream 1. In an option not illustrated, a purge
stream may remove a portion of desorbent containing p-MEB from line 220 and desorbent of higher
purity may be introduced as make-up to the flow scheme. In another embodiment, design and
operation of extract distillation column 210 increases the amount of p-MEB in para-xylene product 215.

Althoughgtés RitengesiregdiatdammylanedeaucttAt5do codiaintat leaskd?. fowldoparasssanaty is
not always necessary to remove p-MER from para-xylene product 215. For example, where
Pty S bR RIS E R SR e BRI O MBS TERNEh BHE 45
product. @mreftrs, not removing p-MEB from para-xylene product 215 may actually be beneficial.
[0036]As illustrated in Figure 1, raffinate stream 7 from adsorptive separation zone 100 is passed to

raffinate poggiafion zoneROGkddadtirate dstlladiad zamriBOgampisaoaldirde distibatiss eolbast310
and produces raffin roduct. stream 3 d desqthent stre 20. In_ an.embodiment, the .
overhoadt ST S AT G CBT AL b O o o0y SR YoiBriecs,
bottoms er drsprpenieapmipomedis fitkmoheoinatradsoristikessrbent S aor8200 Ratfid 60 prsdnatic

stream 3ﬂa?dpéé/a?gmﬁr.isﬁﬁk@ﬁ@{ﬁ@u}t@'b@Uh&QSﬁQ%@ti%l%fﬁm&afﬁé_’fé%ﬂ%ﬁ@{aﬁﬂﬁﬁ@edﬁﬂlf%ited
C8 aromatic hydracarbons) in raffinate stream 7 from adsorptive separation zone 100. Desorbent

stream 3SBREBYER RS FAfin St atnafbi Y BHE B9 vay COniBriSeoMss ARBARINE 1SERAIESRNt in
raffinate streamOOremevelddrom desatptdesseparstianczoneclA)d b ariesnbodirdeaitt, akleast@spedtion

of desorq§ntsrea .320 produgced by raffj equEtillation.zone 30Q may be r. Ieté.viao tion
condiit 356 £ SeoPUL ot BAck SOt e ot it S S R AR R IE AR B0 e
separatidPrzEAE120024503P109 atepsantieydioehrians hetveniesiiinpomper taraaged fromy 182¢he

176C. Thetafarguserse afdhesCS-arpmatic vsiosathons:in seffiinatecstaam 1R adspivetion

separation zone 100 will pass to raffinate distillation zone desorbent stream 320 if the boiling point of
the desofS&¥t E0PpORSATRLING (ERATALINT G SR ASQREAHIPER Koty RRRbAIEHRCoMBEREA.
Adsorptiver seidathtigncoonizi 4000 revenisidnancipiiabl e dec et atios ofl &9 drematiniyoiheeat botis in

desorbent glieam S WIEDPay0g rﬁ%‘%lgdffps%daﬁ?sr% vt VséeQ%{)%ﬁi‘gﬂozl”?nzeorllgolfgtgsggﬁ%%gcﬁgmaﬁ%qon

€ :
zone 400rmay 8380 e used in embodiments where t esorbent component

point thanSpeRE® d&BABRIH iCATAP Precpbssible fefeearsieshitisat Hoting deedrbrntemdmt P and

aromatics, ¥i <¥§tﬂ@§i%emeﬂ{l%@Eé@&ﬁﬁt%WM%?Qﬁ%ﬁﬁ@%@m@.tO manage the C9 aromatic
content for such desorbents that does not require the raffinate distillation column to provide desorbent

free of C?O@@Q]atics' In an embodiment, adsorptive separation zone 400 adsorption conditions
may include a temperature range from 20°C to 300°C; in another embodiment the
temperature range is from 20°C to 250°C; optionally from 40°C to 200°C. The
adsorption pressures are sufficient to maintain liquid phase, which may be from 1 barg
to 40 barg. Desorption conditions may include the same range of temperatures and
pressures as used for adsorption conditions. In a fixed bed embodiment, second
adsorptive separation zone 400 may use vapor phase desorption conditions to minimize
the amount of second desorbent component remaining on the adsorbent when stream

380 is introduced to begin the next adsorption / desorption cycle.

[0040] Adsorptive separation zone 400 comprises adsorbent chamber 410
containing a second adsorbent and produces an extract stream carried by conduit 420
and a raffinate stream carried by conduit 430. In an embodiment, the second adsorbent
is selective for para aromatic isomers over other aromatic isomers including the C9
aromatic component. For example, the second adsorbent may comprise an X or a Y
zeolite. Optionally, these zeolites may contain IUPAC Group 1 or 2 metal ions at
exchangeable cation sites. The second adsorbent may optionally comprise barium,

potassium, or both barium and potassium. Because the first desorbent component is
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[0038]The feed stream 380 to adsorptive separation zone 400 comprises at least a portion of
desorbent stream 320 from raffinate distillation zone 300, which comprises a desorbent component
from the first adsorptive separation zone 100 and C9 aromatic hydrocarbons. Thus, conduits 320 and
380 or portions thereof which provide fluid communication from raffinate distillation zone 300 to second

adsorptive sepacationz paeA00lseayalsa e desibed R Darsmalichydiecaihon 5ondiitpAs

discussed for adsorptive separation zone 100, the inventioni% ot int}rr:ded to be Iimiteéi]éll:)g the

particulaSSSONptivE SABhATH tSERMgGe Siniod B BR afi Did i of P RIEHAIGU8S 5FR0des
previouslgeasemtariecbmayiené mplgyed incadgofptivexsepdratigricrond 4000 Adsq@piive o€ parsdibie

zone 40G;al504Quite A ARROSREA SUEAM U iﬁeré-H{QEﬂSi%jeHXe%n%&%91@&%8&@5&%&%‘%@?9

term "first desorbent component™ will refer to desorbent used in the first adsorptive Separation zone

100 whilefitk tiptcysdesirlinedsrbaitesmpaiant: WwithbfSrlstfesBIpERIIRPSHGS:NSY 88/dBR D and

used as destrsMh e srReRNd Adsalpiive 15e PREAIRR ZaNe #00x{PEB8HN &t EMbodiment, adsorptive
separation zone 400 adsorption conditions may include a temperature range from 20C to 300C; in

another qgEapgjment thy tePEEAtUIRSMgR-IS ram 2061012595 Betienally £am #AG tR208€ rTbe

adsorption pressures are sufficient to maintain liquid phase, which may be from 1 barg to 40 barg.

( g
Desorptich SRARb R THRSARRISaE ki SBRYE ranle ok HBErataras amPprabitios s teateohan
adsorptigpacantiibisbém zefixe dpekEan bodimeht second-aalsarptive dapatdian zomeptde mayRige
vapor phase deﬁ%o‘:v%i%ns%%ndigon torggplitmize the amount of SeGan desorbelnct componen r?‘{enggfning

on the adsorbent when Stream 380 Is mtroduced to %gé%rsieth%nnext a ggreptlzc?r? i geggrpﬁgﬁsé%% :

[0040]AdStratitiereeparativastioneod 0l eominisesiansbrberliichAsinsiationc davaitahdcasdetsid site
adsorben}ghdiprogiyces sl sxiacl iraany caried by canduibisland amfrffirate steamicaviedhy

conduit 430. In an embodiment, the second adsaorbent is selective for para aromatic isomers over

other aroPTRBRIEDRMEA Ay ER J gt dtrRso e B eRanipie R a BRI SRso RSB AE may
comprisedaméthyl_aa\pzmditen@mbhaibmdheﬁemﬁiésimyMaMba&aG@ypbb @E]%crt_tﬁialr'tﬁﬁs at
exchang %@esgg{lean%ltesbﬁbeer%%%%?81% %rtbgé‘éé‘ﬂéxnckpct&ﬁ DLEQMPLISE BRI, BRIASHUI,, Of both
barium an potass&m. ecause the first desorbent component is Suitable for'a para selective first

adsorbertayrhgythe sameetieihrefiipleadsptheriany sblechvere cshhedistreny 6vciiffr @y &romatic

hydrocarben gagipeRRBELERE. Seeend;desorpent,compeaertiRawPehsrwfer axamaie: selretgdfrom
the group of possiblel}g‘st desorbent components such aﬁ{, aragi%hylbenzene, diethyltoluene, .

tetralin, AKARGY RIS in GEATRIVE S MBS T aBhithafe RERGThAHTh s hAg sorptive
paradimetayinapivihalene; 400eirthatt thet fistedes ofROntvtola phireODItaetin]804 Idtnrgroatbet will be

embodim&ggﬁggggc&nldaﬁﬂ?gggﬂte%% gg!fctivity for the first

[0042] The second desorbent used in adsorptive separation zone 400 may
comprise one or more components. For example, light desorbent components such as
benzene and toluene are suitable second desorbents and may contain small amounts of
non-aromatics, e.g. less than 10 wt%. In an embodiment, the second desorbent
component has a boiling point that differs from the boiling points of the first desorbent
component and C9 aromatic component by at least 5°C. Use of second desorbents
heavier than the first desorbent may provide energy savings if they are separated as
discussed below in optional steps and zones. In an embodiment, the first desorbent
component is p-DEB and the second desorbent component is benzene, toluene, tetralin,

naphthalene, methylnaphthalene, or para-dimethylnaphthalene.

[0043] Raffinate stream in conduit 430 removed from adsorptive separation zone
400 comprises the second desorbent component and C9 aromatic component. In an

embodiment not illustrated, raffinate stream 430 is fractionated in a distillation zone to
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desorbent components which have molecular diameters comparable to or smaller than
para-diethylbenzene (p-DEB) over the C9 aromatic hydrocarbon component. For example, the second
adsorbent may comprise an MFI type zeolite as classified by Structure Commission of the International
Zeolite Association (available at web site www.iza-structure.org/databases). Thus, first desorbent

componepiisasitabletputiismembedbnest sekide RridES stedatineepnsiapihalestd desorbent
methylnaphthalene, p imethylna hthﬁ‘%ﬁ‘e- As before, the second desorbent coné%onent may be

selected fORP ﬁﬁg%ﬁ‘ﬁ? o] tlﬁee an et?il%?cé’& %Iesﬁ’f Bg%ep%ﬂoe‘r’l"ﬁai%oéﬁ.z ?ﬂ%é ond adsorbent

may be the same as the first adsorbent, or the second adsorbent may be different from the first
adsorbertP@bHeither theBart SHEeR DI RIBREGIARHidRTBRCS By & SRRGHIENSCRAEF ISP dEXBFbent
componefb@vitbaepdisebargerkoaeseciosntt adsoppiiee SaparakiorsZanedd@éstriextiacbsipeaiand 2@ svhile
the C9 ar.gmattic compagnent wi{l be disgggr%qa 1iportza\gfinate stream 4§90[9r942 The secant% c(i)eﬁorbe t

used in a élosrpgﬁve separgﬂgeﬁ zbhe 40 may comprlsf(écrc?r% o Faore compSXen?sP For exam el,ofllg t

desorberdistiftgérre toreichOfs bemmairing dlistildatéonrecolitaisie SH ot deedrsenthandesrapenhtain
small amouypLs,OFAQRARINALSS. &%ﬁ%ﬁ@%&%@%é@&lﬁ&ﬁ‘%ﬂ?p@ﬂéﬁ@%ﬁﬁ&?@g fesribanto
e

component has a bailing point that differs from the boiling points of the first desorbent component and
C9 arom&he EoMRHRMPLY arRriaste 6t KeloAlraeddibEsigaedvidrRAER R Tirkt isBFHAT may
provide esteegynsa@ags iythaytisieasigpheates esidiscussedhhelid inoptitnat stepdlanidzores: R0aN

embodiment, the first desorbent companent is p-DEB.and the secand Fesor nt component i
WH n E?le Seco (5;] @ %rst 01Dbﬁﬂ;c componer?cs e'gthpﬁlggﬁﬁm n@l P BEB,

benzene, toﬁfghe, tetralin, ngp tﬁglene, met ?/nap alene, or para-diméthy ene.

[0043]RaffipRes ETRARANTIYE PRI SIE ARG Feth 6Vt Frsavekisbrptivier seivarsiliodcasnidad0 Spmpriaby, tive
second £BENS.caMBeNEhk ac&H aromalis, ComRNeRtd Ipiansrkadimentn ¢ biiakalede saffipate

stream 430 is fractionated in a djstillation zone to produce a C9 aromatic product stream and a stream
comprisiRy THERELIHE §ESBRTeHERCRABhERTRRATH Y et BH 25968018 SBSARStTE SBpA 4tion
zone 40G:dpaddjbitraciestroaniimn aaorthiiodzth cam ey fdstralesadsanptommgeparatidrorone #38t one

comprisescthe fir rhent com and-the second rbent onent. As illustrated |
Faure 1 0 Bt e e T s e
comprisigRASalLEb AARTURKIBLD t6rpraduteChaaedutb@sysiedaie intoidint3eactnapasHitpthefirst

desorbenjcmnanest-uatictsis seayaieehio firs: fisakadsarrtive seramtion#oned 0Pnleo ag dlstiated,
a portion_or all of extract stream 420 may optionally be pass?gl in conduit 460 to extract distillation

zone 200 WHEFETHTIAB SO8UHE Rl Firdtads SRS CUMBSnehi e S IBTRERE SHEPDED RN IY)
may be sepsoabetandpecateredas: pieionsly descobechl@dtipnathsdqadntiother fdvof dight sfrélam
230 may he.recyc la conduit 270 to provide. at,| ortign of the. s desorbent ent
cream 20 e B e Py e
componetftieans AREasserd cie)arabpdEssriefiesvrdnfdso REfh ARPEESOPHe APBER HPY 328y ahe
second aglserptiveiseparatienpne extract stream 420 may be recycled to provide at least a portion of
desorbent stream 3 used in the first adsorptive separation zone 100. The C9 aromatic hydrocarbon

content gagegjer speqiicatiansihe.deserbent sieamss hintg AASELRING: REABIAYIORZ906 100

may be controlled by regulating the flow rate of the various streams comprising the first desorbent
componeMfiosiiesRy thEiEgisture\ stisemeDiRions, MeXirEsiBolinrEntese dBHESBER MR eSEE FaRtion
zone 40Qmaycbdiopelaieshpiishaitentihose of ordinary skill in the art of distillation. Optional

second raffinate distillation column 311 is illustrated in Figure 2. Raffinate product
stream 315 comprises para- xylene depleted C8 aromatic hydrocarbons and desorbent
stream 320 comprises the first desorbent component and C9 aromatic hydrocarbons.
The third effluent stream 318 has a higher boiling point than desorbent stream 320.
Thus, in this embodiment, desorbent stream 320 is intermediate raffinate product
stream and stream 318 is a bottoms product from raffinate distillation column 310 and
may be referred to as another desorbent stream since it comprises the first desorbent
component. Although some portion of the C9 aromatic hydrocarbons in raffinate stream
7 from the first adsorptive separation zone 100 may be in each of streams 315, 318,

and 320, the concentration of C9 aromatics (wt%) in desorbent stream 318 is less than
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[0045]In an embodiment as illustrated in Figure 2, raffinate distillation zone 300 produces a third
effluent stream 318. As previously discussed, three product streams are readily accomplished by
those of ordinary skill in the art of distillation. Optional second raffinate distillation column 311 is
illustrated in Figure 2. Raffinate product stream 315 comprises para- xylene depleted C8 aromatic

hydrocarbensanetdesaibansstreant iR AtEaMpHegsihe distislasofantaosmonentiand s Boaianeatic
hydrocarﬁrns. The, third effluent stream 318 has a r(?;g%er boilin% int than desorp n& tream 320.
[ t a

Thus, in thid SFRBSUIMENE Hesar it ate AR Y2t T eI B AT Petiate Proatia Sttam A RT & sim
318 is a wtimmsedradurotfgbnreaffingte dixfillatidn $8(urn Bé Osapdnai@yl bEaeferhed fiosds davotent
desorbent SHEAM 5INGE LCOMPTIRRS G HSLASSURERT £APPASE A AT SANEPARIARRLHR £9

aromatic hydrocarbons in raffinate stream 7 from the first adsorptive separation zone 100 may be in
each of st&efA3 315, kawngrdnsloveieconseahtriivh of €9 arsmaticshvdvsraRIRv isacEfiednia18
is less thas the gRreRM I @6 Ked ardraatics (Wt%) in desorbent stream 320. In the embodiment
illustrated in Figure 2, at least a portion of the more highly concentrated C9 aromatics is passed

tthUQh_ ({@WIS 320 and 380 tﬁqb@rﬁ%ﬂé‘r%eqlﬁpnﬁﬁ'i‘ﬁefﬁ SW%R@%@”@PQ‘?@%m&e%@rptive
adsorptive separation zone 400. At least a portion of desorbent stream 318 having.the lower

concentr&fBATBHER e R! AYBRRNSEHY 8 i el e oA BRRIN Braldlpdng drsqrpsions
[0046]Asttheiltheantidsdphiveliseteddyoine: dyjee thiongit e lodyadserptveriaphiatigne thesdofoishnety
skill in the art can readily apply the following descriptions to either adsorptive separation zgne thaugh
ey are TE e i e R R A e
an adsorbefithanDThavig gagselsnrsretedsisd sasthoinitg iadsohent RasrehsdmokatdtsnBdech

mode Opgg%%ﬁ&‘i’rh%ﬁkﬁé}fssgﬂ%&ﬁéﬂﬁﬁﬁfzo%%@ﬁg tRen drsArbeabinhiheadsprberiseraaRer.
en

The adsorbent is thus subjected to alternate adsorption and desorption steps that produce a raffinate

stream afBHRMLrdQHLSMRRIACH dferh SRS J0r Dt tHeAa S B ABL 98 AR EAmdiERTent,
second adsarpitoeseparadifiin 2on e tdQhmay b paraierisca datchmodeAiltastraticg flokigure & the

Rafﬁ”atea%"gg'rfé‘l?{‘ %RQ&QSEOEBGQ}I‘%%?QE&EHe‘%{% conduiy 3a8&’si55,5*%%§e§é’”adr%%’§8r%‘r{% Ly {fgd .
and the second adsorptive zone desorbent comprising a second desorbe component is Intro Uced in
conduit 20PTaLS iechaiteBemdad s dlhratmteth dteligitin 8 iRkpfavrtinglintid aldpnnranic siioatbent

adsorptivg SeRRISP IONEHR k8 WisEistheh FafliBade ¢ 30 RRIIIEAGARD frdUlisArenditenaisly
active in providing fluid cog]munication of the raffinate a‘?r%extra t streams, respectively, from

adsorptiva SEpRI oA PEnE 0P WY SPSMRT L& Pe SR8 9‘3&8{31‘5&1 SAMREI oD R ARIREL P
through indndadiial ¥iletgbug, coomdaitsnldBwithnvh\as, aat shiovwnaceptrabiigethia flows/atng fluid

commonl . In_swi ode, the.ads n rises t d ent
beds or e R A, Mod saip
operatingatraitfereiR stepswittharsd séipiaiolieeiviocyervisnmdlséd arsamrzgatinnoatihe
CODtitWOlrt'_ﬁfﬁEP%%CHﬁ%VéElﬁ%Bﬁe/smd ?%@B@EIRP{%'IW Mﬁsaﬂgﬂfﬂﬁ_{]})‘eV§§§ﬁla%ﬁBtﬁr%fblﬁ‘%Q ?ﬁtﬁbﬂ‘z&@ nt
oints in time of the adsorption / desorption cycle to provide more uniform_product quality from the
bvorall aLRSthA S ATAh Tt B The VAR S R ST MDA B! Abbeo
adsorptiver sepanatiom proee sses. vl tese chbe dladsorplive séiapation§ pdesasptiaosonditigrisnoay be
similar to the adsorption conditions. In another embodiment, vapor phase desorption conditions may
be used {ood7iMmize thmarwiy Wdesoihent rerairisgrbaibecdsarenicuheniieed is intduead to

begin the extgdsprgggn / desorgtlf)sn cycle. F{(i)v("é Xa lee, the d§s(9r9rtl|o(§l ressure ma be decreased

aasorpen S OrI, VESSE € O ergte (0] erein the
and/or the tempeérature may be mcrease& rela c?é)orp?tlon conditions, hi an em}%o&men cat

least oneadfsfirseadswdve e paraporatiogeat Cifemdrsetiond afiSoepideospparatiotezonett®0qyciefixed
bed adsagpiiue SERAMICR 2086 aRGRIIREr A6RAH,B1LOPES LY SRAARL MAY CREHHE I RatehPer

swing bed mode. [0048]Either or both adsorptive separation zones may also operate as a moving
includes sufficient vessels operating at different points in time of the adsorption /

desorption cycle to provide more uniform product quality from the overall adsorptive
separation zone. Both the batch mode and swing bed modes are types of fixed bed
adsorptive separation processes. In fixed bed adsorptive separations, desorption
conditions may be similar to the adsorption conditions. In another embodiment, vapor
phase desorption conditions may be used to minimize the amount of desorbent

remaining on the adsorbent when feed is introduced to begin the next adsorption /
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bed adsorptive separation system wherein adsorbent moves through the adsorbent chamber while the
feed and desorbent streams are introduced to and the extract and raffinate streams are withdrawn
from the adsorbent chamber at separate fixed locations. [0049]In an embodiment, at least one of first
adsorptive separation zone 100 and second adsorptive separation zone 400 is a simulated moving

bed (SMR} sslsniptiveyseparatiorkaansicintapaides sinbadiipaiu teedisst adsgeptivassapanalion zase
100 is a iemulaiée movin%\l})%ed ads%ré)ta/eig aration zone and the sec r][d adsorptive %ﬁtg)a%ationtzone
400 is a fixetPbet Adsbptive sEFAFATIGH 20 ﬁvf'oé%é]jﬁ CTPTIRR AR E B SmB b A ERERARPSRA
adsorptivat slepataftium Qbﬁesl(lgdepanam mgmmmwnmmm@péob@sm gdrupsivig sepadsoonent
chamber 110 haying at{eag siohLHansIareQnis Lir, A Abid distbwter- 120, 0d &t gASE onsytransfer

line 125 providing fluid communication between each transfer point and the fluid distributor. The
adsorberft (haPsBRPEIB eI ARCE ALMBEISPER FAPAR beds 112 of an adsorbent selective for
pare-xylene. Each bed is in fluid communication with one of the transfer points. In an embodiment the
adsorberlP84fhber haBitser aarshathoidiseptigositepertioodiorest thendsepbertidianber comvpses

two vessgiCoRRBFRH N sepias RAcTLYeRsa! having 1 2:1ansienpointy-005 L Indhe M Bdsorbent

embodiment, four primary process streams: the feed, desorbent, extract, and raffinate streams are

passed sinaRREotbYsnBe g bt fesAtRpRiEadp Bt ssdhe AR iRt rsrgct and
desorptioafiiapscareteamad atd sinthidneouslrokeetheondisibvrbant désenbent aondeji=3 axovideduid
commun!l%%g%rg) fo fluid distributor 120. The raffinate conduit 7 and extract conduit 5 provide fluid
communication from fluid distributor 120. The fluid distributor directs the process streams to and from

the adsori?é t chamber 110 via traci]sfer lines 125 and transfer points 115. At least four of th8 transfer
ine 1 trarO0? Bbint pait A6 SRR APE AR GRS RS 101 Shih ST A0 SF RATART Hdee A0 Aine
flows threegbrohedsmsigrdineep poitiopazoAc o & teassfenlated poavipgitsethdBHMBD bésactvie

when °p@%}%@kéﬁ%@ér{@v‘fﬁoa?{oft@é? MRRLEAeNt RAMRET, FXAPRILS LLRLARA! SteaTsRALE given
in US 3,201,491 and US 4,319,929. [0052]The fluid distributor 120 and an associated controller, not
shown, simulated moving bed adsorptive separation zone and the second adsorptive separation

zone 400 is a fixed bed adsorptive separation zone.

[0050] Figure 4, illustrates an embodiment wherein adsorptive separation zone
100 operates as a simulated moving bed (SMB) comprising an adsorbent chamber 110
having at least eight transfer points 115, a fluid distributor 120, and at least one
transfer line 125 providing fluid communication between each transfer point and the
fluid distributor. The adsorbent chamber 110 contains a number of separate beds 112
of an adsorbent selective for pare-xylene. Each bed is in fluid communication with one
of the transfer points. In an embodiment the adsorbent chamber has 16 transfer
points. In another embodiment the adsorbent chamber comprises two vessels

connected in series, each vessel having 12 transfer points.

[0051] In the SMB embodiment, four primary process streams: the feed,
desorbent, extract, and raffinate streams are passed simultaneously into and out of the
adsorptive separation zone as the adsorption and desorption steps are carried out
simultaneously. Feed conduit 1 and desorbent conduit 3 provide fluid communication
to fluid distributor 120. The raffinate conduit 7 and extract conduit 5 provide fluid
communication from fluid distributor 120. The fluid distributor directs the process
streams to and from the adsorbent chamber 110 via transfer lines 125 and transfer
points 115. At least four of the transfer line / transfer point pairs are active at a given
time. That is, each of the four primary process streams flows through one transfer line

/ point pair. Additional transfer line / point pairs may also be active when optional
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increment the location of the active transfer lines / points periodically along the adsorbent chamber to
the next transfer point to simulate movement of the adsorbent in the opposite direction of the transfer
point movement, hi an embodiment, the locations of the active transfer points are shifted down the

adsorbent chamber to simulate upward movement of the adsorbent, and the fluid phase is circulated

through the-adaerhent €hareminee doubyrieh dirreioe: Althongeacishionshil hecdiawing Higefirst
and last be rbent connected via a conduit and pump to ensure continuous
fluid flow" mﬁé%@f%@; [ﬁ%ﬁ'«?%%% mg steps, principles, and equipment used in SMB
adsorptive separations are well known in the art. US 2,985,589; US 3,310,486; and US 3,686,342 are
herein ind®ARFhted by rBferlHid fEitHEREICHRgs ARtH rahert BN afeBHFtE sepaFatibioa ™
[0053]In SMBnaesmrph\te Isepéikatiosf ptheeasesethessieps diraperatipoal tzopesivtibelgdstsbgnthe
chamber are | d%fln t%e Ip‘gsnfgen rg)ef tperln t and Qu c}put streams ag Jollowe o%dﬁe 1 the adstorr;?tlon
zone, includes rhent ween finate outiet. Zone 2, the | pun ication Zone,
includes the aﬁmﬁbtmtibeﬁm@nqhﬂlfeé@nﬂéqrandmmm@@mﬂet andetgh@dat@dnﬁpsheé@ﬁaﬁme 1.
Zone 3, the desasption Zc%‘ﬁsf&‘?'g@ﬁ%H“%&d%@fM kervgemtheaxiast aulelandaihe segarhentinlet

and is located upstream of Zone 2. Optional Zone 4, a buffer zone, where used includes the adsorbent
between W&é@ofﬁ%\fﬁ%ﬁé‘ﬁaﬂ% the r%ﬁﬁﬂﬁ‘?&%ﬂatl%?%dhﬁeﬂ‘dé’taﬂ%?? efuigRreiedd REmueRSn an
SMB proeaéssibeiytbehfamnd; fot exanvfdﬁvamw&&&@&ﬁ%tmgkﬁﬁéﬁéﬂo% h 302, 3wk, the
3,455,81% l%s S%F 3 7 2 US 3 4 US 4 %33@42 and US 4,43 0151 005 %hef id distri utor
120 may be aro ary valve type as escnl?ea 648 ?7%0%% '§§f8 6?9 033 or a
manifold ¢BsU svRtippe sy stiend diow US tha 3leesed Céreciiemht Ehweoepé@atﬁmgtaﬁajemmﬁdﬁﬁ us
4,402 838@&%%&?&& Qe mnay %W%&%t%“@ﬁ&ﬂt%ﬂé'%éh@%ﬁ RenGilesdsdamiliar, ins

sizes ra egr %from pilot plant scale as in US 3,706,812 to commercial scale havin w rates from a
few cc peroarto mahy thoudahod FFISRs hBP Aot THE REEFRoH ALy Hidls B gﬂgrasfrcféal% dor
co- currenhauleed:baigh pidecessplke th@MBsadibagtive)Sepha8i@b« or in a co-current, pulsed
continuous process, like that disclosed in US 4,402,832 and 4,478,721. [0055]In another broad
embodinwmsﬂ]e iNnventipR NSE A BRPPIAIN S EYasaparangeasas XW@QMa RRESIERRINARBPIISING
C8 aromaltlc (}/ qtg:arbo S and C9 a atlc dr carbons comp r|S|n gn)a Si ulated mOVI bed
adsorptlve Séparat |or¥11ic():nea]i% %65 atih r e%g(f?o?r? 8 Stieini'e rﬁ’blr |ngSt(rfa S as
adsorberfoBhambéoiavinghat dcastpigim tzansfenpbml@ the Hdaefeﬁpomsvmemdlwgfﬂenhmlet and
communigation with & frstadsosbent cantatagd wthimihe pdsaeH chaThek Lk i distibuter

comprising a feed inlet, a desorbent inlet, a raffinate outlet, an extract outlet; and (iii) at least one

transfer |méefo?eaaklenﬁféaﬂ%ﬁ§fé¥e‘paﬁé isréReaitsg RS EEHF GRiIZa6N r SANA SHITRE Ces BRIz %o
the traﬂsEﬁnl@QIﬁicﬁbbl@sfeleél gapeint providingeHuid c emmisnicatien ahtheHeett stieamttinibe sitaulated

moving bled ada tlve se ar %on zojﬁeéeedﬁltallle% éC) a first de o;bzeorgecongun prowglnlgC Iu cPe s the

communicafion o E%rs(?ta esorbeAtcEmpBne BSsimutalst Mofiig bed Adsorptive Separation
zone dewﬂberbatdetb@dya_eﬁrrsﬂee(tmmmatmezoaed:cnlmpr@ﬂ@ﬁameewabtdlmtahon ciitaila; ¢o) a
first extrach oAUt PLYAding k| {HUQEa@MBfr%%E@%S'H%HWSQ RRiRY hed adsprpiivein us

separation zone extract outlet to the first extract distillation zone; é a raffinate distillation zone
comprsﬁ@%%ﬁﬁ%@&sﬁrﬂ’dﬁb%&%3(@593 ﬁr]s%’rarff?nété%r% t H%\ﬁdﬁ?g?’fma’cgﬁrﬁbﬁ’ﬂgaﬁeﬁﬂfrom
the simulgted mBsi8g beshadsF pigseparation zone to the raffinate distillation zone; (h) a fixed bed
adsorptive separation zone for separating C9 aromatic hydrocarbons from the first desorbent

com pon?mpprlsmmeemm BLBHRABE ChAM e, CoRtaINpg: A SeeRBdREIS U his-G 9 Aromatic

hydrocarbon conduit prowdlﬂ%ﬂwd communication of C9 aromatic h%drocarbons and the first

desorbert- 23 hddrert front te Faftinte dStifatoR 25me Yo B HRHAD o BHIGVA IR YESTEHT: Bhie:

and (j) a racyde4a8dyiyiroddieg fhaidt COMBIWpeatidoraf Hie &estd@edrbanU@omg@ﬂe&Bﬂom@tﬂ@st
one of thg figk %ia%ﬁg'sgﬁ' ation. Z&’é‘e%a £|%§6h 9%81% gﬂ-‘? tﬁﬂ% S'énfé%t‘?%%“‘i’l\{"%%?d
adsorptlve separatlon one esorbent inie he app atus m er comprise a secon
desorberiegsnagifierovidiag Blaidt cnain @sicatlon 8&9@ Ak dem@@mﬁ@ﬁ&]bﬁﬁmaﬁ@mmﬁaﬁe

distillatiop-gang W@@H}%@m@ &@WEB@QQ@% BaigCRMIPRICRYAR. IR hecsrrANddgsahent
conduit tg the simulated movin bed adsorptlv eparation zon desorb nt m%t [005 émn another

embodim&hE REVE db ESAC b‘?B\nd%%l?ﬁﬁd &S r‘i"é%ﬁ?odl {HEHISERELBFOem ESbdnert fbm
the first extractdistitatioenzppelethesinoiaiad moviess bEladsat ptivel sephiatios Zoro218Sar bent
inlet. Optlpga%walsecond recycle conduit provides fluid communication of the first desorbent
component
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from the raffinate distillation zone to the simulated moving bed adsorptive separation zone desorbent
inlet. [0058]In another embodiment, the apparatus further comprises a second extract distillation zone,
a second extract conduit, and a third recycle conduit wherein the second extract conduit provides fluid
communication of the first desorbent component from the fixed bed adsorptive separation zone to the

second GNUSE]diSti”atiQﬂ zanetaee thedhird saaysiemeamtpeovidesfue cagnmuniegtipnralihedist
desorbent component from the segrond extract distillation zone to the simulated )g}%ﬁgg?g d adsorptive
e

separatiots 2oHe thesBABRETAIETS ELRIASE AT SABA SHIPIOT BEpar iy Parac Pa e
stream c@prisiog &8carbyraticimtuirosarbongaisthgt |e@st orendaiamatioiydrodsdoradeorptivent,

the appaallis CaRPTRING: d3) SelstAfSO BUVE SERAAURNAONETGESEPATANNG RAMYIERE. froMythe

feed stream comprising a first adsorbent chamber containing a first adsorbent; (b) a feed conduit
providing?fisier EsRintisEdRion e fabdearb &8 thamist RRIBSIVESdparafonYRés rprding
desorberhgenebih proMidingotuid ¢ommynisatiorbeha dsst dieser damhcORpQREYri Hiechishadsopfive
Separatloa{] ﬁ%rllg ;distributor comprising a feed inlet, a desorbent inlet, a raffinate outlet, an
extract outlet; and (iii) at least one transfer line for each of the transfer points providing
fluid communication from the fluid distributor to the transfer point; (b) a feed conduit
providing fluid communication of the feed stream to the simulated moving bed
adsorptive separation zone feed inlet; (c) a first desorbent conduit providing fluid
communication of a first desorbent component to the simulated moving bed adsorptive
separation zone desorbent inlet; (d) a first extract distillation zone comprising an
extract distillation column; (e) a first extract conduit providing fluid communication
from the simulated moving bed adsorptive separation zone extract outlet to the first
extract distillation zone; (f) a raffinate distillation zone comprising a raffinate distillation
column; (g) a first raffinate conduit providing fluid communication from the simulated
moving bed adsorptive separation zone to the raffinate distillation zone; (h) a fixed bed
adsorptive separation zone for separating C9 aromatic hydrocarbons from the first
desorbent component comprising a second adsorbent chamber containing a second
adsorbent; (i) a C9 aromatic hydrocarbon conduit providing fluid communication of C9
aromatic hydrocarbons and the first desorbent component from the raffinate distillation
zone to the fixed bed adsorptive separation zone; and (j) a recycle conduit providing
fluid communication of the first desorbent component from at least one of the first
extract distillation zone and the raffinate distillation zone to the simulated moving bed

adsorptive separation zone desorbent inlet.

[0056] The apparatus may further comprise a second desorbent conduit
providing fluid communication of the first desorbent component from the raffinate
distillation zone wherein the recycle conduit provides fluid communication from the
second desorbent conduit to the simulated moving bed adsorptive separation zone
desorbent inlet. [0057] In another embodiment, the recycle conduit provides fluid
communication of the first desorbent component from the first extract distillation zone
to the simulated moving bed adsorptive separation zone desorbent inlet. Optionally, a

second recycle conduit provides fluid communication of the first desorbent component
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(d) a first extract distillation zone comprising an extract distillation column; (e) a first extract conduit
providing fluid communication from the first adsorptive separation zone to the first extract distillation
zone; (f) a raffinate distillation zone comprising a raffinate distillation column; (g) a first raffinate
conduit providing fluid communication from the first adsorptive separation zone to the raffinate
distillation-ganendthaiseeeond AdsaiphivessrRpesation senel fes Senaiating tie LR aomatisdpydagatbon
component from the first desorbent component comprising a second adsorbent chamber containing a
second a%i)srberl%r?ﬁ%% eatromatic hydrocarbon conduit providing fluid communication of the C9
aromatic hydrocarbon component and the first desorbent component from the raffinate distillation zone
to the seé‘efﬁé%ldsorpti% SBRHRSH SRt HBEyRRP REHAR ORI TRt S G ARA G SR the
first desodetil coompasan) fHoseadhensikone oichedinst exitact disiitatioayztme andhihewalirate the
distilation zqne, o the frstadearplive senaaiian.ane, and. (9,2 ssend recyele ondult providing
fluid communication of the first desorben component from the secondeacfsorpﬁve separa IOR Zone to
the first dxoacthiistikaddredgdsorptive separation zone to the second extract distillation zone and

the third recycle stream provides fluid communication of the first desorbent component
from the second extract distillation zone to the simulated moving bed adsorptive

separation zone desorbent inlet.
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2. The apparatus of claim 1 further comprising a para-xylene product conduit providing fluid
communication from the first extract distillation zone, a second desorbent conduit providing fluid
communication from the first extract distillation zone, and a raffinate product conduit providing fluid
communication from the raffinate distillation zone. 3. The apparatus of claim 2 further comprising a
light component conduit providing fluid communicetiaifem the first extract distillation zone. 4. The
apparatus of claim 3 wherein the first extract distillation zone further comprises an extract finishing

diS_ti"atiori.cmy@?pa'éaﬂgefape@ s Qf Claim Liuethereamprising & thid @saeg%%g@%&f&\ﬁging
fluid communication of the first desorbent component from the raffinate distillation zone wherein the

recycle cBYAtRCAFEIRR LG dlolfRTlRes:i 6 FrfirRRLith Py YOSErRom COMRAN thethfs CRIRSAN e

separatiatpagnesig: The apparatus of claim 5 wherein the raffinate distillation zone further comprises a
second raffinate distillation column. 7. The apparatus of claim 1 wherein the recycle conduit provides

fluid communicatipn of tbe dinsbepaoebsabermBanest éras thepratinate gistllalinmeonsdp the fisst
adsorptive separation zone. 8. The apparatus qf claim 1 wherein the recycle conduit provides fluid
BERh SERBRE o Ry it

communication S f7EiFYTORESHBEf £oh Fn§ < R IR e first
adsorptive separation zone. 9. The apparatus of claim 1 further comprising a second extract
distillation zone 72 Sedeith et Bt e daith ferreeyaic REABU Ve risrrtiersania St
conduit provides duighsavarseipication oo first desorbent component from the second adsorptive
separation zone to the second extract distillation zone and the third recycle conduit provides fluid

communication @f the frslodssatbephaemparentim dbgsecrnhaxiagisistdiationmzepeiia thedist
adsorptive separation zone. 10. The apparatus of claim 1 wherein the first adsorptive separation zone

is a fixed bed a&gmgg&l&%ﬁribﬁg_sorptive separation zone,;

(d) a first extract distillation zone comprising an extract distillation column;

(e) a first extract conduit providing fluid communication from the first adsorptive

separation zone to the first extract distillation zone;
(f) a raffinate distillation zone comprising a raffinate distillation column;

(g) a first raffinate conduit providing fluid communication from the first

adsorptive separation zone to the raffinate distillation zone;

(h) a second adsorptive separation zone for separating the C9 aromatic
hydrocarbon component from the first desorbent component comprising a

second adsorbent chamber containing a second adsorbent;

(i) a C9 aromatic hydrocarbon conduit providing fluid communication of the C9
aromatic hydrocarbon component and the first desorbent component from the

raffinate distillation zone to the second adsorptive separation zone;

(j) a recycle conduit providing fluid communication of the first desorbent
component from at least one of the first extract distillation zone and the raffinate

distillation zone to the first adsorptive separation zone; and

(k) a second recycle conduit providing fluid communication of the first desorbent
component from the second adsorptive separation zone to the first extract

distillation zone.
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11. The apparatus of claim 1 wherein the second adsorptive separation zone is a simulated moving
bed adsorptive separation zone. 12. The apparatus of claim 1 wherein the first adsorptive separation
zone is a simulated moving bed adsorptive separation zone. 13. The apparatus of claim 12 wherein
the second adsorptive separation zone is a fixed bed adsorptive separation zone. 14. An apparatus

for separating Paispryiene bpeldneedistteameaippiisig-Cshasoryaticeyei@GarkerzianddeSarpipatic
hydrocarhons, the apparatus comprising.. (a) a simulated moving bed adsorptiye, separation zope for
ceparati BB st LR B S S ot o CHRR G RS B SAct
eight transfevidongt ]t tramsferpoattenprireidindp € Uidstoemtmanicdtisillatibra /st adsotbemafomamed
within the,adrorbehenamiekidihg Huith Ustibnincamaristid aeedrigl-agiasoibrnt Jalst. a
raffinate outlet, an extract outlet; and (i) at least one transfer line for each of the transfer points
providingfluid communication. from the fluid, distributor .to the tr. er point; (b) afe onduit ..
Providing oL SPREStO CHNE e S LR e R B i D stlame
zone feedwibcoferarfiisatiesoitsenttberitisit provadindiskildomannsication of a first desorbent
component to the simulated moving bed adsorptive separation zone desorbent inlet; (d) a first extract
distillatiod . Z6he eppyrasing cirkitrast distittetothediustrex{ec fistiatiact sond fitiphevidmg piusts
communiggtég&j&g{%ﬂgﬁ@@&gﬂlm%gn&ﬁﬁg&dsorptive separation zone extract outlet to the first

extract distillation zone;

S. The apparatus of claim 1 further comprising a third desorbent conduit providing
fluid communication of the first desorbent component from the raffinate distillation
zone wherein the recycle conduit provides fluid communication from the third

desorbent conduit to the first adsorptive separation zone.

6. The apparatus of claim 5 wherein the raffinate distillation zone further comprises a

second raffinate distillation column.

7. The apparatus of claim 1 wherein the recycle conduit provides fluid communication
of the first desorbent component from the raffinate distillation zone to the first

adsorptive separation zone.

8. The apparatus of claim 1 wherein the recycle conduit provides fluid communication
of the first desorbent component from the first extract distillation zone to the first

adsorptive separation zone.

9. The apparatus of claim 1 further comprising a second extract distillation zone, a
second extract conduit, and a third recycle conduit wherein the second extract conduit
provides fluid communication of the first desorbent component from the second
adsorptive separation zone to the second extract distillation zone and the third recycle
conduit provides fluid communication of the first desorbent component from the second

extract distillation zone to the first adsorptive separation zone.

10. The apparatus of claim 1 wherein the first adsorptive separation zone is a fixed bed

adsorptive separation zone.

11. The apparatus of claim 1 wherein the second adsorptive separation zone is a

simulated moving bed adsorptive separation zone.
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(f) a raffinate distillation zone comprising a raffinate distillation column; (g) a first raffinate conduit
providing fluid communication from the simulated moving bed adsorptive separation zone to the
raffinate distillation zone; (h) a fixed bed adsorptive separation zone for separating C9 aromatic
hydrocarbons from the first desorbent component comprising a second adsorbent chamber containing

a secondiadgabepatbta £& alamaticinsiaearhe meanduibprevidinep Huidieampnisationr{ieRd

aromatic hydrocaéb ns.and %he first desorbent component from the raffinate distillation zone to the
fixed bedr%%‘él&% Vi ?&?8%’{8’& fgﬁgfaﬁl)og |Zec’5§/ecle conduit providing fluid communication of the first

desorbent component from at least one of the first extract distillation zone and the raffinate distillation
zone to thé sTGIRRARIOVING bed BdarPtiver sip AratRsie 9B Rt bERSARA iR Aone dacbfiged
recycle coaduitl psopiivegs8pid castnrdnication of the first desorbent component from the fixed bed
adsorptive separation zone to the first extract distillation zone. 15. The apparatus of claim 14 further

comprisingia seconsidesaikens condtaiending-Auiheammunicationed thedshdeserberting c8
component from, tkhgyrfﬁffinate distillatjon zone Wh_erﬁin the recgj%%a conduit provides fluid, .
communiZERiBR HHRY HRHLSRS & AT BRI drecanh egjﬁ89??1%%%6856’%%fﬁ}8%‘eparation

zone desorbent inlet. 16. The apparatus of claim 14 wherein the recycle conduit provides fluid
communication &Y the firat aksb BBt RTOASPRIPSHCHRERTER &3 ZCNGidM A65R ZE BB AR EHfated
moving bed ads@eptiviehsepadadias zancoagsasest i)leh adsorbent chamber having at least eight

transfer points, the transfer points providing fluid communication with a first
adsorbent contained within the adsorbent chamber; (ii) a fluid distributor
comprising a feed inlet, a desorbent inlet, a raffinate outlet, an extract outlet;
and (iii) at least one transfer line for each of the transfer points providing fluid

communication from the fluid distributor to the transfer point;

(b) a feed conduit providing fluid communication of the feed stream to the

simulated moving bed adsorptive separation zone feed inlet;

(c) a first desorbent conduit providing fluid communication of a first desorbent
component to the simulated moving bed adsorptive separation zone desorbent

inlet;
(d) a first extract distillation zone comprising an extract distillation column;

(e) a first extract conduit providing fluid communication from the simulated
moving bed adsorptive separation zone extract outlet to the first extract

distillation zone;
(f) a raffinate distillation zone comprising a raffinate distillation column;

(g) a first raffinate conduit providing fluid communication from the simulated

moving bed adsorptive separation zone to the raffinate distillation zone;

(h) a fixed bed adsorptive separation zone for separating C9 aromatic
hydrocarbons from the first desorbent component comprising a second

adsorbent chamber containing a second adsorbent;
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17. The apparatus of claim 16 wherein a third recycle conduit provides fluid communication of the first
desorbent component from the raffinate distillation zone to the simulated moving bed adsorptive
separation zone desorbent inlet. 18. The apparatus of claim 14 further comprising a second extract
distillation zone, a second extract conduit, and a fourth recycle conduit wherein the second extract

conduit providesifluid compuinicationyel-the fisshdesadant sesvprAgniiiirMdbe fixadihagadserpiive
separation zone to the seniﬁ,rclg_ extrﬁct distill ti%ﬂ zone and th%fOl,[Irth recycle stream provide fluitd
communication B st HEE SRR S emraRS thacS 3R e A At atiS T2 SHE drtfigate

simulated movirst8thtideorptive stpafaiah zahe despiitentépetation zone;

(j) a recycle conduit providing fluid communication of the first desorbent
component from at least one of the first extract distillation zone and the raffinate
distillation zone to the simulated moving bed adsorptive separation zone

desorbent inlet; and

(k) a second recycle conduit providing fluid communication of the first desorbent
component from the fixed bed adsorptive separation zone to the first extract

distillation zone.

15. The apparatus of claim 14 further comprising a second desorbent conduit providing
fluid communication of the first desorbent component from the raffinate distillation
zone wherein the recycle conduit provides fluid communication from the second
desorbent conduit to the simulated moving bed adsorptive separation zone desorbent

inlet.

16. The apparatus of claim 14 wherein the recycle conduit provides fluid
communication of the first desorbent component from the first extract distillation zone

to the simulated moving bed adsorptive separation zone desorbent inlet.

17. The apparatus of claim 16 wherein a third recycle conduit provides fluid
communication of the first desorbent component from the raffinate distillation zone to

the simulated moving bed adsorptive separation zone desorbent inlet.

18. The apparatus of claim 14 further comprising a second extract distillation zone, a
second extract conduit, and a fourth recycle conduit wherein the second extract
conduit provides fluid communication of the first desorbent component from the fixed
bed adsorptive separation zone to the second extract distillation zone and the fourth
recycle stream provides fluid communication of the first desorbent component from the
second extract distillation zone to the simulated moving bed adsorptive separation zone

desorbent inlet.

-22-



