WO 2012/ 058108PCT/ US2011/ 057240 2010EM303 PCT PROCESS FOR THE
PRODUCTI ON OF PARAXYLENE | NVENTORS: Dana Lynn Pilliod and John Di-Yi CQu
PRI ORI TY wWbAb1058{08001] Thi s application clains the benefct/uskoans2poi ority
to U.S. Provisional Application No. 61/408,097, filed Cctober 29, 2010 and
EP 10192327.4, filed Novenber 24, 2010. FIELD OF THE | NVENTI ON [0002] The
i nvention neloatwss t@r a process for produci ng paraxyl ene including xylene

i sonerization, and to an apparatus for the practice of said process. 10
BACKGROUND OF THE IN\/EI\ITI ON [0003] The xyl ene |sorrers are inportant

i ntermedi at es, whi chPR .» ¢ OIDHAC B HARA em cal

synt heses. ; is a feedstock for

t er epht hal | C a\mg)ﬁ gﬂﬁ@d[eﬁ{&ﬁ&?xﬁﬁ {rgg%f acture of synthetic fibers;
met axyl ene (MX) is used |n the manuf acture of dyes, and orthoxylene (OX) is
used as a ﬁmpht hal i ¢ i sanhydride, which finds use in the

manuf act ur ; ers. [0004] Xyl enes are found in various fractions
such as 500@00011}% dihistdpbﬂic&ti&n clpiedsrtd bnofir effand pEbGS t@.DTdS. Pysvidional Spplicgtivnds i n
adm xture h of i The a i C
corrponents U?@a E};le gtzngQIP&H&ﬁBﬁOQZB%%? QVGHE’FE%‘ﬁgB];dJCh as

sol vent emeppl(mwTkalfmamTMNnay t hen be obt ai ned readi | y such as by
distillation, consisting 20essentially o arompatics. By ' aronmatics"”

is meant alWati c THy dPEREPHEHESHIR, P rpgocgssca%ru%ﬂd%tngr@raxmemm%ng xylene

parti cul ar iynRtifiohend eng @pstatuld orid BiRict SORRIfroRkd. axyl ene (pxyl ene or
PX), orthoxylene (o X1¥| ene or O and met axyl ene (mxylene or MX).

[ 0005] WA | MMMMT to their simlar chem cal
structures,ogpysi aab RIAPGEIhES areafh%ohgﬁ”ﬁl{e%édlm epiREndelighbad vhigr e are

vari ous rret hods used to separate
application in chemical syntheses. By way of example, paraxylene (PX) is a feedstock for

terephthalic acid which finds use in the manufacture of synthetic fibers; metaxylene (MX) is
used in the manufacture of dyes, and orthoxylene (OX) is used as a feedstock for phthalic
15 anhydride, which finds use in the manufacture of plasticizers.
[0004] Xylenes are found in various fractions such as coal tar distillate, petroleum
reformates and pyrolysis liquids in admixture with other compounds of like boiling point.
The aromatic components are readily separated from non-aromatics by methods such as
solvent extraction. A fraction may then be obtained readily such as by distillation, consisting
20  essentially of C8 aromatics. By "C8 aromatics” is meant aromatic hydrocarbons having 8
carbon atoms, including particularly ethylbenzene and the xylene isomers paraxylene (p-
xylene or PX), orthoxylene (0-xylene or OX), and metaxylene (m-xylene or MX).
[0005] While difficult to separate, due to their similar chemical structures, physical
properties, and identical molecular weights, there are various methods used to separate the C8
25 isomers, for instance OX is separable from other C8 aromatics by fractional distillation, and
PX is separable by fractional crystallization or selective sorption. Present demand is largely
for PX and it is desirable to convert MX, the principal xylene present in the feed stream, and
also OX to PX, to meet the market demand. At ordinary temperatures at which xylenes are
processed in a typical petrochemical plant, the thermodynamic equilibrium content is
30  approximately 24 mol% PX, 56 mol% MX, and 20 mol% OX, based on the total amount of
xylenes in said feed.
[0006] The production of paraxylene in a conventional aromatics complex is energy

intensive. This is due in part to the significant amount of recycle that is reprocessed through
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25 isoners, for instance OX is separable fromother C38 aromatics by
fractional distillation, and PX is separable by fractional crystallization
or sel ectwoeorasgtoson. Present demand is |argely for PXpamastaitios72desi rabl e
to convert MX, the principal xylene present in the feed stream and al so OX
to PX, to neet the market demand. At ordinary tenperatures at which xyl enes
are processedemioaprdypi cal petrochem cal plant, the thernodynam c
equilibriumcontent is 30 approximately 24 nol % PX, 56 nol % MX, and 20 nol %
OX, based on the total amount of xylenes in said feed. [0006] The production
of par axyl ¢reCn remevehvéntyipsabForamemat prsess osrpllvsitatpd ie Feguegy 1i whiehshaves. Thi s

i ough viota6is Gt Tbapet LBk a0 B oo B i e By AT RGEFC o

typi cal cormboc ha@hbgpracpesis hiydrotdrbarsi with el objecFbgjug, et ]c,astwhlpalh rsd:uymy ofa
D h sy R R o R TR R TP b SR URE R e 30 RERUb AR REEP e
and hi gher “carbon er - ar om %/8rocarlbons A j ect e| ng, at

| east in paylkenesr ecovery of a stream conprising PXin an am)unt greater than
t hat found n uilibrium mxture yl enes, 7 feed stream or
St reans. usdOTR" HB GRSt o e P TR owtid T ey SRRy ot
Soi” ces, suchrias EMRuREs, MOEEasS ohy eleﬁaoseebcg@deedelwednﬁﬁﬁl+cﬁ%emlfdgﬁlm 1,cq38+

Sel ective To] uene _Di s roportl onatj on_Pr oduct C8+ Transa atio

Product 2, Ee%@ﬁl%wéﬁ@ Preeyspeibigrtiopnaeush 1y ﬁc?r%ﬂlwﬁﬁnﬁwg Bt r ears
that cont aimeneie @Esﬁf@bhi@ﬁanoﬁ@r@&lﬁh 1ssarﬂrﬁgttﬁﬁe$ stk tHal béHReEn Bt Mﬂnaﬁdson
wi t h nmet hanol of these sources is Eer h e well-known in the art. These

st r eams!%t y pPdaas| RiodusirdFans élygne megylation Wi @Oénaaqbe%ﬁh%sﬁ SQWBeTRf PESSY CO+

aromat i cs) WMigBwARE (R RCEPHAE sRbDRAVMLAR @nRRY leCrott CENMMER arddeBNE: OF
nore fractionators in C8/ C9+ Aromatics Fractionation 16 to renpve C9+

aromati cs Rty ((Eangrgmatigs s whish agh propesasd dengvishat ieeyslecvisha Waiie opmor
adverse ef foct ﬁfaaloq{%ﬁ%r @@/@91%; AL AKYEERRHNREROYE Y rén%v@r@bwljofﬁgﬁ& into

| sonerization 13 if not renoved fromthe feed stTrea fractionation.
[ 0008] The G8ra@e-8. AFbnEPT @od meaderi apmeticorrobld Hage tah waslvyrbe Pidiest ©8 d&r’v@ﬁtmamcs

stream @ W@’%ﬁ&rl&%@k@@dv@ﬂr £2 0 BARET MRADiARLARS ot dhARL MY HRE 1o

bot t ons " pr odu i"st™hg aroma aroma Ics stream |s
processed tsmeasréd;)éxytfravecbryttwrecover 20 par axyl ene by one or both of selective

adsorption ry I tion V\:hl own ar. cQver it 12
in Figure iwoﬁf Paf[tzlilgy 8Ie(r%19<31r ro l:tllc r%?\"/lhgnalﬁlon A 1@%&1& I egésygg%nu %gcastss%&gﬁnvw %
or even hi gthéth gbicpldy amythmmebet\&en ekt)omﬁf o4 aso S‘ptara@glﬁnez andi bdwoteprbalcarice of

C8 aromatics aSSI Vi a ond g to Va or 0@se X EZS Ils TT%I‘I zation 13.
Opti onal 1y ° ‘St“h‘?e r&“sogﬁ‘ 9 F@&?H%? gl WY& eAnt e Vg Phase
Xyl enesxl s@nmkylaat bpnd dr Zfz‘athest adiddtisb edsoaptivaasr agithilizdioh unnidtaliafiemvnohs

xyl ene iso rs.in Stream 19 on nore of a vari of catal ysts

whi ch may ‘?ZW Elz‘fng‘écfot’erét“ﬁ Ilgelﬂgzg%e? ‘gé? ﬁ?éﬂénea]ﬁr&d'é‘ith‘ﬁﬁ‘@gH}ayrﬁQ?p&‘B%?ﬁert

et hyl benzengich @s 9EAK B debﬁguéfrbp@aka@gz@né RO8RNSred ¥ONRAMPN 5@ (R RAHsses and
catal ysts therefore are per se well-known in the art. [0009 Continuing with

the syst em%r?é%aticﬁp%ﬁl@& Vg cpndyittoananRlase Lxleass somsrigation Be fottioaglys o
passes to Bt Gluari 38hi@Bedil fH6tian 8} IStk ), Mutpghpﬁa%g@m&leﬁso%mzmoghmer

materials (C7-) in Stream 11 to yield |sore e Recycle Stream 10
| somer a¥e ReB)hes as&a@%wlmumsba}a@e@m XYIENE FOMRES lﬁﬁmique@g more of a

Fracti onat 'VQInetyl%f catalysts which may also convert ethylbenzene to benzene and ethane or may
convert cthylbenzene to near-equilibrium xylene isomers. Vapor phase processes and
catalysts therefore are per se well-known in the art.

[0009] Continuing with the system shown in Figure 1, the Xylenes Isomerization Product
30 19 passes to Detoluenization Fractionation 18 which removes C7 and lighter materials (C7-)
in Stream 11 to yield Isomerate Recycle Stream 10. Isomerate Recycle Stream 10 is recycled

to the C8/C9+ Aromatics Fractionation 16.



WO 2012/ 058108PCT/ US2011/ 057240 2010EM303 PCT [ 0010] I mprovi ng such
energy-intensive processes is an active area of research, but it is not a
si npl e mawoen12058WRt | M zati on of each individual step, @&sTapstéiriozarué on of
one step may negatively affect one or nore steps in the overall system
Exanpl es of proposed i nprovenents include the follow ng. 5[0011]U. S. Patent
No. 3, 856, 8idresscrdabes splitting the effluent stream from PX separati on,
passi ng the independent streans over different catalysts, then conbining
the isonerized streans and recycling. [0012]U. S. Patent No. 7,439,412

t eaches a [WMOkss liprovingosheencrgy-iptersior pragnsess ¥ grhaqbive iatey o ydseateh, byt s
froma C8+ | C nel udi.ng. - e of ..an |. i i 10
ani t ander "P) G A RARE U2 bAZich 37 LM AR R o5 e Y Bl OGP et f

| i qui d phasegatisdpeaffezatanenoruniote iseps eh uthmedvetadl syseentf.i r Btanipiac bf gmatosain
tower in the So¥é5nt1ee?§in§§c?etﬁ‘é§o?loxyi S. Patent No. 7,626,065. [0013]U.S. Patent
No. 7,553, 998°1€aches" & process "For recoveri ng one or nore high- purity
xyl ene isson@rg] f r ans.aPiteedNbaBi’ig 33 histcaibtd aplitdan tten teffbkntCtteaar divat iPX

hydr ocar bons i sconpri.si de-ethyl ati on of h aromatics followed b
Y et onat e DR Mk S Ak e o R R R e SN Ay er

to recover idn@Hzdiukednys andlrégyeliigsomer with | owered energy costs. Streans
passi ng thrOLigh an '%somari zatj on unit under Ii%sggtjgd i sonerization Cg{i]q{)ti ons
are split, h a YWdrkaioh Neerp430 ¢ Adcacesnt Proe eFOVRMTE QALY 40N i s

purged. [ Og&ﬂtlyblyﬁne ABRkis Gl £08-SafonAtic Nedstbdih Sihu@i@d tHeRWObf Shiesh@ation
2010/ 0152508) descr.ibes a 20 process for producing a PX-rich Erqduct, t he

pr ocess!®conpit i Wideig liayid) Phgsogpidiitingsa PXx2Beprepld thg peodust ebyhe SaHerihsteng at

lleast a pohrdohRAzAHnt e RXeRRlieloethe Stk AR foBatRInORMEE iR fhd SAMEK | ZRd AfJ eam
having a PX concentrati on greater than the PX-depl eted stream and a benzene

concent r at iLbh Fetent e g.4284/5-1, 000 ppm and a C9+ hydrocar bons concentration

of | ess thagy3) 00Q; PPFGic/@Re, (705)53%83%@1&35%9@%&1%5 I SOBSVeAfE ofd ?F%}ebbﬁ h-

sel ective adsorption. 25[ 0015] Provi sional Application No. 61/326,445, filed
April 21, 2o, xylege diometstieam gdecd heying mebstangdrpenictaafi (P peweteshydrdcabbasdi ng a
l'i qui d phasg.j i ion, f [ bl br -

near - eqii | EPT iR A or o (RIS HARMCA Dy Bl Rid HFR Rl he

t enper at ur etrgin foes€8 htvantil #¥oAearedoanproassiyeehigiphiityixgivhe isomemivrib dwerd¢dhe

Publ  cat | of "L CEboaT 4B DS JbouD radRuET 226 Tsr G S0TR W REEHER s,
6, 448, 459; coyddichs 86pliawith 7 p36idn 620 to ndQidr Tdvevgy esiemtd d povéntiopsrgtiave
o 0] oL R R e, DS G SR e o
20  process for producing a PX-rich product, the process comprising: (a) providing a PX-depleted
stream; (b) isomerizing at least a portion of the PX-depleted stream to produce an isomerized
stream having a PX concentration greater than the PX-depleted stream and a benzene
concentration of less than 1,000 ppm and a Cot+ hydrocarbons concentration of less than
5,000 ppm; and (c) separating the isomerized stream by selective adsorption.
25 [0015] Provisional Application No. 61/326,445, filed April 21, 2010, is directed to a
xylenes isomerization process, including a liquid phase isomerization, for the production of
equilibrium or near-equilibrium xylenes, wherein the process conditions include a
temperature of less than 295°C and a pressure sufficient to maintain the xylenes in liquid
phase.
30 [0016] Other references of interest include U.S. Publication Nos. 2008/0262282;
2009/0149686; 2009/0182182; U.S. Patent Nos. 6,448,459; 6,872,866; and 7,368,620.
[0017] The present inventors have surprisingly discovered a process which significantly

reduces the energy required to produce high purity xylene isomers by providing parallel

-3-



WO 2012/ 058108PCT/ US2011/ 057240 2010EMB0O3 PCT confi guration of vapor phase
and |iquid phase isonerization systens. SUMMARY OF THE | NVENTI ON [0018] The
i nventi orwooosemsed to a process for produci ng par axylemaSeanpsi2ge ng
first separating a feed conprising C8+ aronmatics into an overhead or first
stream conpri sing 5xyl ene isomers and a bottons product or second stream
conpri si ng209eva0or@t i cs, separating the xylene streamin a PX recovery
unit to recover a PX-rich stream and a PXdepel eted stream then separating
said PX depleted (C8 aromatics) streamthrough a parallel configuration of
vapor phaseonfigueties of womephaseand diquidmbadeiispmicdzgloasestony. enes i soneri zati on.
[0019]In G%W@EF;&?g&%%I&?\par ation step occurs between the C8/ Co+
10 fractio y unit, and/or a benzene separation step

downst r eam[@08m t Ade inpeniom & alircaed 8t @plosyss fdh@péucmeypasdxsenbeompnving first

.e”bOdi _rrent %é araéltit OlauFenc? csegrar' at bgﬂ asotn(la 1cs ?l%g I"c]masver O%\ngr.t E“res?rg%rggm %oarindrisin .
i somerization step(sye T002018 needbodi ment & Pt HE T qul dpRase FEaEl %z at i on

product si s xykeay décactrd andre bottormD heoduct or GEconll estedin Coomprisamgt CONnadrbmiticst he
benzene separat.i on st (where present) and the PX r very 15st ep.

[0021] The PRRIEHEE IF SIS HEA L8 Froean R Rl By SEPbF PoRE I ARG 5T

par axyl ene deggid Sieh@, feif bdpatatihg @6d PRNRPleRD (COhidiAtiOP) Sfr&int thgough agardel i ons
suitable for fhe .sepﬁr ation of a C8+ aronatics. streami Pto .an over heads
conpri si ng SWHERESN ShfPSr B3td Beh I oue A ebg a8 diiaeo caroepsrization ne

over heads $4g19pMm fih Uidbodik@Nest Rezabet Reparalidh r RGOVREMs Whitbeen2theWigr@i+n sai d
PX recovery unit provides a PX-enriched stream and a PX-depl eted stream

t he i np¥ovdaiReinatenpid Be R Eravetr Wit a0 ot BPZerearPFRiRg Ye dopPRIed figfed

stream so yRalonfrR@idnl sRP(Q THRA Baf ¥ H60PLREbIFhERA TSP IGRRMoA Qe sH@POT
phase isonerization unit and another portion of said PX-depleted streamis

passed to & flovuireprppbeid bareavErionataptn: unit. [0022] I n enbodi nents, said
liqui d phasgppOmegf LasddiRthty :ﬂ{etlj[duﬁi gﬂ_a%e i?(}rﬂer&%%&ﬁlgt ROecled R GmRE ﬁl\f)tﬁie

i quid phase isonerate recycle to sai rst fractionati on colum and/or to
sai d PX r e®btheiGP/Ghi fractippoosd]thbeartng dénmeatios steg aivlebrepeseat gveé thy Pinicgoviery
selected f LRE at |least one of a crystallizer and an adsorptive separator.
[0021] The invention also relates to an apparatus for the production of paraxylene
comprising a first fractionation column operating at conditions suitable for the separation of a
C8+ aromatics stream into an overheads comprising xylenes and a bottoms product
comprising C9+ aromatics, the overheads stream fluidly connected with a PX recovery unit,

20 wherein said PX recovery unit provides a PX-enriched stream and a PX-depleted stream, the
improvement comprising dividing a conduit carrying said PX-depleted stream so that a
portion of said PX-depleted stream is passed to a vapor phase isomerization unit and another
portion of said PX-depleted stream is passed to a liquid phase isomerization unit.

[0022] In embodiments, said liquid phase isomerization unit is fluidly connected so as to

25 provide liquid phase isomerate recycle to said first fractionation column and/or to said PX
recovery unit.

[0023] In embodiments, said PX recovery unit is selected from at least one of a
crystallizer and an adsorptive separator.
[0024] In embodiments, at least one other fractionator upstream of said first fractionator,

30  wherein said at least one other fractionator operates under conditions suitable for removing
benzene from a stream comprising xylenes or for removing toluene from a stream comprising
xylenes, and optionally wherein both said fractionator for removing benzene and said

fractionator for removing toluene are provided upstream of said first fractionator.
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[0024] I n enbodi ments, at |east one other fractionator upstream of said
first fractionator, 30 wherein said at | east one other fractionator

oper at es woader2/os8rdi ti ons suitabl e for renovi ng benzenePCrarsea195T2e@m
conprising xylenes or for renoving toluene froma stream conpri sing

xyl enes, and optionally wherein both said fractionator for renoving benzene
and sai d fnaweMvgoator for renoving toluene are provi ded upstream of said
first fractionator. WD 2012/ 058108PCT/ US2011/ 057240 2010EM303 PCT [0025] It
is an object of the invention to significantly reduce the energy required

t o produce [YREbxy llenearbybjedt mifrthy iimgntidnetoasiprificandy redwershatierge tgoiral fa om
vapor phas e i L zat . J , tures,
and advant %%%&V#F aﬁ(ylﬁ%g% Ig%%én elrll Lg@l%g%%;? %ﬁ%ﬁgg‘gygg %gglevg J())r%t%hsze Xfy%’ﬁ ow ng
detai | ed désoriipttioon, preferred enbodi nents, exanples, and appended cl ai ns.
BRI EF DESC%(B& O\IT%seTall_}l% %WONGC%S %e% 2678] Ian taﬁ@an%ccsp %ﬁnlyeicng dar ag\rjerﬂggs’ I ke
reference nuneral s are use&“io Getote 17 ké parts % r oughou f HePdeVelal

vi ews. 10[ o&a8hdei igutiade o itle fallswheriatailed dédctiptionapicfigred cptbiodimearst exfahmpivs,
configurati on for xylenes isonerization. [0029]Figure 2 is a schematic
illustrati /Y ?ﬁ?e‘éﬁﬁ ifent of the invention. [0030] Figures 3 and 4
represent BRIBNBESCRIPTION OB THBEDRWWYINGSh enbodi nents of the present
i nvention, Eﬁbforma returnin iquid | sonerization product tq the rerun

[ z )
t ower and | 2t 18F 2FRPRr RIS EEH - d e SEITENPS BYNYRA' Browngd do 881%(111‘6

recovery Uphds thidadiub R sQERCRRII ON [ 0031] According to the invention, a
hydr ocar bon stream conprising C8+ aromatics i.s separated into a stream

| Sl toe . :
conpri siong [W38hy onfigies! Bnd seheaplic dhsEyingra BrigfgrredevasgRaupi, forpylens
stream opti.aRakdiynpassed through a benzene separation unit, is then passed
to a PX

[0029] Figure 2 is a schematic illustrating an embodiment of the invention.

[0030] Figures 3 and 4 represent a comparison of two systems, each embodiments of the

present invention, the former returning liquid isomerization product to the rerun tower and
15 the latter returning liquid isomerization product to PX recovery unit.

DETAILED DESCRIPTION

[0031] According to the invention, a hydrocarbon stream comprising C8+ aromatics is

separated into a stream comprising C8 aromatics and a stream comprising C9+ aromatics.

The C8 stream, optionally passed through a benzene separation unit, is then passed to a PX
20 recovery unit to provide two streams, one having an increased PX concentration and the other

having a decreased PX concentration. The PX-depleted stream is then divided and then

isomerized, in parallel, in at least one liquid isomerization unit and in at least one vapor phase

isomerization unit.

[0032] The invention may be better understood by reference to the specific embodiment
25 1illustrated in Figure 2. It will be understood by one of skill in the art in possession of the

present disclosure that numerous modifications can be made and that the embodiment should

not be taken as limiting to the invention described in the appended claims.

[0033] The feed stream(s) to the system shown in Figure 2 may come from one or more

sources comprising C8+ aromatic hydrocarbons, including C8+ reformate 1, C8+ Selective
30  Toluene Disproportionation Product 17, C8+ transalkylation product 2, C8+ toluene

disproportionation product 15, and any other streams that contain C8 aromatics such as

products from toluene methylation with methanol.

[0034] In the flow configuration shown in Figure 2, energy consumption is reduced by
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20 recovery unit to provide two streanms, one having an increased PX
concentration and the other having a decreased PX concentration. The

PX- depl etwd 208twoEsro8i s t hen divided and then isonerized, pca/ysasialos2hg i n at

| east one liquid isonerization unit and in at | east one vapor phase

i sonerization unit. [0032] The invention nmay be better understood by
reference tooelgospeci fic enbodinment 25 illustrated in Figure 2. It wll be
understood by one of skill in the art in possession of the present

di scl osure that nunerous nodifications can be nmade and that the enbodi ment
shoul d not nbeintizikgthe amoiuitwif {somgratcoR¢chiele iLA fiont Y apor Besse Kiylvadh Isemdriretiampldended
o, oL QRFLINRILESH: SEATIDo L Boblifes SHELEHB0RWN HnELANR Zi¥ocome
from one or nore sodrces conprising + aroma rocar bons, inc

C8+ r ef or nitaetidnati@8-A.6Sel Thet i newe p&@:e%o Eardigerabpis pncﬂm@s t thomatalloh pchesdmgt oﬂ?
C8+transa|k L1 Of_ QLo ol u di,spro ti tio r oduct 15
and any o har<SeCBARCBRLE Almel st E ot SRR AR BS PRSP

t ol uene snethy Laniddrhavd Xﬁemﬁémtmkanob@szrhé flow béPdrh-oiene @eplegdrGlt Ammagtown i n
Fi gure 2, ne .consu ce 2012/.058108PCT/ US2011/.057240
03 0ENB03 BETi FISTHG R ehSafi IGR YR FanETRLCD 4 & TG Fo ORIt

Phase Xyl em@ﬁmhg@lﬁmxmmt bDBar&y%rlﬁi@d)é}ﬂMéd OR |Aro@atidd estanm Bt thafis €Rporiaedmat | s
that are processed in th / QO+, Ar Omit'ﬁqé Fractionation_16. The new

process confPgul 't 89/@%%9&@&2%% 13314 1hg | associ3iedsanayt of [oReEis Remesle

Depl et ed C8ué4r@MB! Whish &ﬁtﬁam%&hmﬁhca@aﬁfauahaﬁgyaiwdaae(w SORBHdsZRdd on 5
and Liquid Phase XyI enes |soneri zation Qb he fl ow of Paraxyl ene Depl ete

C8 Aronti dddust Pleseniglenes Ispmsrirpbadpretiicoubh [soapsente Peryslks Sigpmdgvhich is the

| someri Zatcgmué{?:fﬂo& mc%hdn%ﬁsee&%% BYonfcidifinn o tiResAMYINts/0h+ PRFauutene
Depl et ed Aromatics Stream 30 th is vaporized in Vapor Phase Xyl enes

| soner i zat iFastiatign 46 ehe higherdepdaloedioarip anpinpie qnergreratv@pPRer Jet © istlpwaim 10,
whi ch cont %ﬁ nt?an'gHQ)lP c@w@&ﬁatﬁgnqﬁ@aﬁ@aﬂm e%rgwamg@%%e R RITALliGS t han
10 Liquid ase Xyl enes Isonerization product I'sonmerate Recycle Stream
21 which i §ratch@napméiﬁxean fesudtnin [2b qurilasPhae r@éyct@mes theswyneatlicperey oenspopiian sent
to C8/ CQ+ a higher feed location to mnim ze
energy%on%ﬁp%?dggﬁ(ﬁretﬂ%%ﬂo%%%8ﬂ%aq’ggafehcentratl on of C9+ aromatics. The
anmount of &#MBApy s&gumg& slorwst thet €8/ CQuidAPlowatisonsrdie detyobm atreamn 21 6capalre
result in a %re t,i I n V. ner gns tLon 150f
the pr ocessgtflom%{ﬁ hegtp{raoo 1gectolr onglor%flocagrorzlisx W}henel% ‘F’S%% %romg%s Jsrh%g?/s%% at the
Li qui d Pha$eactiscuion 86,evidRendait §0 &Be&ﬁmem]emml Unéx BF(bvnthraad:ﬂdyntsbemcené gr@ame or
nore | ocati ons whi ch s/(39+ tics Fractiopation 16,

T e condu 2hgde BRqUBRLOREHS Dt aT: 53 el 2PE ahdiee R SRR T Peanm
22) anﬂzo?ll & odelinet b@%eﬁieé@f@hbﬂmiédbyﬂ&bﬁ%ﬂ \emgh iﬂem@a/eernyerﬂezandTm a&amunic/sm seﬂt
to eac 0 [ et.er e t need to cts ic

i ncl ude bef@%h& pr H%fs %QIP Ly B?SSQE%@’FW%?SBS}@B?‘S&%&{! é‘%?iﬁ‘l‘%@ glﬂﬂ PRt

Xyl enes | s@ueydlzsitdafiRi12fay fbel Rebdiebid BBRase a leenmitat eccBasyie Fe polak@amm 21
may need to be renmpved down to a level that is acceptable for Paraxyl ene

Recovery 1Rec@enels sinegially ilswsfestiys sAsormuQbispteedb T | r%COM%rétg Fagy e oherG g

par axyl ene arohb@cCo B AIFRIVEE $n SRNCRE 9K eAmMBhesl FrabitBatdd fOdr N 6R@bI fdre
Fractionati on 16 or in one or nore 25 devices that enpl Oy separation

t echni qiies d8vieds thst oY agparation fqchpignes riuch At meademet PéiRctiady @ adsopptiopenzene
can be ren@i’lﬁl@larﬂfs'b@&ef?@%arprbe %ﬁl@véﬁeﬂéﬁge%né hRtm GERIO¥esS BRAADIQ bR ques
such as distillation, extraction, nenbrane, and adsorption. Optionally, the
C9+ ar omat |te@bmam§ snén%ﬁéllbam,@trﬁ@m,v@dn@amIanénéﬂ@uﬁlloy @tingpllyntheds9mor e
devices th 0 I t tion,
robr ane, | A ads P e st Py AR EHAMRifh Bh! o Bre R B0 oo
in stream 9mpl¢apmardﬁhawhl)(glhe@me® a slotiation agxitraetioh3mesbrahd, lamhwomtlon
near-eqyili m n r tr n rmre
of a Vg.3:’dl e (Iﬂf3l6 cgt%a? acflsrs% t})l(é/ %sgncé qqrﬁﬁrﬁ%ﬁﬁ] ﬁ sttrré;%g]ai‘tg\/ r‘glhg) %y%n
convert et H\splrrteemanmtegaﬂﬂeh@meaaeqiuleirllummmmce oftry1ano voetets 1e1sﬂngaln’ola1mm to
near - equi | i bri um xyl ene . 0%012{ 058108PCT{1 32011/93 %40 21910EM§03 PCT.

one or more’of a varie catalysts, per se well-known 1n which may also convert

ethylbenzene to benzene and ethane or may convert ethylbenzene to near-equilibrium xylene
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i soners. The xyl enes isonerization product stream 19 passes to

det ol ueni zation fractionation 18 which renoves C7 and lighter materials in
st ream 1IwoDao/sBsi somerate recycl e stream 10. | soner aPeTrseyialos72se r eam 10
is processed in the OX and CO9+ aromatics renoval unit 16. [0037] Regarding
separation of xylenes in the PX recovery, tw preferred nethods are 5
fracti onal 2¢ropstzad bazati on and sel ective adsorption, the details of which
are per se known in the art. See, for instance, in this regard, for
exanple, U S. Patent No. 7,439,412, and also references cited in the

Backgr ound isaetsi dilic ailones isoTivaizatmn ardductoirean ¥8 pasésito detolyanizatidn Sefteanpiiane

adsor ption . W=To f N 1.ORn.,

[0038] Li kedmeBichthnBGE Tinh NG e RhERh. Horkdif PLEARoMEbRE sream 10, 01
phase 10xyllenest¢ oy stzamilfm @pesald sothp©X el Gdtoammativs tdnevalrunit 6n t hi s

regard, se e le. U S. Patent Nos.., 6,180, 550; 6,448, 459: 6 872 866;
790 a00; 1033, “5ATRUGE suRyigh ¥ SWealO B, oy PRFuttdagilugd b

Publ i catsi ofrabdionalR€)9a102:821 82 sdlbcGve Afplpitioat thedetdiy oawhidlo arelibh 64 Rpn®0Y in and
Provi si onal, Pat ept plicati.on No. 61/.326, 445, fjl ed ri 1,..2010. [0039]
Conput er sitHut tg%?né UGSt AN PreEfG f?fre&a?la@\ Uﬁm?&ﬁ“‘iﬁgo-cﬁ Héi %H]EH 3;150[

avai | abl e 1&esadel vitddein theBRkgomelet®@sh dbove/ eTHefdgtatier dgnafization ofd dehetiyy esent

i nvention. propriate assynptions_were made, such as provided in U S.
Pat ent No. 2 ,Oﬂé’@}e&l‘fﬁl,mﬁ\?ﬁséﬁ’eél"l@e%OfT]i’ieﬁrets%msVI?PtI‘qn' of the ordinary artisan. A

plant with go3BX capasiidey tRf 1&4Q kit damerpred agcid ashagRaf@s end Ehﬂug_ﬂlaé@- The
|

sinmul ati ons studjied two process arrangenents: Process A shown in ure 3,
and Pr 0€esSYBISHEURCTIZAM garadsoger 6 KieYvh iptisceitsdy this s5egrdR seq FE pxRiEp| et ed

stream of €8s 2Qtcal OUR! | €530/ 950M X4 BOOVES W, 4481 1744 A8s BPI1idizi Nt Mstwe. equal
fractions, one of which was sent to a Li'quid Phase Xyl enes |sonerization
uni t 20, wHiPP34P%id) 8t Psentf/mpdieation Nublicadipn Noo 280082 BiradkeS. Myndigeipn Serial

I somer i zat 'k%nlﬂﬁli%@?andﬁﬁo\%QMPthntt LEdiBH NS 6 1/ FI QR8s MabH BUBGI03) Sent
the product fromthe Liquid Phase Xyl'enes Isonerization unit 20 to the
rerun towed0088] whibmpreiceoslati®s UFingthed’rd I pregrems whkicly sedmeterdiglyraveilapd d
Phase |l e o] i i if.20 V- uni t

Par exT&abggf%%r?’vgg%e{)%?%c?&otmBélrllfﬁ, th%gorehés}gs égltﬁg(lgaegg\lmﬂ 1??1%%1% a?%%oﬂr%ge in

Fi gures 1 assdmpfionsotdne Madpised a3 paovdied ithese Pathig NeafdB 9,gha séhidhsomrerthinaliee fr om
13 pass thr det ol uenj zer 18 t.akesout tolu nd Llibriumor
near equil |S%ﬁg)g r%l%exofﬁlélg sar%sgré'kkt%lgrgéxr”ﬁlna F%\f@?acﬁ% .0?$%Oe%§ isﬁuggcg%i tgl%g %5 hcg%s t hat
usi ng the pFigoeds Hoconditigstodichevo proest ioangeimbray: ePracess Aisgowi inddgire @ner gy

savings of 13 10 mega Watts) for Process B Fi gur d 12, MV
For PeocosathPppesyd o5 T Eibied gh B ThEcsas il dt gl e MeariGuds e
i n\éent [ ;to_nf hasnafieefio @XCietdved aixaRavasispli ii_itlert\eds eqeefridiond) oRE «laﬂxshian@mﬁﬁﬁﬁ nts
and speci fic exan S. ny variations w yggest thenselves to ose
skilled in% ﬁieiéq“gﬂ’ lel‘isﬁ ’&E?jlﬁ% ¥58F16{1??é10%‘8\}éﬂd‘éfﬁ’iﬁ ﬁ’@d)ﬂlfé RS 1P SR W}apm
2012/ 05810848/ XI%20d kb ABT2A40n 2O DEMBOGoRETn HRA#L}ds 'Praaet AeFigardm dinieiy |

this invention relates to: 1. A process for producing tgar axyl ene conpri si ng:
(a) separ aPfafyctdredy kighgrhihaiendyles lspmariasmtr2ior the s3ruf foaect lenakiicon
step into @rdckbdsH (FEUr&RNMeROAPplodhR GoXVili§NE Ph%@ﬁ?ﬂ&e@ﬂgm@riz%ﬁ&?ﬁlﬂtﬁtbw
conprising CO9+ aromatics; 5(b), separating said first streamin a paraxyl ene

(PX) 1 etovEryreenyer wi k2da ok sbRXptiye sspargionaain amde ycbXnewpinehedrtstheam
(c) passingy &gl St ar08, AN FRLcS 3 gdpﬂhg%%@gégoir%}ha&amﬁlmz%%rﬁ 193RY

phase xyl enes 71 sonerization unit to produce 1 rst isonerate stream and a
second por threehoictodesngePbiiestlet i toduone and sy eDgiibrain orquhiccaphisemyylcasres
| someri zat 'b?& Nty RuRE Fi@.“cﬂleasi@%&‘a&‘i’s Qi%kxﬁﬁlﬁ%ﬂh% iy @%@&E 280ding to the (d)
optionally Turther conprisSing a benzene separation step, wherein benzene is
separ at ed firventia, gteream seamfmansenegeyxsahvmgesf 13.10 MW (mega Watts) for Process B
30  (Figure 4) and 12.45 MW for Process A (Figure 3) compared to the base case of Figure 1.
[0040] The invention has been described above with reference to numerous
embodiments and specific examples. Many variations will suggest themselves to those

skilled in this art in light of the above detailed description.
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2. The process of paragraph 1, including at |east one benzene separation
step selected froma benzene separation step between said |iquid phase
xyl enes iwormer¥asatoson unit and said isfirst fractionati @eoTdatSeq,1/0amdo a
benzene separation step between the |iquid phase isonerization unit and
said PX recovery unit. 3. The process of one of paragraphs 1 and 2, wherein
sai d secondpiosomerete streamis recycled to one or nore of said first
fractionation step, one or nore benzene separation step(s) (where present),
and said PX recovery unit. 204. The process of any one of the preceding

par agr aphs [004hEr ei In aapthpreeadiodimepb this wmendion prldgehet of said |iquid phase

i sonerizati;on uRit | [ d first fractionation step. 5. The
process oflany gﬁ%m%%i%ﬁﬁé%&ﬁgﬂ%9%§$%g%¥h%§%?éin at |east a portion of
product of sai d(a) separatinphésd compneng Cat aromauesiib aifgst fiectymbéeh ttep iato d fdalst one
benzene separation step ... 6. Th rocess_of any.one,of the preceding

par aor aphe oty SRR RER Bl o ey A6 BEPRETR R bal R R e Bal onuni € i s
recycled to sai (b)Rpareiag\seil firgtsepam iV a pdifagylpueo@&S Sccokergniyiit 0o @ccofertahiEX-

precedi ng paﬁ%%QEﬁgﬁblﬁgﬁ%ﬁ%%» aid PX recovery step includes a

crystal lizaf FYtess of any one of the preceding
par agraphs, whe{gipisshgiadirkbpor@morany ISt agplitechtdasthiabes vipee pashs ayRhtoN.

309. The process of any one of th recedi ng paragraphs, further including a
step of fr é“t?ﬂeﬂ?f’é‘tofl dhitge péﬁ‘%ic% &ngﬁsgtSBmFréE?ygTeéms%"%eaaﬁﬁc%d P%WB’{}é)ff[S?J‘auPe?ﬁ'e, i f
present indspbted Stré@airoddh dNRURN PERS yRhesaRYMONRLO uhit€o Hr&fREIaNGcond

par agraphs, wherein said feed conprising C8+ aromatics includes at | east

one feel saoBEfTIRMBMYhe group consisting of a C8+ WO
2012/ 058108PCT/ [$2QLdADR 7RAHer2 HENBQ3a BElzcRels§fatdtive &Pl WARRIN benzene is

di sproportionation product, a C8+ transal kyation product, a C8+ reformate
product, afePagteddion ppYRBRECORIPEHNSBYERSonat i on product. 11. In an apparat us

for the productiQn,ofcRaF BXUEENE 1 (BRSO AP Ichsti RO bendehd Sdpafafif LkQ0AL:QN
col utm oper ati ng a? congl?lons SU|tab?e for the separation of a C3+
aromati cs dtomembpanzeneoeparation step between said liquid phase xylenes isomerization unit and said
15 first fractionation step, and a benzene separation step between the liquid phase isomerization
unit and said PX recovery unit.
3. The process of one of paragraphs 1 and 2, wherein said second isomerate stream is
recycled to one or more of said first fractionation step, one or more benzene separation
step(s) (where present), and said PX recovery unit.
20 4. The process of any one of the preceding paragraphs, wherein at least a portion of
product of said liquid phase isomerization unit is recycled to said first fractionation step.
5. The process of any one of paragraphs 2 to 4, wherein at least a portion of product of
said liquid phase isomerization unit is recycled to at least one benzene separation step(s).
6. The process of any one of the preceding paragraphs, wherein a product of said liquid
25 phase isomerization unit is recycled to said PX recovery step.
7. The process of any one of the preceding paragraphs, wherein said PX recovery step
includes a crystallization unit.
8. The process of any one of the preceding paragraphs, wherein said PX recovery step
includes selective adsorption.
30 9. The process of any one of the preceding paragraphs, further including a step of
fractionation of an isomerate recycle stream to remove toluene, if present in said stream.
10.  The process of any one of the preceding paragraphs, wherein said feed comprising

C8+ aromatics includes at least one feed selected from the group consisting of a C8+
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5 overheads conprising xylenes and a bottons product stream conprising C9+
aromatics, the overheads streamfluidly connected with a PX recovery unit,
wher ei n swodoRX0ss®eovery unit provi des a PX-enriched st Peamsand/0s7240
PX-depl eted stream the inprovenent conprising dividing a conduit carrying
said PX-depleted streamso that a portion of said PX-depleted streamis
passed to aonapgns pd@se i sonerization unit and another portion of said
PX-depl eted 10streamis passed to a liquid phase isonerization unit. 12.
The apparatus of paragraph 11, wherein said |liquid phase isonerization unit
is fluidly sdentivedtleuhe sispeportiongiop\pretlict, i §ifdrapkaiortios pivdvcat &CBe cgfeimate o
said first t .t d PX recovery unit. 13. The
appar at us 8%%%?%1%%:&%1 t%‘%gém%%mep%ﬂ%gtﬁ%%%ﬁﬂ{ecovery unit is selected from
at | east 13bne bfanappargsi édrlthaprbdlatidn afpacyenpt R X)ecosppsing b dirst fradtdbnatidne

apparatus q aragr urth cl.udin At l-east, one ot her
et fonat oo PRyt babbi IR RFUECe Ol o TR AR N em ot one

ot her fsactvehaidororopint gdendnaera bandistiratust ﬁmmtna:bh@riii@g CPe nmniatigs, blenzene
froma strea I‘ISI yl enes .or. for_renoving.to uenefr a stream
compri si ng OXYNEHe Seegt MGMIFONES A el X ey a1y Aty hRED S Pt frepvery Uit
20fracti on@tmdes S PRShfiem Bicardadnd efIPKSdlepfelte?@lCitfe@%%TﬂlﬁH 1mﬂrd@%2:}1ﬂ_ I’c@ﬁﬁr;}sl’l@rmﬁ
used herei e |nd| ated by a TM sy 0 in |cat that the
names nay e e ccrdd W%rﬂ@@. Wﬁ?@gs%tr%mr % fheica prtign o ﬁﬂéfﬁéipl Pl

regi stered siréaﬂijﬁ FRLsKS to WapdF IS isbmEriBHbCHNiONAR]. anbihbr RAGSNIfSaia PX -Bepl @it
applications, test procedures (such as priority documents, ASTM nethods, UL

met hods! aﬁﬁeaph’épﬁﬁs%‘))al@ﬁtﬂﬁ?@ﬁéfo%’éﬁfﬁaé‘dlﬂlﬁ cited 25 herein are fully

i ncor por at gg, bYTﬁ@iﬁﬁﬁﬁﬁ ®f f)?ﬁa%rlﬁiﬁl ﬁxK)v%@Itelnss'dﬁlhquidsﬂﬂagbsl%rﬁerlz&ld?pﬁnlt' i fpRRI st ent
with this invention and for all jurisdictions in which such incorporation

i s permtt&eMeydao AUTPERTPEAE ligdphask jispimesate rrdy fe Fretaic Bst fipgsenation potugnngr e

listed hergjfor thANIPK LAY |ower limt to any upper limt are
cont enpl at ed. . WD 2012/ 058108PCT/ US2011/ 057240 2010EMBO3 PCT CLAIMS:  What

is clainmedlBs: Iheﬂappmblegépﬁfr@granhrlddwbi:rnig spdPapteney waripsdlesiedgrom at least
(a) separ at0h§1 %&Sgﬁgzeggﬁg)gn Sik a%t?ﬁmt' cs in a first fractionation
I'rst

step into a stream conpr S n éne isoners and a second stream
conpri si ng 1€&9+ ar ohtet appsratus of paragtaph éé,pfarthctrl inguding dt east ohe stheefimtionatar

Etall: Z‘);};l ene’upstream FF SOy flX frléaﬁotnattop wieket &l & 1€ )& &{ecor{'he% tfragt?onatop gperatel:asxﬁnqgtp leted

conditions suitable for removing benzene from a stream comprising xylenes or for removing
toluene from a stream comprising xylenes, or both, and wherein said at least one other
20  fractionator is upstream of said first fractionator.
[0042] Trade names used herein are indicated by a "™ symbol or ® symbol, indicating
that the names may be protected by certain trademark rights, e.g., they may be registered
trademarks in various jurisdictions. All patents and patent applications, test procedures (such
as priority documents, ASTM methods, UL methods, and the like), and other documents cited
25 herein are fully incorporated by reference to the extent such disclosure is not inconsistent
with this invention and for all jurisdictions in which such incorporation is permitted. When
numerical lower limits and numerical upper limits are listed herein, ranges from any lower

limit to any upper limit are contemplated.



(c) passing a first portion of said PX depleted streamthrough a vapor
phase xyl enes isonerization unit to produce a first isonerate streamand a
second powOi2ore/038108ai d PX- 10depl eted stream t hrough a Ipcgaisdoiplamer xyl enes
i sonerization unit to produce a second isonerate stream and (d)
optionally further conprising a benzene separation step, wherein benzene is
separ at ed hpeavaostaream conpri sing xyl enes. 2. The process of claiml
including at | east one benzene separation step selected froma is benzene
separation step between said |iquid phase xyl enes isonerization unit and
said first GAMS:onati on step, and a benzene separation step between the
liquid pha%%mk%%ﬁﬁg&ggyion unit and said PX recovery unit. 3.The process of
one of clains an , Wherein said second isonerate streamis recycl ed
to one or rnore Aﬁn@akﬂbfmbémh@nackybm@mﬁmmmmgep, one or nore benzene

separation 20st ) presenég nd s covery unit.
process of any gaﬁéep)ayfagl{l% % fe&deomarlsm C?w@ aroma cs 1n a)ﬁrst? a%thna ont steg 1mto t?-r(sjtn of
product sof ssaintcdngiding xplRasBomas s 4 ﬂaadmcmtrem b@mpﬁmﬂge(cgyrcdreﬂatio@ sal dfir st

fractionation 5. The oce of cl ai s
| cast o por ¢ 1 ontarempyBacEt bRt Shrn ¢ B Rals FdhBrvda Rt Rng °
recycl ed t otr@im dlastX-aggetbpazene separatlon step(s). 256. The process of any

one of the preceding. clains, wherein a t of ald | i qui d,  phas
Csonri zat i on ugg P g Diotosien ¢f saudi Ty ﬁse??teﬁwéw avgppr DS XﬁleﬁB‘E‘,Sess of

any one Of1&Bﬁnﬂﬁ@ﬁ&ﬁhﬂﬁlﬁb&kgﬁ,ﬁMh%bﬁh@wsﬁh&nB%dhﬁgﬁMﬁdxoﬁ%ﬁnﬁm&ﬁhndes a
crystalllzatlon unit. The process of any one of the preceding clajns,

wher ei n'’saidgplpisd ﬁ%%%brg?u@t & Jiag hla%éé@nee}see@weow% rtﬁtﬂr‘éfhlce agsecqiil
process of jQmkrd\&redh; dde preceding clainms, further including a step of
fractionation of an isonerate recycle streamto renove tol uene, if present
in said stream () ptioy frBereednisingny berrene Fenapiop rséape ATNSESIT baizase is
wherei n said,.f. &0 GO IPEdait RehptBifie xY¥hL012/ 058108PCT/ US2011/ 057240 2010EMB03

PCT
2. The process of claim 1, including at least one benzene separation step selected from a

15 benzene separation step between said liquid phase xylenes isomerization unit and said first
fractionation step, and a benzene separation step between the liquid phase isomerization unit
and said PX recovery unit.

3. The process of one of claims 1 and 2, wherein said second isomerate stream is
recycled to one or more of said first fractionation step, one or more benzene separation

20  step(s) (where present), and said PX recovery unit.

4. The process of any one of the preceding claims, wherein at least a portion of product
of said liquid phase isomerization unit is recycled to said first fractionation step.

5. The process of any one of claims 2 to 4, wherein at least a portion of product of said
liquid phase isomerization unit is recycled to at least one benzene separation step(s).

25 6. The process of any one of the preceding claims, wherein a product of said liquid
phase isomerization unit is recycled to said PX recovery step.

7. The process of any one of the preceding claims, wherein said PX recovery step
includes a crystallization unit.
8. The process of any one of the preceding claims, wherein said PX recovery step

30 includes selective adsorption.

9. The process of any one of the preceding claims, further including a step of
fractionation of an isomerate recycle stream to remove toluene, if present in said stream.

10.  The process of any one of the preceding claims, wherein said feed comprising C8+
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aromatics includes at | east one feed selected fromthe group consisting of
a C8+ sel ective toluene disproportionation product, a C38+ transal kyati on
product, wWoQ@8t/asefosr mat e product, and a C8+ tol uene di sSpCosREllOHRYS ON
product. 11. In an apparatus for the production of paraxyl ene (PX)
conprising a first fractionation 5 colum operating at conditions suitable
for the separahizonp@f a C8+ aromatics streaminto an over heads conpri sing
xyl enes and a bottons product stream conprising C9+ aromatics, the

over heads streamfluidly connected with a PX recovery unit, wherein said PX
recovery upiomapeoinchides & 18Xt ey fech eddeated amthadroap PXGsteipg of e85t selsatiye t he

i nprovenen £l sing. dividi I Lryi aj, d.,PX- tream
So that o SARF Rl £ 0 Wk Y pRREC E PR R 28

i somer i zat iandia GRi tol@nd daplopdreéonation prodnctof sai d PX-depl eted streamis passed
to a liquiq phage, | Somerl GO0 MR or h8i TS (APRALALYR, 06 g kLBt

wher ei n said‘liqU|de%a§% s&H%Plfa?i8H?uﬁ’F ?g fﬁl@f@ eoMhedtet"8d s to
provi desl i guliuthnphaatnd seordiads suedycioe theacgaitibnfaf a8+ draaitico a@¢anDitcal umm
and/or to said PX recovery unit. 1513. The apparatus of. .claim 11, wherein
sai d PX reCSTBFAS GRmRISng ’gyé?n&%?‘éjda ?t@msé’cm“ﬁlég%’iea%rf&%f“lﬁg ?PW{O&WF% & and

an adsor pt ioveh&ap ak@bofluidhdoliteca Ml A0 X Feddher luaitMvlekein kall Phefecévasl wdi ng at
| east one ot her fractianator upstream_ of %?IdtflrSt fracti onator, wherein
ﬁ‘élss

said at | eREVGhe bErBRCk ey ratdot Pépdap [FAde thec BARIPYSISHE CQOPTSEN] e f or

removi ng b@RIBAE afcbiRitecably B AMJICIOXIAEH Sbd Strotd] NGt #horkidh of QB WX geplddiene
20from a stream conpri sing xylenes, or both, and wherein said at |east one

ot her fPactiiiht PRSP o sPPeRlits P oBelizgtion puit andragethpigrpaiQyy of said PX-depleted

stream is passed to a liquid phase isomerization unit.
12. The apparatus of claim 11, wherein said liquid phase isomerization unit is fluidly
connected so as to provide liquid phase isomerate recycle to said first fractionation column
and/or to said PX recovery unit.
15 13. The apparatus of claim 11, wherein said PX recovery unit is selected from at least one
of a crystallizer and an adsorptive separator.
14. The apparatus of claim 11, further including at least one other fractionator upstream
of said first fractionator, wherein said at least one other fractionator operates under conditions
suitable for removing benzene from a stream comprising xylenes or for removing toluene
20  from a stream comprising xylenes, or both, and wherein said at least one other fractionator is

upstream of said first fractionator.
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