WD 01/ 62691 PCT/ US01/ 05974 PROCESS FOR PRODUCI NG PARA- XYLENE Thi s
application clains priority from provisional patent application Serial No.
60/ 184, 01?,(“1 l¢ggbFebruary 22, 2000. This invention relat esp&ws%l/agﬁsess and
a system I'ncreasi ng para-xylene recovery and product roma

hydr ocar bon feedstream conprising C8 aromatics. 5 In particular, the
process and the system conprise xylene isonerization and pressure sw ng
adsorption to forma desorption effluent conprising a para-xylene enriched
product. Para-xylene is then recovered fromthis desorption effluent.

Et hyl benzene (EB), para- ((ﬁ% - e ) d neta-xyl ene (MX)
are often present toget h@bﬁﬁg§ﬁ: P@ﬁﬁ@ﬁ%%ﬁ%@%ﬁ%mtl Cc product
stream 10 froma chem cal plant or a refinery. For instance, cormerci ally
avai | abl e Mobi | l.ective, .Tol yene ortl onatl on d ene

B apr opor t onat i on e ARLEAE HEPS prbARCEE Ao PR rBRER RO i ng
pl ants al so pNeMBILER4 olmEmgdge&q&tylgzsgo@ommrm al exarrpl es i nclude
PONERFORM NG and PLATFORM NG processes. It is also possible to convert

C3/ C4 hydrocarbons 15 intqQ aromatics via a CYCLAR process. These C8
aromatics are al sollyf duigetien refates tgrajeroensaand ﬂﬁé%emrforolmrea%ng pERPFEEnewhi ch

produce 9asol LBRerlhiEloahibh 11k ABAn oAUk Bt tate) &, aBREERC and

tol uene, having 10 ar wei an t are two ot her
| arge vol Bme mapartibtler, athe nrbéess pmddihet sysiero duwpdsd xglene SeoBertvatioh end

chem cal plants and refi erl es. tOhI‘SLATFCRM NG apd CYCLAR, .20 are registered
trademar ks of PTERIPIC THES NFB%U IR G Aes@tion SHEERLCURRFFREYBAAEY IS t o

the present igygRtd ﬁl&ductalPlarzb 2MbiGis Ha r§<%%reﬁ%cﬁﬁ%ﬁ1@&est)§f ioH B0, EB is
used primarily for king styrene by direct dehydrogenation, oxidative

dehydr ogenation, or conversion via an ethyl benzene hydr operOX|de
intermediate, a coEfwbdnomef(EBnrare-xria @he; orti®-pyloee )‘@ndrpﬁ‘fadmﬁnng

propytene ox des) BoERS SR IToOhATR RPN maltALHRL
10 from a chemical plant or a refinery. For instance, commercially available Mobil
Selective Toluene Disproportionation and Mobil Toluene Disproportionation
processes may produce such a stream. Naphtha reforming plants also produce
these aromatics.  Commercial examples include POWERFORMING and
PLATFORMING processes. It is also possible to convert C;/C4 hydrocarbons
15  into aromatics via a CYCLAR process. These Cg aromatics are also produced in
large quantities in oil refineries, which produce gasoline, diesel fuel, heating oil,
and other fuels. Benzene and toluene, having lower molecular weights than the Cg
stream, are two other large volume valuable aromatic products produced from
some of these chemical plants and refineries. (PLATFORMING and CYCLAR

20  areregistered trademarks of UOP, Inc.)

Among the four Cg aromatic compounds related to the present invention,
all having the same molecular formula CgH;o, EB is used primarily for making
styrene by direct dehydrogenation, oxidative dehydrogenation, or conversion via
an ethylbenzene hydroperoxide intermediate, a co-product from an “Oxirane”

25  process for producing propylene oxide. Styrene is a large volume monomer for
producing many important polymers such as polystyrene and styrene-butadiene

1



WO 01/62691 PCT/ USO01/ 05974 rubbers. However, largely for econom c,
| ogi stic, production control and product purity reasons, nost EB

f eedst ockgyfRdediN typical styrene production plants are [eres¢ash79n
pur pose by al kylation of benzene with ethylene, not by recovery froma C8

aromatics streamfroma chemcal plant or an oil refinery. It is not 5
unusual that the total amount of EB froma typical C8 aromatic streamis
not significant enough to justify installing additional facilities for its
recovery and purification as a byproduct. Accordingly, it is often

desirabl e, so i e necessary,. to reppve, .conver.t or ot herw se di spose of
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used for manyurdisfiflethentheporllaatound b BR: frogpadgpisaicOs assndticl steamsisntdiet i ¢
fibers, and plastic bottles for, soft drinks. PPT and PBT may be used for
maki ng si ni | afSBHEARL PSS {h IHifY éla%ﬂﬁnwg%@?@f}le%@lﬂm FOé SRV r & al 50
useful as SO'PGE{}*&:%' ds2W BF6AdcR! S AlcRSralTRly,Ng isPERGH GoSirdbik Ssoidiiidds! C
anhydri de an |sopﬂﬁ1alsi c acid rcespecctirvel Y, demands for 20 OX and MX and
t hei r downst remessdey; ity atives donverher mihckeise plispose af €Bmuch ol dcenomied nor e
limted. Because of the nuch higher demand for PX as a feedstock than the

demands for CRAMEG MX, it is usually nore desirable comercially to
i ncrease or even naxim ze PX production froma particular source of C8

aromati c yat eri al sOf Helibresixgtone isticds, POUhgh the 15566 tantnedial AmrRate PN Rduct i on
of MX and/or OX and inadequate production of PX, thus creati ng an

i mbal ance of &§plPriEEriA d ffe FagIdaqtyIteh epuHie o derepighalicomeid ¢ kads., 2 WO
01/62691 PCT/ tlé%?)i!léhglﬁl?g Ssters such as- dimethyl terephthalate (DMT), which are used for

making various polymers such as poly(ethylene terephthalate), or PET,
poly(propylene terephthalate), or PPT, and poly(butene terephthalate), or PBT.
15  Different grades of PET are used for many different popular consumer goods such
as films, synthetic fibers, and plastic bottles for soft drinks. PPT and PBT may be

used for making similar products with different properties.

While OX and MX are also useful as solvents or raw materials for making

products like phthalic anhydride and isophthalic acid respectively, demands for

20 OX and MX and their downstream derivatives in the market place are much
smaller and more limited. Because of the much higher demand for PX as a
feedstock than the demands for OX and MX, it is usually more desirable
commercially to increase or even maximize PX production from a particular
source of Cg aromatic materials. Otherwise, there could be substantial

25  overproduction of MX and/or OX and inadequate production of PX, thus creating

an imbalance of supplies and demands in the various Cg aromatics markets.



There are two maj or technical challenges in achieving this goal of

i ncreasing or maxim zing PX yield and/or production froma particul ar
process oo Rleagh: First, the C8 aromatics are difficult ty had,¢ due to
their simlar chem cal structures and physical properties and identical

nol ecul ar wei ghts. Second, the 5 four C8 aromatic conpounds, particularly
the three xylene isoners, are usually present in concentrations dictated
by the thernodynam cs of production of the C8 aromatic streamin a
particular plant or refinery. As a result, the PX production is |limted,

at nost, to how nu PX is, origi.nall [es in the aromatic stream
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This is becau itk i ur, i Wt hin a
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conpound. Boili'ng Poi nt &% Freezi % oint (C) _ethylbenzene (EB) 136 -95
par a- xyl ene ( Pxroyeg thaPXmweduokiph effeci¢nox)by1sog & ferept andoroygl teplnolagigs 144
-25

or processes are two objectives constantly sought after by the chemical and

refining industries and the technology community.

Fractional distillation is a commonly used method for many processes in

15 many industrial plants to separate chemicals. However, it is often difficult to use
such a conventional fractional distillation technology to separate the EB and
different xylene isomers efficiently and economically. This is because the boiling
points of the four Cg aromatics fall within a very narrow 8°C range, from about
136°C to about 144°C (see Table I). The boiling points of PX and EB are about

20  2°C apart. The boiling points of PX and MX are only about 1°C apart. As a
result, large equipment, significant energy consumption, and/or substantial

recycles would be required to provide effective and satisfactory xylene

separations.
Table I
. Cg compound. Boiling Point ("C) | Freezing Point (°C)
ethylbenzene (EB) 136 -95
para-xylene (PX) 138 13
meta-xylene (MX) 139 -48
ortho-xylene (OX) 144 -25




3 WD 01/62691 PCT/ US01/ 05974 Notw t hstandi ng, various nethods and
processes, other than sinple fractional distillation, to separate these C8
aromatic ﬁﬁﬂﬁgﬂéﬁts into individual products have been t eyl

devel oped, and sonme are successfully practiced in comercial scales.
Exanpl es include fractional crystallization, adsorption, and 5

conbi nations thereof. Fractional crystallization in a crystallizer takes
advant age of the differences between the freezing points and solubilities
of the C8 aromatic conponents at different tenperatures Due to its

relatively higher {ree oi nt PX 1 ysua nar af d din
such a process whi FBW%*E %nlgﬁf?‘g (?ngrérolp S%ePEI r atﬁana Sﬁ? epl et ed
filtrate. Hi gﬂa&%nﬁpﬂishﬂmcﬁl K@! Iﬁl‘ﬁwfﬂiés}é Oeatedtié @bmpsints a6 idiyidual

conversion of PX to PTA and/or commercially in nbst plants, . can be
obt ai ned by t progugty b@vq)beemrta@@ql erh levalgpsdagnd somg ¥R su@sssfaklﬁémacméﬁ in

oo o't AR ORI hebE S EatSL i 0

Commerci aldy eorabihadds tAéregl ocesses and crystallizers include
crystallization isofining process, continuous countercurrent
crystallization proce direc stalll raped drum
crystallizers. Dueffst lﬂl?adhcﬁﬁaﬁlfzta?"% & aiete ﬁéerf (ﬁgﬁﬁ gyﬁpngafge Oguf}?fcti c
bet ween PX  af@rMliced thetweenSHR! ¥e RS §onAY aMHAGRMIRED ofl SBe 8§ @RIMML h as
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crystallizati ocpmp@lentsm:meﬁferém te@Peratudes: floneiot itsaelativelydughar dreening pettiod uses

nol ecul ar sie Ilte to sel ectivel or ar a- x ne from
The S ar ot P aBtidly, Shardalasd SRie B aitboess Wiy B iR e S diief b ey’ Pk
is then desor BRGeterdlth AUSK A8 Sted FikEst aﬂglﬁm 0fty, 8 ke By needdd gbher s.
(See generally Ug Pgtenlt Nos‘ﬂ@iyl ?06 81% ' g 32y5 anjépwp88}én929) Two
commerci al |y safisfackisy sopyeseien 96 PX toelTA r&n%?hﬂ})l\ég comarareally {1 mostsplants,
refineries are P r e ul ar

si eves to ads6 mbfagﬁmﬁ&gbghﬁgﬁkf@ggﬁgiﬁgfgygggggé q%%%%%%?ﬁgﬁ*gggggsses a
hi gher anount pfifvideX,a tygeiiptdh Wi aierm&hsd. Corpataiikenitidt may operate in this

U

manner is described in US Patent No. 3,662,013. Commercially available
15  processes and crystallizers include crystallization isofining process, continuous
countercurrent crystallization process, direct CO, crystallizer, and scraped drum
crystallizers. Due to high utility usage and the formation of a eutectic between PX
and MX, it is usually more advantageous to use a feed with as high an initial PX

concentration as possible when using fractional crystallization to recover PX.

20 A different xylene separation method uses molecular sieves, such as
zeolites, to selectively adsorb para-xylene from the Cg aromatic feedstream to
form a PX-depleted effluent. The adsorbed PX is then desorbed by various ways
such as heating, stripping, and others. (See generally US Patent Nos. 3,706,812,
3,732,325 and 4,886,929) Two commercially available processes used in many

25 chemical plants or refineries are PAREX and ELUXYL processes. Both
processes use molecular sieves to adsorb PX. In such molecular-sieve based
adsorption processes, a higher amount of PX, typically over 90%, compared with

that from a fractional crystallization process, typically below 65%, may be



that froma fractional crystallization process, typically bel ow 65% may be
WO 01/ 62691 PCT/ US01/ 05974 recovered fromthe PX present in a particul ar

feed. (PARG%1ISeA registered trademark of UCP Inc.; ELUX{erSsodol9i st ered
trademark of Institut Francais du Petrole) Depending on the effectiveness
of a particular separation nethod or 5 system these PX depleted streans
or filtrates may still contain various anounts of residual PX At the sane
time, MX, OX and EB concentrations are higher than those in the original
C8 aromatic feedstocks. The actual EB concentration may vary

substant | al | Voo Sehel Hh i ;'I:’?iag)%]elsé(nt%l 4 Bheclifer SERAT FPARBXTR Bflgisfcha ¢ he

f eedst ock conposition an e Isoneri zation catalyst and th

i somer i zat i ontrdd¥neek df UOMBici; EIUNY Lsonesgistatd andereak tof instie Frarvais du
PX-depl eted streans are passed or recycled through one or nore xyl ene

i sonerizati onP%WQi@s. For many of these PX separation processes, the higher
the original PX concentration in the feedstreamis, the easier, nore

efficient and norepgood @l thel LEFRIGONRS Jr0a ARKAHQNAP bdpRrdtiln SLRAOAL b:0N.
Therefore, there ar eﬁstrong ecgnom' c 15 and techni cal eiﬁ)ﬁrcenti ves to

i ncrease the RteoyribenPiadépdeied siraantsyd fidsaiepoay sfldeaainaanreoameuns ey t he

C8 aromati c conmpo prior to sendi dstream.t RX at or
such as a PARTJ:";%HWO r‘&tat%F PALE |s[ eall\ﬁfgr 92&6 51?4 E@ecronc%l?%](t}ﬁgss %rg hé%}ge\%gﬁg s

di scussed in {Hge M Bfeesligfalrey AGhRHbFeedsick@y The a5RPREB! @hchitratidh miliyf f er ent
met hods such as fractional crystallization or_selective adsorption.

W t hout addi t varpasubsiendallysidegendieg primpsihevar (2) tthe separations msthad, p) the
recoverabl e PX i t . mi L NTRILS: : . Xyl enes
o usual 1y pledfi® bhinbosiBL el (o) s BRB Wb 308 ORISR

t her nodynagn ccaindsi iarBe isoderizatidi ehctoheliern e PX-ddpletd, sudams tae pdseed
inter-convertibility under such production 25 conditions. It is not unusual
that the PX conieertphirereh anepsmarp XEleng,sAmeReEAonsiEPSp| o (equi val ent to 25
wt%, and MX, at about 50 nol% of the total C8 aromatics present in a

typical aromatic pRrgAughySi @R PROYEGHoA ProtetRh, R8I tAe original PX
concentration in the feedstream is, the easier, more efficient and more economical

it becomes to perform the PX separation. Therefore, there are strong economic

15 and technical incentives to increase the PX concentration in a hydrocarbon

feedstream comprising the Cg aromatic compounds prior to sending the

feedstream to a PX separator such as a PAREX unit or a fractional crystallizer

discussed above.

As discussed in the preceding paragraphs, PX may be separated by

20  different metﬁods such as fractional crystallization or selective adsorption.
Without additional processing steps, however, the total amount of recoverable PX

is still limited. This is because EB and the three xylenes are usually present in
concentrations close to those dictated by the thermodynamic conditions under
which they are produced, due to their inter-convertibility under such production

25  conditions. It is not unusual that the PX concentration is not more than about 25
mol% (equivalent to 25 wt%), and MX, at about 50 mol%, of the total Cs

aromatics present in a typical aromatic product stream produced in a refinery or a



5 WO 01/ 62691 PCT/ US01/ 05974 chem cal plant. Thus, many industrial

aromati c processes provide additional steps to recycle and to isonerize
the vari oy F7%268pP! eted streanms coming fromthe separati QG Si®Rokddy Produce
nore PX by isonerizing OX, MX and sonetines EBto PX. 5 Due to its

chem cal properties, EB nmay be destroyed partially or conpletely under
certain xylene isonerization conditions. As discussed |later, when EBis
destroyed during xylene isonerization, it is usually converted into

benzene and ethane in the presence of and with consunption of hydrogen. Due
to their ver j: t 1.cal . ] -1y nd

et hane can beéhf léafé??a?‘;? gg‘g%rﬁ{aaglglclin d?lr@gl%i:?ﬁg] a)?(is g%%%@ﬁ@fdﬁyad@%%gﬁ?%nal

met hods. W t htoarecyade tandub ikBnelesst thactarions Pah dedeted rstreans enmprgofhount thef f | uent
froma xylene isanerj z%ti on reacti becones. a (ggrt f the f.eed eamto
the PX separ at°87r2tieR, sip tarodues more X by isomsrizing s%‘?ﬁ%l}doﬁ?nt? fmes BReQar dl ess
the specific pystens of and the catal ysts selected for these 15

i sonerization processes, the PX concentrations in the isomerization
effluents from the isonerization reactors are dictated primarily by

t her modyndm cs, i .Bue ot fiisnchengale grApertissi JB oAk i rdgstraied| partieBy ofr px
under the isoneri,zat.l ondi ti . S t ] i tyati. i sed
earlier invol (f/olmrpg}etég' gﬁ%e%a i g%n gﬂ?’%%%ﬁ? h%l&’llrzgtgﬁnl gogdétgoﬁ%hgﬂgr%%ﬂfq%fi iSl(r%feé?’i es or
chemi cal pl aniBen EB issdedasi¢dbingng Rylehe iseamreizitihm, RXis20ualby comiai@t iints i n
the xylene isomerizatjon effluents to | evels higher than_those dictated by
xyl ene i somerbgencommd ¢RIeIBhapicece of At WEH GPNsUWRItiom of bydtogrR s ton) |
prior to sendi j I} i t eds;, P
separation u(rj#ltg g .Vteﬂgdigge?%?é{h %%Ll%ﬁ%&%@ﬁ&%gﬁg’nﬁ%ﬁoﬁﬁmﬁ%@g a Ibgw
better Utl | i eaily sepamtdofronle tHeokylerssebk i manyo tonveatiendl shethgdini Withnat

equi pnent, such, as 25 fractional, crystallizer, for. PX separation. It is
di scovered i nithowt %@ﬁg\/éﬁﬁ%ﬁmﬂlhzﬂn BV%%@&F‘?%@}”&‘E%JE e‘é@t“e‘éngm%l deyiene
'ofo ger i zat | Onjg§heRzaMohte@itioh BRESMANEPRE E5GEMEddMERS (RER AP LdAM&DSh St ep

as a crystallizer or an adsorption unit.

Regardless the specific systems of and the catalysts selected for these

15 isomerization processes, the PX concentrations in the isomerization effluents from
the isomerization reactors are dictated primarily by thermodynamics, i.e. within

the equilibrium concentration limits of PX under the isomerization conditions.
Similar to the situation discussed earlier involving Cg aromatics streams directly
coming from refineries or chemical plants, it is desirable to increase the PX

20  concentrations in the xylene isomerization effluents to levels higher than those
dictated by xylene isomerization thermodynamics (super-equilibrium
concentration), prior to sending the isomerization effluents, as the feeds, to PX
separation units. As before, this higher PX concentration would allow better
utilization and/or de-bottlenecking of the existing unit and equipment, such as a

25  fractional crystallizer, for PX separation.

It is discovered in this invention that by coupling at least one xylene

isomerization step with at least one pressure swing adsorption (PSA) step or a



6 WO 01/ 62691 PCT/ USO1/ 05974 tenperature sw ng adsorption (TSA) step, one
can produce a PSA and/or TSA desorption product having PXin a

super - eqU{yld Albsy concentration, i.e. becom ng PX-enri chggyddifsers
super-equi |l i briumconcentration PX containing aromatic product is useful

as a feed for further downstream fractional crystallization or 5 other type
separation processes to produce a higher yield of pure PX. EB may be
destroyed in the process at the xylene isonerization step. Optionally,
hydrogen may be used in the xylene isonerization reactor to inprove

i sonerizatio 145N CJ stem
NterpEfab it TRRES ads%cgonpm), Q%Q%_scaﬁ%m% APSACLAYKITSX

may be used in grass roots exi stiing chem cal plant, an
exi sting refidmoyption pasduct bdvengAX iproopesemilibrium cancesisationy i.evdecorning t he PX

production c Cit. the overall PX.recover nd/or_.the PX vield froma

ot oul ar oot Xreatidhed: 't SBHSPGEk cTAbSRRSRIGRAPE 7Y BeeRink, PG o

the present igf¥eitii@RisbRl 8GY fde@ BN FurtlP MWnsRed FASENDYrdaIBAGORor OX

and/or EB to near extinction, thus produci ng_ essentially only PX froma 15
f

particul a5 xyothereype saprasiendiocessey e brodperon higheusieldeafmurs PXwiB megdene
Cueen, o ASELSELePER-BERehd A0 EPReughih 5B QPRRu RN o, o0

better heat e ac ewer plece ui Y may be
requi red by mpplne nged aht ik NxyeEO ddomesmizaticr rédveorpioe s@PpiovieNigeikgatiohO
aromatics production processes and systens 20 The present invention
relates to a PFEE®SECE or produci ng a para-xylene enriched product froma
feedstream conpri sing xyl enes and et hyl benzene, the process conprises

passing the feedStTﬁ@E‘ib%!gﬁH&HQs Ad e asloc A& éygfeﬁﬁla%%h in"2&3¢Foots

containing an isoneri zati catal yst and, optiona under a” hydrogen
partial pilessplret, an exisongrelzmicd ghert, anagxissmgetfiharg ot anaredevaassiongpseshte

i sonerization. 25 effluent .thro a .pressure .sw,ng ad tion unit  or a
{enper at ur e SHPRE SASRBUFooU POAFEREPRET D, i RRET GhdPopaam s *
containi ng a &ErHeRkeld Frdth AdpteEculd! CEhRMBicYfeedtock. CXElaf JptioR, itds @RSOr ption
effluent conprising the para-xyl ene _ _

feasible for the present invention to recycle and isomerize or destroy MX and/or

OX and/or EB to near extinction, thus producing essentially only PX from a

15  particular xylene fraction of a hydrocarbon feedstream. It will become clear from
the disclosures herein that more efficient heat integration and better heat
management may be achieved or fewer pieces of equipment may be required by

applying certain embodiments of the present invention to aromatics production

processes and systems

20 The present invention relates to a process for producing a para-xylene
enriched product from a feedstream comprising xylenes and ethylbenzene, the
process comprises passing the feedstream through at least one isomerization
reactor containing an isomerization catalyst and, optionally, under a hydrogen
partial pressure, to form an isomerization effluent; and passing the isomerization

25  effluent through a pressure swing adsorption unit or a temperature swing
adsorption unit, preferably in the vapor phase, containing a sorbent to produce
alternately, at a cycle time, a desorption effluent comprising the para-xylene

enriched product and an exiting raffinate comprising a para-xylene depleted

7



enriched product and an exiting raffinate conprising a para-xylene depl eted
7 WD 01/ 62691 PCT/ USO01/ 05974 product. The sorbent conprises an adsorbent
and, optiQiAlilegeor@d heat absorbing medium It is another qgljiaedy ek he
present invention to recycle the PX-depleted exiting raffinate to becone
part of the feedstreamgoing into at |east one 5 isonerization reactor to
i ncrease the PX production. It is also an object of the instant invention
to use an isonerization catalyst that can partially, substantially
conpletely or conpletely destroy all of the EB present in the feedstream
under the ef f;%&lhéf.e TW@E&&%bhﬁﬁs&oﬂﬂh&é_o%&t 'aﬂd,tcﬁﬁionblﬁf,’@ﬁéa%%Bé&ﬂin?eam or.
If EB is absent or substantially absent in the i'soneriZzation 10 effluent
conmi ng out ofmediemi sonerization reactor, it is within the enbodi ment of
the present invention to pass the PX-depleted PSA or TSA exiting raffinate,

also referred to as_raffina qugh_a.se IS rjizati react.or at a
| ower terrperatureﬁv}ftaﬂ%@}?r P@f Ctnéfggw esse[n&ig |§8ail}1tto %%:S’tdei %’Bu -tdgﬁgﬁeg second
i soneri zati onexifiigAGh@inatel o DREorE gRENLS Ithy eBéds@Barh Ugdilg rintee laatiest tonea
system for_producing a para- xylene enriched product. The system conpri ses
at | east one Rgmemzationseastqriafricease thedet Biodbgiai ni ng an i soneri zation
catal yst and under a hydrogen partial pressure, wherein a first

para-xyl ene depl etg¢; figeds bbjeaBr e hﬁp.ﬁgfdv%ﬁ%ﬁt% WRE af %%léilizaﬁcgf&atalggtoduct
havi ng para-xyl ene at or near an equilibriumconcentration under 2

i soneri zat i ontheocali partiaky, sbsthetidly cmeplefaly pheseplptels destysall nfyttedEBr pt i on
unit or a tenper t.urtﬁ sfw%cggr adsor tiﬁn ﬁnit (hereafter g'e erical lélg
referred to aRICSF™ dftitHE TeSPUEHP FUieT 10 SRPCUTS 15PMEPET LN PGP Sy@ B with a
cycle time tojsphnedseRnieRm:t e EBfik hBienP bPSslbetantiAly fsBRtifltNs isBmeArALXY| ene
depl eted product in an adso&Pthn mode, including a pressurization step,
and the pdla-«fluenieconring okl hedserization repctor2s is wikyn tguarbasithent of

- tion. i ' A di r I
Cren: na ot PERERALY ol e e TR Bl n SRR G R

referred to as raffinate, through a second isomerization reactor at a lower

i

temperature without the need of significant heat input to the second isomerization

reactor.

15 The present invention further relates to a system for producing a para-
xylene enriched product. The system comprises at least one xylene isomerization
reactor containing an isomerization catalyst and under a hydrogen partial pressure,
wherein a first para-xylene depleted feedstream is isomerized to produce a first
product having para-xylene at or near an equilibrium concentration under

20  isomerization conditions; at least one gas phase pressure-swing adsorption unit or
a temperature swing adsorption unit (hereafter generically referred to as a “swing
adsorption “ (SA) unit) operating in cycles with a cycle time to produce from the
first product, alternately, a para-xylene depleted product in an adsorption mode,
including a pressurization step, and the para-xylene enriched product having a

25  super-equilibrium para-xylene concentration in a desorption mode, including a

blow-down step; and at least one para-xylene recovery unit wherein para-xylene is



8 WO 01/62691 PCT/ USO1/ 05974 separated and recovered fromthe para-xyl ene
enriched product. Additional steps such as purges and rinsing for the SA

oper at i onywiP B used. It is also within the enbodi ment ofpdihgsoRhgsgnt
invention to use two or nore SA units, and optionally two or nore

i sonerization reactors. In a given 5 process or system the SA units and
the isonerization reactors may be at two or nore different tenperatures or
operated under two or nore sets of different operating conditions. It is
preferred to have one of the two or nore isonerization tenperatures high

enough o deSLLON A dndOte iRl FH UNBL RN SATBIIAALLER. ACARMA 805

Different cata e used’in d Izati on react ors. 10

Di fferent sormntasmﬂfgeadﬁcbﬁbﬁﬂgﬁarWI&é/SA@pﬁ&ﬁdnhﬁy@bhﬁm.ent SA units. Another
enbodi ment relates to a PX-enri ched product produced by a process or in a
system di scl osed h re| . The. prese i nvention wll be better understood

and the advant ages vhgl so ‘BE]&‘B © ot d%%‘ér"éﬁ © PFESFt: IHECHOBCO; Usei i9sCTher ei n

when read in £eANSATIAR, Whd *&gﬁéﬂlﬁz%&&%ﬁ?@%hﬁﬁz&ﬁd’i‘w&&&s %Fa haydnng
ordinary skill In the aft understands that the draw ngs are used - for

i |lustrati®on pucgssesysay then®iA wngy auqbthwtsomepzaelserrbamrb rmdryebq)dsmobd)re
systens or proce vari ations enbodi ed g resent inventi.o

SGi 1 on. |t oG GRRETEn OF R T oSS Ob I ATk oot
appar at us andogetind dbnaltRGsS B8 grof&rai 8MBvé bad of Y tR6 oneeee hohRFization
i ndustrial, comrercial or even experinmental purposes. Wile such

equi prent , ap'@mp&t&'ﬂge&riw}s@%ht tpatlesiioy #btor ﬁé@&ﬂe@Bflmdef dhed ésoBresinetiong t he
essence of the, present iff@{ ms?sr @aﬂg)tetlﬁgc? %1 s GLAW RIS rea k@

t hem may be nen |oned rom e various aspect'’s of

t he i nvent( onDiffdrentSotdeats dﬂ@ﬂﬁdbéﬂﬂ@hlaﬁbéf&ssdflnfdimer&ﬁuﬂmﬁﬁm such as heat
exchangers 25 and conpressors, nay be placed at different places in the

h di t] te t d
brocess or system . depending o, Lhg o RSN AR TR S o1

process or in a system disclosed herein.

The present invention will be better understood and the advantages will
become more apparent from the descriptions herein when read in connection with

15  the accompanying drawings.

One having ordinary skill in the art understands that the drawings are used
for illustration purposes only and they do not represent all the possible systems or
process variations embodied by the present invention. In addition, the drawings
do not include many pieces of equipment and apparatus and certain processing

20  steps that may be needed for industrial, commercial or even experimental
purposes. While such equipment, apparatus and steps that are not needed for
understanding the essence of the present invention are not shown in the drawings,
some of them may be mentioned from time to time to illustrate various aspects of
the invention. It is also noted that some of the equipment, such as heat exchangers

25 and compressors, may be placed at different places in the process or system,
depending on the conditions such as temperatures and pressures in different

reactors.



9 WD 01/ 62691 PCT/US01/05974 Figure 1 depicts a schematic diagramof a
process and sinplified systemw th the associ ated apparatus and equi pnent

i n accor deecA/gabdih the present invention. Figure 2 depi ctitausiehergti c
di agram of another process and sinplified 5 systemwth the associated

apparatus and equi pnent in accordance with the present invention. Figure 3
is a sinple diagram of the equipnment used for carrying out the adsorption
experinments. Figure 4 shows the results of different conpetitive adsorption
experinments 10 described herein. The concentrations of PX, MX, EB and TMB,

detected in the effdhrentdepiott 4 Sdndiate dia@ra oR aRYARE ad simeiddRystedi Ny a
gas chromat ograph equi pped with a flanme 1onization detector, FID, are

plotted as a Wwithcthe oassesfiated rapparatpyBards equipmesntt i1 geqordange iyiéhdhe presont
aromatic corrpl%%ﬁio The present invention relates to a process and a system
for increasing or M5 mexim zi ng the production, recovery, and/or yield of
para-xylene (PX) in chemcal plants and refineries, where C8 aromatic
conpounds are sepaFgued? depiotdnselbnznid/ ding@amockaiselbkr droceab sod sehplifesl to a

PX enriched product produced b such a prqcess or in such a plant. A
process of° t h&ySHRSEM e Reiect éPi?ﬁS?tP%é”s"gi%“&Fi%?‘?niilﬁgach’FdéE%Fst“F@‘the 20

conpri sing C8,atomaljeatigenpounds to produce an isomnerization effluent,
fol |l oned by SB%]EGC'[I r?g 1'§lﬁe i sonerization effluent to a swing adsorption

(SA) step in the presence of an adsorbent. Unless otherw se specified, the
terns "isonerizat Figite Ansl a'suypplerbagremndrthe sgvipmentipsedioe dairying ogh fhegeabl y
herein. Hereafter.the process wll be described with reference to a PSA
unit, but it f Ofpéloﬁeexggmaﬁlﬁ%rst ood that this discussion contenplates the
use of a TSA unit as the SA unit. 10 WO 01/62691 PCT/ US01/ 05974

Figure 4 shows the results of different competitive adsorption experiments

10  described herein. The concentrations of PX, MX, EB and TMB, detected in the
effluent and relative to an n-hexane standard by using a gas chromatograph
equipped with a flame ionization detector, FID, are plotted as a function of time.

TMB is 1,3,5-trimethylbenzene, a Cy aromatic compound.

The present invention relates to a process and a system for increasing or

15 maximizing the production, recovery, and/or yield of para-xylene (PX) in
chemical plants and refineries, where Cg aromatic compounds are separated,
produced and/or processed. It also relates to a PX enriched product produced by

such a process or in such a plant.

A process of the present invention comprises isomerizing a feedstream

20  comprising Cg aromatic compounds to produce an isomerization effluent,
followed by subjecting the isomerization effluent to a swing adsorption (SA) step

in the presence of an adsorbent. Unless otherwise specified, the terms
“isomerization” and “xylene isomerization” are used interchangeably herein.
Hereafter the process will be described with reference to a PSA umit, but it is to be

25  understood that this discussion contemplates the use of a TSA unit as the SA unit.

10



A PSA unit operates in adsorption node-desorption node cycles wwth a cycle
tinme. In the adsorption node, there may be a pressurization step and a high

pressure {¢sAldtdOon step. The desorption node may include M}U@g{%ﬁy\dom
step, either co-current or countercurrent, (b) a | ow pressure desorption

step and 5 optionally, (c) prior to the blowlown step, a rinse step at high
pressure (such as adsorption node pressure) to purge the adsorbent bed for
hi gher product purity. There may be additional steps such as pressure

equalization in operating a PSA unit to reduce utility usage or to obtain

better results. Th | et 2 [ -ari e | so may
be one or nore puréelgsllgwutiﬁi (w%t% %ﬁggﬁggéﬁ@%dérgg xllagrlﬁ@SeAcyggggﬁgﬁl '?’hese
purges are catycletimeuln te sistrption euyleabereerdeht oprebotization’stéXamiephighed
he. desor pt | oM SHIELMSPIER - GHESFRPORR GRS A AP h > APHER | br

e desorpti b o - i brium
PX concentrat Ligdy | &-BiRAMCHE colbe@Pét! Yb) tah&wW2rdant edRerp8ih t §t89 and

raffinate froma PSA unit may be sent back to becone part of the feedstream
to 15 the § soemianaly,i (chpriewist the blowdasviy sieh.i einge sematahigh pesswsdsncbdspur ge

the PSA sorbepnt bed to,recover, .more PX trapped i ids _of th r bent
after the de@%?ﬂ’?ﬁolgr{n%ed%reﬁn@ﬁg p@%ﬁ @1.6 a?ﬁ‘grg%rgr%g ﬁ8/§e)h{ g BrrOdH%rpzl%t}Q

i someri zat i ONTh&BGhH Be a@iifiémd] isteds dticH hepeadie equalizitiar @ndpeeindi4 PORS. |t

is also preferred to have at |least two PSA units. If there are two or nore
PSA units, thegit imyedyee yplifvavsge onde obtap betier isaps. ofheiryele tidi M8y Mgi t i ons.

The term " PX- t I I 9%@@ in the
exiting st reaér:c{ {ragl#‘?l naélt%gey(};ﬁ% %%g)ﬁ??%h?éﬁ}&%@%h@?ﬁé@&ﬂ%%ﬁ% 08?%%&1
concent r at0 onreignlat RBAfogelts tThesapurgestdre casingd oltSA sulmddinled| 4s whedad srdiothrean t hat
all of PX has to be depleted or renoved fromthe xyl enes-containing

feedstrean(s) to e PSA unit(s ar the sent_inyention, the

feedstreamto a xy%gPr?glaleE]BW\greix %l(f mFlngpEprcliucg)(ﬁﬁ}qgstgg_a rf?t]r?ném&e of

concentrati onp§gl %r%gsth%%géﬂpasﬁ WHde YTTVN, 2AdsOmptioh | stibhd habRg aldup¥P
01/ 62691 PCT/ USO1/ 05974

equilibrium PX concentration is produced. Optionally, the PX-depleted exiting

raffinate from a PSA unit may be sent back to become part of the feedstream to

15 the isomerization reactor. This raffinate can also be used to purge the PSA

sorbent bed to recover more PX trapped in voids of the sorbent after the

desorption mode of the cycle. There may be two or more isomerization reactors

operating at the same or different conditions. It is also preferred to have at least

two PSA units. If there are two or more PSA units, they may be operated under

20  the same or different conditions.

The term “PX-depleted” only means that PX concentration is lowered in
the exiting stream (raffinate) of a particular PSA unit compared to the
concentration in the feedstream to the same PSA unit. It does not mean that all of
PX has to be depleted or removed from the xylenes-containing feedstream(s) to

25  the PSA unit(s).

For the present invention, the feedstream to a xylene isomerization reactor

comprises PX in a concentration below its equilibrium concentration relative to

11



other inter-convertible C8 aromati c conpounds under the isonerization
conditions. The catal yzed xylene isonerization step serves to increase the
PX conceplgdlchen to near its equilibriumlevel. Then, thegd hkogat i on
effluent 1s fed to the PSA unit(s). The isonerization step also may serve
to destroy part or all of 5 EB present in the feedstream when the
tenperature is above about 350C. In order to achieve better PX separation
by PSA, the tenperature in a PSA unit is typically lower than the

i sonerization tenperature, particularly when EB destruction is desired in
the isonmerizafhon 3leRoRvertBl! Cyl farGRafleSEIbiSIun@E LSddrakhd YiseRER flog 1 N the
i sonerization reactor at a first 10 tenperature, it is optional and often
preferred to ¢adeioanotTer caprigzadr xyleneisgyplerration sepregrivesato mergassatteolX

operating at a second tenper.atur which .i s.|lower.than the i.rst
tenperature. ?Ofm?rﬁfaélogé% g‘%ﬁ 1}%&% fb?ﬁnelﬁgeli ?%%? éﬁofnﬁﬁz?'té%peébg?lﬁ &feds not
too differeng the PRAtUMR(S)E MRS sntrRatdn B 2166 UilyedrviR3A dedtidy, patadr el e

Wi t hin 20C, the isonerization product fromthis second (the ot heh)e xyl ene

15 i somerizat FBroressatitbthe feggstisamswhen ths tamperagieiiniabovs ebdtit350He deed’ of

using a heat _egxcha rt.o I £ t he - eted
exiting strea r%e]i‘ {rg)o%%? e qﬁggpg%(l {epgn%gség?lﬁgpﬁ’ﬂg%gﬁée?&grg nlglh'bgg‘é "ﬁqgﬂshe
second xyl enetypicaliyrelonzat ihan theaddopieriapismmttetipahturd) e phioioelarly s ehemdEB
tenperature without the need of, any additional heat input through a heat
exchanger. | nd@EBeidn desigdin thejpemenizatiny stp pdWelladdi ti onal PX may be
produced with sinplified plant operations, fewer pieces of plant

equi prent, and | owgrpRigelthichiod 388y MinpRE: PhEBRSiZABGY KaBr af @ first
extinction in this manner. Another aspect of the instant invention rel ates
to a pl ant0 ortesapstature, it engptionalhandt dfteneefegsdtoyhgyecmethst oge oo, xyla®mct or s,
equi pnent, and controls. 25 Such processing units, reactors ui pnrent and
Cont ol 5. pr ovABSHAIOYIFI4S ofEeHug Aty SRnd B Fisn A R (Y g e

i someri zi ng XjiseRHepRekeP TOMCIBEhEloRSr xFlBhd 3B Eri PitRE Yehp &Ry BEStH0d SW ng
adsorption to achieve the desired higher, maxinum and/or inproved PX
production, r@idlsvest iram dhertegperatire (of theldioppled, PSA amit, for example within

+20°C, the isomerization product from this second (the other) xylene

15  isomerization reactor, may be sent to the PSA unit without the need of using a
heat exchanger to cool the stream. In addition, the PX-depleted exiting stream
from the PSA unit may be, optionally, sent back to the second xylene
isomerization reactor operated at the lower (second) temperature without the need
of any additional heat input through a heat exchanger. In accordance with this

20  invention, additional PX may be produced with simplified plant operations, fewer
pieces of plant equipment, and lower utility usage. MX and OX may be recycled

to extinction in this manner.

Another aspect of the instant invention relates to a plant or system

comprising the necessary processing units, reactors, equipment, and controls.

25  Such processing units, reactors, equipment and controls provide the various
necessary and/or optional functions of isomerizing xylenes and producing a PX
enriched product by pressure swing adsorption to achieve the desired higher,

maximum and/or improved PX production, recovery and/or yield. In addition,

12



WO 01/62691 PCT/ US01/ 05974 |ower utility usage or fewer pieces of required
equi pnent al so may be achieved by using the enbodi nents of the present

i nventi owonvexs9exi sting plant or a grass roots plant toPCTHUSEASE74PX
production. It is also envisioned that |ess | ower-valued products or
wastes will be produced. 5 A desorption effluent containing a
super-equi l i brium PX concentration is produced during the desorption node
of PSA by passing the feedstream conprising C8 aromatic conpounds through
at | east one isonerization reactor containing a suitable isonerization

cat al yst and lowet Wtditp nespenc devodr pdedey df wgeited gpuiprelt ajpoessubeachevedbm an

i sonerization effluent, follo b dln the 10 i saonmerizati on effl uent
Lo ouah a1 ke tHEBSATAS O fas o ATeLPR I o SRS RRIAR. oA SRS: bt 1 on
node produci Ngo@mpld¢ 't6 iﬂ&%aﬁ@ﬁk‘ﬁ?@&&ﬁ@ﬂdIttl'é"ﬁlsg%ﬁWsﬁhb@maMQO\#HrQﬂHﬁﬂng the
desorption effluent. is comon to have two or nore PSA units in the

pl ant or systmﬂducm‘Qrevasaescmﬂt@lmmb@ﬁdod of time into the adsorption node,
which is 15 determned primarily by the capacity of the adsorbent in the

PSA un! t, t he f eeg el Ef'ﬁ{%r} fofulggt éc;n'iaé;glﬂgsa ﬁl&)&p chﬁil tﬁmnq 'P\}? %gntlre&lo nat her

PSA unit, |f there are passe anot’her tower

or equi prrent proditedsd@inge-thd cﬂes@paoﬁ omede of PSAN bT pasinge tllid rfEﬁiS&Eﬁﬁ may be
carried out prior,to blowdown. A desor tlon nge is carried out with the
@

first PSA un.oprrwsm@m& |aFf§n‘%tWe°%PIéf§§1G? RRbARS 15FRIiERken ByRctor
| ow pressure %ﬁ&%ﬂ% nl% %P1s&ﬂeﬁ?£1%t&@alfsg;a§lﬂgh't ﬂ gre%%eumslg/apag ehSing a

PX-enri ched (super rium concentrat pro e de
ef fluent, wi tdartoal pmekshosutto cionhi a rigorhérezatidh | affnént s tfolkarad byofeedhlng mense

t , th 1 1 t PAREX t
TPt omd e snaizetion SHBRn e 1B G Pt ARGTatE I P HRRoRR L or
desorption, 25 bl moBS/préiding™k bRiR el WAl hd BEAHRSY Bidaen mode.

There may be one or nore purges between or outside the adsorption node and
t he desorpti cpmdmm the descapigin ¢f@nento Ibin @¢pamanrio hhecievoodr thediSiAngnitstie
pressure, evep P vacuu nhlln the PSA 13

¢ plant orsyste

After a certain period of time into the adsorption mode, which is

15 determined primarily by the capacity of the adsorbent in the PSA unit, the
feedstream to the first is stopped or diverted to another PSA unit, if there are two

or more PSA units, or bypassed to another tower or equipment such as a de-
toluene tower. A high pressure rinse step may be carried out prior to blowdown.

A desorption mode is carried out with the first PSA unit by lowering the pressure

20  (blowdown) followed by a low-pressure desorption step to form the desorption

effluent comprising a PX-enriched (super-equilibrium concentration) product.

The desorption effluent, with or without combining the effluent stream

from the rinse step, is then sent to a separation unit such as a PAREX unit or a
fractional crystallization unit for PX recovery and purification. After desorption,

25  the first PSA unit may be put back into the adsorption mode. There may be one or
more purges between or outside the adsorption mode and the desorption mode. In

addition to and/or in place of lowering the pressure, even to vacuum, in the PSA

13



WO 01/62691 PCT/US01/ 05974 wunit to effect desorption, other ways such as
increasing the tenperature, desorption product purge, solvent stripping,

particul aplooirbigans generated in the process such as a AZERsHENL UENE
(wth or without ethane) streamand an MX-rich stream and conbi nati ons

t hereof maybe used. The purges maybe carried out in a 5 countercurrent
manner. As al ready di scussed, an additional rinse step may be carried out
as well. A C8 aromatic conpound streamfrom a typical chem cal plant or
refinery conprises PX, M, OX and EB, which are at close to thernodynamc

equi librium n i Subj i [ SHS i i zation
w1 not - prodiis oHEe B Rl N R e o e
f eedst r eam t addstigtios pneduict ptigensolvadctrippings particularly Istegpme generatechirethiei on
preferably conprises_ at |east t of a PX-.deplete xiting r i nate
recycl ed fr onk18FRSS Schasracbapegnc(infueae é’&‘%{ ?ffa‘f’lﬂi“?’r‘g eﬁﬁaﬂglsgegﬁ aegﬁ%%'ﬂf& on in
the feedstreamchs dn@Wembiltalng HRteol hialdetedY TR BRANDARE EfricdiDiiGh 28 Set

of isonerization conditions, particularly the isonerization tenperature, 15
used for the ¢ovwteesurrent nganner adiscalready giscussed, an pedifixnad ginse stapamapbei n t hi s
feedstreamto_the, xyl ene.isonerization reactor is |ower than about 25 w %
of all the f%1° t&s%lti Cc conpounds present in the stream In addition
to xyl enes and et hyl benzene, the C8 aromatic feedstreamnmay also contain

certain anounts of Aath&bmatie saipeur@ steudnréro n-tgpioairdhiemicd phatiodsfineR0
Exanpl es of such aronatic _conpounds are benzene, toluene and C9_aromatics

such as nesi t§ARRTEES B&W&Q&@H@Baﬁ@i@% Hé@%?loﬁet&i}ﬂfé@oéyn%nﬂé e_ﬂi“ﬂi Bf®nces in
mol ecul ar wei t&ﬂ%éﬁtra@ﬁhg.' "$Bb QﬁlE%g'-si@Qgea% b kyiRhY RoaRli- AR &hpﬁétcﬁlod%cee

properti es, se ot her conpo , aromati T or non-aromatic, can
separ at edl(r el signifiednt bepefsts,|if ady airallt Heccrydieglpshe fitdERamie thademstisghnby a
person havi ng ordinary. skill

y 25 in the ar t.hese conpoynds d 0 resent
N 1 cant | FEBHPBHE 9 Diomiescyy Fbiealion PISHIEEY GABr SEELas! BITt PRAIPT | ec.
Accordi ngly, @épflété'd BXiktinR r2ERER! RydleH Fém ofcCAChBSPS ARRBAE 3b Wat tBAGhRANMENT,
and controls for effecting their separations are substantially left out of
t he drawi ngs BX ceh@Gniratiamih the Eedgtream is lower than that dictated by thermodynamics
under a set of isomerization conditions, particularly the isomerization temperature,
15 used for the isomerization reactor. Typically, the PX concentration in this
feedstream to the xylene isomerization reactor is lower than about 25 wt% of all

the four Cg aromatic compounds present in the stream.

In addition to xylenes and ethylbenzene, the Cg aromatic feedstream may

also contain certain amounts of other aromatic or even non-aromatic compounds.

20  Examples of such aromatic compounds are benzene, toluene and Cy aromatics
such as mesitylene, pseudo-cumene and others. Because of the differences in
molecular weights, boiling points and other physical and chemical properties,
these other compounds, aromatic or non-aromatic, can be separated relatively
easily from the xylenes and EB. As understood by a person having ordinary skill

25  in the art, these compounds do not present significant problems for most xylene
production processes or facilities. Accordingly, different processing units,
reactors, apparatus, equipment, and controls for effecting their separations are

substantially left out of the drawings of FIG. 1 and FIG. 2.

14



14 WO 01/ 62691 PCT/ US01/ 05974 There are many catal ysts or conbi nati ons of
catal ysts that can be used in a xylene isonerization reactor to effect the

desired i §@RlihdAati on reaction. There are generally two tpfaesso?hsosy! ene
i sonerization catalysts. One type of isonerization catalysts can nore or

| ess equilibrate the four different C8 aromatic 5 conpounds, including EB,
to the concentrations dictated by thernodynam cs under the reaction
conditions. This allows maxi mum formation of PX fromC8 aromatics in a
particul ar feed. Exanples of these type catalysts include |FP/ Engel hard

Cotat i ning and Cot Ak, GRAAYS! ultiffliohOot B89 REELAYS: uRaEEoSeS.

10 The other type © ene rirzation catalysts'can e
destruction stydane iporaéeratiohyreactort toeeffice fendmired idoydriagém reAstich. Sthesed

earlier, this type rocess, plant and catalysts will renove EB and produce
benzene and é’trﬁagf‘é"e’é?glx B Pr B@G%tg X ?FF% G HQn yetplystp e (E‘Pesﬁ&q t4fon of
EB, dependi ngsQher$44aBh c8f1y3R%Gan FESTR BE s bqlifiblaflife @Blﬁﬁd{ﬁ%&nﬁ@%‘éﬁh}aﬁﬁ? g ﬁt her

equi prent present in a particular 15 plant. Exanples include .
Tenper at uSe | ®opeundat inoldingHEB) to dhe aogemérationsb dictatidy by Abeimadypamics

| soneri zation _catal ysts. (MJAL).. and | SOVAR 1-1Q0 cat al used,in the
respective p !’18@8% ggéeaft}wt}ogs'a ﬁ%&@%‘%%ﬂ%gﬁ@%noﬁﬁ%ﬁm g:é. ) A
nunber of suidrglh@esi $19NErPaz@dul@n fdedac tRiatpl@y ob &heee typeOtbathlistsPiRERIBL 20
i nvention. Sonme non-limti Q&éexarrpl es are described in US Patent No.

4,899,011 andPEnzshagd@ctafiang yndnOctafivimgr 11z satplypisresedt inothe mespedivecarri ed
out under var] 8%%Seseffective conditions and in many different systens. Such
effective co i'ons include a wi de tenperature range. Because it is
general Iy known and/or believed 25 that the PX equilibriumconcentration
anong t heloxyl enes Tis other ype ofighlgne isemprzaionroatatisperaterifectEBRiestiridtienr ange

suitable for the present.invention, t sel ectiion. of a particular
tenperature fi8f Bpeﬁg?l?]iyc’t?l P?B‘?P@Fi‘?gﬁ%ﬂgqnea@tso isgiesedy carlier, this type

process, plant and catalysts will remove EB and produce benzene and ethane as
byproducts. This may be a desirable disposition of EB, depending on supplies and
demands of various products as well as other equipment present in a particular

15 plant. Examples include Mobil High Temperature Isomerization (MHTI)
catalysts, Mobil High Activity Isomerization catalysts (MHAI) and UOP
ISOMAR 1I-100 catalysts used in the respective processes. (ISOMAR is a
registered trademark of UOP, Inc.)

"A number of suitable isomerization reactors may be used for the present
20 invention. Some non-limiting examples are described in US Patent No. 4,899,011

and 4,236,996.

The xylene isomerization reactions may be carried out under various
effective conditions and in many different systems. Such effective conditions
include a wide temperature range. Because it is generally known and/or believed

25 that the PX equilibrium concentration among the xylenes is not strongly
temperature dependent within the range suitable for the present invention, the

selection of a particular temperature for a particular isomerization reactor would

15



15 WO 01/ 62691 PCT/ USO1/ 05974 not have substantial inpact on the PX
recovery or yield. However, the selection of a particular isonerization
reacti on wenpaeetiure in a particular reactor of the procexI/R18y5Eem
does depend on many factors or considerations, such as whether there is EB
in the feed, whether it is desirable to destroy EBin the feed 5 during

i sonerization, whether there are two or nore isonerization reactors, what
the operating tenperature in the PSA unit is and conbi nations thereof. The
tenperature range for xylene isonerization is in the range of from about

200C to aboutnd3ée siisemeiabdhpact 610 eI técoRb@Grtyiela D Qiwdnef) Ghé Belectivar e
preferably from 325C t o .about 450C. Wth nost, if not all, known 10

catal ysts, EBRgepevticular dsprasiationfeastion fCraperatiie By & mRrtcalas reasietedd thent i |
t he reaction era r h o) fer : It is
therefore pr%rg)g‘%?e% %%yieg%egg%eg%’teﬁg #lterrn%g&g{aﬁtr%seﬁ?g%g%lﬁﬁﬁgﬁ&géb%ét?%ﬁc
Wi t hi n t he abelehert thageds &Buinethe dergle svhietheoitde dedimbliietetdestyo BB ihfthe fiede ar e
two or nore xylene isoneriza (ietg%égeacto s used for Erocess or a system

a.
it is prefPerr GHMEISHRGFAERE IS PEY 9 QK LPmarietion  re3ctors,eWhdtur e i n

the above tenpg roﬁéﬂdfiﬁ‘% {R8AuRNA tHel TS A RhiPRand RBRIHATaliDEk Mbredf.t €NPer ature
| ower than the first Tenperature. Such a lower tenperature is preferred to

be in the range of from about NOT to about 350C and nore preferably from
about 220C to abouThgGmmeratiret tgge forsxylencEBomarizaiionfis dushe ezngetef &om

particul ar isgneri ion re t~or. ~20.if. EB t iLon.is needed or
preferred, |0 9 [?ém% Qg?q%gstéﬁt%rﬁggeg’?’e% grsom ﬁg?ﬁ‘%biéﬁﬁ@é% a%)%l}t ecp poses
of reduci ng emgfedyref@ablyMRbin0B252AdtoUbbdut t4508S.ag®ith hiostyay e aMpriGown

preferable to match the tenperature of the isonerization reactor wth the

t enper at Ukl ofataliids, FEndeafuetiony dORS AR PSCEY FuRLY S BHERRDS cHrnhent thaderioge
emper at ure | SBriie R Mou S0 Wtk bRC S SR o Bftple” 22
concom tant [mBfethedtto wpkiatnat 4 Gemperature higher than about 325°C within the above
temperature ranges in order to destroy EB. If there are two or more xylene
isomerization reactors used for a process or a system, it is preferred to have one
15 reactor operating at a first temperature in the above temperature ranges and the
other, operating at a temperature lower than the first temperature. Such a lower
temperature is preferred to be in the range of from about 200°C to about 350°C

and more preferably from about 220°C to about 300°C.

If there is no EB in the feedstream to a particular isomerization reactor or

20  if EB destruction is not needed or preferred, lower isomerization temperatures
may be used for the purposes of reducing energy consumption and utility usage.

It may be more preferable to match the temperature of the isomerization reactor

with the temperature of the PSA unit to minimize requirements of heat exchange
and/or heat exchange equipment. A PSA unit is typically operated at a

25  temperature lower than that in a xylene isomerization reactor with concomitant

EB destruction.

16



WO 01/ 62691 PCT/ US01/ 05974 For the present invention, a xylene

i sonmerization reaction may be carried out in a liquid phase, a vapor (gas)
phase, a G\fle2691i tical phase, or a conbination thereof. ptheysehesti on of
i sonerization reaction conditions and the specific conposition of the
aromatic feedstream being isonerized determ ne the physical 5 state of the
aromatic feedstreamin a xylene isonerization reactor. Because there is at
| east one PSA unit coupled with the isomerization reactor and that the PSA
unit(s) of this invention preferably operates in the vapor phase, it is
nore advantageousgt O e. . 1S I 1L.oNn: LORA | Vv I phase
as well. This mou?%7%$3§%%$ﬁﬁ%g§ﬁg’gi k#%?§h%$g%§§§£%§ﬂ%1gﬁ%qgﬁ@régions,
eit Eer Cﬁrmer @L.ltai;] allquidt pl%mse,@r vmnE@dS) plaase, 4 supet frli]ﬁidﬁ&bl@ase,ediﬁ z&?dﬁn}ﬁﬁaﬁqﬁne nt )
such as heat exchangers om such process or plant. |t is also within the
enbodi nent oft}slf?@%pr&%ﬁ?fepmﬁef i1§PMmezation rsertiopsennditions  3nsh theasrpcifist |

system or ot $@E AARAiCRUIR B BT 1sSRBRLI disschey B8
during the is%‘%@?’?ﬁ on stagdﬁﬁ }&Js déllsgusse ge(gr ?igifé,d %ﬁ?ﬂa{gﬂé@ei S %512
usef ul ravf nasteteiodlthd aonmitic fieddsfpeant &né xpiene emergatsinyeacte;. Beometd these i t nay

not be econom cal to recgoyer.a relatively .small guanti of EB |n

aromati . chetidrspetn P SX Rl Coaupled it iierze i ercleb ot b PSR
oper ational | yy@fi§) ofGRROMveAtidY ,prétata§1yp6§ér§tre§ 6, thbOvdpoe pHakd alie fBARCtI on
conditions, particularly higher tenperatures, in thé presence of a

sui t abl e i sonalvantagedts toaeneraie tthe isemerigatikgn reiagiinnc aptisl wapof pbédeeas wall. t he

desired EB des{.ructi at .1the _sane tinme. EB can.be eal kyl ated to .form
benzene and eﬁﬁ'ﬁ "eY %&J%feagﬂingr?ﬁgrs%mﬁg p};ﬁca?fec;r ?%%81’8%@?&5’ e%%éo{?m?é?lalrmny
reaction ppndd éx@Bimehal,taae 1 ERSaACSceRtainhdehi sudt &f iedat efthb@ders b
present invention, EB is primarily converted to benzene and ethane via a
hydr o- deal kylﬁtch@ﬁoqeé%@ﬂ?létﬁ: For each nole of EB destroyed in this manner,
one 25 nol e of hydrogen is consunmed in accordance with reaction _

stoi chi ometry. Acﬁoirsdh@&'a/ifthihtthbSexﬂ%cfm@ﬁte{frtﬁeegrésgntuﬁﬁzeﬂt%l{ P9&e ' b 2@

nol ar anount at |east equal to the noles of EB to be converted in a
particul ar fesdskrisdon cattlyg, isgierey bz atheonvaysethet also could either isomerize

and/or destroy EB during the isomerization step. As discussed earlier, while EB is
15  a useful raw material for such important monomer as styrene, sometimes it may
not be economical to recover a relatively small quantity of EB in an aromatic
chemical plant. As a result, it may be more desirable operationally and
economically, thus preferred, to use suitable reaction conditions, particularly
higher temperatures, in the presence of a suitable isomerization catalyst that is
20  also capable of effecting the desired EB destruction at the same time. EB can be
dealkylated to form benzene and ethylene at a temperature higher than about
300°C under many reaction conditions. In the presence of hydrogen, preferred for
the present invention, EB is primarily converted to benzene and ethane via a
hydro-dealkylation reaction. For each mole of EB destroyed in this manner, one
25 mole of hydrogen is consumed in accordance with reaction stoichiometry.
Accordingly, it is more preferred to use hydrogen in a molar amount at least equal
to the moles of EB to be converted in a particular feedstream in the isomerization

reactor.
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17 WO 01/ 62691 PCT/US01/05974 1t is further within the enbodi nent of the
present invention to have at |east one isonerization reactor operating at a
t enper at uyR) fllgky€nough to destroy nost EB. This beconmes p @4 /8%07p0 EB
case discussed earlier. Accordingly, it is optional and pre{erred that the
PX-depl eted exiting raffinate produced in the 5 adsorption node froma PSA
unit, which is coupled to the high tenperature xylene isonerization
reactor, is sent to a second different, |lower tenperature isonerization
reactor to further isomerize MX and OX in the exiting raffinate into nore
PX. Then, Lhis e RAUBIHARE ihfh BXCHBOkRA| MEnEbALU tnfAoR ) RARL: idis e
sane or a different PSA unit for making PX-enriched products. In this node,
it is 10 opti omalsomerizesindeddiarapetatingta b yetgeratnredpigh eneugh tosisstery masti on
reactors, if sirable. It is optio to recycle MX anq OX.to. extinction
wehin the prHBes L8Ot o Baroh he Tk stog, SsaReghen iy APRoRh Shks and
system a totghtiddhEsad Refetcl NBat heALEX AepletddChiighg) GaFinktehydiRsAr Roas and
any other gases or vapors such as hydrogen present in the xylene

i someri zatd onadsemgioar moie from ehBSAawte witich e eoupledtto 1tBe Jogh kgpapergumbout 6
MPa, preferably from about 300 KkPa.t out 3 MPa..and r referably from
About "400 kpaYighd SnieRiess rousto s Sonf 38 i, sctolfr i EEul o sy PeRe s |
the isoneri zaisb@Briz@r@lesictbiStol Mrthdigsongdrize MX ahi OX abthdtexhithgkBPHinhe inbout 6
MPa, preferably from about 100 kPa_to about 3 MPa. A suitable parti al
pressure of xJOENBX. adbemnbtthisl 1SeindbEated Pheontaning aie g rhsatonbio the in t he
range 20 of fgm% lngp : : 983% Pa.. I : 200
kPa t o about a.&@% gPrglgtam{rl{e)f&ﬁl re g%}b/? ﬁ%c}l%gﬁ’féﬁde&%séinn@%?;mg? P’gﬁgs

reacti on 1G sebptioniat td ssef diffardnt taiallysts live defferenit ddonsanctapporefeactoey iff desirabie. at

| east some hydrogen af a suit e tial . pressyre_in the isqnerization
reactor. For A$ l%ﬂ?éléi t%ﬁ%@@ﬁé ?\‘HgggéBﬁXg wighin e prpcess o 1@?‘[‘5‘ cycle
and/or ultimate life of the isonerization catalyst before it has to be
repl aced or regenergt@disonterizatieaey 6f thy pRRbieMAGyEBAL a BiSRE8MAWh e T educe

coking, i.e. deposit of carbonaceous materials, on the isonerization
cat al yst. As reactor, including all hydrocarbons and any other gases or vapors such as

hydrogen present in the xylene isomerization reactor, is in the range of from about

15 200 kPa to about 6 MPa, preferably from about 300 kPa to about 3 MPa and more
preferably from about 400 kPa to about 1 MPa. A suitable partial pressure of
hydrogen in the isomerization reactor is in the range of from about 50 kPa to
about 6 MPa, preferably from about 100 kPa to about 3 MPa. A suitable partial
pressure of xylenes and ethylbenzene in the isomerization reactor is in the range

20  of from about 100 kPa to about 6 MPa, preferably from about 200 kPa to about 3
MPa.

While not required by the xylene isomerization reaction itself, it is found
to be beneficial and preferred to have at least some hydrogen at a suitable partial
pressure in the isomerization reactor. For instance, hydrogen has been shown to

25  improve the cycle and/or ultimate life of the isomerization catalyst before it has to
be replaced or regenerated. It is generally believed that hydrogen will reduce

coking, i.e. deposit of carbonaceous materials, on the isomerization catalyst. As

18



18 WO 01/62691 PCT/ US01/ 05974 discussed earlier, hydrogen is needed, in at
| east equal -nolar quantity to EB, for EB destruction by deal kylating EB to
f or m et hayg) Andedienzene. The hydrogen to C8 aromatics nol g Bsdgl SO
referred to as H2/oil ratio) can be in a wide range fromabout 0.1 to 100
nol es of hydrogen to 1 nole of 5 xylenes. It is preferred to have a nol ar
ratio in the range of fromabout 0.5 to about 2 noles of hydrogen to 1 nole
of xylenes, nore preferably fromabout 0.8 to about 1.2, and npst
preferably fromabout 0.9 to about 1.1. In a typical i ndustrial operation,

it is usuallyscOMNeNLenl, B5qiEL isded %hp &8y LGt Y ERIRR
e By aro il aApfiohy uly

partial pressure at out 1ghtly Tess otal” pressure
in 10 a partiEBIdastru@mnﬁmdzalkylaﬁngEBabcﬁasrméﬂamdmrdlbegz@bdl nary skill in the
art understands that in the vapor phase t hese nDIar rati os are the sane
as (assum ng idea s,laws ar ﬁ% or cI of .t

respective parti al E 5%@85@3 flrl’?gla 185 B’ﬁé‘?ﬂos WES%GQE /gﬁégté(are may

be changed orcadpdigt @vaﬂdermgfefﬁarﬁ%outléut@qwmaﬁgIo%yal%%eﬁ%% mbletdrere is
more than one in a particular process or system In addition, there may be

a need to Yhal wrieesshyldiogefermdeioshaves molacwtﬁemtﬁhatramof ﬁﬂm/ahout65pipevent
hydr ogen bui | n_wvari arts .of entlre ce Sy te

el uding. + ne B 2pE bPHTBEGLS el oSk dnbre e el R

produced, fortd Ash@NCE, aﬂ@ﬁﬁsﬁ@i@erhﬁlyf@dirﬁ%oﬁf OWN & aBEINET. 1 UNionk & eﬂ and/ or
20 unde5|red dehydrogenatlon reacti on takes place. Al these can

acconpl i shed ingystyak gmgtl%dt & uwaéivl wnmepienidasoryeh avecaciipgiahto keant ﬂnen
t f | I ed
o The hre, TRREGRE Rl el S bk oE Ly TR REELAF I e ol TERGSHL ' ©

hydrocar btins a pmlt;inler fsemdnzatmlreuimg Oiielhatnlng oadiomgtskitkin thy et ufideestamisal yst
in the xyl ene soneri zatiQn reactor. i s |n the range of Heom about 0.5

to 20 h"1. Th@aﬂ VaRaE Phase, thepePRiah Bfios ArethGsgnes Eesupping Meagas s 19

are followed) or close to the ratios of the respective partial pressures of the

components.

The hydrogen pressure may be changed or adjusted in different

15  isomerization reactors if there is more than one in a particular process or system.
In addition, there may be a need to balance hydrogen pressures or concentrations
and/or to prevent hydrogen buildup in various parts of the entire process or
system, including the PSA unit(s) and any recycle streams. Hydrogen may be
produced, for instance, when coke is formed or when other unintended and/or

20  undesired dehydrogenation reaction takes place. All these can be accomplished
by purging and/or providing hydrogen make-up at certain point(s) of a process or

system, or other methods known to those skilled in the art.

The WHSYV (weight hourly space velocity) flow rate of total hydrocarbons
in the feed, including all the aromatics, over the catalyst in the xylene
25  isomerization reactor is in the range of from about 0.5 to 20 h™'. The flow rate is

determined on a weight-to-weight basis.
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WO 01/ 62691 PCT/ US01/ 05974 As described herein, in a process or system of
the present invention at | east one PSA step or unit is coupled to at |east
one xyl enwg @@AgNni zati on step or reactor to produce frompdieudosos®Li zati on
effl uent a desorption PX-enriched effluent (infra) containing a
super-equilibrium PX concentration, i.e. a concentration 5 higher than

equi l i brium concentration dictated by thernodynam cs. Such a PX
super-equilibriumconcentration in the PX-enriched product neans a PX
concentration in the range of from about 28 wt% (or equivalent to 28 nole

% to about 80 W A& @bschibbd h&i€inf ﬁwpl%esabpgwén%fthé resed inehtidndt R¥st
present in a desorption effluent froma PSA unit., 10 SAis a cyclic high

pressure adsoenstRohstcowr phisssenupledde ot lsest one nElehoBomATization SHPIEPEOTof one
or nore suitable sorbents,. whjch apy i I I . n d,
optionally, otlr??ep%)auc r%ré’%ﬁé}é R seg{ri%t?‘%g eﬁn@gﬁgs (?etsmf@mg %%%ﬁ@%ﬂﬁsée%lg%“ ng

di fferent con@@ﬂ?nb@nthiﬁmag vapper-equilirdurp RS ecqpicontidied, ibata adncem@giont wo
conponent s have different adsorption characteristics under the different 15
condi ti ong, phighercihpm epyiligrpmaaagentinian difteied by thermadyRgmicsomiich g PX

beneficial, s ASyil er pegeh i I pRpdhbe Hesor pt pgn node
as well. In aﬂﬁ{%l élilfnégg Sﬁ#ﬁg?tfa;%;go?%e?sgé%%ggeﬂgr gcesm ng gqggpment
suitabl e forcombkitngioa iPXherange bfftomrabduic28 wéksi (ng equisalprrte @§umdle B6) tem PX

concentration, a _m Xtur f_ xylen ases. or_vya ~optiopally wi.th sone
hydrogen, is Méﬂtwﬁ}jﬁf’g ag‘othﬁgﬂqra(g% gmaﬁc %%’i &%Lﬁ\@xs%’rdblggt p’iegenttﬁ%aPSA

unit at a hi gheBfRRAEHBuent HBHS PON yAR. @ Ppressurization step prior to the
adsorption step. This is the adsorption node. At |east one conmponent, PX

for the present invention, in the mxture may exhibit higher affinity to
t he adsorBent par t S&fis aleackohigh pressuraadidptiay lew pregsupe desxptio meshad) in

Lher eby beconng, Sel-ectdsvsly ordRar ety BRERRISErOPLmoBhe AL Shersatial ly

25 adsorbed cO nent, econes rall depleted in

the exiting #dbfdenat amdevptibmlyl bee BSAndtaiHead tisorting Meedadls Or 3t a eraynefde of
the cycle, thus effecting a desired partial or full s&garati on between the
sel ectivel y atfdgrabeg difEspgsrawonentiin a¥por RE Spssiase Rroviied thatiaf east two

components have different adsorption characteristics under the different
15  conditions, particularly different pressures. Other conditions, if beneficial, such as

temperature may be changed during the desorption mode as well.

In a typical PSA unit or any other PSA type processing equipmeﬁt suitable

for making a PX enriched product having a super-equilibrium PX concentration, a
mixture of xylene gases or vapors, optionally with some hydrogen, is brought into

20  contact with a suitable sorbent in the PSA unit at a high pressure. There may be a
pressurization step prior to the adsorption step. This is the adsorption mode. At

least one component, PX for the present invention, in the mixture may exhibit
higher affinity to the adsorbent part of the sorbent than the others (MX, OX, EB

etc), thereby becoming selectively adsorbed by the adsorbent. The preferentially

25  adsorbed component, PX, then becomes partially or totally depleted in the exiting
raffinate exiting the PSA unit during the adsorption mode of the cycle, thus
effecting a desired partial or full separation between the selectively adsorbed

component, PX, and the rest in the mixture.

20



20 WO 01/62691 PCT/ US01/ 05974 The adsorption continues until the capacity
of the adsorbent is reached. Depending on the conponent adsorbed, the type

of separ a3 operational criteria defining a succesqﬂ‘&lm%%g%@ti on,
the capacity of a particular adsorbent is considered to have been reached

for a particular conponent, PX, when one or 5 nore of the following is
observed in the exiting raffinate: (a) PX is detected; (b) concentration
of PX becones higher than a pre-determ ned acceptable level; and (c)
concentration of PX becones the sane as that in the feedstream A sorbent

used in the PSA unif i cl ed. ticul ar r-at | As
di scussed above, '?#ée sagsrogﬁﬂ% %@%ﬁlb?ssgltéthgtﬁé Cg?éé?r%'r%f‘:%ggag P %g%?s@g!ﬁ%ﬂed’
optionally 1Degshdfigede tied bympareend adspbel, hika typrbesdpharag ofead aopeidiioyal
zeolites, both natuyral, and synthetic, have been used as the adsqrbent in
PSA units to YHpat delaning erygentsit sparabieh gy GeRaG Ot PartieylAepdsoRisEhisas

zeolite SA  erdQniia ANehvENARAZEIGNGYE .ﬁfbu%eﬁ“c%ﬁlp%ﬁ@tﬁ, PR, Whch ey, No.
5,863,315 for separating various n-paraffins from “aronati ¢ conmpounds. 15
Many di f f € enmomonftha foldovaing it hieservedi intihe exitingvalfibaten(a) PX¥nih detactedb(® f or

use as an adsorbent for PSA step of, the present. i pvention.to, separate
B o o R Atie8. Of N bPoRBR IS p S Pt Bips( oo bR e

adsor bent  mMusfe) cHRYBrMbAGIBPbaddnfs GaPAGd A thain B Hadgeahhe conditions in
the adsorption’ node. A "capacity" is expressed herein as weight %-- the

rati o of the weight of PX 20 adsorbed per 100 wei ghts of the adsorbent used
under a parti cul arAsetbest useddndha PohsmitEpsclepietiosdlestonghivelsr separagper at i ng

et tor - A t noRBReStRe Faskr HE speFo ARG be & mbRGARBOI AL ohBpy o Ter

to have ato | easprefebably ofle br wlo%e It abgoabing Ynedid) dbfany Reolgs bathi maguraloadi t i ons
of the present invention. It is preferable to have a 25 PX capacity of 0.5
Wt % or hi gher Synthstie, baverhepmpped asdhe adsorhent ypBaA ity fo sepgrads Bifrogen HRdy . When

structured soghenp Shil gfrif‘ aftS th%le%ds%% he %élit}é“é‘ﬁﬂ érﬁ%YiitS 3RAChibSRe TBYe B&n

accept abl e, particu y W ast or rapid cycles.
disclosed in US Patent No. 5,863,315 for separating various n-paraffins from

aromatic compounds.

15 Many different compounds and their mixtures have been found suitable for
use as an adsorbent for the PSA step of the present invention to separate Cg
aromatic compounds. One important criterion is that a suitable adsorbent must
have an acceptable capacity for PX under the conditions in the adsorption mode.
A “capacity” is expressed herein as weight % -- the ratio of the weight of PX

20  adsorbed per 100 weights of the adsorbent used under a particular set of
conditions. For process economics and operating efficiency reasons, the higher
the capacity of the adsorbent for PX, the better. Although even lower capacities
may be used, it is generally better to have at least about 0.1 wt% PX capacity
under the operating conditions of the present invention. It is preferable to have a

25  PX capacity of 0.5 wt% or higher, more preferable to have a capacity of 1 wt% or
higher. When structured sorbents are used, adsorbents with low capacities may be

acceptable, particularly with fast or rapid cycles.
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21 WO 01/62691 PCT/US01/05974 1n addition to the adsorption capacity of an
adsor bent, the adsorption and desorption kinetics are also very inportant
factors. o difakoiown that the tine needed to reach the adgqihgihssaracity
may vary substantially, depending on the relative concentrations (partial
pressure) of the C8 aromatic conpounds and other 5 conpeting materials in
the feed, the relative and conpetitive adsorption affinities of the C8
aromati ¢ conmpounds and ot her conpeting materials, the operating conditions
such as tenperature and pressure, flow rates of the feedstream adsorption

i neti os w11 det elriitt P sorip@itoRbitR oLATRARRRE O EARLoWha.

desor ption 10desogpeion THiretite so¢ plsoovery ampertadtufaetosn d Iipiselamiwre thas theetimeas
desor pt i on- ki HAAPLLS rorRe CEsBETRpoED Y oBE SERRARDY dgPeiing PLeur od
sor bent, ‘A’f‘ernl%idi‘iv% Q@ncé%%&é&ﬁ?rggﬂ esQRE) IR Cq’arciha‘%iéi doftlofindteld sR&Or bi ng

medi um are placed on struct upports su as nmonol I'th supports. The
support ney beompatiegfmaienials ibthedeek tharetrtive ohd campetitiiesadsempton affingtidsi ca,

Ilite, zirconia, .alunina, titania, i tals sych teel and
M xtur o5t her Goftie FreSpRb oA Geand OHE datinshih dhtaTalentE P s uppor

my be shaped.agithReesrcanty §hHRH8re 264 88B8Surd; Ofld - ratcENer SHPFQIdEGeah, SO My
be coated with other materials such as colloidal silica spherulites first.

To the ext ent adshejiodikirdtiss end diffustascrataseof i and gPisb cergpongstsy (D gsgtmdions
5, 925, 800 and, .3, 518, ' ' f d
an net?cjsgxﬁﬁgc?eet‘?rfngr\}é %ggeﬁf B&%tl&‘ﬁ'% Persd (r)l?%ﬁs;cg gﬁa&ﬁﬁ‘%ﬁe d%sré)gplfﬁ)tnur €

sorbents can Typic 0 use very s i on- orption

cycles W@ hogbdy eMie egbiplisre sepetatabeopd. préddsg®ecasawell 99 Mikthee thefeefsedmyed to
as fast or rapid-cycle PSA processes. To.forma structured sorbent, the
total anount $FPRRASSeRBPHEhisedhaye shsiaaial infuenee pm desorptigniugetistisor bent and

t he optional heat absorbing nediumon the support 1is in the range of from

about 0.01 W% to T WhnPAsfLoRlst iEenitBiIPRE OfirdchRed SHBRRT Wherein the

adsorbent and, optionally, a suitable heat absorbing medium, are placed on
structured supports such as monolith supports. The support may be made from a
15 large number of materials, such as silica, mullite, zirconia, alumina, titania,
magnesia, metals such as steel and mixtures thereof. The support may be oriented
or not oriented. The support may be shaped as honeycomb, sponge, screens, coils.
The supports also may be coated with other materials such as colloidal silica
spherulites first. To the extent they disclose and describe such supports, US
20  patents 5,925,800 and 3,518,206 are incorporated herein by reference. Structured
sorbents can typically allow one to use very short adsorption-desorption cycles
without very high pressure drops. These are sometimes referred to as fast or

rapid-cycle PSA processes.

To form a structured sorbent, the total amount of an adsorbent or a sorbent

25  comprising the adsorbent and the optional heat absorbing medium on the support

is in the range of from about 0.01 wt% to 70 wi%, based on the weight of the
support.
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22 WO 01/62691 PCT/ USO1/ 05974 After operating in the adsorption node for a
certain period of tinme or until the capacity of the adsorbent is reached,

t he fl ow @i dis@sdisoneri zation effluent fromthe isoneri zatdmagkoieacior i s
stopped, diverted to another PSA unit, bypassed to a de-toluene tower or
anot her suitable processing equipnent or unit in the plant, 5 and

conbi nations thereof. The PSA unit is swtched to a desorption node. There
is usually a bl owdown step whereby the pressure of the PSA unit is |owered,
foll owed by a | ow pressure desorption step. Desorption of the

preferentially adagebssbrafEIaMRNIdsofpion ModcIBr £E&r06h petidyofané BtiEntRYS
such as depressurization, evacuation (to pressures |ower than atnospheric

pressures), | b capagitvestsibeeadsembempisigached, dienfsive ostthg pomegzation effluent
Depressuri zatjon {| i.ng.th [ eSS . r i refer for the
pr gsent i nventr |8I(]:[)lntfle %h%ﬁenggtéog rrpfl (ﬁglﬁl%ssygé%%%f&l?%r%%égﬁg %@éo#%%ﬁ%ﬁ’ %@J g%ds

soneti nes al sg a desfotuehe towe oaandther Juitghle @fdicksdiy SfuifmerPar thi€ i telpjanghen t he
adsor bed conponents . are inpurities or qther undesired materials to be

removed. Chceidrombingionethersed ThoPSdquHblapeighed redesppifopmodge There
feedstream aj Xy o ol IJQ‘IBWQ?\;VKasttééaoafrnglfe%%gﬁ%&)reshﬁe draREBRA L if figggor Pt on

node unl ess a purge is perforne esent invention, the t

peri od goi ng fdiloaedya aclowppressareadssorpidnosteple sDegptptom of thee prefaremtidilyr r ed t o
asacycletirT(E. A nore detail definjtion is, given below. One or nore
purges of t he?PeRe(nCPMBPIin X asBBEi 8¢ eBiedr g‘?ﬁéni’ar}?é’?nd"aéfsd?‘?‘% r&nt gas

or 20 liquid Hﬁﬁé‘s%ﬁﬁiati@ﬁ,t AREMtR] AR 18R ePMEn b0 PRERT &%Es%?esz,tlgﬁrs al so
may be carried out for each cycle or as needed. The purges may hel p renove

undesi rabl® pugssuduptsippingy er siowde girippingt Peprressimizatiby Glowierihg the pressee)pe of
t he present ipventi to have rge ste fter the desorption node and
prior the adsg’r ?%’m&g?éﬁrﬁﬁlgorﬁgegreg‘?nébr%\?ﬂ@?%by 25 the adsorbent is

purged with a streamto recover nore PX primarily left or trapped in the
bed void space. ThiEisi Gesuptiah! ter AT fhe dPQAIt ddsbrptibe Bade idiso@etimed alfo t he

flow of the feedstream during_adsorption. The streammay be a fluid lowin
PX referred to as the regenefation step, particularly when the adsorbed components
are impurities or other undesired materials to be removed. Once the adsorbent is
15  “regenerated”, the flow of the feedstream, a xylene isomerization effluent, is
resumed for the adsorption mode unless a purge is performed. In the present
invention, the time period going through a complete adsorption-desorption cycle
is referred to as a cycle time. A more detailed definition is given below. One or
more purges of the PSA unit or other associated equipment using a different gas or
20  liquid material between the adsorption and the desorption steps also may be

carried out for each cycle or as needed. The purges may help remove undesirable

buildups of various products.

It is also within the scope of the present invention to have a purge step

after the desorption mode and prior the adsorption mode. This is a step whereby

25  the adsorbent is purged with a stream to recover more PX primarily left or trapped
in the bed void space. This is usually carried out in the same direction of the flow

of the feedstream during_adsorption. The stream may be a fluid low in PX

concentration. One such fluid comprises the PX-depleted exiting raffinate.
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concentration. One such fluid conprises the PX-depleted exiting raffinate.
23 WD 01/62691 PCT/US01/ 05974 The effectiveness of a PSA for a particular
separ at i oy FARRBEHS on the sel ected adsorbent, the selecteqwﬁqﬁﬁ§m§n4the
mechani sm of adsorption, the conposition of the feedstream the absolute
and rel ative concentrations of various C8 aromatic conponents and ot her
conpounds present, the equi pnent used, the 5 operating conditions, the
desi red throughput operating conditions and others. Because of the
possibilities of having many different conponents in a particular C8
aromati ¢ feedst reafhe biigeilch@s! V2R G0N il SURIANdLAlaY on'llid © not
intended or preferred, 1t is also noted that the present invention my
oper at e sat i sfedartadr iatisorbent; liee pelestedceriodntsid Imahenismhsobfadkergtiond ihe t he

10 system A |liquid. may. be_.present so re wihin the system.for. many
easons. such SBABITA RS e SiER (RPN SdelBE PG EH e OL YEHRR | ary
phenonmenon (o[ arogie@dRloiponBnt® an@ bl @AM B ARCEdent, AME eqRpASALUALeAAHON OF a

conbi nation thereof. It i's optional, in many cases preférred, to use two or
nmore PSA uni teperaiingoeetuhitions, flkey desitpd theeugbprt opgreting ednditiey aad edtherer i n

needod) mode BYAE §f T TRREPULES of Ravg P SHB oo EhB b Sesrie i v G
snoot her oper @phrdotdayic Bedsireat, tthe eif@tiveiess esisd varYaubfugiaighenes and syst ens

can be devised to control many PSA units used in a single process. One

exanpl e of such a schene to separate a m xture of |ight paraffins,
(al kanes) is descrMylg nokmiengled pgpaeferreg it i§ aggggnotedsthay theipresspiomEentil t o use

20 at least t P i Hh e i i a he: or ption
node i s usual ﬁﬂ)g/y e@?{#@f%ﬁ%&%% fs?l E{oené{%?ér?gg Mg%gﬁﬁggggﬁsbfgq%@em%ﬁi nert
or subst altl i adyisteni. nArliquic atay dlegwedehnhgpnmedicnerwithinathe BRgAermarfot mhoy neasagge or

control heat transfer,. heat distribution and/or,.tenperature. As the
Component 1 hattich &8 pimig i ah Uit el SRRt PRSI % PIECBAOR B8 ¢ he

25 adsor pti oneRhBAE S o¥bh theRBRHAIE NeRpreSfuridany dtal @hbediidh Mkréoheat pul se
to progress downstreamthrough the adsorbent. It is desirable and

preferred to avoid i . o
It is optional, in many cases preferred, to use two or more PSA units in

order to have the reactors operated alternately or in certain prescribed sequences
15  in the adsorption, desorption or purge (if needed) mode. This will increase the PX
recovery efficiency and/or provide smoother operability of a particular process.
Various schemes and systems can be devised to control many PSA units used in a
single process. One example of such a scheme to separate a mixture of light
paraffins (alkanes) is described in U.S. Patent No. 5,863,315. It is preferred to use

20  atleast two PSA units for the present invention.

Because the adsorption mode is usually exothermic, it is sometimes
advantageous to use an inert or substantially inert heat absorbing medium in a

PSA unit to manage or control heat transfer, heat distribution and/or temperature.

As the component that is being removed is adsorbed while the bed is on-line, the

25  adsorption process will generate heat of adsorption causing a heat pulse to
progress downstream through the adsorbent. It is desirable and preferred to avoid

local hot spots and/or a large temperature gradient in a PSA unit. The heat
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| ocal hot spots and/or a large tenperature gradient in a PSA unit. The heat
24 WD 01/62691 PCT/ US01/ 05974 absorbi ng nmedi um may be gaseous, |iquid, or
solid. | nyw@yfRhedi0 M nim ze downstream separation and prQ4Glise/ns974
contam nation problens, it is nore convenient and thus preferred for the
present invention to use a solid heat absorbing nmedium or mxtures of
different heat absorbing nedia. 5 For exanple, alum num particles may be

m xed with the selected adsorbent(s) to forma suitable m xture to be
placed in a PSA unit. This m xture may exhibit a nore uniformtenperature

profile, fewe r I ept erter .

t emperat ure c%ntgrtgi@ ur| ng 15%2 @%lgﬁée%ﬁg a s%rgxt ?é%g :ﬁld tﬁ%g tge%%rrﬁ%lﬁeon
nodes of the dywisereaftshparatsoarcimdsprodiedd centsminatdomprbbienis dlisitere ddvbnientar e not
necessarily li ed t SI| con car bi de, carboru du hi t ungst en
Carbi do. | and A B lerrd bop G S iaDk fsul RrsaA b B el B e o
materials arg hxpieabt ¥iffeRSE hedt AborbiaP&fkeddNd EB and possess hi gh heat
capacity and/or high thermal conductivity. As already described earlier, a
sorbent in the present invention conprises 15 one or nore adsorbents and

optional | Yo or pr ef Beralskgmplen caleminygr epanédes alworbbu Ayxedrewitta the s&‘ﬁl@ﬁ@d

b Th h
gdg;/t?i on,e'[ ﬁe‘fmié bgn%gttngt; e%[;qgéélg %(hlrr]s ruc Ce%t hsdu%%gﬁlt%lgrflgl g]t”fti}r out

fast or rapighagyelfbiproeeaseaniférih tmpaaﬁfmrptromyclf@wrl Hes spMbeRmallBeat
absorbing nediumor mxture is _used as the sorbent, the 20 amunt used
rel ative to tisEwperfure rgéada@@@pébﬁ&terut@rwrﬁm(%mﬁo}aéuw thg poty the adgorption; ype

zeottes) In LenPdibybi pidds BROAC:RL, fORM ARAUL00 ik fyaob e 100

preferably from about a out nore pre rom a ou’t 1:9
to about 10 1, bwtlare hyt necedsarily limttedt. s1h1mnrtg:r111dm chibbrundunif, gaaphﬂa,ttumgmmr bi ng

mediumin a PS nit would ot i.nparf suf. i ent desjrable effects_on heat
managenent, lﬁﬁr?’é}‘}s’?lg‘lmrﬁ H‘?Seofggﬁ'éﬁéf’ Wt"i‘ ai‘HﬂWB’I pariggles. pEhese materiibing,

usi ng too nuc L I cr ease
e Sanagi t! ﬂfﬁ%{é@%{g}gn%’cﬁt@ R{rygég%ﬁ Sigeti moams@sgés@ higl hdat REGRRS Bhilio¥ hEl

thermal conductivity.

As already described earlier, a sorbent in the present invention comprises

15  one or more adsorbents and, optionally or preferably, one or more heat absorbing
media discussed above. There may be other components in a sorbent, if desirable.

In addition, the sorbent may be placed on structured supports to carry out fast or

rapid-cycle processes with very short cycle times.

When a heat absorbing medium or mixture is used as the sorbent, the

20 amount used relative to that of the adsorbent itself (such as MFTI or silicalite type
zeolites) in the PSA is in the range of from about 100:1 to about 1:100, preferably

from about 1:10 to about 10:1, more preferably from about 1:9 to about 1:1, all by
volume ratios. Using too little of a heat absorbing medium in a PSA unit would

not impart sufficient desirable effects on heat management, heat transfer or

25  temperature control. On the other hand, using too much of such a non-adsorbing
material will necessarily decrease the capacity, thus the PX throughput, of a

particular PSA unit on a volume basis because too much adsorbent is necessarily
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particular PSA unit on a volune basis because too nmuch adsorbent is
necessarily 25 WD 01/62691 PCT/ US01/ 05974 displaced. O herw se, a much

| ar ger reqei@rs2émy be needed at the expense of hi gher capidmasoiosest ment.
It is also within the enbodi nent of the present invention to select and

use an adsorbent having beneficial heat absorbing properties. If the
sorbent is placed on a structured support, simlar volune ratios 5 of the
adsorbent to the heat absorbing nedium my be used. In all of the cases,
there may be other conponents in the sorbent composition. In a typical PSA

operation, thgsplagaer Ofdrivite, 8fthhdtentgd: rBict MYy BBDhecd SO ZAbEMB dfeact or,
i ncl udi ng sone hydrogen, is brought into contact wth an adsorbent in a

PSA uni t. Durhighert pavitalidoysstinet. nmiides, alseevidliin| the rembaskitnay ofitheoprepentt he PSA
unit is referr |ty raffinat infra . I nd FI G
2). The exi tlln(r%\gmioglf ?‘? n% eé\fixa%lhaﬂ%xﬁge% ngbeegt g][a?%l mber%glglélil |er%‘g ag?%ﬁgﬁgi ly on

process econg@pasicantt e wodbiitciaplaedoh atstrastutaiCiupbbit,esmilBXvdtaiyie Bgtios
substantially or only artially depleted jn the PSA unit(s) of

|
particul ar prolcs §.dsquefﬁ§° dhrbed! beorbing masdivey may besusgdr Jp efliefithe g@?@ﬁ poi nt "
when the Capaﬁlle;eymﬁ b%&%ﬁﬁ%&%ﬂ& é‘l‘ ﬁiejsgﬁ'eﬁfa&%gi"ﬁoﬁr saturated and some

undesirabl e | evel ected 1n the exiting raffinate. The
adsorption node continues until the break-through point of the system is
reached. Then,, thk fhebyical PSA oheratiemnthei Bamenartion f ¢ftleertt fremss opped or
diverted to another. PSA ynit, .if. there.is one .n the process or.system
The sat ur at ccioPRR SoqTepPs tohidink damE o drogtas frouit 8 S iRe bR g on
the cycle tingisaMdnOihePSAGRIS | D@t the Adsorptie! B0 UhdefRehtdnslig dutdural ity
of PSA units in a particular process or systemfor PX production.

par a- xyl eHe etheiPSHewnit is referngd o pyaracgiipmpial (iiefivr.i anchseo@ Ko h e FEGL).0n)

product, as . pi.i op<.ef f n |.S vered.durjng a_ desorption
Tode 25 1ol | 0t F0 PR Al P ep A Yrsalrp REBREEI iyt Pl
i nvention, theopb@isuhd dofvristieanPSépardtion fdeititiery PXheag s etifstamdialiyredenlywi th a
possi bl e exception of ) i ) . .
partially depleted in the PSA unit(s) of a particular process. It is sometimes
referred to as a “break-through point” when the capacity of the adsorbent is
15  “reached” or saturated and some undesirable level of PX is detected in the exiting

raffinate.

The adsorption mode continues until the break-through point of the system
is reached. Then, the feeding of the isomerization effluent is stopped or diverted
to another PSA unit, if there is one in the process or system. The saturated PSA

20  unit is switched to a desorption mode. Depending on the cycle time and other
considerations, there could be two or a plurality of PSA units in a particular

process or system for PX production.

A para-xylene enriched (i.e. having a super-equilibrium PX concentration)

product, as part of a desorption effluent, is recovered during a desorption mode

25  following the blowdown step of the PSA unit. For the present invention, the
pressure of the PSA um]t during the desorption mode, with a possible exception of

the optional rinse step, is always lower than that during the adsorption mode.
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the optional rinse step, is always |lower than that during the adsorption
node. 26 WO 01/62691 PCT/ US01/ 05974 Sinply by | owering the pressure of

t he PSA uwigoi@agican effect the desired desorption in nogficieeessdor the
present invention. It is possible to facilitate or enhance the desorption
by raising the PSA unit tenperature, purging with a solvent/gas, or a
conbi nation thereof (pressure, tenperature and purges). 5 Because there is
usual |y hydrogen in the desorption effluent, it is necessary to separate
hydrogen from the hydrocarbons sonewhere in the process. One way to

separ at e hydrgagidy ffy0BvdiRgXihk §6GuteNoR PO PP Bn6 T dah URict it BYsifegedi ng
the desorption‘effluent, cConprising hydrogen, PX in super-equilibrium
concent r at i ondesoigiionrid nesheasss ifot hegpressnipineeon. t 1 is posselde do tavditpteegsure to
a level high enough,.10.to sepafate. hydrao and. all the xylenes h
gas/liquid equlfh rPﬁhﬁF%mﬁ“ﬁb%%d%P§% %?gﬁQA(¥%ﬁ%%%§W%W§:%?Q%n%ﬂﬁﬁlf and 2)
The sane nmet hatvén@/gad)er dsedbinatiseiiewd s (fbdsur] teiefat@t ahf guityedl ogen in the
PX-depl eted exiting raffinate during the adsorption node of operation, if

necessary. Sone non-limting exanples of suitable adsorbents. for the
present 15 i nvent BEFRUFHETRIS sty iy fiogey Biothe desorptimetHentzig isinecssary

nol ecul ar si il , Ralclp) ] Xt e eferred
zeolites i ncﬁéﬁpﬁﬁiﬂﬁgﬁ?eﬁﬁﬁl Ilnf[&gcg of ﬁ% ﬁ%ﬁwrté;ﬁjp{e}%%ghﬁga?ﬁlggﬁ%
silicalite, atodkepatatrlsydroganciiomabe xgleperia a desameioareftifiers bl deeditmtheabout

7A. Large por eolit i ncludin rdenite _and fauj.asites, such .as
zeol i tegX gnd&fé&?’l{’%‘é&@fel% qolﬁlﬂﬁﬁg'@qg'f]%ﬂgﬁ%’e&& é‘&’ceé'reg'lt“ﬂ‘ghu@tft?ﬂ?e%ﬁr@“?% al so
may be used Vafafd oielhigtd a BBEplckRtd ARFea8 BRI PIBRArDB! LWvel48Oh Lh&Zh W th

pores snaller than about 4A are not preferred. ‘Suitable non-zeolitic
mol ecul arlGi etpesspirgte yghogen andsall Berrydenies by gae/liqeid| dqudbirivm op hesopérat es

(SAPO, al um pophosphates (ALP ubst{ tyt ed SAP substituted ALPO, and
m Xt ures ther@roug‘l.' @ﬁg%‘m&lgi Sﬁé%ﬁefﬂéﬁ 11'° s%&%o%%angqecgseﬁiﬁ beémﬁ’gre (7A
or larger) noslt zgopdrt iof el IRkbah i EWePXIBpIAE] WKBthgMAiingte dudnighet

nodi fications detalled below Again, it is preferred to have pore dianeter
adsorption mode of operation, if necessary.

Some non-limiting examples of suitable adsorbents for the present

15 invention include zeolitic (zeolites) and non-zeolitic molecular sieves, pillared
clays, carbons, and mixtures thereof. Preferred zeolites include medium pore
zeolites of the MFI type, such as ZSM-5, silicalite, and others, which have a pore
diameter of smaller than about 7A. Large pore zeolites including mordenite and
faujasites, such as zeolite X and zeolite Y, with pore diameter greater than about

20  7A also may be used with or without modifications described below. Zeolites

with pores smaller than about 4A are not preferred.

Suitable non-zeolitic molecular sieves for use as adsorbents include
silicoaluminophosphates (SAPO), aluminophosphates (ALPO), substituted SAPO,
substituted ALPO, and mixtures thereof. Examples include ALPO-11, SAPO-11

25 etc. Large pore (7A or larger) non-zeolitic molecular sieves may be used with or
without modifications detailed below. Again, it is preferred to have pore diameter

greater than about 4A. Pillared clays with layer distances greater than about 5A
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greater than about 4A. Pillared clays with | ayer di stances greater than
about 5A 27 WD 01/62691 PCT/ US01/ 05974 are preferred. Suitable carbons

include aglg yab&d carbons, graphite, charcoals, and m xt ygsydohpspef. To
alter or enhance their capacities, adsorption kinetics and ot her

properties related to adsorption, all such adsorbents may be further
nodified 5 chemcally, physically, nmechanically or a conbination thereof.
Sonme exanples of such nodifications are discussed in nore detail herein.
As discussed, it is preferred to use a nol ecul ar sieve adsorbent with a

pore nouth dj r t, L ore
di aneters i ndgfrgg%tf %%cgeﬁgia%h%m a %&lu%&ctlgatg%gﬁ%) B%S?g%ﬁjhﬁg’sc%grﬁ?%g’gpgbl y
from about 5.@#&ti#res deeastf. 10 7A. Such a pore size may be achieved in several

ways. For instance, ZSM5, a nedium pore size MFl type zeolite has a pore
di anet er of about ,?.5 Accordi ngly, there. may not .be any.need to nodify

A, .
it with respect tolQoffr Of fmaense. ¢ rhéﬁp%lﬁsurﬁdﬁwgomlgg safndj bels

sui ta_bl € for poperfiSs @Qﬁféﬁbt%nﬁc%orﬂtilaﬁ,' Hﬂ%ucl?%ﬁs&h@nté‘%a;} b8 fuftlert Brodified
borosilicate, silicalite, SA-PO-11, ALPO- 11, and 15 m xtures thereof. Wen

a ZSM 5 zéol i chemieallysplalysidailyj mechanisally ef a¢cmbination thersob nSomexampdesif/ Al
ratio in the range 0of from about 40.to as hi.gh as close to infinity,
provi ded thatsufﬂgwr%ttﬂceﬁnlo% argglhscp%sfgfrhmpﬁeed%?h?w}e solid state structure.
Large or very large pore nol ecul ar sieves such as nordenite, zeolite X

zeolite Y may be nmgifsceded HeRipeetbirsd @rusby mblbarlavsiyi@, adserbbntagitich poiec al
vapor 20 deposition, to reduce their. pore dianeters fromover about 8.5A
to bel ow aboufowth digmetpiorgptenthgndd; Bt is mege prafereeolyee peredliamgiens ivthea sal |

pore nol ecul alrﬁ&gé Sf’ﬁgltnhe{%%ﬁtSo%aﬂglﬁ’S.fjA,IH@%_pP&eﬂQg firh&bbe: $8%& BRbaG 9

such as HdJ , or ers t renove certain e nts such as alum num
from t he for anbAwoiSkicle amtorokizé mmpyt becachjeoeed irs several @ayer Foeidstaise, ESMennl oy

O O O O S0 QIEPRR. U025 B MR STELLGOE A e
present 1 nvenitQidingly, there may not be any need to modify it with respect to pore
diameter. Other medium pore molecular sieves suitable for use as adsorbents
include, but are not limited to, borosilicate, silicalite, SAPO-11, ALPO-11, and
15  mixtures thereof. When a ZSM-5 zeolite is used, it is more preferable to use one
with a Si/Al ratio in the range of from about 40 to as high as close to infinity,

provided that the material can retain the MFI type solid state structure.

Large or very large pore molecular sieves such as mordenite, zeolite X,

zeolite Y may be modified chemically or by other ways, such as chemical vapor

20  deposition, to reduce their pore diameters from over about 8.5A to below about
7A. Tt is also possible to enlarge the pore mouth of a small pore molecular sieve.

For instance, it may be possible to use an acid, such as HCIl, HF, or others to
remove certain elements such as aluminum from the framework controlling the

pore size. Other methods may employ electron or other high-energy beams. In

25  this manner, small pore niolecular sieves may be converted into a usable form of

adsorbent for the present invention.
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28 WO 01/62691 PCT/ US01/ 05974 A nol ecul ar sieve may be further nodified
with nmetals or non-netals to inprove the adsorption properties for the
present iwoenteeén. Such nodifications may result in nmany MITId®S1/e574
effects. If netals concentrate at the pore nouths, the pore dianmeter may
be reduced or restricted. The netals may also assist in 5 inproving
differentiations in diffusion rates (kinetics) or adsorption energetics
(thernodynam cs) or both. It is certainly possible that a conbination of
different effects may take place with a particular nodification by a

particular nmetal oA mBRkalas siefe tapdet fufiéraiodifle GHiliMm el LY EnorthefiisSeussed
previously, a PSA step is operated in the vapor or gas phase. 10 In order

to nai ntai n almpreve thepadserpiion|prepeziigs fof thenpresend dsepten. c Shplomedificeiieisde a
PSA unit in V] i il he art
under st ands ta'ﬁl é?P%hg ?{é n?agl§§?%%ﬁer a gtcsb(riflglfa?sl %)%g%ng{a\%e%ﬁﬁ%‘aél}éé‘{l Olurtllglgsr’1 tﬁe
tenperature apste diamaler pasy ibal refiicedsor estrivied. heTheometiln gy ilso gedig@ral , for
a given mxture conpgsition. to be ,gfﬁpar ated, the higher the sorbent bed

t enper at ure i SOPTPHESHERESAAENS InHERSED datep (Kstisse Brassompiionsngigriics o use.

H gher pr essUgs@iien g REPG S| Rlis cLREIRIRALDIIER SRARRTidNE FBAMN . A

suitable tenperature 1n & PSA unit in sorption no S ein the
range of froneffidedaimay5@Ke tpdacabeitlt a4f@iulpr efodifiatiyn foyoanpaticular 20040 610

about 375C. It J[a? (gfrefe.r d that the tenperature in a PSA is not higher
than that 20 BFHE 3 fapegHe ¥ e uent coming out of the isomerization
reactor so that no additional heat input is needed. The isonerization

effluent may have 1@ dgRusdelpeigusE, BPBIA a¥e hedieatted B theWBForldk Tad FRAREr at ur e
(see FIG 1). Tenperatures Il(i))wer t%,an 150C Igr ?i gher tha\r?glzooc%rragmge used

to separkte Iherdgyfepaintsiptall gsabstantialy dbebihst feedstapkoempplieds mside ot
preferred 25 C t rtai.n f a e i.onal or
econoni ¢ reas%ﬁg, &\%ﬁﬁ%hep% or@ gsr%ogﬁghg%eér?%gr%\é%{ 2}@}1%&8?{2&1? 3@6 art
commer ci al | y. ukdebstaneistthataRereiif a @eiBAl coureldtioh etpnadpethting lte@mpekatfs, ard vacuum
(a pressure |less, than about 101 kPa) may . .

total/partial pressures of the compoinds. In general, for a given mixture

composition to be separated, the higher the sorbent bed temperature is, the higher

15  an operating pressure one may be able to use. Higher pressures are preferred for

the adsorption mode of the PSA unit.

A suitable temperature in a PSA unit in the adsorption mode should be in
the range of from about 150°C to about 400°C, preferably from about 200°C to
about 375°C. Tt is preferred that the temperature in a PSA is not higher than that

20 of the isomerization effluent coming out of the isomerization reactor so that no
additional heat input is needed. The isomerization effluent méy have to go

through a heat exchanger to lower its temperature (see FIG 1).

Temperatures lower than 150°C or higher than 400°C may be used to

separate the xylenes with PSA in the adsorption mode. They are not preferred

25  because there may be certain unfavorable operational or economic reasons, which
may render such temperatures unattractive commercially. For instance, if a PSA

unit is operated below 175°C, a vacuum (a pressure less than about 101 kPa) may
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29 WD 01/62691 PCT/ US01/ 05974 be needed to desorb nuch of PX in the
desorption node. This nmay require special equipnment or vacuum punps. It

may adver ect process and/or plant designs and/or
econonicsﬁﬁ+¥K%&%SA unit is operated at too high a tenper&?ﬁﬁ%ﬁ u?ﬁﬁg

adsorption, the 5 capacity of the adsorbent nmay be too | ow to be useful
even though the PSA system nay be operated at a much hi gher pressure.
Typically, the capacity of a particular adsorbent decreases with

i ncreasing operating tenperature. Furthernore, if the PSA tenperature is

hi gher than the isonerization.reactor tenperatur ddi ti onal heat. .i nput
is required, %%??ﬁ?ﬁbéfiswtwg%?&fﬁHﬁhfﬁe%témg&- 1@“5’%&“&%& SBe§idct i on
of a particul afuiSBintobr Veamk] PNnPONditt MAPSadveREl &Ml pribcest SMBR aflite and
pressure for a particular PSA unit would need to take into account of many

factors, sonedastgnsand/ar prosefsecopanigs.i onal- and sone econonical . The pressure
for the adsorption node is in the range of from about 200 kPa to about 20

MPa, preferably frgm ﬁ@&%itdi?gﬁ%rﬁ?edta? t@obfﬁg algmg@[%guré;g@gi@g 3@0 B, D

pressure nmay require higher erature 11 orde ni'mze
liquid formatdpacity Withe adsdibaginenayPSé toeiperiat ber asefalubtnathbogh theePSA
adsorption to be carried out_at a hilg]?er pressure, and sthll mai nt z%i n all
the conponent &Sk Baydisorpepried 8t a much Jughep Progsisan Typically, thasarasekotvoul d

provide satisfagtary b d¥ Aechal&MPRAA! UinBredlnk %fatihganteﬁi?eﬂﬁurgooc and
[t~ wa ctedly

under the conditions of the present invention. unexpe
di scover ed t hBartlwembed, rif diks ®Slhe inspecaiutediss kigherathan AXe sstmerizatiomredopor and

effectively inp a PSA unjt.under the disclosed conditions ticularly at
The' hi gher t Brierins BlltdRt i e SRR crintie b pas sEBbRRERE T ne
PSA has ajger taid) @@PadédidnUBtel gahecutensitt bPNsadtidn Q&Mr@ﬂﬂaﬁﬁ:‘uﬁr?dsor b

and/or otherwise retain PX fromthe isonerization effluent comng fromthe
i soneri zat i onterwgrtee. arBe prasaure Hps acpyhienlay PS4 pedchiewld nagd toeteke itnlg

{ ﬁ];f Inate 1s gccgl)l(ﬁtdopfpn%aeﬁ[y cto;syéoln){e %Ehrﬁ&rl} do IeI c)f)'era?iroggua%h 'sorlng eggn%?nricﬂp rds,

The pressure for the adsorption mode is in the range of from about 200 kPa
to about 20 MPa, preferably from about 400 kPa to about 15 MPa. Again, higher
15 pressure may require higher temperature in order to avoid or minimize liquid

formation.

While a higher PSA temperature would allow the adsorption to be carried
out at a higher pressure and still maintain all the components in a vapor phase, it is
not known if any adsorbent would provide satisfactory results at a temperature

20  higher than about 200°C and under the conditions of the present invention. It was
unexpectedly discovered that certain adsorbents could separate PX satisfactorily
and effectively in a PSA unit under the disclosed conditions, particularly at the

higher temperatures, of the present invention.

The adsorbent(s) in the PSA has a certain capacity under the conditions to
25  selectively adsorb and/or otherwise retain PX from the isomerization effluent
coming from the isomerization reactor. Before this capacity is reached, the

exiting raffinate is a PX-depleted, fully or partially, product. In other words, the
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30 WD 01/62691 PCT/ US01/ 05974 PX concentration is |ower than that inthe

i sonerization effluent com ng out of the isonerization reactor. Once the
adsor bent wigy1lshe@1PSA unit has reached or nearly reached it/ GRp@si7iy, the
flow of the feedstreamis stopped, diverted to another PSA unit, 5
bypassed to another unit such as a de-toluene tower, or a conbination
thereof. Exactly when the feedstreamis stopped depends on nany factors

| i ke economics, preferred operating node and others. After the PSA is
switched to the desorption node, the pressure of the PSA unit is |owered

to desorb PX aRdoaghuatitels 1oRES@EPaft FOMPE HeRRsizAtfonl FTRM cOHRER it bPthe
ef fl uent which contains sone residual 10 hydrogen and PX in a

super - equi | i bisomerizasisngeractart i on, i.e. a PX concentration higher than that
obtained in the isonerization effluent exiting the isonerization reactor.

ically, th [ [ | [ I Th
uper -equl 11 br 1 um B0t 0. BRETaal 0h U BS Cubdaf TRRERY of Ml 4Rl e,

than the PX egqaciey)tthatfionn of fthd fezditeeh i0stopgedP3Nentad tto anbthet PSA weitds, the
desorption 15 effluent is PX enriched. The super-equilibrjum PX

concent r at1 onb¥Retddormother ungaich 25 Gy tle-BausREdiPEL |2 eoiBbinglign terepfonat i c
conpounds, pr i : P f hi gher
t han about SZE&E&&}? %}Y%nﬁgz%? Sptt}%lsn%‘ﬁ%g? g élgee{l\r&% i({qelgﬁ%‘aiﬂ (gtts rsgﬂit(:%ee%%%élsj’r ein

t he range of prefmredaiporating nidetand abivs. A86Che PSAf 1 rsatitclred todhe désouiticd00C t o

about 500C. The, 20 pressure.i desorpti on node can any val ue | ower
than the adsomfi?:oﬁwpws&*g{ﬁ &f t%te"EZ} i“?tdéﬁa}VFVdatob&ngﬁ%e @F@ﬁnf/pot ¥duce
the pressure afdbffedddpodaiooPbtRY dRoipabP iRt whiddS®hting dARErekRIublr OM
about 1 kPa to about 1 MPa, preferably fromabout 10 kPa to about 500 kPa,

nmor e pr ef E abhydrbgemaath Bt in19 supdrrguilibbout cancpafiajiooy i.4. alPX oencghimationanbi ent
i ust f.or.. how much

P can be r ocBROPetar it Shua%) B iTRRisaiPh shudll BRyae et SRinsrdiisd heoded
for any downsidaeem IgpRERY, tBES.is 3ko some hydrogen in the desorption effluent. The
super-equilibrium PX concentration in the desorption effluent is higher than the
PX concentration in the feed to the PSA unit. In other words, the desorption
15  effluent is PX enriched. The super-equilibrium PX concentration should be at
least about 28 wt% of all the four Cg aromatic compounds, preferably higher than

about 30 wt% and more preferably higher than about 32 wt%.

' The desorption mode is ;:arried out at a temperature in the range of from
about 150°C to about 550°C, preferably from about 200°C to about 500°C. The

20  pressure in the desorption mode can be any value lower than the adsorption
pressure. There is usually a blowdown step to reduce the pressure after the
adsorption is completed. A useful range is from about 1 kPa to about 1 MPa,
preferably from about 10 kPa to about 500 kPa, more preferably from about 101

kPa (about O psig or 1 atm or about ambient pressure) to about 200 kPa.

25  Consideration is given not just for how much PX can be recovered, but also if

additional pressurization would be needed for any downstream separations.
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WO 01/62691 PCT/ US01/ 05974 The desorption node is conpl eted when very
little hydrocarbon still comes out of the PSA unit after depressurization.

The PSA URido1le36d1€- Pressurized to go through the adsor ptige iR¢gsagai n
foll ow ng desorption. Regardl ess of whether there is a purge, the total

time between a conplete cycle, for exanple 5 fromthe beginning of the
desorption step to the beginning of the next desorption step, is called a
cycle tinme. As discussed earlier, the cycle time nay be fixed or varied.
The cycle tinme selected for a process or plant depends on many factors,

such as the sel ecteg, q@s&g{?&mﬂo&nys R g ﬁ,gs%g& %E}WEIGSI ?{z@{ogﬁgaﬁ stihe PX

10 concentration in the onmeri zati on ent
super - equi | i bcomlemd%}(ocfdhmmﬁmattiaﬁnr d&predsenz;bémnr (thie S Ae fifiik isastpressivazed
adsorption conditions, the

sor candi t.i ons, .t he nu PSA. and
i someri zat i ontor 8xHIGPEh the ?%erﬁw @s’ agpig tollgye d; ?SH’EP?OP%%@«@G&B @Tther
equi pnent or FRRREAHER A2 bligePiRCBES tﬁ@b&%@l{ 8- compldtb €tk fortdr@mplc! e
time suitable for the present invention is in the range of from 15 about

0.1 sec toS abfiom the beginninged thedesbentiobl sjepf tocghe hegioning of theerext demmn 60
i nut | | t he short : dowith
Structured shPbaneaiedbvAf ime (s BERhe Yl e BEpiR LR iR

granul es, pariiargdies, and others, the lower limts are about one m nute,
preferably about two mnutes. In order to match the throughput, the flow
rates of various streanms or 20 effluents and the PX production rates with
di fferent equi pmenth & Cy@s ime sehgpfedy for aHRLOCESIAT IR %a%ism Ry 436 1f8e

| someri zat i ongfGag! Qfe aghef o r5§ &h,u %g{éﬁ%ﬁg&g@gg HBleuﬁ&“Pfeseﬂt, fHleS P

preferred to Rave al |east two I ng df scussi on (}){f PSA
appl i es i 0 magarceipaationt m ﬂﬁAlstop&riaaﬁmnsfﬂuemhithh desieedk sopan-egsilibrival P&r nat i ve

procedure to PSA. In. TSA, e c 25 exten ed and the heat pul se
Fent oned abot@PArionJade FopEE B g R O 0 ae AOGR Ehe
adsor bent bed gi#ididg, thenfgssd 6f PSA- hid &oRREShn 1ctofC %éepfo%gs%n%eat ion
it is therefore necessary to supply heat to desorb the

constraints imposed by other equipment or apparatus of the process and others.

Typically, the cycle time suitable for the present invention is in the range of from

15 about 0.1 sec to about 120 minutes, preferably from about 0.1 sec to about 60
minutes. As explained earlier, the short cycle times are preferred with structured

sorbents. For other types of sorbents, such as pellets, granules, particles, and

others, the lower limits are about one minute, preferably about two minutes.

In order to match the throughput, the flow rates of various streams or
20  effluents and the PX production rates with different equipment sizes, it may be
desirable to have more than one isomerization reactor and/or more than one

adsorption unit. It is preferred to have at least two PSA units.

The preceding discussion of PSA applies in major part to TSA operations,

which are known as an alternative procedure to PSA. In TSA, the cycle time is

25 extended and the heat pulse mentioned above is allowed to proceed out of the
downstream end of the adsorbent bed during the feed or on-line period. To

achieve regeneration it is therefore necessary to supply heat to desorb the
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WO 01/ 62691 PCT/ US01/ 05974 adsorbed conponent. To this end the
regenerating gas used is heated for a period to produce a heat pul se

movi ng t hyyeahédie bed counter-current to the normal feed pdif®shian. This
fl ow of heated regenerating gas is usually followed by a flow of cool
regenerating gas that continues the displacenent of the heat pul se through
the 5 bed toward the upstreamend. TSA is characterized by an extended
cycle tine as conpared to PSA, it differs fromPSA primarily only in
regards to the manner in which the absorption bed is regenerated. Hence

TSA may be usggl iydqlcbloABRNa0 thRSenlHY iegettifthe O B RIRERA Fbr 4 Phrivd

i nvention. The present "invention also rel[fates to a production system for
producing a tOprpduca-ahdacpdsemovingebiropgibthedted commitetcurrempta the gommallfesslst one
xyl ene isonerization, . regctor..containing.an isonerizati.on catal yst d
under a hydr o@é??tt‘BﬁT _t]ihéﬁ ﬁBWe%fle flregﬁﬁlg_%gflﬁ 835 15 ?Sg?ﬁ%g?lgo_y@l n%)ﬁ%g’p‘?f;t ed
feedstream i scdoi QsRhEABHS bR RECHMERuE the 8i8placdi BEthehax filisciBfoagk Yieene at
or near an equilibriumconcentration under” isonerization conditions; at

| east one Jasbghawerbtheswsireans ghdigTaAse churpeiarizadi by apexdpndedcyelg tinke 2 cycl e

to produce fromthe. fi r r elv, J - e t ed
product in anc%%%?dp{‘i %%Anﬁég&%}%gmpggg%ﬁq‘%%} eR lglﬁ%gagﬁ%lg {pi)llr%o 3’%?11 i?'havi ng
a super - equi | ivaichuhe pesodption tesdds espeaeated atHente TRAangebonpdiinikedaeneand at

| east one para-xyl ene recovery unit wherejn para-xylene is separated and
recover ed frofs PR Ipesed fonpuneses AF thiBYeBioBduct . 20 1t is comon and
sonetines preferred to have at |east two isonerization reactors. The first

i sonerization reac i r R stroy
as nmuch EB (to for Fnﬂig%%%ﬁgﬁgﬁﬁﬁgt%gn@a{tﬁqtg%eﬁ%%@gﬁcsg&gﬁnﬁggfbggg%)gdaeas

practi cal 10whi paraixybmerenzichgl preducty ivbivhsconmphisegpatddast one ikf/lene monferigatidrhe

L SO SR, SR A ST SR, S ST ™

tenmperature. ¥MgreXa 3B Sirstyledd UcpRWdEBe®iehh NS idodtdrizb@ e ﬁfcme@ ah@sSA uni t
is then sent to a secon i sonerization reactor at about the sane

t enperat ure apradhel BAvigai paretxylang floor Respnay egutlibonm Theceptraide tunder sent

to the same Séo%rerigat{jc;nf go%rd‘latpc;[ns;s 'eAtt HaLt or}eogas phase pressure-swing adsorption unit

15  operating in a cycle to produce from the first product, alternately, a para-xylene
depleted product in an adsorption mode and the para-xylene enriched product
having a super-equilibﬁum para-xylene concentration in a desorption mode; and at
least one para-xylene recovery unit wherein para-xylene is separated and

recovered from the para-xylene enriched product.

20 It is common and sometimes preferred to have at least two isomerization
reactors. The first isomerization reactor is operated at a temperature high enough
to destroy as much EB (to form benzene and ethane in the presence of hydrogen)
as practical while isomerizing the xylenes. The product effluent from the first
isomerization unit having an equilibrium or a near equilibrium PX concentration

25  is sent to a PSA or TSA unit operating at a lower temperature. The PX depleted
and low EB exiting raffinate from the SA unit is then sent to a second
isomerization reactor at about the same temperature as the SA unit itself for

isomerization. The product is sent to the same SA or a different SA unit to
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33 WD 01/62691 PCT/ US01/ 05974 produce a second PX-depleted exiting
raffinate, which is sent back to the |lower tenperature second xyl ene

i soneri zayigfheactor for further isonerization or is singRlyydhgsd out
the process. A second desorption effluent conprising PX enriched product

fromthe SA unit is sent to a PX separation unit to recover pure 5 PX It
is also preferred to have at least two SA units wth sane or different
adsorbents and under the sane or different conditions - tenperatures,
pressures, cycle tines, flowrates and others. Thus, it is possible to
have one SA upi

ofudea E&%n%i %@-ﬁ%{ﬁ%‘%@ {3%( gerafﬂnlaf‘e W& 1s s%%?b Kstg 'RE 1 @PerTOE.

Sonetinmes, it may be preferre ve a pfurality units 1n order
to provide a tempetaher secortd xylenss isopreadatini @actop frafurther isdmestaivar at 8
ed in order to streans, are_directed

control system be r.equi nsur.e t

Lo the. i nt encBlPBAPHREE S BREmGgh A 1FETd TR IORCHTEGE ETPSHF B ( he
inventive featdf.88d BRSO tHERASHE RGUSSSS BR sé@fratkRNirketo réovREbh@r
understood by referring to FIG1 and FIG 2. In atypical and sinplified

process/ syst efXas depicted in FIG 1, a PX containing C8 aromatic
feedstream 2 is m xed with hydrogen and a PX depleted exiting raffinate 20

(infra) and recycllﬁqS %S%rl,%ggeﬁegqofh%%na{ {%gstPt%% §Ao§n?t§fvgiﬂ}r éaﬁ%g%}f %f'i}ferér@i S

m xture 4 passes throu exchanger to rarsei erature to 20 a

desired | evel adseivens and wklef €t dafieOor diffemhi Zadditiohsr-e@aiperatfes, phekgresoul d be
nore than one isonerization reactor. There is usually at |east one

i someri zat i onS¥eH WG flow ratesrpmd;odgrer Thus itdp Ppestle & havermest/ poig it ther om 8,
an i sonerizat] &hh! (g} S : t hanoer | ow
tenperature sétldrggrapm 12 tR’enlet ro’ugé d%\glt{a or ggg)sgﬁ%se p?‘e“s‘éﬁ?ée&s‘?\%ﬁg]

adsor pt i of) uniot have4 a2 phoratity adnSAi msitsaim ad&ortoeplovize s univodser acopsintdwsul ar

nol ecul ar sieve or, m xtures. The tenperature in PSA unit 14 is preferably
Tower t han' ¢ PEIDNGHOPCRS IS ATEARer o GhHta GYHBRER Bf TemereAdh i io. 34

ensure the streams are directed to the intended SA unit at the right time during the

cycle.

Many of the inventive features and embodiments discussed so far can be
15  better understood by referring to FIG 1 and FIG 2.

In a typical and simplified process/system as depicted in FIG. 1, a PX
containing Cg aromatic feedstream 2 is mixed with hydrogen and a PX depleted
exiting raffinate 20 (infra) and recycled hydrogen 36 from the PSA process or
system. This mixture 4 passes through heat exchanger 6 to raise its temperature to

20  a desired level before it is fed into isomerization reactor 8. There could be more
than one isomerization reactor. There is usually at least one isomerization catalyst
in the isomerization reactor. The effluent from 8, an isomerization effluent,
passes through heat exchanger 10 to form low temperature stream 12 then through
vapor (gas) phase pressure-swing adsorption unit, 14, which contains an adsorbent

25  such as a particular molecular sieve or mixtures. The temperature in PSA unit 14

is preferably lower than that in reactor 8. There could be more than one PSA unit.
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WO 01/62691 PCT/ US01/ 05974 PSA unit 14 is operated in at two different
nodes, adsorption and desorption. In the adsorption node, exiting raffinate

16, with wgdiwaenn partially depleted PX, goes through regagsophegr 18 to
formhigh pressure raffinate 20. Raffmate 20 is mxed with feedstream2 to
beconme part of feedstream 4. Wien 5 the capacity of the adsorbent in 14 is
reached (supra for definition), PSA unit 14 switches to a desorption
(bl omdown) node. The flow of stream 12 is stopped, bypassed to a different
unit such a de-toluene tower, or when nore than one PSA wunit is used,

diverted to anot heps BSnitinidt i ?Eraﬁa'ﬂoiw at wb! @ffetdnt l%aésngad%&gtlo@%ar ption
node, the pressure in PSA unit 14 is lowered in a bl owdown step

fol | owed by adesexptiopt ilorihe edsprpiBDusmoge. aniting faftiegie 192 wetbiudly reir mgrtt&}]dr ogen

compr ebsor 2 BRHOPRT RPbRm Ul 18 3 B R A g e over

drum 30 aft erraffinsfe msrlglx%&mﬂgﬁem&aﬂnmw becofrRRIad OfeedSreati 4|UWign32 from
the recovery drumare sent for PX and benzene 15 separation and recovery.

Gas 34 is JuselerapracHydidberdsodeptinel Sisreashed bsugra &Ir‘&@&lthn%r% ¥d4 Sone
purge of hydr&ﬁ?cﬂecgcgg‘&egﬁgﬁéfﬁgﬁstrgxgﬁfglgﬁg "Irl‘le Bf%ﬂem‘?ﬁ@"x@@% ?&gr ogen

buil dup in the pro goes rou h npress
m xes with nabg@amdhydrcbﬁaﬁnﬂﬂnt guch arde- mhlene&dmﬂ ora\mhbrtﬂnere thmeoye:PﬁA back

to becone part of feed tream 2 r the deso s.conpl et ed,
flow of streatit® Perdpgeriad to fHOt?’Pﬁjég g‘oit (fﬁ%‘@g Qlﬁﬁ}e 1gd§%‘tlr[’fﬁg nmode
again. There jm xg‘ﬂ%n%ﬁgﬁé 'tHé‘%kes@t%Qﬁ(I@A REf OF & 100t a BloRidWH sgach node

of the entire cy time to conplete one entire cycle, including any
pur ges, iX) cafollewed bypclesorptiomestep.n anot her sinplified process/system as
depicted in FIG 2, a PX 25 containing C8 aromatic feedstream 102 is m xed

w1y ogen, 150 BERRAK By ko900 R, B0F BV pRSBLEL G DusiReeT 194
tenperat ur e tgnpar-eQslibienlceMedntagdo [sefetitmﬂoscohﬁﬁesisﬂxt 24 @ fo¥m high pressure
stream 26, which is sent to a recovery drum 30 after first going through gas-liquid
separator 28. Liquids 32 from the recovery drum are sent for PX and benzene
15  separation and recovery. Gas 34 is used for hydrogen recycle stream 36 or purged
through 38. Some purge of hydrogen from the system is needed in order to
prevent hydrogen buildup in the process. Recycle stream 36 goes through
compressor 40, mixes with make-up hydrogen 42, if any is needed, and then

recycles back to become part of feedstream 2.

20 After the desorption mode is completed, flow of stream 12 to PSA unit 14
is resumed to begin the adsorption mode again. There may be additional purge(s)
before, during, or after each mode of the entire cycle. The time to complete one

entire cycle, including any purges, is called a cycle time.

In another simplified process/system as depicted in FIG. 2, a PX
25  containing Cg aromatic feedstream 102 is mixed with hydrogen 150 from make-up
hydrogen 148 and any recycled hydrogen 144. This mixture 104 passes through

heat exchanger 106 to raise its temperature to a desired level before it is fed into a
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WO 01/62691 PCT/ US01/ 05974 first xylene isonerization reactor 108. The
tenperature is high enough to destroy nmuch EB in the feedstream during

i someri za{iPfleaddiere is at least one isonerization catal WTIB%I,@% The
effluent from 108, an isonerization effluent, passes thr oug(1 eat

exchanger 110 to formstream 112. Stream 112 is m xed with 5 stream 128
(infra) to formstream 114 as a feed to vapor (gas) phase pressure- sw ng
adsorption unit, 116, which contains an adsorbent such as a particul ar

nmol ecul ar sieve or mixtures. The tenperature in PSA unit 116 is preferably

| ower  than t x%lgné i%@ﬁﬁeﬂﬁatfb@lgeac?cgﬁ gg?iﬁhe]téxﬁgéré%gé)%r}ﬁéﬁgndugg% bR

di fferent nodes, sorption an sorptio ring the sorpti gn node,
exiting raffimatle HA8in dantfeddsiream sdurimg hgodrenigetiorand There hisPXt fledst yorer

artially depl eted, goes throu r cl.e bl awer 2 to formhi [essure
Dot nat o 1oasomentat R atahan o 205 o bt piant S0e 108 an SRmeSlpmat bt o
reactor 126, Méé@hm%ﬁgﬁﬁ&&%x@ﬁangextﬂrmférfaiwg@eahpw. Sibaim 1 hads Iﬂ&edaﬁmctor

108. The second 1sonerization effluent 128 may either be m xed wt 15

stream 112 orstiseinet2f Gafinptoiemesiran $14 eam ft8Dio Wi (g9 mhagsapicsyprof t he
Fo o Hesor pr i Srvgttsowpet i 10 Gneticts bonfeitf 58 SBabehCRTH o i O S,
of stream 1l4mbRcshPfBesor RikR@sS Thd @mperlirt &f POA uhiti 116 is prafferaisly dower

de-tol uene tower, or when nore than one PSA unit is used, diverted to 20

anot her PSA uhpg thahsrregeien8 n FIG 2). During this desorption node, the
pressure in PSA unit 116 is | owered. Desorption effluent 120 contai ning

resi dual hydroge d enr | odu i i :
super-equi libri umnp%i‘gnggﬁﬁifgt {go%ﬁ%}"?g? gg igntﬁ)%o ??r%rre%sg%ér(ikgijﬁdstmgu%rﬁdhi gh
pressure B r edszorhdién. iy thesads@ption madley edong raffidatarhl®38ombihmg donrest

goi ng through gas-liquid._s tor 13 5 Liquids. 140 .fromthe recavery
drum are senthxdéo%f Jrith gﬁ%ﬁ%i’r %B%M‘%eﬂ’b‘?te‘gﬁoe%muﬁgﬁ%% tg‘é‘ﬁ%\rr i on and
recovery. GasylehénifoRWra8tte R AC RAffinaly BOGE Rl mTh sB&AYSH&M | S
needed in order to prevent hydrogen buildup in the process. Optionally, a
part of the gasmédzation rwaetor tld6.cohishespsmtes) 46a depehirdilgierr than that of

reactor 108. The second isomerization effluent 128 may either be mixed with

15  stream 112 or otherwise recovered as stream 130.

When the capacity of the adsorbent in 116 is fully or nearly fully used up,

PSA unit 116 switches to a desorption mode with a blowdown step and a
desorption step. The flow of stream 114 is stopped, bypassed to a different unit

such as a de-toluene tower, or when more than one PSA unit is used, diverted to

20  another PSA unit (not shown in FIG. 2). During this desorption mode, the
pressure in PSA unit 116 is lowered. Desorption effluent 120 containing residual
hydrogen and a PX enriched product having PX in a super-equilibrium
concentration is fed into compressor 132 to form high pressure stream 134, which

is sent to a recovery drum 138 after first going through gas-liquid separator 136.

25 Liquids 140 from the recovery drum are sent to a separator (not shown) for PX
and benzene separation and recovery. Gas 142 is purged. Some purge of
hydrogen from the system is needed in order to prevent hydrogen buildup in the
process. Optionally, a part of the gas 144 is sent to compressor 146 and the higher
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36 WD 01/62691 PCT/ US01/ 05974 pressure exiting gas from146 is mxed with
makeup hydrogen stream 148 to becone stream 150. After the desorption node

i s conpl elveth/chéaw of stream 114 to PSA unit 116 is resungd/iwioegyn the
adsorption node again. The follow ng conpetitive adsorption experinents

Wi th synthetic mxtures 5 are used to further illustrate that under the

di scl osed conditions, PX can be effectively and selectively separated from
MX and EB. A product with PXin a super-equilibriumconcentration is
formed by using an MFl type zeolite, S 115, silicalite as the adsorbent.

As di scussed gasdute exitilNE| gab YiRen Ziete| istraikellavieh Hiketie liberogen isirégn paged Wi th a
typically described medium pore size, apout 5.5A. 10 The experi nment al

equi pment | s basems strgap lgQr eAfber th%éesé’%ﬁ@ﬁﬂﬁ@ﬂ@ coppleteds flowedf stigamald 4
foll ows: a@;&)%&mg Ci%.lnﬁﬁélftg beéﬁﬁfﬁé Ldsasg (hggjg% and | oaded into a 10

m sor bent be ace for controlling the
t enperature. Hydrogen gas 210 was i ntroduced |nto the sorbent bed through
a preheater coil 2The fdilosughcdrhpetiive pdsorpisen @dpeﬂnmhhs@dtm@nmwmkmszso and

t he terrperature of .the.sorbent bed s raised.t ou he ire

experi ment’al TEMER P ‘i‘f'tr@?ntmﬁ ﬂertﬁ? flig ﬁﬁ%e%o one %25 such
as 300 C. Theplgssiy fid é&lécﬂ@el? QERentd Beth MBS aﬁ@@@edAtﬁoam wqﬁﬁPXQH 2
pressure w th hydrogen 235 by  using and adjusting a back-pressure

r egul at or 260supnse<anhbtdumdm1tna@ams farmetl Hey u%ag:tanrMFIrltmoeazeohm iS¢ 15,

ds 220 0 22 duced
o the roactaraits B i ckBuSpl o RPERUERR Pk EP Mo 2o B Mbonn

0.05 m/mn teembetet 1Q1g5pdiﬂeé With QE}}ﬂéleWdes&‘ibedtthédluglbpdrb%u@[ opar Suse of a
three way val ve 230. As products exiting from the adsorber, a product

was col | et} edThaexngrigleatat squipmentdn shaval ndEeurad. a preset i nterval
typically from30 to 60 seconds through the proper use of a rreteri ng 25

val ve 255. Hexane, Thé Qxpét SHd @%eﬁl W ok AbBo@E: 2R2Mb1e0 ﬂé‘éai&
punped into the pr oducP rﬁ%g conti nuouscﬁly to serve as r ef rence corrpound
(marker) for zqolicewad waightd sidsloadduentorotlnd sorbentded A00,ywiedh stas plaeeteiner ni ned
Intervals wt h gbath 205 for controlling the temperature. Hydrogen gas 210 was introduced
into the sorbent bed through a preheater coil 215 through the proper use of a three
15  way valve 230 and the temperature of the sorbent bed was raised to about the
desired experimental temperature which can be in the range of 150° C to 350° C,
such as 300° C. The pressure in the sorbent bed was raised to the desired pressure
with hydrogen 235 by using and adjusting a back-pressure regulator 260 installed
downstream from the reactor. The aromatic compounds 220 and, in certain
20  experiments, hydrogen 225 were introduced into the reactor at a preset rate --
usually in the range of from about 0.05 ml/min to about 0.5 ml/min of aromatics
through the proper use of a three way valve 230. As products 245 exiting from
the adsorber, a product was collected in sample collection vial 250 at a preset
interval, typically from 30 to 60 seconds through the proper use of a metering
25  valve 255. Hexane, 240, at a constant flow rate of about 0.5 ml/min, was pumped
into the products 245 continuously to serve as a reference compound (marker) for

product analysis. The products were analyzed at predetermined intervals with n-

hexane as a reference compound (marker) by using a gas chromatograph equipped

37



hexane as a reference conpound (narker) by using a gas chromat ograph

equi pped 37 WO 01/62691 PCT/US01/05974 wth a flanme ionization detector
(FID). Thg@nahydi cal instrunent and any associated equi PEENsoRHs7p0t
shown in the drawing. In the follow ng set of experinents, (1e adsor ption
tenperature was set at 250C; pressure 240 kPa (about 50 psig); flowrate
of the liquid aromatic feeds 5 stream 0.085 cc/mn; and the adsorbent,
5115 MFI zeolite powder. This adsorbent was a comrercial material obtained
from Uni on Carbide Corporation and had a Si/Al ratio greater than about
400. The aro c, g | er gub

conposi tion: n@ thesy % EB, g%ﬁ%tu‘l%ﬁP%a&;% \S\I?%%? mﬁﬁl}}g@\%\k% 1,1% i My
5-trinmethyl bemecnaisdiwlp'tmentraesnbﬁﬂownmﬁwalnmmg FIG 4. The anounts of PX,
MX, EB, and TMB (all relative to an analysis narker, n-hexane) nmeasured in

the effluent, the ye coor nate re ttedaalns

hori zontal coordin tée f&ilo%lgﬁs ﬁnflnﬁlits thg lcfna B‘QFV%‘FE Sﬁgtdg‘][by t he
adsor bent and2s(eCy plesérk @4wa@actets<ﬁﬁt5©cbsﬁg) f6& ragf &1 Meniquith biomatibawédsé to 7
m nutes into the adso&gtl on experimnment. This part of the 15 experinments

woul d repriesesiteaBy PP |cgtraing r?éldaﬂ@o%fbﬂhﬁﬁt o IaZF!E}:I&e ureveder.n dhisp| ant

operati on. Thgd 5 bﬁ@‘j%g a%%?rmé%} 'ﬂ fh waﬁlneﬁ) %ro%t[ﬁ'ﬁ& tﬂ?%eagoﬁ%h&t oY

rafflnatefroma not asor
adsorbent to m@hacﬁh@ﬂﬁllmﬁ@tgr@xdrethﬁn aH'chE 4Im& CTic aotadt ifesd usredhhethes‘ef | uent

was about the same as that |nthe is estimated fromFl G 4 that,
during this agdsimeafs-hadihg ©l 12@’1%?(1“&9551[0%? M&E%@%WE@PB%JQMW t he
PX/ MX sel ecti ¥id ¥ waS 3bout  dnomehdtn@ Simlar manner, it is noticed from
FIG 4 that EB ?/ |sappe]%11reg1 Frorl}lthe feed during the sane period when

PX was adsor bed. The PX/EB selectivity in these experinments was about 2.
As evi dended by t h€hemyaknaeshownin BES. e‘th@b amourtigof BKf MieritB, andelMBavi er
115 IVE i n_.these

oxper i monts. P stES IRLBRIGT Tdsr patetare sl in bR £ & rivkdoeen
present ed andcoordinate, are plotted against time, the horizontal coordinate. It can be seen that
PX was largely retained by the adsorbent and very little was detected in the
effluent until about 6 to 7 minutes into the adsorption experiment. This part of the
15  experiments would represent or simulate the adsorption mode of a PSA unit in a
plant operation. The effluent here would parallel PX detected in an exiting
raffinate from a PSA unit. In contrast, MX was not adsorbed by the adsorbent to

any significant extent. The MX concentration in the effluent was about the same

as that in the feed. It is estimated from FIG. 4 that, during this about ten-minute

20  period of effective adsorption of PX, the PX/MX selectivity was about 4.5. In a
similar manner, it is noticed from FIG. 4 that EB also disappeared from the feed
during the same period when PX was adsorbed. The PX/EB selectivity in these
experiments was about 2. As evidenced by the concentrations detected in the
effluent, the heavier Cy compound, TMB, was not adsorbed by the S115 MFI

25  zeolite in these experiments.

While a number of theories or theoretical aspects have been presented and

discussed, the present invention is neither limited nor intended to be limited by
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di scussed, the present invention is neither [imted nor intended to be
limted by 38 WO 01/62691 PCT/ US01/ 05974 any particular theory cited or
di scussedyhafifhéyy The theories are intended only for easigipsdREss andi ng
and better appreciation of the disclosed invention. Simlarly, he
exanpl es are intended for illustration purposes only. The theories and the
exanpl es should not be interpreted to limt the spirit or the scope of the
present 5 invention, which is defined by the witten description and the
following clains. 39 WD 01/62691 PCT/ USO1/ 05974 CLAIMS: 1. A process for

producing a p -%%én@ée}ﬁgzg&&%g@%gro&rsagye%hefréiﬁ%e il SEdS Lfe'?ﬁ%]éc‘fe?igﬁg%? Y

xyl enes and e cess conprises: passing rearn

t hrough at | easier anderbtanding hadibéttn apmaciuidon ofttha daclvsedinganticho rBmilady,i on
catal yst to undergo an isonerizatiqQn reaction 5 to forman i, soneyization
ef f | uent; andiFc¥aMBLstae HERiRdr oy AR PIEROSES PRYy apltst %ﬁagsealz Hugh at
| east one swpng, Qfoﬁfd 25 Bihferm R, M0 R HHIPEHhe ko r(ﬁdtﬁggresent
alternately, at cycle tinme, an exiting raffrnate conprising

par a- xyl erfe dimpbmiceg whichda defimbdrbiyrthe wittanl d escpptiomambiie faltviag diegos.pt i on

ef fl uent conprising the para- 10 xylene enriched product during a
desorption node. 2. A process for producing a para-xylene enriched product
froma feedstream conprising xylenes and et hyl benzene, the process
conprises: passing the feedstreamthrough at | east one isonerization
reactor containing a first isonerization catalyst at a first tenperature
and under a 15 first hydrogen partial pressure to forma first

i sonerization effluent; feeding the first isonerization effluent in vapor
phase through at |east one swing adsorption unit containing a sorbent,
whi ch conprises one or nore adsorbents, and operating at a second
tenperature to produce
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alternately, at a cycle tine, an exiting raffinate conprising a para-xyl ene
20 depleted stream and a desorption effluent conprising the para-xyl ene
enri ched QRiPAUSEs; sending the exiting raffinate to at |eagic 1/859nd

i sonerization reactor containing a second isonerization catalyst at a
third tenperature which is lower than the first tenperature and under a
second hydrogen 25 partial pressure to forma second isonerization
effluent; and feeding the second isonerization effluent to the sane or a
different 40 WO 01/62691 PCT/US01/ 05974 swi ng adsorption unit. 3. The
process of cl aymlss. wherein hydrogen at a hydrogen partial pressure is
present during the isonerization. 4. The process of claim1l further
conprising recycling the exiting 5 raffinate to becone a part of the
feedstream 5. The process of claim]l or 2, further conprising.c ressi ng
the desorption effiuen Pgmﬁﬁh&ﬁﬂg?&ﬁwg%%Jwgbﬁﬂﬁn%gﬂﬁaﬁﬂ]Wﬁ@%ﬁég ftion
effluent for fRastAmNYERNRISBEONEIY and Bth§lbed e Pthe peEssstonfrRksN 1 wher ei n
sai d isonerization catalyst ~conprises a nolecular sieve at a tenperature

from about 325C to aboupa$B@Che feedsfeasnitiiongh ehidapheneisomrpizitvnrgacior

par a- xyl ene depl et tream i afir ressure_and sai d.desorption

ef fl uent conpri si nggt{t%ﬁé{n%aérﬂai—s%nfgéﬁ%og ncra?atgﬁsttago %P%e&%%?n 1s?o§ne£1(zgt Ons%e@%tﬁodl
pressurg which is toofeeh shigsindrbatibn eSluepts @sbure, and conpressing the 15
desorption effluent to a third pressure higher than the second pressure and

sending the para-xyl enécding Bpdwpmsrizatien cfthicnt Wayapox phessehrongh ag lgpst
reactor. 7. The pr . of i : : | ri,.ses an
adsor bent which i sglgﬁg?\g%lgeagg#r?{é&n@t 125%1?%18%2%%&?%1{1?ﬁgxsbg;lpeggl:t%r%% ’aétzaeol ite
having a pore di aogfletinef ah reritingreffinafe/cdnaprasiigyia pBrabéylardiapiexddistam
thereof. 20 8. The Dl orSs SdsdrptionThble and't esorption EHISONt comprisiag he paa-

10 xylene enriched product during a desorption mode.

2. A process for producing a para-xylene enriched product from a
feedstream comprising xylenes and ethylbenzene, the process comprises:
passing the feedstream through at least one isomerization reactor
containing a first isomerization catalyst at a first temperature and under a
15 first hydrogen partial pressure to form a first isomerization effluent;
feeding the first isomerization effluent in vapor phase through at
least one swing adsorption unit containing a sorbent, which comprises one
or more adsorbents, and operating at a second temperature to produce
alternately, at a cycle time, an exiting raffinate comprising a para-xylene
20 depleted siream and a desorption effluent comprising the para-xylene
enriched product; |
sending the exiting raffinate to at least one second isomerization
reactor containing a second isomerization catalyst at a third temperature
which is lower than the first temperature and under a second hydrogen
25 partial pressure to form a second isomerization effluent; and

feeding the second isomerization effluent to the same or a different
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pore zeolite of an MFl type. 9. The process of claim@8, wherein the sorbent
conprises ZSM5, borosilicate, silicalite, SAPO 11, ALPO 11 and m xtures
thereof. ¢} M4 62691 PCT/ US01/ 05974 10. The process ofpcgl@oinss Wher ein
the sorbent conprises ZSM5. 11. The process of claim 10, wherein the
sorbent conprises ZSM5 having a Si/Al ratio in a range of from about 40
to close to infinity. 5 12. The process of claim7, wherein the sorbent
further conprises one or nore heat absorbing nmedia. 13. The process of
claiml or 6, wherein the sorbent consists essentially of a structured

sorbent. 14. The p . . 2 or 4, wherein the para-xylene enriched
10 product has a p%‘?%g%?fog—h%g%%h?entrati on from about 28 wt%to about 80

wt% of total C8 aromatic conpounds present in para-xylene enriched
product. 15. The process of claim?2 or 3, wherein the hydry%gen part.i al
iy

pressure is from &bout ThOETeEEs ohckipuy vehorma hydrrgeiusé rrehyfregsa pafislogen
partial pressyre. é’ﬁlpq%jeﬂts EhotiRe B Iqlieﬂz%g%gr ogen buil d-up. 15 16. The
o 6 : er &i ﬁe ydrog

process of clal int rogen and the xylenes have a nol ar
ratio fromabout 0.5:1 to about 2:1. 17. The process of claim2 or 3,

wherein the swing adsorpfion unit_ is.a ressure sw ng absorption _unit and
is operated at a flil'rst {Egﬁ@é‘?cﬁ?%% cfaﬁnthgm‘?igzﬁgcgmp&smgr@wcj%ﬂme BB o
about 33%5C dugirfiehit RELRERLRYAHAT tHDEdsREmat a second 20 tenperature in the
range of from about 200C to about 500C during the desorption node. 42 WO

01/62691 PCT/US01/05974 18. The process of claim2 or 3, wherein the sw ng
adsorpt i on unit 1552 t eReLAL oY 13050 RkhSMcsbls ) o roRBY Bcod 2t @
desorption effluent to a higher pressure and sending the desorption effluent for

para-xylene recovery.

10 6. The process of claim 1 wherein said isomerization catalyst
comprises a molecular sieve at a temperature from about 325°C to about 450°C,
said exiting raffinate comprising a para-xylene depleted stream is at a first
pressure and said desorption effluent comprising the para-xylene enriched product
is at a second pressure which is lower than the first pressure, and compressing the

15 desorption effluent to a third pressure higher than the second pressure and sending

the para-xylene enriched product to a para-xylene recovery reactor.

7. The process of claim 1 or 6, wherein the sorbent comprises an
adsorbent which is selected from the group consisting of carbon, a zeolite having a

pore diameter of from about 5A to about 8.5A and mixtures thereof.

20 8. The process of claim 7, wherein the sorbent comprises a medium
pore zeolite of an MFI type.
9. The process of claim 8, wherein the sorbent comprises ZSM-3,

borosilicate, silicalite, SAPO-11, ALPO-11 and mixtures thereof.
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range of from about 200C to about 375C during the adsorption node and at a
second tenperature in the range of from about 200C to about 500C during the
S desorpt{yiesa: 19. The process of claim1l or 2, furthgics@Ephieing a
purge step by wusing a fluid |ow in para-xylene concentration, after the
desorption effluent is produced, to recover additional para- xylene. 20. A
par a- xyl ene production system for producing a para-xylene 10 enriched
product, which conprises: at |east one xylene isonerization reactor
containing an isonerization catalyst and under a hydrogen parti al
pressure, wherein a feedstream conprising xylenes and et hyl benzene is

i sonerized to produce a first product having para-xylene at or near an
equi i bri um concent@.at i The prbbessnd elaith Spwhereinathe sdrbemirdinpiedssZSMt5.1 east one
vapor phase swing adsorption unit operating in a cycle to produce fromthe
first product, alternately, a para-xylene depleted product in an

adsor pti on mode ang) t herpakas K §MEIafAI0C RerdRs W Shrbell el ZSM-s
super-equi | i bri um par a-xyl €ne concentration In a desorptio 20 node; and
at | east one Jpaimg x§i/Ahmtioes avargg ofifiiom atlvst 40 to gasedo xyfiretye i s  separ at ed
and recovered fromthe para-xylene enriched product. 21. A para-xylene
production system for producing a para-xylene enriched product, which
conprisgs: 25 at | gast DPREpidcEssloNCHiRNE WIRAIR IR 8RS tepAStaeNi Ng a
first catalyst and at a flrst terrperature under a first hydrogen parti al
pressure, 43onpohesbdgarbogmnedal/ 05974 wherein a feedstream conprising
xyl enes and et hyl benzene is isonerized to produce a first product having
para-xylene at or near a first equilibrium concentration under first

i sonmerization condi3.i onThe process of claim 1 or 6, wherein the sorbent consists

essentially of a structured sorbent.

14.  The process of claim 2 or 4, wherein the para-xylene enriched
10 product has a para-xylene concentration from about 28 wt% to about 80 wit% of

total Cg aromatic compounds present in para-xylene enriched product.

15.  The process of claim 2 or 3, wherein the hydrogen partial pressure
is from about 100 kPa to about 3 MPa, and wherein the hydrogen partial pressure
is adjusted to avoid hydrogen build-up.

15 16.  The process of claim 2 or 3, wherein the hydrogen and the xylenes

have a molar ratio from about 0.5:1 to about 2:1.

17.  The process of claim 2 or 3, wherein the swing adsorption unit is a
pressure swing absorption unit and is operated at a first temperature in the range
of from about 200°C to about 375°C during the adsorption mode and at a second

20 temperature in the range of from about 200°C to about 500°C during the

desorption mode.
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at | east one vapor phase swi ng adsorption unit operating in a cycle 5 to
produce fromthe first product, alternately, a para-xylene depleted
product iWeAfe360r ption node and the para-xyl ene enrichegdy@@dyslors havi ng
a super-equilibrium para-xylene concentration in a desorption node; at
| east one second xyl ene isonerization reactor containing a 10 second
catal yst and at a second tenperature and under a second hydrogen
pressure, wherein the second tenperature is |ower than the first
near a second

gm%{gg)the

tenperature and a second product havi ng para-xyl ene at or

equi i brium concentg at ﬁl{&gg s of Al érs’:o%{e.%eél?éﬂreg ulféé) Q?é.so&étgo

par a- xyl ene depl eted produ erern the secon

n

parti al

ack to

the at |east wnperaaporswin@absospiorguridand B¢ operatedidt;a fnd t@hpdre@sd 00

par a- xyl ene recovergjunit wherein

fromthe par a2Rgs ehBoahrlhuhedV §r By

ara-xylene.is separated and recovered
glg’qu_t 32% C during the adrs)orption mode and at a

second temperature in the range of from about 200°C to about 500°C during the

5 desorption mode.

19.  The process of claim 1 or 2, further comprising a purge step by

using a fluid low in para-xylene concentration, after the desorption effluent is

produced, to recover additional para-xylene.

20. A para-xylene production system for producing a para-xylene

10 enriched product, which comprises:

at least one xylene isomerization reactor containing an

isomerization catalyst and under a hydrogen partial pressure, wherein a

feedstream comprising xylenes and ethylbenzene is isomerized to produce

a first product having para-xylene at or near an equilibrium concentration

15 under isomerization conditions;

at least one vapor phase swing adsorption unit operating in a cycle

to produce from the first product, alternately, a para-xylene depleted

product in an adsorption mode and the para-xylene enriched product

having a super-equilibrium para-xylene concentration in a desorption

20 mode; and

at least one para-xylene recovery unit wherein para-xylene is

separated and recovered from the para-xylene enriched product.

21. A para-xylene production system for producing a para-xylene

enriched product, which comprises:

25 at least one first xylene isomerization reactor containing a first

catalyst and at a first temperature under a first hydrogen partial pressure,
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wherein a feedstream comprising xylenes and ethylbenzene is isomerized
to produce a first product having para-xylene at or near a first equilibrium
concentration under first isomerization conditions;

at least one vapor phase swing adsorption unit operating in a cycle
to produce from the first product, alternately, a para-xylene depleted
product in an adsorption mode and the para-xylene enriched product
having a super-equilibrium para-xylene concentration in a desorption
mode;

at least one second xylene isomerization reactor containing a
second catalyst and at a second temperature and under a second hydrogen
partial pressure, wherein the second temperature is lower than the first
temperature and a second product having para-xylene at or near a second
equilibrium concentration under second isomerization conditions from the
para-xylene depleted product wherein the second product is sent back to
the at least one vapor phase swing adsorption unit; and

at least one para-xylene recovery unit wherein para-xylene is

separated and recovered from the para-xylene enriched product.
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