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PET/ EP97/ 00316 PROCESS FOR PRODUCTI ON OF PARAXYLENE
This invention relates to a process and a chem cal plant for the %?&?ctlon
of par axyWe#27¥68 particul ar the process and cheni cal pl BRTERYY

nol ecul ar sieve 5 nenbranes for enhanced paraxyl ene productlon
t he petrochem cal production chain one of the nost inportant streans is the
C6 to C8 aromatics streamwhich is a source of raw materials for high val ue

downst ream products. Fromthis strea benzene, toluene and the C8 10
aromati cs which are par PROEEPSF P[EQPHCRQ NiQF BARAXYLENEe C3 aromatics

are orthoxyl ene, netaxyl ene, paraxylene and et hyl benzene. Par axyl ene is

of " ar hyr s Byt eted B BIOCRE By AU EALERLBE e rodibudn o P! 'S
col l ectivel y rpaFaxvieng. tip particularghe @@@samduobgnycalmmwm molesyianisieve
difficult 0 SR@RbAINRsTr érititficb@pataxifenePrsdidtionl i on. As a consequence

vari ols alternative nmethods of separating par axyl ene from C8 aromatics
have been devel oped. The nbst common of such net hods are fractional
crystal | i sat i dnthenpetrocheniicalgsoduationichaiaranecef the most imporant strpapts mttbe

bet ween et hyl Q%:ﬁ,e@ Tégﬁg I
adsor pti on whi coﬁmﬁé%sﬁ ezm'z?go F\!{%@bﬁdﬁ’%ﬁ?g? la'sse gl(':l ﬁ\%ﬁ%/ 20
adsorb par axyldé’H@sf’FBWl 'é?tﬁ forpdhis siraams bepzene, taluerr and theCal ene i s
recover ed af t eromiatics Which dre partichiarly saluable mw be obtained. ThetCammpatizeesses

d t
stream The ??‘é F‘t . nﬁﬁ ReBRAYAS Harlyich eg;‘% ! pfibenabhE! Al i€ 1 ©°
raffinate Pf)‘%eﬁ‘y@@@% %"Q!MF%QIWW?’ gintsef and
contain rel at |eﬂ0)|be1%nehogln-pnmm}randmax§ﬂené (herbinaftercoliectivélpreféndd to

t axyl ene. T t
g‘r9 oceg5| ng dow%;&p? mﬁéﬁﬁé%c?lgs? 'ﬁ'{f %ﬁﬁ#gwggﬁ&gedégpéﬁoﬁ?pr ocess.
Typi cal | y 8ne diftillation atqoamuwgml&altmeu&mm@ ofisepamating sati on 30
process which pasam Ciraroniatics have beew devéIbped. ThemosteBmmaon of

Cryet i i sati Seh! séc‘é%%bféﬁﬂﬁa'f%?%%%@@ﬁ@ﬁ@s%sat@sfé@e%#@%“ﬁ\ s stream
back to the ffiRegingpaints bptwesn ethylbeazene, ortho-, meta- and paraxylene, and
selective adsorption which commonly utilises zeolite materials fo selectively

20 adsorb paraxylene from Cg aromatics streams; the adsorbed paraxylene is
recovered after desorbing from the zeolite. When either of these processes
are used paraxylene can be recovered in high yields from the Cg aromatics
stream. The resulting filtrate from the crystallisation process or the raffinate
from the adsorption process are depleted in paraxylene and contain relatively

25  high proportions of ethylbenzene, ortho-,and metaxylene. These streams are

~ typically subjected to further processing downstream of the crystallisation or
adsorption process.

Typically one of the additional downstream processes is an isomerisation

30 process which is used to increase the proportion of paraxylene in paraxylene
depleted streams from such processes as fractional crystallisation or selective
adsorption before recycle of this stream back to the fractional crystallisation
process or selective adsorption process usually via intermediate additional
process steps as part of a xylenes loop. The xylenes, which are predominately

35 ortho-and metaxylene, may be contacted with an isomerisation catalyst under
appropriate temperature and pressure which resuits in the conversion of some
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process or selective adsorption process usually via internedi ate additional
pfocess steps as part of a xylenes |oop. The xyl enes, which are

predom nately 35 ortho-and netaxyl ene, nay be contacted with an

| someri sat i onwoeTaryst under appropri ate tenperature andPQIVERST00326
which results in the conversion. of sone
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PCT/ EP97/ 00316 of the ortho- and metaxylene to paraxylene. It is
al so usually necessary to convert sonme of the ethyl benzene to prevent

it L fr ohm ?Ei | CBflflﬁle bthé-Oatd ﬂ’t:taxyleneiwl tlaﬁé.OHSs a&oﬁ:s@tany;ﬁaéé@t sﬁ,b@f recycle
roug e -xyl en 0 may .he s ed to . enable

conver si on of%&’ﬁg%Bé’%z‘gfntget%mg%%%k%txsngevea(ﬁg%f)‘fm?’Hﬁ e HBQ?I t hrough a
C8 napht hene doncenthatinnstas asanssquencend recycle thraugh thestylenestieomeAe vi a

Gt yl bensene ListmaYie SEScRe to CatiE bahvrsion OF sthylberZBAY € BEAZer, al yst

in which Cas@NF tBPfﬁ%’ﬁF’Qﬁéﬁqol“gﬁﬂﬁ@ "épﬁ&eﬂgrj&tgﬂ'@e?‘?&cﬂ?d}@pegWO an
equi | i bri um rdrematies ahd behzens vialtansalkylationo it may bprtbatdbe eatalyst foraki ng

par axyl ene haypvbRirtel étﬁxb@ﬁi&@% Wi@%&o a x¥leﬁés iséﬁi"é‘?i%ﬁ%ﬂ ion wth

fractional crystallisati,oh and/or, a n_separ robl em

| -
with this corfidiaiygtiewhich ¢ase thgarhoxyeng fiom yibenzena ig| Gpoyverted to

per f or mance tancequilibritm sixtueenof xdémes. ogy is only able to produce
equilibrigm15 or near-equilibriummxtures of xylenes and may al so be
relatively inefficient for t he conversion of ethyl benzene to benzene

or xyl enes. THior@sRregessRSSopmaking paraxylens have typigally irclyded-eorabinations
xyl enes str e?miémérisdﬁomwm frictionaperystatiisation and/onaasorptio deparafion.ur g th tGh
or i thout e KTgbrd Wi this it AR iy ndtUedblls Wbrovementsin BRAVRC O
met axyl ene. TResfogmance theisamersatigntechnglogy is,paly abletoproducs;equilibrium
chem cal @l argrneateglilibritmatiixtires of Rflefes and hidycalés BEréiBtively INdffidientYor eans,

the conversion of ethylbenzene to benzene or xylenes. The consequence of

this is that big recycles of the xylenes stream back through these processes

are needed to ensure the conversion of the Cg aromatics stream to paraxylene

is maximised with or without the additional recovery if desired of orthoxylene

20 and/or metaxylene. There is a need therefore for improved processes and

chemical plants for the production of paraxylene from Cg aromatics streams,

which in particular address the problems associated with large recycles and/or

low ethylbenzene conversions.

25 Molecular sieve membranes, such as for example zeolite membranes, have
been described in the prior art, for example in US 4,699,892, US 5,100,596,
EP 0481658, EP 0481659, EP 0481660, WO 92/13631, WO 83/00155, WO
94/01209, and WO 94!251§1 .- However the prior art does not describe how to
use such membranes in actual Cg aromatics processing in the petrochemical

30 cycle nor does the prior art describe how to use such membranes in
combination with existing processes to significantly enhance their paraxylene
production capability.

The present invention is therefore directed to a chemical plant and process

35 which offers an improvement over the prior art for the recovery of paraxylene
from streams which comprise Cg aromatics. The present invention resides in
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which in particular address the problens associated with | arge recycl es
and/ or | ow et hyl benzene conversions. 25 Mol ecul ar sieve nenbranes,
such as for exanple zeolite nenbranes, have been described in th 16
prior art, forwewarpk: in US 4,699, _892 US 5, 100, 596, EP g’fgg@s EP
0481659, EP 0481660, WO 92/ 13631, WO 93/ 00155, WO 94/ 01209, and WO
94/ 25151. However the prior art does not describe howto use such
menbranes in actual C8 aronmatics processing in the petrochem cal 30 cycle
nor does the prior art describe how to use such nmenbranes in

conbi nati on wi fhe specificiapplicationest semolecular givviel membranecuriiband prdeess in a

I ess In
Pheret or o di r REBAIEHE o BRrfiGRAS ) ”a%'t‘“% ipns dfioP BB iore ﬁ%‘? s an
i npr ovenment oviRfoces® phisdpvention ug sqsmomwéfqyedwem ranes inparticular ¢ o

3 treams which £é6li§§7 ;remﬂianes ,a0ebhtiruouthesaparae paraxyiens andlot ethylbenzene

bCT/ P97/ 031 6TOM WIEES. B o isomerise prio: and metaxyiene to narmxylene andior,
nmenbr ane unit emulbenw&@ xylenes and simuiitapgousiy ob subseguently separaten

ort hoxyl ene angdrakylghé Fer ﬂfé@ty'léfé%\/rﬁmure Thenfmmoi%u!‘arlsiéﬂéﬁﬁéﬂfirane
utilises nolecul. L ev é{fg’i g e ar g

Lo cont i nuous! Yriband PREBRT B SRaRple. A ardiees ok Sivamviens FRvenCaeies s

to i sonerise oasigmificantimprovemestio pacaxyleneploductiem when comparediig | benzene
to xyl enes,andegvantibnd Pairdtylert! reddtergPi6tddsissepar at e paraxyl ene from

the xylenes mXxture. The use of a nolécular sieve menbrane unit and
process in for exanple a process for paraxylene recovery provides for

a significant Acgordinglydhe presentinventiem prouides @ pracessiienrecovaringeparaxylidge
conventional PREFY FRASIERRPESHYriSING PEFRDBGTene and at least one other isomer of
xylene, ethylbenzene, or mixtures thereof which process comprises:

15 - , .

" {(a) recovering by means of a paraxylene separation process in a paraxylene
recovery unit a portion of said paraxylene from at least a portion of said feed
stream to produce a first stream having a reduced paraxylene content
compared to the feed stream and comprising at least a portion of said one or

20 other isomers of xylene, said ethylbenzene, or mixtures thereof;

(b) passing at least a portion of said first stream directly or indirectly to a
molecular sieve membrane unit comprising a molecular sieve membrane under
such conditions that the permeate withdrawn through the molecular sieve
25 membrane and from the molecular sieve membrane unit is enriched in
paraxylene when compared to the portion of the first stream fed to the
. molecular sieve membrane unit and

(c) recovering paraxylene from the permeate.

Preferably step (c) is achieved by feeding the permeate back to the paraxylene
separation process as part of a xylenes recovery loop.

Preferably under step (b) there is present in the molecular sieve unit an
a5 isomerisation catalyst under isomerisation conditions.
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Accordingly the present invention provides a process for recovering

par axyl ene froma feed stream conprising paraxylene and at | east one
ot.her isomer of- xyl ene, ethyl benzene, or mxtures thereof which
process conpr ivwe@gsinrié (a) recovering by neans of a paraxpdHERS?/00316
separation process in a paraxyl ene recovery unit a portion-of said
paraxyl ene fromat |east a portion of said feed streamto produce a
first stream having a reduced paraxyl ene content conpared to the feed
stream and conprising at |east a portion of said one or 20 ot her isomers

Ccast & port: EIPTRIEbHLRERE Ry a@#wéﬂ.éi%ﬁ#?é%ﬁ i) anhi g, 075 "9

mol ecul ar si eatieasimpertionafisaidfgststrean is subjeated to an ispmerisatiomprogessimder
such condi tiogg |§diﬁén§dﬁ6nﬁﬁﬁt@®i'ﬁu&etdiﬁ§6ﬁﬁrété'hﬁv ém@nﬁawea Parafyléneeve 25

par axyl ene. whENEDBAPBReEdS it ﬁf&ﬂgﬁé’éﬁ”ﬁédf“'f‘\sat asf A erbaitod Bis e

mol ecul ar 5| etsematalersir&amummcl'aa@assed to me)mmlemiaeslevgrrmmye anit. Mast t he

pereate. 30 prefe ﬁéfhaéaﬁé Withdravnifford tHE @R~ sie%%aﬁbq?\% it igeat e
back to the par a aratlsaq? as part o enes
recovery | oop&nriche '“ §° Q 'é?)eﬂ'ﬂf'brfq@r"@"?%mﬁ‘@g in the

nol ecul ar si eparaxylenedn aSQlemmﬂullbaunmmeal yst under [ somerl sation

condi tions. 3 WO
97/ 27162 PCT/ EP97/ 00316

10 The present invention further provides a plant for processing hydrocarbon
streams comprising paraxylene which plant comprises; -

(a) a paraxylene separation unit , and
15 (b) a molecular sieve membrane unit comprising a molecular sieve membrane.

Preferably the paraxylene recovery plant comprises an isomerisation unit
located between the paraxylene recovery unit and molecular sieve membrane
unit. The preferred arrangement of units in the plant is in the form of a recycle

20 loop. Preferably the molecular sieve membrane unit further comprises an
isomerisation catalyst.

The molecular sieve membrane unit apart from comprising 2 molecular sieve
membrane may comprise additional features which are necessary to operate

25 the membrane unit in the chosen application. Such additional features will
depend to some extent on the exact nature of the chosen application and the
modality of operation of the molecular sieve membrane unit.

In separation processes molecular sieve membranes especially zeolite

30 membranes can be operated in a variety of modes depending on the phase
(i.e. gas or liquid), composition and pressure of the feed. Two of these modes
of operétion are pervaporation and perstraction. In the pervaporation mode,
the feed is in the liquid phase and molecules permeating through the
membrane are transported in the gas phase from the permeate side. In the

35 perstraction mode molecuies permeating the molecular sieve membrane are
transported away from the permeate side by a flowing sweep stream. The
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Preferably there is an additional step between (a) and (b) wherein at
lieast .a portion of said first streamis subjected to an isonerisation
process in an isonmerisation unit to produce an isonerate_havin

enri ched par adyQearieri62 content conpared to that of the fi r sPCL nd
it is at least a portion of this's isonerate streamwhich is passed to the
nol ecul ar si eve nenbrane unit. Mst preferably the perneate w thdrawn
fromthe nol ecul ar sieve nmenbrane unit is enriched i n paraxyl ene
conpared to the equilibriumconcentration of par axyl ene in a xyl enes
equi | i bri um niflowing sweep stréam ¢arcbe in either éhe liquid fon gak phage.oWhessthe feedint
compr] Seas ”%“W%*:ﬁ% o I O BR8P ecul ar
si eve menbr andefa @@%#%P%%"%‘é&lﬂ%rﬂﬁ preseqtinvention app(lleg tofheseer abl v
t he par axyl eneag welbss btherpossibleomodes ef operating ammolesukan sieve imiembranelin@at ed

b h ' | . S
i o The. B crEPPLAONroBeeR: e HRkcm el nd®R diobefich) €8s BREBEC " o, m of

recycle 20 | REFstra@t®ferably the nol ecul ar sieve nenbrane unit further
conprises an | someri sation catal yst. The nol ecul ar si eve

i n n N _
Comr o6 addi GRgpier SBUEAIHbIed tndl B0 e it 18 o faivic melBliaRG T C ™
nmenbrane unit reactoReAgaiaiytic membraae reactorsomprises; in ory tothe mejeopiar
depend to fONEsigvd Membanéd EcataRet witilihthe niémbrafe Ot eakilys prbimate thand t he

Separat | on pr Joedome g it of e TnBlanh PuY sSSERS SAfanitohy agive. A S
menbr anes can ¢alalylicomembrane with\a:eatalyst proximate 4o themembrgne is referredhtosas

(i.e. gas or lg geinmbeledtivenesl mefibrawsirdticksrsur e of the feed. Two of these
nodes of operation are pervaporation and perstraction. In the

per vapor ati on node, the feed is in the |iquid phase and nol ecul es
per meat i ng1st hrindhé casewhere theembleguiar sievetmembramet unit is beinguseskinghagasf r om

L he permeal o Jtidie febstiattion oriardliehel theindiBEar Baé ieifiodRe thap | he
ol ecul ar si evE T o et oatures Torthe Mhplication 5F a Lwalp hsah do g © 1 de
by a flowi ng SRRRIISE fra PP - P
4 - permeate side of the membrane, for the application of a purge stream to the
retentate side of the membrane, means of providing and maintaining a
20 pressure differential across the membrane, heating means for the unit, means
for pre-heating sweep and/or purge streams and means for the separation of
sweep and/or purge streams from permeate and retentate streams
respectively. Examples of such means are described in Figure 6 and the
description thereof. When the molecular sieve unit is being used in conjunction
25 with an isomerisation unit some or all of these additional features may be
shared with such a unit. Some of the features may also be shared with other
additional upstream or down stream process units. The exact nature and
~ amount of sharing will in part be dependant on economic factors which make it
sensible to utilise the additional feature for both parts of the process e.g.
30 stream heaters, heat exchangers and compressors etc. ideally the molecular
sieve membrane is incorporated within a module as described below for
inclusion in the molecular sieve membrane unit.

When the molecular sieve membrane unit comprises a molecular sieve
35 membrane or a permselective wall membrane reactor, and is used in
conjunction with an isomerisation unit, and is located down stream of the
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WO 97/ 27162 '
PCT/ ERP97/ 00316 fl owm ng sweep streamcan be in either the liquid or

gas phase. Wen the feed and sweep streans are both in the gas phase,
the mode of operaipl is referred to as gas phase per st recikerooiibe
present invention applies to these as well as other possible nodes of
operating a nol ecul ar sieve nenbrane in a 5 separati.on process. The
preferred node of operation is gas phase perstraction. Mol ecul ar
si eve nmenbranes nay al so be used in a catal ytic nmenbrane react or A

T eve nenbr anBoRTisfa UaR nIRATE fRantaBeRikitc ARl o auii hdle 0 (o
menbrane or bmembrane uni atardowantempesature than thet etthg| mmemabpnam vidhis A
catal yti c nenjiadepenididh theCaperhtiiig tePiprafiifé of the isoMmefiBaturociRalyst 4rff e ed to

 cut o S o 00 b e G e L
perstracti®n the pambzanennit used.nifithess ane stich\te requite anmake desimble lower
conpri se addi bﬁﬁ‘aﬁhn tEnperatre/fer tHe*}ﬁﬂléEQiak S@ve ?ﬁerﬁi:rafhe%ﬁﬁheﬁ ménbane t he

per neate side or t I cation a.pu streamto the
retentate si dEn’BFatla ”ﬁ@rbﬂﬂﬂ?fem m?é?f?B? cﬁi'ﬂﬁyg pﬂ&l"ﬁ?’:l ning a 20

pressure differential across the nenbrane, heating neans for the unit,

Ceparati on of e PERIN RN AR Uses sepieipn ?“F%ﬁﬁ%ﬁﬁ%ﬁ%@%ﬁaﬁ ctentat e

streans 10 P%@EF!@FP\%\“?heﬁH P§MW&9§P%¥ stree in Figure 6
anddt he separation teshnblogydndludedhfon exampletheckrown proeessesioftfractionali ng
used in COHJU las these
s 17 cony Vil e SR e o

f eat ur es may adserbges. sthe paraxylene seervery U"'*"Woﬂ"?f M%'Pﬁ'or down

st ream pr oces grystillisation umitanttich utilises the différence indfraezitig pim&thetwegnvm Il in
part be dependgioleddefis COHHB-Crrieht dNdSpailiyiBnd BE R midy be a selective adsorption
unit which commonly utilises zeolite materials to selectively adsorb paraxylene
from Cg aromatics streams; the adsorbed paraxylene is recovered after
desorbing from the zeolite. The paraxylene recovery unit may also be a
combination of such separation units, or may incorporate other less commonly
20 used techniques such as fractional distillation.

Fractional crystallisation units are well known in the art and are described for
example in US Patent 4 120 911. Commercially available processes include
the crystallisation Isofining process, direct contact CO3 crystallisers, scraped

25 drum crystallisers, and continuous countercurrent crystallisation processes.
The crystalliser may operate for example in the manner described in Machell
et. al. US 3 662 013. Commercial fractional crystallisation processes typically
recover about 60% to 68% of the paraxylene from the feed to the paraxylene
recovery unit when this feed is an equilibrium or near equilibrium mixture of

3o xylenes and ethylbenzene. The reason for this is that they are limited by the
formation of a eutectic between paraxylene and metaxylene. However the
actual recovery depends on the composition of the feed with higher recoveries
possible when the paraxylene content of the feed is higher than the xylenes
equilibrium content.
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sensible to utilise the additional feature for both parts' of the process
e.g. 30 stream heaters, heat exchangers and conpressors etc. ldeally the

nmol ecul ar sieve nmenbrane is-incorporated within a nodul e as descri bed
bel ow f or woshnsz on in the nol ecul ar si eve nenbrane uni t PCT/EPS7TO)HEN
t he nol ecul ar sieve nenbrane unit conprises a nol ecul ar- si eve 35 nenbrane
or a pernsel ective wall nenbrane reactor, and is used in conj unction

with an isonerisation unit, and is | ocated down stream of the
5 WO 97/ 27162 '

PCT/ tEP_97/ ?g:”l@ellecﬁv? adsofptioRnits ard aowRilitknown i the artamdaire deseritsed for o
mal ntal n € nDl ecul ar | r r e an
that of the | SSREPIRBST (T 8125 757 3%, s s o G, BB el PR B Tuidt7
tenper at ur e otherein, theodiselosuies of whisharpdierebiincaporated bysafecenpeure
limtations a%ﬁ@&}g@dn@waﬁamslpﬁmseeiﬁmrmp psmexa‘.erahatarpfcrfémﬁn the

menbrane unit use these are such to require or nake desirable | ower
operati on semEbUX\ e progessgs. Gemraencial molecudaniewer selectiveiadsomdionnenbr ane
unit catal yst i reRBVdY o (@é}ﬁ fRbRLS €d- The
paraxyl ene re h%%gf%ﬂﬁv uses@s.e a,rrgﬁ lé)&t ec %?'g%gﬁt%o pr'g u'ie a 10

par axyl ene encrystRiipaliopddacansgs WM%@M@DP&’&P%N &te typieaily over

separati on t egs2pbbie parakyensiromithe fesdiothe pardsyizne oty aaR. of
fractional crystallisation, or selective adsorption using for exanple

nol ecul ar si eve adsorbers. The paraxylene recovery unit nmay therefore
be a fractibondhe paraxyenstesoverydinitproduces aparesylene enseked steeam thadr ence in

f { eezi ng poi nh§u5l:¥ IRRPrises over YA R1ag . eveh bads higﬁhaesam%t @alfmhiwéhe.hel 0 {
matoral s o JbPEprLaRgonl ddeids on the Brocest Ustl ahd I8 Heliol a b SFetfil
t he adsorbed pandifionsatthespesiic\piantd Thethalance in this stream being
ethylbenzene, ortho-,and metaxylene, toluene, and Cg aromatics, paraffin's,
15 naphthenes and possibly small amounts of other materials. The paraxylene
recovery also produces a paraxylene depleted stream containing the balance
of ethylbenzene, ortho-, and metaxylene, toluene, Cg aromatics, paraffins, etc.
along with any paraxylene fed to the paraxylene recovery unit that is not
removed in the paraxylene rich stream. It is this paraxylene depleted stream
20 which is then fed to the isomerisation unit and/or molecular sieve membrane
unit in the process of the present invention.

A Cg aromatics stream may be used as the feed stream for the paraxylene
separation process. Such a stream may come from a variety of sources in the
25 petrochemical plant. One possible source is from naphtha reforming.

Examples of such processes include Exxon POWERFORMING™, uopP

Platforming™, IFP Aromizing™. Another possible source is pyrolysis
gasoline from steam cracking processes although this is likely to be a minor
source of such streams. A further possible source is the UOP Cyclar process
so for conversion of C3/C4 hydrocarbon streams to aromatics (see for example
US5,258,563, the disclosure of which is hereby incorporated by reference). A

further possible source is from toluene disproportionation and/or Cg aromatics
transalkylation. Examples of such processes include UOP TATORAY™,

TORAY TAC9™, Mobil Selective Toluene Disproportionation™ (MSTDP),
35  Mobil Toluene Disr.vroportionation'rM (MTDP), IFP Xylenes PLUS™ and FINA
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desorbing fromthe zeolite. The paraxyl ene recovery unit may al so be a
conbi nati on of such separation units, or may incorporate other |ess
commonly 20 used techni ques such as fractional distillation.

Fractional crysbgdngation units are well known in the art angcPees7/00316
descri bed for exanple in US Patent 4 120 911. Conmercially avail able
processes incl ude the crystallisation Isofining process, direct
contact CO2 crystallisers, scraped 25 drumcrystallisers, and continuous
countercurrent crystallisation processes. The crystalliser nay operate

for exanpl e i ArohTMIEPRSE H8therttsible MoGrBes bf feed wﬁlE?lc;G/}npriw 662 013.

Commerci al fractional crystallisation processes typica ecover
about 60% t o @Bomatics. hEhe3eurgeof such Cgraromatic streams fortheprocess efithe

recovery unit ppbsint invientios Rnotscritibalefid mib be @ siAgletR¥ant Bk raly e a/m m xture
of 30 xylenes and «?1 hyql@gnzeng,f The rgﬁsonbfor his is that "they are
linited by th&ombinatiogatsiregms jrom agy,of the abaye: RIOEASSES: axy| ene and

met axyl enes However the actual recovery depends on the composition of
the feed w th-h : I: ' t R, nt ent
of the feed imeﬁgﬁg?ﬁsﬂﬁéqa ligﬁtgggb%? g %phggypﬁgrq???nmggnt e'JrlltE ﬂ%gg

6 th%@pﬁcgggég\ 4 86, US 4 163 028, US 4 188 282, US 4 224 141,
PCT/ EP97/ 0031@JS 4 218 573, US4 2361998, ti$:48p9i0d 1%, US 3 856 872amiReve30,1870Wwn i n

the art .and alifie gﬁrﬁﬁ%w&%ffvﬂ{ich ?reedheéﬁ9%ér§$#%‘?ﬁgg%n§é2’ US 3 732 325,

US 4 886 929, an ererences cCi I'SCl osures of which
are hereby9i ncorporated by reference.

™ Cone Mhedsdmersationadztalystnay be anyiof the well Kabwh aBaists fdr. and -
| FP-Chevron  ioomerisation unitYin the art. There are primarily two types of catalyst system
which are used in isomerisation units. The choice of catalyst has an impact on
the overall yield and structure of the aromatics complex and also on the plant
15  design and economics. The first type of catalyst is designed to convert '
ethylbenzene to xylenes and to isomerise the paraxylene depleted feed stock
to a near equilibrium xylene composition. This type of catalyst system is
generaily the choice for ardmati_cs producers whose objective is to maximise
para and ortho-xylene production from a fixed quantity of feed stock. A second
20  catalyst system is aiso designed to isomerise the paraxylene depleted feed
stock; however rather than converting ethylbenzene to xylenes, this catalyst
system dealkylates the ethylbenzene to produce benzene. This catalyst
system is often employed when the benzene requirements are high relative to
ortho and paraxylene production or when feed stock availability is not a limiting
25 factor. :

Examples of processes and catalyst systems which include the capability of

converting ethylbenzene to benzene are the Mobil MHTI (Mobil High

Temperature Isomerisation) process and catalyst (see for example US 3 856
30 871 and US 4 638 105, the disclosures of which are hereby incorporated by

reference), the Mobil MHAI (Mobil High Activity Isomerisation) process and
catalyst, the AMOCO AMSAC process and catalyst and the UOP ISOMAR™

I-100 process and catalyst.

35 Examples of processes and catalyst systems which include the capability of
converting ethylbenzene to xylenes are the IFP/ENGELHARD Octafining and
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5 ELUXYL[ err] processes. Commercial nol ecul ar sieve selective adsorption
processes may recover higher |evels of paraxylene than fractional

crystal lisation processes; typically they recover over 90% or nore
typically ovewo9m7n@5% of the paraxylene fromthe feed to t hBCHEFYIPEne
recovery unit. 10 The paraxyl ene recovery unit produces a paraxyl ene
enri ched streamthat usual |y conprises over 99% and nay even be as

hi gh as 99.9 % par axyl ene. The exact anmount depends on the process
used and t he desi gn and operating condi tions of theT%PeC|f|c pl ant .
The bal ance i mqtaﬁmnstlrmgmmsmd catalyst; apd e WETLISOMARY kA @rosessaidene,

tol uene, and "Bihéprobs@slihdude chyReBasHA0%E cBfbrifg i bl Smal |

amount s of ot ter| recovery a prooduces a
par axyl ene deﬁlféﬂh%ﬂz@ﬂ?éﬁrﬁmﬂpﬁg t he bal ance of ethyl benzene,
ortho-, and netaxyl ene, toluene, CO aromatics, paraffins, etc. al ong

w th any para Ienef r

renoved in th (ﬁg ﬁ@%ﬁ%@ ‘%?/r# g?ﬁ“%yq %x gﬂa&%ﬁ{"gﬁ%a%oib%%'gﬁts
stream 20 whkonwnso pmc:tee@rtvemmof edhe-ransbmetaxylene: topasaxyleneoineludear

8" ar omat 1 co. S eprorEd "“’di‘*é““"‘"m&f“*?? S e oA Shet
separation pr QF¥EEtE drs@%‘ﬁpeé"t g" e@% 3’3 lces in the
25  pet r ochene¥ampIasAe. @h’b%@ﬂgl Bce"lgs‘:?t?'dfﬁﬁ napht ha ref or ni ng.
Exanpl es qf such processes include Exxon PONERFORM NJ err], UOP

Platformng[err], |FP Arom zing[err Anpt ssibl.e source. i s pyrol ysi s
gasol i ne fromlSedSeMensation g Bﬂ’)@&’k@@ 'Hgﬁ@ga'c"ﬁltg isamenseoihe-ande o

m nor sometaxyiéne:tu:pamleaerat tliesbwdriddronpml éikeadmntagemmlytme uoP
Cycl ar proces %qﬁ romatics
(see for exa %Fﬁ\QenEﬁfyl %ﬁ 563 ST I S c!a??a

s
i ncor por at ed Eﬁe%ﬂ%ﬁ%‘; in Ris appllc? 'T We eﬁ%i’i‘%f-’%ﬂ@ %'ﬁ:'@ 3 B"qcPS?n“g'Sl uene
di spr opor tts onasidescalret inrthisospeciication,such as thedempekatures| pressaresippace of

such processe d

Sel ective Tol 3816,%&#5& ?F%’r‘?ﬁ%gg?‘%ﬁfer ths( wéﬁf%% IJOF Fﬁa’gne

D| spr opor t i on8EFessasy 1q achigysthe dasired reaclion, soopersian orseparation that is the
normal function of that process unit.

20 Operating temperatures of the isomerisation unit are typically in the range of
200°C to 500°C and pressures in the range of 1.5 to 35 atm gauge. The
weight hourly space velocity (WHSV) based on hydrocarbon feed typically
ranges from 0.5 to 20. Most isomerisation catalyst systems require a source of
hydrogen which can be introduced to the isomerisation reactor to promote the

25 isomerisation reaction that converts ortho- and metaxylene to paraxylene, to
assist in the conversion of ethylbenzene to benzene and or xylenes and assists
also in the prevention of coking of the isomerisation catalyst.

Even if an isomerisation catalyst is used which does not require hydrogen it is

30 preferred that hydrogen is present in the process of the present invention when
the molecular sieve membrane is a zeclite membrane and the zeolite
membrane is susceptible to flux decay.

It has been discovered that operating molecular sieve membranes and
3s molecuiar sieve membrane composites in the presence of hydrogen
substantially reduces flux decay. Stated differently, it has been discovered that

9
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WD 97/ 27162

PCT/ EP97/ 00316 T2BXTM There are ot her possible sources of feed
whi ch conprise C8 aromatics. The source of such C8 aromatic streans
for the process e present invention is not cr'iticall,@ﬁgl,gm@ e a
. single stream‘%?g%ﬁé&oe a conmbi nation of streans fromany o thelgbove
. processes. 5 The isonerisation unit nay be any of the well known units
in the art such as t hose described in US 4 236 996, US 4 163 028, US 4
188 282, US 4 224 141, US 4218573, US 4236996, US 4899011, US 3856872
and Re. 30, 157, the di scl osures of which are hereby incorporated by

ref erence. 10in separatioh progagsesan amaurtafydmngenganhe oin ardes tael | known
tcat al ys]g s f ?rTaintainitﬁampt bitdiakiap a_piﬁd!éténhhed iecéptbble 180d!e Fbeddtay _mtslr i ¥ ht wo

ypes of ca . S . ri ion. units. e
choi ce of ca%f%@é?grﬁ%s%eﬁegpﬁw ﬁxdr%gn Etﬁgs%('}éb ﬁ%@&a&h ﬁ%t ructure of
t he aromati cspeyomaatesordhe optional sweepstigarhwhes present.pt imany combination of The

first type offepdistiedfi, pePmests, GR8 dptiona&WeRbistream. WhakrRGiBéRaEsibfe XY ! enes
and to i sonerise the#%raiﬁll en?ar%ié)l eted. feed stoc

K to a nea
equi 11 bri um XPERLA Qigilar SiENS embrarie comapsjies arg operated without
general | y t hethelpresendeoof hydoogen whilepusing achysrodarsen feede the flex throagh thexi i se
para and ort haaxprSHe isoBiendd fol : H@Q;' ; qggh- ak. A
second 20 cg?gr‘;f/;st s;/sg(t;em 'S %rqsg()déggﬁs?gn thj%rﬂl S rr%*qbsngh@e pe{é'téxy ene
depl et ed feedMe’  stock; however rather than converti ng et hyl benzene to

xyl enes, tothis catal yst syst em deal kyl ates the et hyl benzene to produce
benzene. Thi ' ene
"It AbBhoe of hydrige Bermedis if, P BrGUSH i n0ieLligr S6RECTC |

requi rements are hi . .
when feed st d@ﬁ"ﬁ’\ﬁ'%? ahany pgrticylap tifne,t, cap;be; approximately. determined fromthen| es
of processes fundatestime arbitrarysariier tinfe, Fp byiheude df zcrateoeristant] K, of

i

converting et Bﬁﬂ'@% he Mobi |l MHTI (Mobil Hi gh
Tenper at ure Ié%dr?g@ﬁéggﬁoén "pro esgaﬁgh%' atal yst (see for exanple US 3 856
30 871 atd US 4 638 105, the disclosures of which are hereby incorporated

by reference), the Mbil MAI ( FoeKbh Activity Isomerisation)
process and catal yst, the AMOCO AMSAC process and catal yst and the UOP
| SOVAR] err] 1- 100 process and cata

The units of flux used herein are Kglllm)féa'y. This relationship describes an
exponential decay of flux with time. Using this relationship, a lifetime for the

20 flux, T, can be defined as the length of time for the permeate flux to decay to
1/e of its original value. t can be calculated from the relationship

T=1/K.

25  Similarly, a flux half life, t1/2, is defined as the time in which the initial flux
decays to half its original value. The half life is determined from the
relationship

t1/2=1(In 1/2) .

The rate of flux decay, K, increases with operating temperature and depends
on the molecutar composition of the feed stock and membrane composition.
This approximately exponential decay of flux with time is especially
troublesome during high temperature separation processes with hydrocarbon
35 feeds. Itis especially advantageous to operate the separation process at high
temperatures because the diffusion coefficients of typical permeates increases

10
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35 .Exarrpl es of processes and catal yst systens which include the capability

of converti ng et hyl benzene to xyl enes are the | FP/ ENGELHARD Cct af i ni ng
and 8 WD 97/ 27162
PCT/ EP97/ 0031%097,2-,162 Cctafining Il processes and catal yst, PAVEPR7E3160P

| SOVAR] err] process and catal yst. Ot her processes include

cat al ysts capabl e of converting et hyl benzene to C10 aronati cs. 5

| somensation units typically use a zeolite type catalyst. |sonerisation
catal ysts known to pronote conversion of ortho- and netaxylene to

par giglrrgtngdi Dl fom eratufB! alddmoa %ﬂ@éﬁ%ﬁfﬁgﬁm @éafas%rﬁ;s&neﬁwrml e
R MU RO N

borosi | i cat es Bacat
1-9 catal yst. rhany catalyticeprosesses metatemnlyeatdﬁgh teémperatues cHoweder thiehalf ve
to isomerise Otifét?&'thé'?ﬂxdecrea@@&%%%llg%ﬁﬁﬁﬁéé&ﬁﬁﬁ t8fn Em&’é igondi tions
and al so advantageou convert et zene“to enzene and/ or

xyl enes. THe t'&F‘iﬂasﬁ‘ir anged and effective" is used in this application
to denote the conditions in a process unit 15 as described in this

speci ficati o Af ngﬁﬁe JvH tf‘dﬁé‘ébﬂgf&erédu{l{]‘?ﬁﬁbﬁlﬁ%e e?ﬁ%gncmroublég&%iiéi es,

reaction tine, reac [ 0CESS
necessary to. aﬂi‘ﬁls@Péfﬁtﬁé Qfé@ﬁ’@ nee%e,rmqate Mtﬂeﬁ sireap CAMPHSIAG®on that s
t he -hor rr&hu&maqif ixglenet ahl aithylb@neme. UTidnsport flux Qaea@wc:um quickier at ures

f th

S00[err] ¢ Fha %?’Qg 8?%'9% éeM %ﬁ@eﬂfé'%&sgiepé@%g‘ i fafigs or°
wei ght hourly hasbegn rﬁytmlmbme L‘@B typically
ranges from 0. Eemise?ébnvé/mdlemmv@mbmﬁeé and Fiolsoidrasiove mambrgnen sour ce

of composites fabricated on alumina and steel supports. MFI zeolite membranes

and MFI zeolite membrane composites that were permselective for paraxylene

15 were found to have a flux half life at 225 °C of 10 to 10000 times less than at
room temperature when operated with an argon sweep removing the
paraxylene permeate from a mixed A8 aromatic feed. However, while
separating xylenes at 300 °C, first with an inert sweep gas such as argon or
nitrogen and then adding hydrogen to the sweep, transport flux was increased

20 and remained stable when hydrogen was present, whereas it decayed when

| hydrogen was absent.

While the flux decay prevention and remediation through the presence of
hydrogen may be observed in all cases where the feedstream is derived from

25 hydrocarbons, the rate of change of tranéport flux in time depends on
separation and separation/catalysis process conditions such as temperature,
pressure, trans-membrane pressure drop or differential, and space velocity.
The rate of change also will depend on feed composition, membrane and
membrane composite composition and structure, hydrogen partial pressure,

30 the ratio of the amount of hydrogen present to the amount of feed, and other
similar parameters.

The exact rate of flux decay varies with choice of membrane and also

increased slightly with feed pressure. Feed pressure of the mixed A8 aromatic
35 feed (xylenes and ethylbenzene) varied from 1 atmosphere to 15 atmospheres

in these experiments and sweep pressure was maintained equal to or 2 to 10

L]
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hydr ogen whi ch can be introduced to the isonerisation reactor to pronote
the 25 isonerisation reaction that converts ortho- and netaxylene to

par axyl ene, to assist in the conversion of ethyl benzene to benzene and
or xyl enes anqwgﬁﬁhs al so in the prevention of coking gérikberncosis

| somerisation catalyst. Even if an isonerisation catalyst is used

whi ch does not require hydrogen it is 30 preferred that hydrogen is
present in the process of the present invention when t he nol ecul ar
sieve nenbrane is a zeolite nmenbrane and the zeolite menbrane is

susceptible to flux decay. t has be di scovered that operati
mol ecul ar si e@@ﬂ%ﬂ%’%gé"’meﬁe& m%em-aﬁqé?WEWﬁﬁm@%r@oﬁ%gi n
t he presence ¢e hgifilifegdithe flux waslis genernahidsy than »2 elays whendedaggerBivas ed

gi fferently, [k %%QfW*ﬁéﬁé’ sbpafations. This rapid rate of flux decay is a

PCT/ EP97/ 0031 problem for any practigal digher sempemturesapplisation sl molestlas sievegen can
be added i#& onfnbrafes. HighePiehipiraturé apermtioh is Hesirale betawsdet er m ned

oD 11ty orstsf i b, PG L2 1
stream when ppefered egibadimenlsuchas prraxyane sepamtien thedaventiopds neate, and

optional sweeprddticed &t taffysetatiirts abbve 225 e@aand preferablyat térhperature® ap6ve ar
si eve nmenbr angoﬁquo& tes are operated w thout t he presence of
sFn

hydr ogen whi | g a hydrocarbon feed, the flux through the menbr ane
IS observad to decay in an approxi mately exponential fashion with

time. 10  ReAukiShs IRy dorEr WHER the*Sapiation fsl dondubtedtif tiigh the
mol ecul ar si e\;/)?e's:ence of hydrogen in an amount of at least about 0.1 mole percent of the

total molecules in the feed and sweep. At temperatures greater than 225 °C at -
least 1 mole percent hydrogen must be present, aithough further reductions in

15 flux decay will be observed when there is at least 10 mole percent hydrogen in
the total number of molecules in the feed and sweep. At temperatures greater
than 300 °C at least 20 mole percent hydrogen shouid be in the total number of
molecules in the feed and sweep although further reductions in flux decay will
be observed when about 30 to about 60 mole percent hydrogen is present. In

20 the preferred embodiment of the present invention in which an isomerisation
catalyst is used in combination with a molecular sieve membrane to provide
enhanced production of paraxylene the hydrogen content of the feed and
sweep must be sufficient to ensure optimum catalyst performance. When

‘considering the hydrogen requirements for both flux decay and for catalyst

25 performance the level of hydrogen used is dictated by the most critical of these
factors. For example if a catalyst is used which does not require hydrogen
then the hydrogen requirements for flux decay prevail however if the catalyst
requires a particularly high level of hydrogen e.g. 756 mole percent or even 80
mole percent, then the hydrogen requirements for the catalyst performance are

30 likely to meet the hydrogen requirements for prevention of flux decay.

The addition of hydrogen to separation and combinations of separation and
catalytic reactions reduces flux decay in cases where hydrogen is not present
in sufficient quantity initially. Hydrogen can be added to either the feed or

35 sweep if one is employed in the process. However, it should be noted that
hydrogen readily diffuses through molecular sieve membranes, and therefore

12

SUBSTITUTE SHEET (RULE 26)



L en e pe——_

menbrane at any particular tinme, t, can be approximately determ ned from

the flux at sonme arbitrary earlier time, Flerr] by the use of a rate
constant, K according to the follow ng relationship: 15

F=F[err] e[errivoemmez The units of flux used herein are Kg/ MRG/EPIFH316
This relationshi p describes an exponenti al decay of flux with tine.
Using this relationship, alifetine for the 20 flux, [err], can be defined
as the length of time for the perneate flux to decay to 1l/e of its

original value. [err] can be calculated fromthe relationship

E err]=1/ \l:h h2§o§t§¢t5btbm facesaf fthe holedular sidve mebrdrde régardieds difﬁﬁl'nét’ln‘ert ib eTh
inme in | C | T1 e val ue. e
half life is d& aq'} &W\%ﬁg strealqi &ﬁéiﬂe%%ﬂb% olf trie r?)el‘r%rﬁ]'?e

tlerr]=[err](lIn 1/2) 30 The rate of flux decay, K, increases wth
oper at 't ng ! eMPReh s s@eﬁé’r%%chon is WReldNR &BHj ﬁgdghﬁrwﬁﬁrmpgdm%gta{mt he
decay -of fl%x ‘\'ﬁt?&b ﬁﬁéhﬁspgaﬂ@lﬂ"a?ﬁ aaraxylenprlé@oélﬁgqgﬁg &Sh‘m

tenperature segperatioroof the owiacidangieve inembrane umit 185esmac the hydregen to

especi al |y advGiiaRgRiHieh ImaRRALa if f%ﬁ%rﬁtthéiko&ié?&ﬁﬁén eatalysth

tenperatures because t 1on coefficients of typical pe
i ncr eases WO
97/ 27162 It has been found that, for operation of a molecular S|eve métaibfdned ini 0316

10 under conditions of high pressure differential between the upstream and
downstream sides of the membrane, sufficient hydrogen may not be
maintained at the upstream side of the membrane, where the isomerisation
catalyst is located, to ensure that the hydrogen to oil ratio is at least that
required for the particular catalyst used. The exact ratio of hydrogen to oil

15 required will depend on a number of factors including the nature of the
isomerisation catalyst. :

it has been found that under these conditions of operation the maximum
allowable pressure differential can be determined from the following equation:

20
B =[R-R(-NH+fIR
PK (R+D[R—R(-1)]
- where: Pt = absolute (not gauge) upstream pressure.
P2 = absolute (not gauge) downstream pressure.
25 K = hydrogen partial pressure driving force factor
| normally in the range 1 to 1.1.
Ro = initial overall Ho/oil ratio including the feed and
sweep. |
R{. = minimum aliowable hydrogen/oil ratio on upstream
30 side of membrane, which is dependent on the
catalyst to be used.
f = fraction of hydrocarbon that ends up on

downstream side of the membrane.

13
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with tenperature. Additionally, in the case of nenbranes used as conponents
i h a catal ytic nmenbrane reactor, high tenperatures may be required because
many catal ytic processes operate only at high tenperatures. However, the

hal f life flux decreases dramatically as the op @,tf.,*E 6
tenperature i S éggn}%creased An exanpl e where transpoe{ Hiass
reduction woul d be especially troubl esone is the separation of

par axyl ene perneate froma feed stream conprising a m xture of xyl enes
and et hyl benzene. Tr ansport fI ux decay woul d quickly 10 reduce paraxyl ene
yield in the preferr, erature range of 170[err]Cto
500 C, and fluR B‘E!!&@ h‘gésp qs l?t lsn psed eBcthp assymption that tbe adiraaen ve

mol ecul ar si evpaartmlrﬁresswe upstieam|of the mensbrane apprdxirately equals th&inairbgen

fab ted

Ve ool 1t e el fles S et ih mediblank( *thd Sodéiiid WSurptiond | s
vver e found to that/é‘YQ“?Q%"x"Pﬂi’PF more easily Ahroughy e dTle'Ibqu!? tipgodhe i other | ess
t han at 5 Icompdrmesprisehtinthe Reed i perfvéare.t Fopa d%&ﬁ@d‘uﬁé‘lﬁﬁh l'é‘g

Separating xy1d im%%gﬁﬁf&#'fecm GY‘F"&?S&A*? PIROR s elBtsion wal Ghervals
argon or the maxmHmpresswerdifierantia) wiyich isypermissibledn ondentp roaiataip the
flux was incr stPto oMl faticcableBSY] at t@hesm&vﬁv%%@%ﬁhﬁﬁrﬁ{f&&ﬁ the

whereas it deca & when hydr ogen was absent
decay preventl'B 'S enedi ati on through the presence of hydr ogen may
be observe® in all cases where the feedstreamis derived from 25

Caparat on and EKTALEY i o RO orfctih BRERGSe, Hak drlcdrhbter ARG OF 1
pressure, trar@‘Pﬁgﬁﬁé gp pamxy (ffe% '%P Jmmé"&ﬂq' um, AGnesy. %
The rate of chaul}veaoﬁaylmbs cbntamullgoetﬂwbnhzeueptimrelwm u'mfarhrhynm asmalt
menbrane conp ér%né@”ﬁpsthé' aanﬁmdpr&sémg%? hpafﬁgeﬁeanpﬂ{é ﬁsuagﬁ?%dpe 30

the ratio of the armunt ro resent t
biher 1 8L, AqwStRam sides O the Memtirang to,paoxIde 2 WNHO ares for BoRan 1o
wi th choice ofmum’acmss thednerhbrane. The Kdaetos evill deperd byt the inferhbate and

pressure. Feedygy dgérét Wtﬁﬁ‘bnﬁ% @x@%@fehcto‘?t%]mf #8%ahgd 'of HE ﬁ@qgl
-et hyl b
exper i mont Qeérﬁﬂ%@ SRR 9P AR equal 10 or 2 to 10

11
20 The above relationship may be illustrated for a zeolite membrane which has a
relative permeability of paraxylene to ethylbenzené of 5, a relative permeability
of paraxylene to (metaxylene+orthoxylene) of 10 and a relative permeability of
hydrogen to paraxylene of 10 as shown in Figures 7 and 8.

ure,
ity.

25 Figure 7 shows the allowable pressure drops under the condition where the
minimum allowable value for R1 = 1 with various values of Rg and for f=1, 0.9
and 0.8.

Figure 8 shows the allowable pressure drops under the conditions where the
30 minimum allowable value for R1=2 with various values of Ro and for =1, 0.9
and 0.8.

The relationship illustrates a number of points. Firstly, for a given desired R4,
there is a point where you achieve diminishing returns by adding additional
35 hydrogen to the system to try to increase the allowable pressure differential.
The desired cut off point will be arrived at by consideration of economic factors

14
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PCT/ EP97/ 00316 at nospheres below the feed pressure. At :

t enper at ures approaching [err]400 [err]C the half life of the flux was
i'n general |esgobhdiet err]2 days when hydrogen was not pPETERP7/HAY6 ng
par axyl ene separations. This rapid rate of flux decay is a probl em f or
any practical higher tenperature application of nolecular sieve 5
menbranes. Hi gher tenperature operation is desirable because

pernsel ective transport increases with tenperature. For exanple, in a
preferred enmbaslichess theuwnst ekapplying Bndmaaintgining tighmptdssurendiffetentials| versus
practised at t ; Y, S ove
500 Terric 10er Or liBlen (RiSus 15 ovdigh REENER Mt BB 3dth B ik

conducted i n tv@EsSus memprangRiea fequijainerfe nEnaray consRrtionsingieases as ttalut
0.1 nol e per cayyidrédert hand pressupé adlifferdritialil insraasel heHbowevderanbighee gresstire

mist e pr dacORTHAS AR RarEkieds Mooven and Fhcs B fed Feftfhng ¥l 0"

observed when there is at [east 10 nole percent hydrogen in t he total
han 500 [ 6r 1 g s P oy e p e S dshat as R1
an err].C at l'e e rcen rogen . in e
nunber of '"Wéﬁﬁfi@ni ﬂ ﬁ? ](cgegac?ngﬁat scﬁké:ﬁ'%s[tﬁgﬁ%ﬁ f%ﬁ?ﬁf‘eﬂe?@Mtq%ons
in flux -decay aperation in respeciofdhe pressues diffesentiat which mey be wsed ol ajtainent
hydrogen ig p\r/\'/ﬁémtaréél' 20 the preferred enbodi rent of the present
I ch '

I nvention In an i sonerisation catal yst is used in conbination

with a nol ecul ar sieve menbrane to provide enhanced production of
par axyl ene t hdniongraspect obtheqresert inventibn dbie molecular siswecmpmbrane boit is

sufficient to il (,3,9@ g Vgﬁﬁ i derin
tﬁe Ihyl:lrogen r@w{?gnentfgyo@reﬁgﬁb?l_ c:?fgg%ﬂ?ang reor catalergaggl,, . |
per f or nance t preng oA F%‘“BT'%?%? %aﬁ%ﬁ‘ equilibriymy o
t hese 15/ acsravear equilibdusTpixture of aylenes. jrsthis aspeot thenmoleculiy sieveot _
require. hydr OYREmbrane %:Hi?PnaVB% IBYate8 Wt S B isdrmentafidr tinifl8Rd@YoBE €Vl |

h if th '
owever | eno(ﬁ\a%e%n isomerisation catalyst in combination with the membrane.

In a further and most preferred aspect of the present invention, a molecuiar

20 sieve membrane unit utilises an isomerisation catalyst as described above in
combination with the membrane to isomerise ortho- and metaxylene to
paraxylene in co-operation with the selective separation function of the
membrane and may also include the catalytic conversion of ethylbenzene to
benzene or xylenes. [n this aspect of the present invention the molecular sieve

25 membrane may itself be rendered catalytically active for the isomerisation
reaction or more preferably an appropriate isomerisation catalyst as described
above may be located proximate to the membrane. By proximate to the
membrane is meant that the catalyst is arranged and effective to isomerise the
ortho- and/or metaxylene and/or convert ethylbenzene in the material in the

30 molecular sieve membrane unit, but on the upstream side of the molecular
sieve membrane, to produce paraxylene. The exact amount of paraxylene
which is required to be produced by the isomerisation process in the molecuiar
sieve membrane unit depends in part on the properties of the molecular sieve
membrane used. If the membrane for example has high flux and/or high

35 selectivity for paraxylene then it may be possible or even desirable for the
isomerisation reaction to produce and maintain paraxylene at a non-equilibrium

15
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requires a particularly high |level of hydrogen e.g. 75 nole percent or even

90 . mole percent. then the hydrogen requirenents for the catalyst
p?r;Frnance are 30 likely to nmeet the hydrogen requirenents for prevention
o] ux decay, The addition of hydrogen to separation

conbi nati ons S‘fo%"gﬂéﬁzat I on and catal ytic reactions redu?g'? lI’s‘t?)‘z%clllﬁecay
I n cases where hydrogen is not present in sufficient quantity
initially. Hydrogen can be added to either the feed or 35 sweep if one is
enpl oyed in the process. However, it should be noted that hydr ogen

rlgadi ly diff Ué%hgéﬁé}g E}gugi%?é‘ﬂoai{s b RtrABSP I Squiftflinh RfIEARE Mikture

PCT/ EP97/ 003 1whilst the membrgne selectively Femaves paraxylese fiomthe ypstieAl e menbr ane
regar dl ess of mafegiah@nd iirito the peirheate! Howesed tienisbherisalich citalgsrindhe per neat e

d f th
Sonune| o AP ool SR gl S RS 0 b,
par axyl ené i tproducerpodiraaintainparexylene; upsteeam etthe mempmneandinsise thﬁe
\Arrz: gﬁu: gr n; : ?Pgé&amﬁrsm menigraﬁe URIE RRGD %forwiﬁrehm@rétasw stoo')f. or méve| ahet I 0

| SO a

has been f oun@%ﬁj&(?ferFBV%Op‘z“r trﬁ %ffthg ‘i"fbg\'fg‘ %‘Pfﬁ)"ﬁ”ﬁﬁ%m t
under condi t i whilstdiie megtbrpne%lngdvrempm panaxblsnam theeummdeaﬁd
ﬁ;.“”;f; ream ;'tﬂteh gétrfe am%ggﬁg Ps%éa@ éwkgnaﬁ e'WaﬁQ rderties it
Catal yot 10" | BEK D esEb ) Brefeable o Mtk e pHgRERe £ Fa?%?&%oa@?%ast
t hat r equneardo fequilibriompter kylenesiisomarisation whilstthe mambnane tselextively of

hydrogen to O.lém&vi-s6a?5w|éﬁéiﬁwﬁ1e¢smfwoah@ugnﬁéa@f Tha e s 1 ncl uding

the nature of at1on cat
1somensat|on catgﬁfs{ Féom'eriges ﬁle 0|¥ho- and metaxylene to paraxylene and

the paraxylene selectively permeates through the molecular sieve membrane
15 to be produced as a permeate stream. Ortho- and metaxylene less readily
‘pass through the molecular sieve membrane and tend to stay on the upstream
side in the retentate stream where they can be further isomerised or leave the
unit in the retentate stream. The permeate stream from molecular sieve
membrane unit may be fractionated to remove materials boiling below and
20 above the boiling point of xylenes e.g. benzene, toluene and C8+ aromatics
and then transferred to the paraxylene recovery unit. If the molecular sieve
membrane unit is particularly efficient at isomerisation and separation there
may theoretically be no retentate stream as there would be no paraxylene
depleted stream to reject. In practice there will however likely be impurities
25 and heavier aromatic compounds such as Cg aromatics which remain in the
retentate stream and must be purged from the molecular sieve membrane unit
for further treatment. Thus in the molecular sieve membrane unit there is a
dynamic and coupled process of isomerisation and separation of xylenes. If
the catalytic function is also capable of converting ethylbenzene to benzene or
30 xylehes then any ethylbenzene which enters into the retentate stream of the
unit is also involved in this dynamic process with the resulting xylenes entering
into the xylenes isomerisation reactions or the resulting benzene passing
through the membrane into the permeate stream. In this aspect the molecular
* sieve membrane unit may be downstream of an isomerisation unit or less
as preferred may be used in place of an isomerisation unit. The preferred
combination of an isomerisation reaction process and separation process in the
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It hés been found that under these conditions of operation the maxi mum
all owabl e pressure differential can-be determ ned fromthe foll ow ng

equation: 20 [err] wher e: P1 = absol ute (not gauge)
upstream pressug@s2rie2 P2 = absol ute (not gauREl/EP7/00316
downstream pressure. 25 K = hydrogen partial pressure
driving force factor normally in the range 1 to
1.1 ' Ro = initial overall H2/o0il ratio including the
feed and sweep. R1 =

m ni mum al | owalgamewynit which /isiocatedidownstreamsofrzeesnvi@ntional isomerisation unit

si de of menbrape. bggmgmjmstodt?eoﬁém&%ﬂf @ﬁé&ﬁle in upgrading a typical RY8NSE 19%o0n

catal yst to be uSed.

that ends up @a9d debottlenecking the process. downst ream si de of the
menbr ane. 13 VO
97/ 27162 PCI/ EP97/ 00316

I n pri-ncipl & t H-Ihg T%‘F%t%ﬁlgﬂ? lbnelrrébrggg 88_9%_!{‘ Wﬁé“%’?gﬂ'ﬁf)ﬂeﬁﬁ "E%’Bfa{‘ﬁé’%dr ogen
partial pressumayhsapemalesularsievednatedabnihe farm ofa peynsaiective mérebtaner ogen
which as such has a binary selectivity for paraxylene to orthoxylene or
metaxylene of at least 2:1. Examples of such molecular sieve materiais
" include controlied pore amorphous materials such as MCM-41 and zeolite
10 molecular sieves. It is preferred that the molecular sieve membrane is a zeolite
membrane. Examples of zeolite membranes which may be used in molecular
sieve membrane units for the present invention are described in the following
documents. U. S. Patent 5,110,478, the disclosure of which is hereby
incorporated by reference, describes the direct synthesis of zeolite
15 membranes. The membranes produced in accordance with the teachings of
'U.S. Patent 5,110,478 were discussed in "Synthesis and Characterisation of a
Pure Zeolite Membrane," J. G. Tsikoyiannis and W. Haag, Zeolites (VO!. 12, p.
126., 1992). Such membranes are free standing and are not affixed or
attached as layers to any supports. Zeolite membranes have aiso been grown
20 on supports. See e.g. "High temperature stainless steel supported zeolite
(MF1) membranes: Preparation, Module, Construction and Permeation
Experiments,” E. R. Geus, H. vanBekkum, J. A. Moulyin, Microporous
Materials, Vol. 1, p. 137, 1993; Netherlands Patent Application 91011048;
European Patent Application 91309239.1 and U.S. Patent 4,099,692, the
25 disclosures of which are hereby incorporated by reference. Other literature
describing supported inorganic crystalline molecular sieve layers includes U.S.
Patent No. 4,699,892; J. C. Jansen gt al, Proceedings of Sth International
Zeolite Conference 1892 (in which lateral and axiai orientations of the crystals
with respect to the support surface are described), J. Shi et al, Synthesis of
30 Self-supporting Zeolite Films, 15th Annual Meeting of the British Zeolite
Association, 1992, Poster Presentation (in which oriented Gmelinite crystal
layers are described); and S. Feng et al, Nature, 28th April, 1994, p 834 (which
discloses an oriented zeolite X analogue layer), the disclosures of which are
hereby incorporated by reference. '
35
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partial pressure downstream of the nmenbrane. The underlying assunption is
that hydrogen noves nore easily through the nenbrane than the other 5
components present in the feed or perneate. For a desired upstream pressure

or downstream rsﬁ%:ﬁe or hydrogen to oil ratio, this express'r,e.p EPbidos dﬂl ve

you t he pressure differential which is permssible in order to
mai ntain the hydrogen to oil ratio at |least, at the desired | evel on

t he upstream side of the menbrane. 10 The K factor is a mnor
correction because, based on conputer nDdeIIing, it is expect ed t hat

f | | b

o o e FRRRPHbeBs o BB ol nRE ARl B vl b ey sy |

di fference i nmembranetinits forrtbe present sfvemtion agedescribeddn the followingand 15
downst r eam si dggubnish temaibRAADTPIcASGY WIS 98/2815Y | 0SSNCIEEr e fled 8EH 00en to

condi t1 ona. of JaYAEHR; bR T w@%&ﬁamﬁ"@s&g@eﬂ&@%ﬁt)@ZS FeR USRS E 1 o

to 1.1 5 a(Rublisbed asMOP6/01667), RGE USS5851 30(PublisheiBas V\KDQSIMGB@)bove
rel ationshi p ppyr ?PQS}OWQU(PEEI%EB%QN@%KO\‘G% XPAPW 42‘5

rel ative per t f Xyl ene to et r'eI atlve
permeability |scosgfélst§vg§§h F% g tackhy;Fe ﬂWFPer\%?UE)?a'i'QT and a
rel ative per nimématiogaldpplicatiornW0 9@@515& weshave desaribet! alSupportedown Idn ]
Figures 7 and; ' A ) S under the
condi ti on \AMeurnéﬁrq?]néélaﬁi %@P#ﬂ‘%@ﬁr&%@‘bgpﬁgbggge%l&g%y%ﬁiﬁgvar| ous
val ues of 1o EWlequiar sieve, the mean partigle sizedbeing withinpthg sargeotilom20: rr to
al I owabl e pr esymi.e THe spppon deadvantagevidiy pordas. Wirien thee &Qsoﬂlh@'dwg

tly,

ool vl U M Ay W WSl S

for a given d@ntmumamolecu 'lﬁ!?‘@m? rg@emswmewrwerrmn vé theni shi ng

rﬁturlnls by addd Vehtage tht tivey mag peffprh catilys IQahb%epdlf‘amﬁ‘sirﬁuﬂddédJﬁly'meleflsg
bt ved aff by BbfE ?&;é’*%ﬁ%@ﬂ%bﬁémaeef gl BeBeWhich afd'breBared By fhe " || °°

14 lnverted In-Situ-Crystallisation (I-ISC) process. Most preferred zeolite
: membranes are prepared by using a GEL layer and a Low Alkaline synthesis

solution using the Inverted In-Situ-Crystallisation process (GEL-LAI-ISC),or by
using a Seeding Layer and a Low-Alkaline-synthesis solution using the

20 Inverted In-Situ Crystallisation (S-LAI-ISC). These pmoeésés are described in
USSN 267760 filed 8th July 1994, PCT US95/08512, PCT US95/08514, PCT
US95/08513 and PCT EP95/02704. Zeolite compositions fabricated using the
above described LAI-ISC, GEL-LAI-ISC, or S-LAI-ISC techniques can have
dense zeolite layers in which the zeolite crystals are intergrown such that non-

25 selective permeation pathways in these as-synthesised zeolite layers are
virtually non-existent,

It is envisaged that the molecular sieve membrane unit will contain at least one
zeolite membrane which may or may not be catalytically active. If the

30 membrane is not catalytically active for the desired process a suitable catalyst
may be used in combination with the membrane. This catalyst may be located
on the upstream side of the membrane or the downstream side of the
membrane depending on the process and the nature and purpose of the
catalyst. In one embodiment one or more membranes may be arranged with

'35 one or more catalysts to provide alternating membrane and catalyst regions in
the molecular sieve membrane unit. in this én’angement the feedstream to the
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WD 97/ 27162 _

PCT/ EP97/ 00316 such as the cost of applying and mai ntaini ng high
pressure differentials, versus cost of hydrogen, versus the overal
recovery at panggyeng fromthe unit, versus menbrane ar e ®CI/EP97/00316
requi renent. Energy consunption increases as total hydr ogen and
pressure differential increase. However, higher pressure 5 differentials
i nprove paraxyl ene recovery and reduce required nmenbrane area.

Secondl y, when conparing Figure 7 and Figure 8 one can see that as Rl

incre?ses f r omyhitirRay’ for éxammpie pasthn t?fhk‘ﬁéﬁlbrfahér V\gi'oﬁ w:ﬂﬁmefrbt@ﬁtétél itty of
operation Inr eC I’ | eren UsS 0

mgl ntain 10 8&@ ttc’aé ﬁé{g?VS?cgﬁéiﬁ [ﬁ%orégggherb?\r? %FEM’“FH’&@?R‘? on

t he nol ecul ar sreg;oe toraragicand catalystiregion. Theexect nurpbérafimembranecand at e

par axyl ene or GofRé wilPdépetdea e thd) I stream
ParaxYiene Seé%agatuﬁiwé o ﬁamreoftab@ébaméﬁ&%na c‘éi%l?sbt

|
" nmixture of Ryl @ﬁ%%e %Fﬁﬁr%gaiﬁgﬁp? ghénacq#l;j]ys]tsqrg%%ssnt%gsc bggHb?téﬁEal ni t
may be | ocat ed thisamerfeneact cambination of catalyshanch membrdnd o snay be diffeteritave

an isonerisation catalyst in conbination with the nenbrane. In a

further and nost .preferre the resent invention, a nolecular 20

si eve nenbr ane?'tﬁ“pq’ﬁ{]'?? Pf‘g%??%ff&@g W%rﬂ?v%@em¢¢ Heits witbv e

in conbi nar without isometisatiomtatalyst inoclmau)pmxlrmw torthe enoleculansievey| ene to
I t;

ey ane. and napane it 8Actun shalfe 6584 i 8 prcEeieRs ot o Hitsehfidind”

menbr ane and SO |nc cata
benzene or xy%enpﬂ ?m M&?"W%WBQ X '%m‘iﬂ‘ioﬂﬁbo\d@%l ar
si eve 25 nenbbartakerato intiudefemizodiments wheredvel ortrhor@l hgledokar sievéor t he

| somerisation me é&éﬁfdu@rﬂn@f bebis&d %&é@%@k@%@;@@ﬁ%ﬁr@ﬂi&ﬂ% f:m&o”

catal yst as descrm%
By proxi mate t &thesint ewemmpgﬁssqssowaﬁ@swms the catalyst is arranged
and effectitge to isonerise the ort ho- and/or netaxyl ene and/ or convert

on e et e OB el Sl S GRA° 0L
par axyl ene. ThPestaction (&a.as iystated in Figuee 6) compyisesicariain fagtures which are
produced by t heequiredefor opération Withires Xylenes lsop Y Of tissel féatures are adequately
described under the description of Figure 6.
The zeolite membranes described above may be incorporated into the
molecular sieve membrane unit in the form of a module such as that described
in WO84/01208 the disclosure of which is incorporated by reference. In the
context of the present invention the term module signifies the combination of a
25 - molecular sieve membrane which may or may not be deposited on a substrate
supported within a housing which has all the means and additional features
required to effectively include the membrane into the molecular sieve unit.
These additional means and features include vaives and pipework which is
necessary to attach the module to the other components of the molecular sieve
30 membrane unit. The module may therefore comprise some or all of those
features which are required to operate a molecular sieve membrane unit.

The module may comprise a housing preferably made out of metal such as
stainless steel which can withstand the temperatures, pressures and chemical

35 environment to which the membrane unit is exposed in operation. The module
will contain a membrane element which comprises the molecular sieve
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si eve nmenbrane unit depends in part on the properties of the nol ecul ar

si eve . menbrane used. |f the nenbrane for exanple has high flux and/or
high 35 selectivity for paraxylene then it may be possible or even
desirable for ¢hemmne isonerisation reaction to produce and pgt/Rbobs16
par axyl ene at a non-equilibrium

15 WD 97/ 27162

PCT/ EP97/ 00316 concentration conpared to its concentration in an
equi librium xyl ene m xture whi | st the nenbrane sel ectively renoves

paraxyl ene frg@nigisné'Bftfhéradsupportifgict'dnta sai l? Qﬁﬁpérﬁeltﬁﬁg%&utﬁmver

i ' ' shoul d
| deal Ty be. arPEAYuEIRS, Ha mBlecEr sisve mamBieds dRRCHIRY eTua suBsIRXy | cno.
upstr egm of tsuppoetriSuitableasuppantsiate indrganic suppuﬁswhidraraiabl?tmiﬂﬂmtg (l)JA) n Io ? ,
more of e e opeiy libnfient ofthe TbRouiF Sieve meriBinellr iRy o
sel ecti vel% r%ﬁﬁ"% stesl and ceramic sUpPPAE. G¥amplas ofsuifablersupportsare menbr ane
and into the previdedtie théreferedtegcitsd Mfoﬂﬁeanio mﬁrhb:aﬁgé.t tTEaQte;gﬁy ?eor
near to equi ITBIHECCCARAOBLAT K Meinafie BRETRN 1B 306 PRSI il dspend on
sel ectively the natugnfihe paterals inthemedule housing andalement. df thechqusing=at e.
o par Ay e A e o B e 20 e
ol beut ar 01 B Pasiosus oF SLRA efRiaRE 1B ibterEnte. "EGER BostPloam or 1 no-
and met axy| erRfrangamentisita ipcorporaip anuraberafghembranesiementsrwhickve menbr ane
and tend to siGiiprise idbiitd mehitRane on a p&be@sﬂaﬂﬂéé?stéétﬁjb?%hﬁmﬁﬁﬁ amgher e
t hey can be fur [ isonerise r gl eave the Urhlt I'n 1t e_ret?rﬁate
stream The pHIHESRNE %"ngﬁnﬂoﬁl‘%FEEU?%megﬁsm well knownip the art,, It thenny he
fracti onat ed membganse/element comprsesoa ceramio suppord for e2d@mplé whentitis aboi | i ng
poi nt of w5yl eiamic CordBReaRBRolith HenGimaytié regiindd R Suidble seals are

: utilised to incorporate the membrane element into a metal housing. Such seals
should be capable of withstanding the operating conditions of the membrane
unit and are known in the art. The module will also have means for introducing
the feed to the upstream side of the membrane and means for removing the

20  product from the downstream side of the membrane. On the upstream side the
module may be engineered to provide a purge for removing retentate. On the
downstream side the module may be engineered to provide a sweep gas to
remove product from the downstream side of the module. The module may
aiso be engineered to allow temperature control by means of heating and/or

25 cooling. The module may also contain means such as valving and pressure
regulators to provide and control the pressure within the module such that .
there is either no pressure differential across the membrane or preferably so
that there is a pressure differential between the upstream and downstream side
of the membrane such that the pressure on the upstream side of the

30 membrane is higher. The feed may be introduced to the module such that the
pressure on the upstream side of the membrane is at 1 to 35 atm, preferably
10-30 atm and most preferably 15 to 25 atm. The average pressure differential
between the upstream and downstream sides of the membrane may be 0 to 35

. atm, preferably 2 to 35 atm and most preferably 5 to 15 atm. The pressure

3s differential is expressed as an average as there may be a reduction in the

upstream and downstream pressures as you move along a membrane element
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and then transferred to the paraxylene recovery unit. If the nol ecul ar

Si eve menbrane unit is particularly efficient at isonmerisation and
separation there may theoretically be no retentate streamas there
woul d be no pagpayéeiR depleted streamto reject. In praddTiEPpBELe
wi ||l however likely be inpurities 25 and heavier aronmatic conpounds such
as C9 aromatics which remain in the . retentate stream and nust be
purged fromthe nol ecul ar sieve nmenbrane unit for further treatnent.
Thus in the nol ecul ar sieve nenbrane unit there is a dynam ¢ and

CO;JD: ef' pr ?C es t%wtﬁfn ) ﬁf&ﬂ?ﬂé aaﬁeﬁmngﬁad fmmarsa& tbﬁ m@élt'ér?{' 6186 lodated withintthe
catal yti cCc uncti 0 convert.l e ene or
30 xylenes th@?‘ﬁﬁlﬁl @?‘Pﬁ/f?%ﬁé@%g{e i §Fﬁ"§r'§nﬁ$%8"¥%§sﬁéf &Qggbﬁ] eam of
t he uni t membraoeielemnentvay betemgmeeyeﬁm‘ its prangayventi within the medulet i ng
xyl enes enter | Fby be sudH1L 8 ab 5 alioth €86 tel-SGBH HRratRih baWekh 9661 8hd Siveep

resul ti ng benzen SSI nﬂlél g % P’E rane 1 nto t er ate
stream In fhi Withi,Beme er%l'téﬁﬂﬂ \d rrangeg Q3 rFHRAt ?Rﬁ'?
downstream of fsed andreweepwithin theirhodule loeit sna8tbe arrahgedﬁ'dungsﬂmvused i n

pl ace of an 'SBEEHﬁﬁtTRGs{H@me Farl Blfieh hay comGfB fifiichlindd cRRamic

| somerisation r |'oh process .an }o
16 monolith/supppsbin which some of the channels are utilised for mtroducmg the

PCT/ EPt97/ 00|316feed to the elétﬁéﬁtat?i somé of the channelstad utiisedfor irtroduting I I
conventiona ularly.
effective ih %@ggﬂk‘i "t)glpi(lt:airhe ensgggy ggg?’af"gga%"%@g@%%?ﬁ éﬁeckl ng the
process. 5 TApprapria ﬂ%ﬂge§| o allays eg-curent; sokpleEsurant oy arges-
menbrane unit flow opSRation: Wnrmbn@%m:cﬁammmm i8luskd theigofr@iigation a

| ect
Par axyl one 1o ﬁ{%ﬁ@w v 1 SShiiRe ot bfitalia bl BISGHE Lt e
such nol ecul ar fesdechanngisoef the monolith. | Altematively thercataiyst ipay bedocated within
material s %HChﬂ?énNE%tﬂ?e SUpporast thhé?eedéﬁ’eaﬁiJéléé obtHa\iémbland. SWhieff er r ed
that the molec 5es|rab§e e conr%g%aﬁoﬁ o# ﬁme refe'?l?atets?ream (with or without purge) with
| the permeate stream (with or without sweep) may take place within the module

itself.

20 The membrane elements may be included in the module as described in
WO094/01209. The membrane elements may also be incorporated into other
known designs for membrane separation units such as for example plate and
frame membrane modules. Suitable ceramic monolith elements may be
constructed according to US 5 221 484, US 5 114 581, US § 120576, EP 0

25 373215, US 5 108 601, EP 0 396 684, EP 0 310 632 but with the use of a
zeolite membrane. Such monolithic tubes may be incorporated into a metal
module by the use of techniques known in the art such as for example EP 0
270 051.

30 When the process is gas phase perstraction the temperature of the feed into
the module possibly may be up to 500 °C. The temperature within the module
must be at least 150°C preferably at least 170°C to ensure that there is
adequate isomerisation reaction and separation of paraxylene. Preferably the
temperature is above 225 °C most preferably above 300°C. Preferably the

35 temperature is 480°C or less most preferably 450°C or less e.g. 435°C.
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nmenbrane. Exanpl es of zeolite menmbranes which nmay be used in nolecul ar
si eve nenbrane units for the present invention are described in the

fol | owi ng docurments. U S. Patent 5,110,478, the disclosure of which

I S hereby Ror at ed by reference, describes the direcpeppéfinsies Of
zeolite 15 anes The nenbranes produced in accordance with the

t eachi ngs of U S Patent 5,110,478 were discussed in "Synthesis and
Characterisation of a Pure Zeolite I\/Errbrane, " J. G Tsikoyiannis and
W Haag, Zeolites (VOL. 12, p. 126. 1992) Such nenbranes are free

t andi d i
Zeol 1t o monbr JEPARsHIar sy esBEmbng LS 3% 5t 108138 BbWnkfledibr BHPLD L ©
tenperature stexistingsylestesdsonetigationgeactoobr instalied as(wrap)!ammt ohen:

Preparati on, '\%}H Sﬂr}%h&!éﬂ é’t‘i‘eﬁ%ﬂ é:’ & iné'tecove Ei‘d&'s RS, © E R
Geus, H. vanBe a} g

137, 1993: Net'ﬂ@?%!ﬁﬁ?%t"é‘ﬁ? %#M%E@@ﬂﬁ‘f%&@" e"'s"“glﬂﬁ??ﬁ?é Ol'%%‘?!nt
AIOIO| i cati os 9kgparitibniofpmtaxyiéhe framexylends) 8fcd Bdth isbmetiSatiah amd osur es of

whi ch are her @ﬁﬁ m crﬂr& '

fIJ eg cribi ngPs uﬁeﬁﬁ?ﬁ:{gm ganlg'% CF&?&F{; I ne a r@j\%‘f’ﬂt@?@%ﬁgﬁg‘é‘%ﬁﬂg’“. :ﬁ%udes
at  Xyienes) ihgewastr

I nter ?at i onal off a xylefes isbmefisatior mit:andaﬁ:thé moledulatsieve menibramlufnxtml

orientations q

descri bed), ogié}ﬁgfé é’ﬁ’t’&lé‘? eevsel '\sp‘leh@@gég@g%f‘ ' %’%%ﬁﬁw%%@%e il s oy

15t h Annuab I\/ébe majeeyiag ﬁevemqmmngwn pesforms bofly %mm ofpoyiene

CF;regirelrlL 28 I) Ona(ﬁdbdmgggpﬁfatﬁht&%aﬁ@éd@ tp;refféras also catd icBnvérsion of

di scl oses an &ﬂﬁ'@h?%? e't?l ’fﬁ% 'éf %ﬁ)ﬁ%&gﬁ% F&Bsﬁ%‘é‘i‘%{%}%&%“%&‘ﬁ’ﬁ 3@4 %&V\hl ch

are her etoataiyess epnversian of ethyihenzeae to Zyenes or benzene then this may

é Z:T/ =Po7I 09314 allowEs€ €6RVerSidn of ethylbenzene in the conventional isomerisation unit
- with less xylene losses due to the lower operating temperature which would be
required in the conventional isomerisation unit. In this case this unit could be a

liquid phase isomerisation unit.

The most preferred embodiment of the present invention is the incorporation of

20 a molecular sieve membrane unit comprising isomerisation catalyst into a
conventional xylene recovery loop such as that shown in Figure 1 and
discussed below. The xylene recovery process is referred to as a "loop"
because xylenes not converted to paraxylene are recycled repeatedly to the
isomerisation unit that is usually a part of the xylene recovery loop until the

25 xylenes are converted to paraxylene and removed from the loop via the
paraxylene separation unit. In such a loop orthoxylene may also be a product
which is removed from the loop in the xylene splitter if desired. Orthoxyiene
can sometimes be generated by the isomerisation unit if the feed to that unit
has a less than equilibrium orthoxylene concentration.

As indicated above the fresh feed for the Xylene recovery Ioop may come from
a variety of sources in the petrochemical cycle. Fresh feed from, for example,
a reformer, which is introduced to the xylene recovery loop is usually
fractionated before introduction to the paraxylene separation unit to remove

35 materials boiling below the boiling point of xylenes, and may optionally also be
fractionated to remove at least part of the material boiling above the boiling
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Furt her exanples of zeolite menbranes which nmay be used in nol ecul ar sieve
menbrane units for the present invention are described . in the follow ng
docunments; International Application WO 94/25151, USSN 267760 filed 8th
July 1994, PCTwOR6B1B8512 (Publ i shed as W96/ 01682), PCT US95RE35E37/00316
(Publ i shed as WXX6/01687), PCT US95/08513 (Published as W6/ 01686),

PCT EP95/ 02704 (Published as WX6/01683) and W04/ 01209, the

di scl osures of which are hereby incorporated by reference. In our earlier
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upstream side of the nenbrane or the downstream side of the menbr ane
dependi ng on the process and the nature and purpose of the cat al yst.

I n one enbddi nigrthe pREXYIenAFEcovAlY Preness offhe presant invertion pdditional pracess
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units after the molecular sieve membrane unit but before the paraxylene
separation unit and which are present to remove various products and or
25 impurities from the recycle stream. These additional process units include for
example, stabiliser units, DETOL units, clay treaters, xylenes splitters, xylenes
re-run towers etc.

it should be understood that in the present description when reference is made
30 to a feed to, or material upstream of, the membrane in a molecular sieve

membrane unit being at equilibrium in xylenes, this means that it comprises a

mixture of xylenes which are at the typical respective concentrations for an

equilibrium mixture of xylenes as known in the art. In the same context by near

equilibrium is meant a composition comprising xylenes in which one or more of
35 the xylenes present are at their non-equilibrium concentration with respect to

- the other xylenes present and includes mixtures where one or more of the

23

SUBSTITUTE SHEET (RULE 26)




18 . WD 97/ 27162

PCT/ EP97/ 00316 unit may for exanpl e pass through a nenbrane region
with the retentate flowng to a catal yst contai ning region and then

t hrough a secowe gyRss ane region to a second catal yst r agivEP97/003¢6
exact nunber of menbrane and catal yst regions wll depend on the
nature of the separations and catalyst 5 processes desired. The
separation and catal yst process nmay be substantially t he sane for each
conbi nati on of catal yst and nenbrane or nay be different. It shoul d

be under st ood M@ﬁe fsBfhe?s a@b%s@ﬁi%b@ﬁce?iﬂ%‘ﬁﬁn%ﬁ&f% F

W t hout isoneri'saLl on cata rqgl ciepr0|mt\é%stt8§t ecu ar S|eve 10

nmenbrane in eaSHHRIYM GRYC OBy 'é??@ﬂ@sﬂ?% Hﬁ'@g&

i nventi on. preEblMEateﬁﬂ:% oromord, peeferably 8@ % onmue and mustlpreferadw at 90 %

specification éﬂﬂU}éioﬁhécbara% r@eﬁﬁ’lmrﬁ%hé%{tmﬁ nembodi nents where two or
r

nore nol ecul ar sieve ane " units e used in sequence to each
other with %r without any further intervening processes or process

uRi ts. 15 THé exactIstze bkthe shaleeulaesibvandute willldspéntan pananthe i n Q?S
Peatures why oreourisnice Br bfelidy ot e idrabathiaft ik ofmBliess B3GR R e 10

features are Jwelaguiassieve mem&éﬂﬂﬁ wmtaan@mlbﬁ»e teterminssi to; latge ortem outhe 6.
20 . The zeambbst ofaniGmbrare sreaceqiirst fhaoHievEthidscdndnié Biget SFhdtdistot he

descr i bed 1 e FRERIARGAc R, e ﬁés*pﬁ&@”ﬁ&%oﬁ?%ﬁS“C“aroqias{@ma the
reference. In 'Leﬂdll’ed levet of permeationtaf the farddhroughtbe rhembrane, thernelativeul e
e It ezet 22 osi t ed Sﬂﬂféfjmé;nﬁﬁané%kﬁfélbééwe?r t H?B%%Lgr ma&h?i:h
nas il the nEcATUPSRRIA g 1BRY; Medenvired AVBOEn toiof e B fheripamentaty
i ncl ude the necatalysipresent inithe malecliarsiove membrane unit, the puritysef thddeed tonal
means and {gatmeamit. "THis AfayMsd iM@straBd for HRANBIK inPighfe Bvherein; the feed rate
is 500 moles/hr ands its composition is 20% paraxyiene, 20% ethylbenzene,
and 60% meta+ orthoxylene; the overall hydrogen to oil mole ratio is 3:1 with
1/3 of the hydrogen in the sweep; the membrane has a
. hydrogen/(metaxylene+orthoxylene) relative permeability of 100 an
20 ethylbenzene/(metaxylene+orthoxylene) relative permeability of 2 and a
paraxylene/(metaxylene+orthoxylene) relative permeability of 10; and
P1/P2=200/132 in psi units. Given these constraints the Figure illustrates the
relationship between wt% paraxylene in the product and the relative membrane
area (with associated catalyst) which is identified as a cumulative membrane
25 area factor required assuming a paraxylene permeability of 1 mole/psi/unit
area. : :

This factor provides an indication of the relative area of membrane required in
the module as a function of wt% of paraxylene in the product for a given set of
30 parameters associated with the unit and the membrane itself. Note that at the
upper end of the boid line, 100% of the feed has permeated through the
membrane. Also illustrated is that if there is a small amount of material which
is present in the feed which does not permeate the membrane then there
comes a point where additional membrane area is not advantageous. In that
35 case there is never full permeation of the feed through the membrane because
the non-permeables partial pressure increases to the point where there is no

24

SUBSTITUTE SHEET (RULE 26)



necessary to attach the nodule to the other conponents of the nol ecul ar
sieve 30 nenbrane unit. The nodul e may therefore conprise sone or all of

t hose features which are required to operate a nol ecul ar sieve
menbrane unit. wo9m7iéhe nodul e may conprise a housi ng pref er aBCYERSMROSISt
of netal such as stainl ess steel which can withstand the tenperatures,
pressures and chemcal 35 environnent to which the nenbrane unit is
exposed in operation. The nodul e will contain a nenbrane el ement which
conprises the nol ecul ar sieve

19 pantalpressure driving force for paraxyiene to permeate across the membrane.
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the nature of (= ' | el epent. L. the

housi ng [ tsfn'g‘ftéml?" n‘?’e"é%hg‘?“'éﬁe}?hgg’é%%%é“%?%@%ﬁﬁ%ﬁ'@% gﬁd Pge'?g'"ﬂescri bed
in W04/ 01209 ronditions syeh as damperabiresandipressure®or por at ed by ref er ence.
Anot her possi bl e arrangenment is to incorporate a nunber of menbrane

el ement s which ri | e on rops ,stai,nl ess steel
support within %“‘Sf gﬁ%ﬂ@ .én?f'fgnﬁﬁ% éﬁ@ﬁﬁé{ﬁ@é‘rﬁgﬁﬁs%&gﬁﬁﬁ% s are
wel | known i n tdetailed:description:wherein refenenge és madevo the acgompanying Eiguees. c

support for exanple when it is a 15 ceramc corderite nmonolith then it may
i sed.to incorpqrate the,

be required th%t sui1t bl e seals.arq . til
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Figure 2 shows a xylene purification loop comprising a paraxylene separation
unit, a fractionation unit and utilising a molecutar sieve membrane unit with
isomerisation catalyst.

Figure 3 is a xylene purification loop comprising a paraxyiene separation unit, a
fractionation unit and utilising a molecular sieve membrane unit, with
isomerisation catalyst, downstream of an isomerisation unit.

25 Figure 4 shows a xylene purification loop utilising an isomerisation unit
upstream of a molecular sieve membrane unit without isomerisation catalyst
and used for separating a paraxylene enriched stream that is transferred to a
paraxylene recovery unit.

30 Figure 5 shows a xylene purification loop having an isomerisation unit
upstream from a molecular sieve membrane unit without isomerisation catalyst
and used for separating a paraxylene enriched stream that is then transferred
to a xylene splitter.

as  Figure 6 shows a detailed schematic of the molecular sieve membrane unit |
used in the xylene purification loop described in Figure 3.
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unit and are known in the art. The nodule will also have nmeans for
I nt roduci ng the feed to the upstream side of the nenbrane and neans
for renoving the 20 product fromthe downstream side of the nmenbrane. On

the upstream ﬁ#(f’f"f’% modul e may be engi neered to provi qg-rAepevodss f Or
renovi ng retentate. t he downstream si de the nodul e may be

engi neered to provide a sweep gas to renove product fromthe

downst ream si de of the nodul e. The nodul e may al so be engineered to
all ow tenperature control by nmeans of heating and/or 25 cooling. The
nodul e may al so contai n neans such as val ving and pressure regul ators
to provide and control the pressure within the nodul e such that t here

i s either no pguses(istiatesdpn given membeane; the alpwableRressurgdseRitbl y so

that there i smaintdif$sininturdiupbeeamthydrodepitoillR{#E upstream and downstream
si de of the menbrane such that the pressure on the upstream side of

the 30 nenbrane is hi?her. The feed may be introduced to the nodul e such
that the 5 Figues8 lilustratesifera ojyenmaembeanedhealiowsbleprassure dropta 1 to 35

atm pref er abh¥intain miAPaA upsieRfhydRsgentb iR 2.y 15 to 25 atm The
average pressure differential between the upstream and downstream

sides of the nmenbrane may be. 0 to 35 atm preferably 2 to 35 atm and
nmost pr ef er abfFigus 9 Hlusatesthe rHatignshipof wt’s PARAXYENE:in the prodagtversusd as

an average asyjmfhfivdmémtiafe 5%&1&%&{%ayrgﬁtmembraua%ﬁe?a@wﬁﬁefiomtfe'am

pressures as you,.nove.along a nenbrane e
20 10 dertpig gandibansy
PCT/ EP97/ 00316 wi thin a nodul e depending on how this is

monbr anc. i 5 e e Eiesh fed SoRtainfig xylensg R hitrBadted RFa xpRe S |10
engi neer ed ormm@wﬁg‘é}f&@ﬁéﬂ? 1w'aﬁ ?%’mﬁéreﬁm r%wmﬁfa"wém@%asv,lﬁn%o as to
al | ow count ersptitter 2 containing materidie having boiing paints aboee xylenas ahd possiblyrodul e
Ovcep w5 GRHBRRG rfoxon G o i B 5 o xS 21
splitter containing xylenes and ethylbenzéne. The overhead stream 4 is fed to
paraxylene recovery unit 5. Xylenes are separated in paraxylene recovery unit
5 to yield a paraxylene rich stream 6 and a paraxylene poor stream 7. The
paraxylene recovery unit normally uses fractional crystallisation and/or
20 molecular sieve adsorption to sebarate paraxylene from other stream 4

components. The paraxylene poor stream 7 is then introduced to an

isomerisation (ISOM) unit 8 which contains an isomerisation catalyst arranged

and effective to promote isomerisation of ortho and metaxylene to paraxylene

and the conversion of ethylbenzenes to benzene and/or xylenes or other
25 compounds. The isomerate 9 from the isomerisation unit 8 is then introduced

to stabiliser 10. Stabiliser 10 separates five carbon and lighter compounds

from stream 9 through differences in boiling points. Five carbon and lighter

compounds are withdrawn from stabiliser 10 through line 11 and six carbon

and heavier compounds are withdrawn from stabiliser 10 through line 12. The
30  stream in line 12 is introduced to a DETOL unit 13 to remove toluene and

lighter compounds through line 14. Xylenes and heavier materials are

withdrawn from DETOL unit 13 through line 15 and introduced to xylene splitter

2. Normally fresh feed 2 and the xylenes withdrawn from the DETOL 13

through line 15 are passed through clay treaters which in order to simplify the
35 figures are not shown in Figures 1 to 6. As an alternative to the splitter 2

described in Figure 1 a rerun tower may be used. It is to be understood that
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operation. Thus the nmenbrane el enent may conprise a nultichannel ceramc
monol i th support in which some of the channels are utilised for introducing
the =~ feed to the elenent and sone of the channels are utilised for

i ntroduci ng thgyd9ipAageep to the elenent. The feeds may be ar recmERI7TOMGUgh
t he use of appropriate flanges and nmasking to all ow co-current,
counter-current or cross- - flow operation. Wiaen such a mul ti channel
nonolith is used the isonerisation - catal yst for use in conbi ned

i somerisation and separation is |located within-the feed channel s of

the nonolith. AHeN efdreNEs i rhbde 6h 3pittsr iNthis BedifisalibAdhatithisirsfeténce 4180
nmonol it hi c support but on.the stre mS|.della§fgr‘ﬁtf e %ﬁﬁ‘g{,a e. . Wen

f eed
desirabl e the @8ﬁ8§“ﬁ3§§?§nth3f"sﬁf§%rmo¥eé np tHSut pur ge)
wth | t he perpesesofthis @pplicationithe desgriptiont'splitiegshathbe usedovipgce wit hin
the modul e sugéﬁﬁ{iél-onh@quv\%ﬁs PEMIGVEY A thé BBEGThS alBY'rdien' sHlldassdd t he

nodul e as described, jn 4/ 01209. The nenbrane el enments may al so be
i ncor por at ed i Whendt et known designs for nmenbrane separation units
such as for exanple plate and frame nenbrane nodul es. Suitable ceramc

lith el - L NGied: @i 9 484 US 5
174 581 US 5 %’%% 5’Egmgegg%%%?@%ﬁ%ﬁ%%@@fﬂ%@%@éﬂ%, EP 0O
310 632 but wi PROGESE AEapgsment for pargxylane recayeni, Jhe first is thatihis combinatioppes
may be i ncor polofiprstess steps requives a significaritilecydly throagh tie lobptie ohderqpes known

ohs phace. iy fortord B BARINLR cbEsfle amoyi Bt Beerl, THIFE sty 8665 1 °
possi bly may bahefact hat dhe jsomeyisationunit ang processes afe: ¢ninabledo preduce
nust be at | eagiquilibfimiuratear agliibdamimistisre 6_i’ﬂlenéfd for tive reepcledn theat t helr eis
Theduate | Sor il ASALA BB BRI A0 g U Rile SRUERGLREL Y
Pref erably the usll is 1@imé2 aidh: Anathe lem is tbatpméggstmerﬁa&perpmgsses
450[ err] C as | eherecarg xylénes ysskSof up to 4% or higher. Thus with repeated recycles
21 ~this loss of xylenes to undesirable products may be significant. The loop
~ described in this figure has in effect a bottleneck which is associated with the
isomerate from the isomersation unit as this unit is only able to produce an
isomerate which comprises paraxylene at or near its equilibrium concentration.
20 This is the maximum amount of paraxylene which is being made available for
the recycle. §
Figure 2 shows a xylene purification loop according to the present invention.
'Fresh feed containing xylenes is introduced to a xylene splitter 21 through
fresh feed line 20. A bottom stream 22 is withdrawn from xylene splitter 21
25 containing materials having boiling points above xylenes and possibly
containing orthoxylene. An overhead stream 23 is withdrawn from the xylene
splitter containing xylenes and ethylbenzene. The overhead stream 23 is fed
to paraxylene recovery unit 24. Xylenes are separated in paraxylene recovery
unit 24 to yield a paraxylene rich stream 25 and a paraxylene poor stream 26.
30 The paraxylene recovery unit normally uses fractional crystallisation and/or
molecular sieve separation to separate paraxylene from other stream 23
components. The paraxylene poor stream 26 is then introduced to molecular
sieve membrane unit 27 (which comprises additional features not shown in this
Figure but which are as indicated in Figure 6 and description thereof).
35  Molecular sieve membrane unit 27 includes catalyst arranged and effective to
promote isomerisation of ortho- and metaxylene to paraxylene and the
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WO 97/ 27162 -
PCT/ EP97/ 00316 The nol ecul ar sieve nenbrane unit may be installed

downst ream of an exi sting xylenes isonerisation reactor or installed
as a repl acen&géy_%? %n | sonerisation reactor in an exi stg PEEPHIR¥ ene
recovery proc A - ol ecul ar sieve nmenbrane unit may be added to an
exi sting process solely for 5 separation of paraxylene from xyl enes, or
for both isonerisation and separation. The nost preferred option
according to the present invention is to have, as part of a xyl enes

| , |

| soner hsai on Caife Sieet AFBEARNS 1o belURE haikvienes B ofhef tpfibBinas.
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mol ecul ar 8i epenmaerstr&amuaﬁt The remaining mndonmstmsteamtmw&ene to
.Xﬁl enes or Vgﬁ. L i szlg{i?dr near eq%mbﬁw ASyIIRRY The 'p&ﬁngéteeédé\shbgntzgne
the | ower ope q&g’%’ﬂﬁ%@rmg%w éa&gg@gﬁparate&éé&pa%n hFignee 2)
conventional ios camblrmmcform icombined feled SOcanckintioducedhta stabiliser Ik a
i quid phase igyaufds ! ééﬁ"br&ﬂéb?wcregarbon GRS cbnBbaRISHoR N8Rt of the

present invention 1s the | ncor ecul ar 'si eve nenbrane

unit conpPsi Myoughsiffsrences A rgts, e garbon and ighisr.compaunds jage
recovery | oop mmi'amfrbhsstabihsmrm thergjunma 32 and six carbohanddreadigrel ow. The

xyl ene recoveangogﬁaéarégﬁawﬁﬁ ts?a@ﬁsé?sc?lt‘ﬂp@g fne 34.°FA¥ SfreleHl ifneS Nt

converted to pa rep I Someri sation

unit that is d§ﬁ§l3l'§"ﬁ" (S?at tPl&GﬂeliWPl'!Q tafe 25
Xyl enes are ceonpounds tisropgh ding lasneﬁmntsrmmweahuémmm areopithdrawh fom

|
B?E’gﬁ Z " eNgsS emf. QRit 'éﬁ' throdg'ﬁflﬁl‘éojq ﬁn& fﬁgt%d ?cﬁxylgﬂﬁ sﬁﬁﬁ’ergﬁ qP%dﬁPn
desired. Othdbig a{gq)daossmle taintroguee pilos 59@‘3@ ﬁB? §?§B directiydtethesat i on
unit if the fessletulat sieve nembrane unit27 e indicaté&anhmw | Thisiwoul® habethe ene

concentrati O”aﬁégntggﬁgf(@fhér'?ﬁérﬁgélﬁﬂﬂ%’%ﬁ tibh ¥ ardiyi eﬁﬁ ﬂé@e xyl ene

recovery | oop var I et sour Ce et rochem cal

cycle. Fresh mmﬂemeopuewmrfp% because ad“ﬂb@bpfﬁﬂmeéha feed wauldiuced
to the xylagne beadetivet from e indlectliftisisve membrarieiQhit protkRtirdihérthan from

introduction o, EAC, RAPKNRY Bniy P eqUilisHunk BF hehPed GiliBfin paraxylene
concentration. However this approach requires a larger molecular sieve
membrane unit , and may require a larger retentate stream to purge heavy
aromatics brought in with the fresh feed, so there is an economic optimum for

25 each application regarding how much, if any of the fresh feed to route directly

to the molecuiar sieve membrane unit. For example in a retrofit situation where
the paraxylene récovery unit capacity is limiting the plant production rate, it
would likely be advantageous to route at least a portion of fresh feed to the
molecular sieve membrane unit.

This embodiment of the present invention has a significant advantage over the
conventional process as described in Figure 1. The molecular sieve
membrane unit produces a permeate with a greater than equilibrium amount of
paraxylene and a retentate which has an equilibrium or near equilibrium

35 concentration. The combined products will have a higher paraxylene content
than is possible with the conventional isomerisation unit, which is limited by
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35 ‘materi als boiling below the boiling point of xylenes, and may

eptionally al so be fractionated to renove at | east part of the

mat eri al boiling above the boiling

22 WOB7R 71627162 PCT/EPI7/00316

PCT/ EP97/ 00316 poi nt of xylenes. If lower boiling materials are

not renmoved fromthe fresh feed, It is introduced to a detol uenizer

tower ("DETCOL") which renoves tol uene and | ighter materials by
~distillation. The feed is then introduced to either a xylene rerun

tower or spli té@mhbmxmywma thesastréeamse are Eeuyrzlesl t6Me paraxylene secoveny thie 5

feed. A xylene of the

ort hoxyl ene for"kg %&gﬁbgtns mri%rc%"\g/é’% W ﬁOﬂS lhg%?:%e@ﬂ'{erre

or t hoxyl ene mcreasrm@romﬁs pwlemewew@n%fqywwerﬁexdr which i8 aconbi ned
with a recycl eproblem #ithagsnvehtioral proces sés O thisernpbdinterit Samvletular @ieveni t

The over nectl_ suParpe shitiEFecitaa st %gﬂiﬁ%‘?‘ﬁkigﬁ#&%?@{%r i

typically a ni senvest ethylbengens aad mu;rres a molecular sirye rne rang which ﬂm
aromatics, 0 teeréctr\ri ér%étﬁﬂﬂené ahd e&ﬂrbrfs%nceptabﬁﬁusd PPN e nierhBraki@, W %80

C8 napht henes d to 95 Wt % xyl enes Si t w | |
depend on the §P@§H‘%@"§ﬁ&’? ﬁ fed ysin gﬁl@e&ﬁ{ﬁ@&éﬁ?@ Qé%&-n t he

i someri sati on LAISGmethods desaribed @bowe. si eve nenbrane unit. It 15  shoul d
be appreci gged that the fresh feed to the xyl enes recovery | oop coul d be

mbi nat i d di bove. T it
Goul d be-a contheRASHasH BSfaried SpROIEeRL HPRINYSIIG 1 SOWE i EBHEE 1 om o
TATORAY[ err] oFresBTesi eonfaining xylenesms introducedd-topaiene/splitter 4 ¢ througly freshcess
O i oPr o o 0eRMHR!AC A Bitioh GRHm Bofiftiy 0 carbdilbid hEBiePSrbaRRe’ - FO!
Xyl e 00 ere esen

exanpl e when the process is nes
fractionation 2% Pos#blyicontaining athoxgene rﬁm@#ramn ffﬂrﬂé‘!@e spli er th"°'~'9h
15 line 42. An overhead stream containing xylenes and ethylbenzene is

withdrawn from xylene splitter 41 through line 43 and introduced to paraxylene
recovery unit 44. Paraxylene is recovered in a paraxylene rich stream 45 while
ortho- and metaxylene are recovered in paraxylene poor stream 46. The
paraxylene poor stream 46 is introduced to an isomerisation unit 47 which

20 contains an isomerisation catalyst arranged and effective to promote
isomerisation of ortho and metaxylene to paraxylene and the conversion of
ethylbenzenes to benzene and/or xylenes or other compounds. Isomerised
product is withdrawn through line 48 and introduced to molecular sieve
membrane unit 50 containing molecular sieve membrane, catalyst that both

25 isomerises ortho- and metaxylene to paraxylene and in which unit there is
selective permeation of paraxylene through the molecular sieve membrane
relative to ortho- and metaxylene. The molecular sieve membrane unit 50
comprises additional features not shown in this Figure but which are as
indicated in Figure 6 and description thereof. It should be noted that in this

30 embodiment the catalyst may be incorporated into the membrane or preferably
it may be located-on the upstream or inlet side of the membrane but in close
proximity to the membrane or, in a less preferred embodiment, the membrane
itself may be catalytically active or rendered catalytically active. A stream
enriched in paraxylene is withdrawn from molecular sieve membrane unit 50

s through permeate stream 51. The remaining material leaves in retentate
stream 52. Permeate stream 51 and retentate stream 52 may be treated
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units after the nol ecul ar sieve menbrane unit but before the par axyl ene
separation unit and which are present to renove various products and or -25
impurities fromthe recycle stream These additional process units include

for exanpl e iliser units, DETOL units, clay treaterg

_ 1 1 1 CTXAPS RS
splitters, xyl‘é'Re"gE;l% re-run towers etc. It should be un’gerstood
that in the present description when reference is made 30 to a feed to, or
mat eri al upstream of, the nenbrane in a nol ecul ar sieve menbrane unit

being at equilibriumin xylenes, this nmeans that it conprises a

o UTE Cqut Y ieTRRirY st Flolfe 3 BLE8Y e B fbinkiber 30 g5y AbuoL
cont ext by nedntroduceddostabiliser 4 iStabilisertS4-separqtes five carbopapdilightes xy| enes
in which one %rr‘!?yuﬁdgffroﬁ?stréﬂﬁ_mhﬂi@% difiéreRbés A toilfig pdifts! Five carbon

L | bk e b oreer S G nd B i

Z?C):T ’ / 5 carferPandRéavder compounds are withdrawn from stabiliser 54 through line
PCT/ EP97/ 0031 - : : online hich
is greater t hg‘-’n& (e srtrear?ﬁﬂ ﬁﬁ%??l r %u@%d;tggﬁh rat |Lo€,'1,i't %W{éﬁ% tafu'eﬂE

e |
m xtures the Wdi@?ﬁ@r@mg through '"eﬁsemneiaweﬁvéﬁ%%ﬁﬂgéigﬁ%? erably
80 %I) QL nor e @ﬁﬁdﬂ?ﬁﬁ froreDETOY ynits7 ftotgh line 59 anduntroduiced e xylana splittare
equi librium cohc r . : [
modul e wi || de‘ﬁ'eﬁﬁ adﬁ“‘eﬁpt 'f"‘o"i‘,”‘% B%s?'ﬁgq?ﬁ%bgﬁ%ﬁf%@%@%}%ﬁg | o{r??c%gr “the. ?Ve
cheni cal ploantintnedugieddoe e issmerisationbait B arito the molecHer sieus Ferabrane unit
nmenbrane unit spek téiboth BS intidRedatihted 60 andr 8. Thkesasonfor Dsing such anmount

be taken | nt o SPUtGEANeRAire=gy 88h Higbubhed ARGV B Teluod 18 Plaud 27 pieig 0
t he r equifrash feed to eigherthe ispmerisation unit viz inabQ of hednolepdangigy® ane, t he
relative membrane unit via line 61 would have similar benefits in terms of reduced
15  xylene loop recycle. Using line 61 reduces flow through the isomerisation unit
versus that required if line 60 is used. However it may still be advantageous to
utilise line 60 , since then it would combine with the feed in line 46 and could
use the same pumps and/or reactor preheating equipment. This may be
particularly advantageous if the molecular sieve membrane unit and the
20 isomerisation unit operate under similar conditions where isomerisation unit
effluent flows directly to the molecular sieve membrane unit without the need
for heating, cooling and/or pressure change. In that situation, stream 53 would
typically be cooled by transferring its heat to the isomerisation unit feed to
provide at least part of the reactor preheat. Such feed/effluent heat exchange
25 systems usually work at their most efficient when feed and effluent flow rates
are approximately the same. The optimum distribution of fresh feed among
lines 40, 60 and 61 will vary depending on plant constraints and economic
factors, and should be determined for each individual application.
Conventional processes without molecular sieve membrane units have littie
30 incentive to route fresh feed to isomerisation because the feed normally
already contains xylenes in approximately equilibrium proportions so
conventional isomerisation would not significantly increase paraxylene
concentration to metaxylene and orthoxylene versus that already present.

35 This parﬁcularly preferred embodiment not only has significant advantages
over the prior art process of Figure 1 but also surprisingly has some significant
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perrfeabi lity of the nenbrane for the desired paraxyl ene over ot her
conponents of the feed, the required hydrogen to oil ratio for the

| someri sation catal yst present in the nol ecul ar sieve nenbrane unit,
the purity of thgef£ré to 15 the unit. This may be ill ustrat eBCTBPI7TORIMEDI| €
in Figure 8 wherein; the feed rate I's 500 noles/hr ands its
conposition is 20% par axyl ene, 20% et hyl benzene, and 60% net a+

ort hoxyl ene; the overall hydrogen to oil nole ratio is 3:1 with 1/ 3 of

t he hydrogen in the sweep; the nenbrane has a
hydr ogen/ ( met agyvaait b#@tlyihﬂfﬂgurel%ﬂhecqmbmn&bh lof the nsbmbﬁéatlmrﬁﬂ

thyl b /
par axy enel ( o L B sBERBtariefit dn SRSl efind sttt

P1/ P2=200/ 132 enabjes ﬂtmb@rseﬁqalaénbwtﬁégébe%w@atprhescqm@npﬁ r@a¥'m‘lﬁ%t rates
t hF : relngt parsiienelprbdectionVTHersmbodiimentin Figlle2 pequitesta panicmlhﬂyt g
relative menbr entifie
as a cunul ali v%ﬁﬁgﬁﬁﬁ%@@ é‘%‘tet @e@'@?@‘ﬁr &ﬁ;?%éiﬁggé%&é g%th@%ﬁipwhﬁ:pggyl ene
per meabi | ity oderivetiremnghe paraxylene reoweénumt is sagmﬁnaeﬂxf@meiedpn ovi des an

| ndi cation of phgxyRha! THe p’ﬁrﬁ@léﬁe EBHBRERSY béf’dﬁ ib@cas 1% or |es§mh mul e as

f unct f W % of t
ar anet et assBePaPe RBRIO MR and mElEREShe. HRkREnFedE Ard Fpd erigunts o
t he upper omtneofnatm!@omsslmemm thabtheanolerular sieweimaembmnesunitsousthr ough

t he ”WerE%me%S@nem ié%iﬂe??sé‘hésieéd‘@t profiuéd Bicreg .rad%mddnt grrount of

mat eri al whi ch sent

nmenbr ane t hen pﬁ@xglene edn @8&@"53 (ﬁ'cﬁﬁ 0@??8#%3'3@@'?%0@%[4 Wt &?é%n i s

not advant ageoofpararyiehedepéndsons the membrane popertiésiand resomacasewill t he
reed through ! AgedRiBe e Iﬁﬁgﬁﬁ‘or near eblifibfa RRHITE YR kjenBSd betield eSSUT €
i ncreases to the point ere no
24 maxiyym mcy inthe process otherwise, the material permeating through
PCT/ EP97/ 098 16the membranemalyiatlegst initially hasie below equilibsurhargedene/| ene to
permeat e acr osgoh b ZRBR WHith could be worse than that achievable in a conventional
isomerisation reactor. Furthermore the molecular sieve membrane unit must
also efficiently convert ethylbenzene or this will buitd up in the xylenes loop.
The use of an isomerisation unit in combination with the molecular sieve
20 membrane unit in Figure 3 overcomes these deficiencies with the embodiment
of Figure 2. Firstly the isomerate from the isomerisation unit is already
enriched in paraxylene and is typically at equilibrium or near equilibrium with
respect to xylenes. This means that the molecular sieve membrane unit only
has to maintain the isomerate in or near this state to enable the membrane to
25 work efficiently. Secondly because the isomerisation unit has the capability of
. ethylbenzene conversion, the ability of the molecular sieve membrane unit to
destroy ethylbenzene, although desirable is not critical. Typically promoting
xylenes equilibrium is easier than destroying ethylbenzene. The negative
aspect of xylene losses which normally occur in the isomerisation unit is offset
30 by the greatly reduced recycle needed when using the molecular sieve
membrane unit in this embodiment. Also if the molecular sieve membrane unit
does have at least some ethylbenzene conversion capability the isomerisation
unit does not have to do as much of this conversion. This would allow for the
isomerisation unit to be operated under milder conditions which may result in
35 less xylenes loss in the isomerisation unit. Also because there is no need to’
for the feed to the molecular sieve membrane unit to be brought to equilibrium

3
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As the feed noves through the nmenbrane nodule, it is depleted in xylenes on
the upstream side and equilibrated in xylenes by the isonerisation catalyst
there is a danger that the partial pressure driving force for paraxylene

diffusion 5 will be reversed and that paraxyl ene already se ’gf&'ﬁ rom
the feed wil| VRJ#e7162 back across the menbrane, undesi rable g t he
per nmeat e paraxyl ene concentration. The point at 'which this will occur
for a given feed will be a function of the menbrane properties, the
feed corrposition and operating condi tions such as tenperatures and

t f th t

eccribed i n P wih S in JEAARIT R SomBThimBlarts pish URFBIROWe  ence i s
made to the aembedimentni marguee%srgmﬁcantmega catalyss aoddbecsignificarnitiysmalley | enes
aO?Pag?rgrraf: ﬁﬁsxﬁ% E@ﬁﬁé)‘é&ﬂﬁth‘é@ﬁél’eéﬁlh?&ew méfﬂbrtane%lt' v'?l? Eéartﬁlagiré’#"fdi'n' t and
conprising a P& téﬂ@% QBQPH%%M,Perﬂe?‘LﬁWQOJ(éepFQ@I Wa# P(S?P'Uﬁﬁneand
utilising & nwasqueparedibythetASEmaetinodtand reparated withpolyimiciet this cat aI yst .
20 Fi |

| QU greBnbraing had t?ﬁi%apéé’léétivﬁ?&' aﬁdrgeﬁzﬁiaa gﬁysolﬁrrg?@;an@ﬁr i ar S ove

separation unit act | ona I on_un

meﬁbr ane uni tP (ﬁxylrenelethylf)g P%'ﬁ”‘)f XYIROR s P

i someri sati onwheré. 25 Figure 4 shows a xyI ene purifi cat i on I oop
utilising an isonerisation unit upstream of a nol ecul ar sieve menbrane
unit without isonerisation catalyst and used for separating a

par axyl en®® enriched streamthat is transf erred to a par axyI ene

recovery unit. 30a Figere Yl t g ;3 e frolee
w thout T somer i sati on cat’ﬁftyéf%‘“éﬁ %%ﬂ%%% fsoira%%ir F%??;a?,zr axyl ene
enriched streamthat is then transferred to a xylene splitter. 35
Figure 6 s howwmmrsahémﬁnamﬁn%mmﬂaﬂ \ﬁmhﬁﬁsdih&i@hﬁﬁm ini t
g;ed N e e MBIl bidiR heMbraPuiit 158 bRsfictad 1dve? By Somiputer modeliing

of paraxylene in the feed leaving the molecular sieve membrane unit compared

to the isomerate leaving the isomerisation unit may surprisingly be as high as

55 wt% compared to 22 wt% (the equilibrium concentration if about 10 wt%

non-xylenes are present). This may provide for an overall increase in

20 paraxylene production in the cycle of 50% or more. Suitable membranes for

use in a molecular sieve membrane unit to provide such improved performance

are described for exampie in USSN 267760 filed 8th July 1994, PCT

US95/08512, PCT US95/08514, PCT US95/08513 and PCT EP95/02704.

25 Figure 4 shows an embodiment of the invention using a molecular sieve
membrane to separate paraxylene from a xylene stream. Fresh feed
containing xylenes is introduced to xylene splitter 101 through fresh feed line
100. Compounds boiling above xylenes and possibly including orthoxylene are
withdrawn through bottom stream 102 and xylene and lighter boiling

30 compounds are withdrawn as overhead stream 103. Overhead stream 103 is
introduced to isomerisation unit 104 through intermediate line 105. The
isomerisation unit 104 converts ortho- and metaxylene to paraxylene and
promotes the conversion of ethylbenzenes to benzene and/or xylenes or other
compounds. Unconverted ortho- and metaxylene along with paraxylene are

as withdrawn from isomerisation unit 104 through line 106 and introduced to
stabiliser 107. 5 carbon and lighter boiling compounds are withdrawn from
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WD 97/ 27162

PCT/ EP97/ 00316 Figure 7 Illustrates for a given nenbrane the

al | onabl e pressure drop to mai ntai n m ni nrum upstream hydrogen to oil
R1=1. 5 FigupomPnbl | ustrates for a given nenbrane the al | oREHER7PBEsUr e
drop to mai ntai n m ni nrum upstream hydrogen to oil R1=2. Figure 9
Il'lustrates the relationship of w % PARAXYLENE in the product versus

currul ati ve nmenbrane area factor for a given nmenbrane operated under 10
certain conditions. In Figure 1 fresh feed containing xylenes is

i ntroduced to gamisaMO7thldughdine2108 with tHi balghicd oEmatdrabaithdragmithrofighot t om

t 3 t h | t |
bevi oo boi 1 Y?d { @ End frfBabey ﬁ"@%“@n it A, Foluhe and 3RbiEH ﬁ#ﬂgg rrertans
or t hoxyl ene. ﬁeﬂ'ﬂ'@@wm P BRETR w1 %/qmligib“f}@y‘l ‘Enand xylenes

splitter cont aaralvwmdtwvﬁ f#ugh ine | 12 ldadnidtesducedite nivieclisesievd meaibrané s f ed

to ar.ax Ien e t arax | ene
ecovery urf t UAt 114 gk éf%‘%{%ﬁ%@@%ﬂ%ﬁﬂ#@fﬁ?@% o SBE TC
poor stream 7.m@&mbrane thabisrarrangedandefiactive tmpannmselqupmmtwm attional
ey axyl ene. L%’aﬂﬂéﬁé reibive Y e, Shd TSNS OMesl Blraxdleh RGaun. cam
7 is then intr H{HQQCP?'B’EQ fiream 136@5\“@& tpmfﬂ?n éﬁ"Wé‘ﬁ‘Réa ai ns
an i soneri sat i Mastoarthal- pad roetaxylgnel are wnthmamanmleeulaosagve)nmnbrane

| soneri satj,on 1306t nver si on
of et hyl be4nze it ﬂs%zenrg%]d/ or, %%#ggseaﬁarqf&gt Ieﬁé‘@gﬁﬁég mThe_

i sonerate 9 fr PW@W‘?BW?@"&W Wt {15 sepam stm"?'ﬁ{‘? 8'8
stabi | i ser 10.métaxylehes SardxXylerepia withesawn through bam)qlmllelncgfstreancmﬂpaudlds

ghter gchﬁp"%‘ﬁ%sc“fmbga i ethofete Wﬁﬁﬁ“‘%ﬁﬁﬁﬁigﬁﬁ 011 ang

si x carbon p@xy Ggeﬁma isriptrediced,t isomerisation ggacter
t hrough |ime 1‘m4fﬁkmg?ﬂm&o&amémaiwemallarpartmﬂbverﬁea&étrémallﬂa:?ﬁ&bamt 13

to remove tol ygaesd@ the molecular sieve membrane unit 113 via fine 119 and 112. The

optimat routing of stream 103 depends on an economic balance amongst
several parameters, namely isomerisation unit per pass xylenes losses and
ethylbenzene conversion and the molecular sieve membrane unit's relative |

20 selectivity between paraxylene and ethylbenzene. Routing steam 103 to
molecular sieve membrane unit 113 has the advantage of avoiding whatever
xylenes losses it would have incurred if it had been passed through the
isomerisation unit 104. However there is a potential risk in this instance that
ethylbenzene will build up in the xylenes loop. For example if molecular sieve

25 membrane unit 113 ensured that all the ethylbenzene was retained in the
retentate 1186 the ethyibenzene would be retained in the xylenes ioop without
removal or destruction and would build up indefinitely as additional
ethylbenzene is brought into the loop in the fresh feed. However if the
selectivity of the molecular sieve membrane in the unit was such that a

30 substantial portion of the ethylbenzene permeated through the membrane and
into stream 114 then that portion of the ethylbenzene would pass to the

isomerisation unit 104 via lines 115, 118 and 105, where some of it would be

converted thus limiting its build up in the xylenes loop. There is also the
possibility of an intermediate case where a portion of the stream 103 passes to

35 the molecular sieve membrane unit and the remainder flows to the
isomerisation unit. In this case the flow to the isomerisation unit acts as a
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| i ghter conmpounds through |ine 14. Xylenes and heavier materials are
wi t hdrawn from DETOL unit 13 through line 15 and introduced to xyl ene
splitter 2. Normally fresh feed 2 and the xylenes withdrawn fromthe

DETOL 13 throu%gzl i ne 15 are passed through clay treat er?ﬁ@ﬁﬂg&g‘
order to si rrpIWﬂP"{z 35 figures are not shown in Figures 1 . n
alternative to the splitter 2 described in Figure 1 a rerun tower may

be used. It is to be understood that
26 WO 97/ 27162

PCT/ EP97/ 0931‘%5%? to %r_eveﬁ‘ﬁﬁa buftd S ethyiberiZBAS tb ﬂnaoéagitél?h?évélg'ifﬁéﬂ S
specification'tHat this referenc | so enconpasses the _use Of. a rerun
tower in pl ac@maunt Rgngﬁgtpqqtgfqug%cfgemgnbrane ‘Bﬂ?ggmb’af‘eluﬁft:&s msHfficient.i on
the descr id pt i Ghe"cptindl bafdhce ishblidite datenninkd for each spetificcapplication amwwill ene
I's renoved in . . tt 1S not.
There are a ngkgg?&)gbttﬁlgg?a%{‘ %S@éﬁb a%%%%!’%t@%#ﬁ'?%?%@%f%i onal
process ar fandfomerisatiop catalyst gmangst @betsery. The first is that this

conbi nati on of process steps requires a significant recycle through

bar axy ! ane.  TATBir SutibdimefifBkifie iniBnliBH 16 RHRMY IR SR £ VAR Uleper as2 | on
unit and procé#sesisiced do xylepe splitter:201hrougbdresh feed djne 1200: iGompoundsar
ypl cal | concers g Bbeve i Bty poit b SRS pbEsIbl Some of tha cibotiEne | |
P67 098 ° s waththed S leh dPlnen 2 FrodiBotern ine 302 Hrenpsanst sos. 15
there are xyl ethyibenzepearewithgrawn thyough dveghead stréans 203tand intredtiest toecycl es
this loss of yulBaRhelrBctVEl Hnit 204e FRISHSHESIsWith it%hbhgﬁpéxgﬂ}{’e | oop
described in this fi has 1L.n effect.a pottl ene whi ch™1' S assoc| at ed
with the  fichstepm205 anderthe andmeteyiens are withdzaw firoush parplene y
abl e t o produpeonstream 206s Raraxytienepoartstreanp208 issinprodescad toren at or near its
equi 1 bri yg confpfdisafibh @it 207 through line 208. Isomerisation unit 207 isomerises
ortho- and metaxylene to paraxylene and promotes the conversion of
ethylbenzene to benzene and/or xylenes or other compounds. The isomerate
is withdrawn through line 209. The isomerate mixture which contains a near
equilibrium mixture of ortho-, meta- and paraxylene is introduced to stabiliser
20 210 through line 209. 5 carbon and lighter compounds are withdrawn through
~ line 211 and heavier boiling compounds are withdrawn through line 212 and
introduced to DETOL. unit 213. Toluene and lighter boiling compounds are
withdrawn through line 214; xylenes and heavier materials are withdrawn from
the DETOL unit 213 through line 215. Xylenes and heavier materials in fine
25 215 are introduced to molecular sieve membrane unit 216 which comprises a
molecular sieve membrane arrangéd and effective to permit selective
permeation of paraxylene there through. Most paraxylene is withdrawn
through line 217 and introduced to xylene splittér 201. Ortho- and metaxylene
are withdrawn as retentate stream 218 and reintroduced to isomerisation unit
30 207 through line 208. However it will likely be necessary to purge a portion of
this stream to xylene spilitter 201 via line 219 to avoid an excessive build up of
C9+ aromatics as they will tend to stay in the retentate and not be removed in
the stabiliser or DETOL units.

35 Figure 6 illustrates one possible arrangement of additional components which
may constitute the molecular sieve unit used in the xylenes ioop of Figure 3.
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20 This is the maxi mnum anount of paraxylene which is being nade avail abl e
f.or t he recycle. Figure 2 shows a xylene purification |oop
according to the present invention. Fresh feed containing xylenes is

i ntroduced to gygyheme splitter 21 through fresh feed |i n@CREPIH0316
bottom stream 22 is withdrawn from xyl ene splitter 21 25 contai ning

mat eri al s having boiling points above xylenes and possibly cont ai ni ng
ort hoxyl ene. An overhead stream 23 is withdrawn fromthe xylene

splitter containing xylenes and ethyl benzene. The overhead stream 23 is fed
to paraxyl ene Feastures A torfi aredthe componeptsiwbichapakeiup the mojroularsiayiec

recove[y ZG%b%ﬁ%iWFéb{ﬁ{@m3%ﬁhw&né hﬁauféivﬁ%mo%ﬁ\p?ﬂésé pa{ axy! Fne
poor stream . e ar ne recover upni nor ma uses racti ona
ooStal |1 ot | SmeRyADp et A mersaia tatlysh nBSTOM of s Hambrale.
par axyl ene froifhetfeed 600, feonmtie conventivnabisomerisatiamunip G0 teptessithepoor st ream
26 is then e h%ﬁ%ﬂ?tnﬁodmb?ﬂ)lhﬁﬁo withobt 84 ﬁaﬁﬂtﬁeii;?g BPESolfhg, (N‘Q\bvﬁﬁp

d 2| whi ch are

' it J t t t . e but
as | ndicat ed | BeFRArRIECER Ip tedpemBraNs moduleknoint S02. NI eWPep 985 & c
nmenbrane unit gupplied tothe unittamdyheid withimiecuritwithih facsweepegasorecycle igpomnot e
| somerisation ?Bﬁg\@%ﬁ%%&ﬁfe%&: SBfmpriBe & SX¥bH BSs ABMptdisor (A), a

27
PCT/ EP97/ 0031 6feed/eflluent exchanger (B). 3 sween@asdieaterdC) 3 mambrane mecduyie (D),

xyl enes or 19t hpg-routene feetifeffluent exthanget (B).cooles(B)y andrhighrpressusé separator

| ectivel 1t | A
Fol ative ty o (i Tog RicFgd 665 Hnd syeepRBnBiiing e XIbALE et PRAIHLC . |
wi t hdrawn f r onPRéase grmbingadiinto astream 0% which.passes tatheigh PERSSUER r eam 28.
The remai ni ng gaparatsr (D) (via the fled/saéntanichdAgen\(®)aid cooleri(EEpand ino®hizh

etentate st r ol BodiERtaah B feridyl B5m (o Bueril Grd e gas),) *° 7
15  which is recycled to the sweep gas compressor (A) and back to sweep gas
heater (C) via the feed/effluent exchanger (B). The product stream 605
comprises approximately 50 wt% paraxylene. The other features of Figure 6
are common features used in a xylenes loop and need no further explanation.
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or conbined to form conbined feed 30 and introduced to stabiliser 31.
Stabiliser 31 separates five carbon and |ighter conpounds from stream 30 10
t hrough differences in boiling points. Five carbon and |ighter conpounds
are with m stabiliser 31 through Iine 32 and six

heavi er g%@%@ﬁﬁig are wi thdrawn from stabiliser 31 througﬁ%F?%@”§§F
The streamin line 33 is introduced to a DETOL unit 34 to renove

tol uene and |ighter conmpounds through Iine 35. Xyl enes and heavi er
materials are withdrawn from 15 DETOL unit 34 through line 36 and

i ntroduced togip®e splitter 21. In addition it is also possible to
I ntroduce all or sonme of the fresh feed directly into the nol ecul ar
si eve nenbrane unit 27 as indicated at |ine 37. This would have the
advant age of flurt Aanethodrafgsbcassingea bydrocarboatfeedstrdanp somprisiage i n. t he

| DHelnal ' t] h f eed
ﬁgﬁfﬁy28”%2%3?5’35*?‘?8@fﬁ%‘ﬁﬁ?ﬂﬁg'}‘ﬁ%%%sﬁ%n%’?%ﬁ% SiiodtizeAngs ¢ ot her
than from$ t hEWRHERS P@Q%m&"&ﬁmwmm | i briumor near

equi li brium paraxyl ene concentration. However this approach requires a

| ar ger nol ecular sd : PR ' Lre.a_|arger
retentate strg m féo&gg"" bKeavy &%%E%?Qggpﬁﬂ@ﬁ%ﬁsw fh the fresh
‘feed, so there isPaRX¥EHRIRPVESY LNtAROMAN obsaid paraxyiameifeamn ableastaar di ng
how much, if any portibhefisakifeet stgaimttorprodivce’a fift stréam haviriga traguadd ecul ar
Si eve rren‘%ane unPL @E'e

y unl

par axyl ene recove cagﬁ'?ﬁ*‘?ﬁ‘fﬁﬁ%&! ﬁ%é%ﬁt | n%v\n%{?&q% '?%F?g, It

%
woul d” | i kel y be aBPeRRiofveisaid pae ppother isomers of xylepe, sdid sthylbenzend, dreed t o

t he mol ecul amixtusther@opr ane unit. 30 Thi s enbodi nent . of the
present invention has a significant advantage over the conventi onal
process as described in Figure 1. The nol ecul ar sieve menbr ane unit

produces a pefleapassing at lgagha potiontaf saiddfirst stream ton amolecularsieve

par axyl engsand a_meirtrané Gnitebfiprising 2¥MoRakilar kvl fibMbrat@Aind iskh 0T | Um 35

concentration. Th%ccﬁgaol ntgd ﬁ\r?oducts w Ll have a -%%p.ermﬁar axyl ene content -

than i s possible FPPGESINALIReRGIMERte withdrawn thrquah;the malectlprisiove s | i it ed

by membrane and from the molecular sieve m@#fibrane unit is enrichifd 7/ 27162

PCT/ EP97/ 00316  paraxylene when compared to that portion of the first stream fed to the
molecular sieve membrane unit .

20
2. A method as claimed in claim 1 wherein there is a additional step (c)
which comprises recovering paraxylene from the permeate of step (b) by
separation of paraxyle'n_e from the other components present in the
permeate.
25

3. A method as claimed in claim 2 wherein the recovery of paraxylene
comprises feeding the permeate back to the paraxylene separation
process.

30 4. Amethod as claimed in any of claims 1 to 3 wherein the molecular sieve
membrane unit further comprises isomerisation catalyst under
isomerisation conditions.

S. A method as claimed in any one of claims 1 to 4 wherein at least a
35 portion of said first stream is subjected to an isomerisation process in an
isomerisation unit to produce an isomerate having an enriched

36
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equi librium When those streans are recycled to the paraxyl ene recovery

uni t via the xylene splitter the paraxyl ene concentration is increased
t here; i ncreasi ng per pass paraxylene recovery and reducing recycle
which is a wobfhAkem wi t h conventi onal processes. In this BGHEBIVAGHS t he
nol ecul ar sieve 5 nenbrane unit is required to relatively efficiently

| soneri se xyl enes and convert ethyl benzene and requires a nol ecul ar

si eve nmenbrane whi ch has selectivity for paraxyl ene and exhibits
acceptabl e flux through the nmenbrane. Such nenbranes may be prepared
usi ng the LAl -1 SCpagaxyiene smteniccopmared to that of firstetreamhand aﬁé@&ta pethoabove.

10 The parti 4¢ltRé sonierafeds passeiendit Mdbcfibr §ibfe nibnrah@inits shown in

Fi gure 3. Fresh feed contalning xylenes is introduced to xyl ene
splitter 41 through fresh feed line 40. A bottom stream containing 9
carbon and hedi erA owtiadias slaimed ineclainp ¢ wdhedin the peaneategvithdrawn floeme i s

Wi t hdrawn fyom Xy'tﬁa?ndaaé'n&ﬁﬁévé%mmnéﬁnméé &d-in é?réw%fnﬁ%%p%ré am
cont ai ni ng xyl enes and ethyl benzene I s, w t hdrawn from xyl epe, splitter
41 through 11no 430 3neieAvibtm canceniration of paEaxyiens In 3 iRRRs SAIuR), ;.
Paraxyl ene is recauixturd. i n a paraxylene rich stream 45 while ort ho-

and net axyl ene are recovered in paraxyl ene poor stream 46. The
par axyl ene poor stream 46 is introduced tq an isonerisation unit 47 which

20 contains ah i dvmathedas slained in gjaim 4 whereip dhe, RaraxylepeTegevary Upitonot e

i someri satigon of qiontprisesch fradtionyll crystallisatior unill ene and t he conversion of
et hyl benzenes to benzene and/ or xyl enes or other conpounds. |sonerised
product is withdrawn through |ine 48 and introduced to nol ecul ar sieve

mermbr ane unit &0 domeihed ag claied in claimy | whereip the paexylenedegevery Malt both 25

i sonerises ortho- contprisesaatyddsomtion sepaationaumi. and in which unit there is
sel ective perneation of paraxyl ene through the nol ecul ar sieve nenbrane

relative to ortho- and netaxylene. The nol ecul ar sieve nenbrane unit 50
conpri ses #ddiQ.i ofamethed as slaimed inselaifm 1 wherein she pgtaxylepgrecpnery upite as

i ndi cated in Fi gur@niprised dhafdebigtion&ephahitionQnit ih lcofbitdtidbntigitnat ed that in
this 30 enbodi mer}t a.he Cat%lélﬁSti(?ﬁad'ﬁ‘. e incorporated into the nenbrane or

preferably it ynﬁlecry Taé he upstreamor inlet side of the
menbrane but in close proximty to the nenbrane or, in a |less

prefer (rjed Snbogb'. lrreuto_ineﬂ?dliwag‘eftahﬁ@m claitm 1 Whepeih mmdm:rﬁrtgéws ﬁﬁﬁ‘iﬂr?inéwt ive
Wt har awn F5 om ol ARKIPASGRE S RvERS Aainoxuiengd6 PRIRVIT,  per meate
stream 51. The remaining naterial |eaves in retentate stream 52.
Permeat e streafq, Sl fidthdd,he blafthéd M AISH™ Whetik the mdiédisitieve membrane

unit converts ethylbenzene to benzene and/or xylenes and/or C4p

_ aromatics. ' :
25
12. A method as claimed in claim 1 wherein the molecular sieve membrane
unit comprises a molecular sieve membrane which is activeas an
isomerisation catalyst. '

30 13. A method as claimed in any of claims 1 to 12 wherein the hydrocarbon
stream comprises predominately C8 aromatics.

14. A method as claimed in any of claims 5 to 13 wherein the hydrocarbon

feed is additionally or alternatively introduced to the process directly to

35 the isomerisation unit, directly to the molecular sieve membrane unit or
both. '
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29 WO 97/ 27162

PCT/ EP97/ 00316 di ffereﬂ{—l—y—(—ﬁe{—shﬁvm—rﬁ—ﬁ gure 3) or they may be
conbi ned in line 53 and albl i ser 54. Stabiliser 54
separates five car bon and i ght heert ¢ om st ream g 9@

di fferences i @0t g points. HMHI and lighter ¢ ﬁ#gﬁ%@ re
w thdrawn from stabiliser 54 thro d six s carbon and heavier
conpounds are withdrawn from stabiliser 54 through l'ine 56. The st ream
inline 56 is introduced to a DETOL unit 57 to renove tol uene and

| i ghter compounds through |ine 58. Xylenes and heavier materials are

w thdrawn from DETCL unit 57 through line 59 and introduced to xyl ene
splitter 131 'ﬁﬁ"%?ﬂepﬁscﬁiﬁ‘mediig agy  clisi o1 4 wheteinthess apg WQer t he
fresh feed to be lforé nolesilaresieveomelbrane ORité withior without isémerisatiori he

nol ecul ar si eve it [ s indicated at lines 60
and/ or 61. The reaég}éﬁg Hﬁﬁée#gs:%%u(ﬁ?\%gﬁyt&gaéﬁ{)%?f eed has al ready been

di scussed fbove in relation to Figure 2. Diverting fresh feed to
either the isegeri AmeéthAdd laeldlaumea thiah§ o%laﬁrhstﬁ@ TPWREreiRtheShSéBular

menbrane unit via l..ne 6 Sini benefits in terns of reduced
15 xylene | oop re%'%? B‘e%ﬁaq‘f Fﬁg%[gtf mﬁﬁ@@? ‘flow through the

i sonerisation unit versus that required if line 60 is used. However it
may still be annAwﬂlfér ;s:acessmg decaﬁbdd stfediis c&hﬁﬁﬁn@ Pafaxyleneou! d
conbine with the fe i gn‘?e an coul use the sanme punps and/ or
react or pt®heati ng U ’8 may be particul arly advant ageous if
t he nol ecul ar si eve merrbrane unit and the 20 isonerisation unit operate
under simlar cond %%E [ unit effluent flows
directly to the rro‘aglaf}?h??*ﬂlslggéne ég?\@&u%ﬁ vvithout t he need for

heating, cooling and/or pressure change. In that situation, stream 53 would

typi cal |y be cool efb) aymblesuiaf sieve membraneantit tomplising aonolecslat sieveuni t f eed
to pyovi de at apigbngart of the reactor preheat. Such feed/effluent
heat exchange

18. A plant as claimed in claim 17 which further comprises an isomerisation
unit.

20 19 A plant as claimed in claim 17 or 18 which comprises a zeolite
membrane which has been prepared by either the LAI-ISC, S-LAI-ISC or
GEL-LAI-ISC processes.

25
30
THIS SHEET HAS BEEN
REPLACED
35
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25 systens usually work at their nost efficient when feed and effl uent

flow rates are approximately the sanme. The optinmum distribution of

fresh f'eed anong lines 40, 60 and 61 will vary dependi ng on pl ant

constrai nts andpw{yenmaig2C factors, and should be determ nedpcdPpeSassis

i ndi vi dual application. Conventional processes w thout nol ecular sieve

menbrane units have little 30 incentive to route fresh feed to

i sonerisation because the feed normally al ready contains xylenes in

approxi mately equilibrium proportions so conventional isonerisation

woul d not significantly increase paraxylene concentration to

net axyl ene and orthoxyl ene versus that already present 35 This

particularly preferred enbodi nent not only has Q gni fi cant advant ages

over the prior art process of Figure 1 but also *surprisingly has sone

si gni ficant 30 WO

97/ 27162 = ': PCT/ EP96/ 00316

advant ages over that of Figure 2. ™) nbi nation of the isogakisation unit

and the nol ecul ar si eve menbrane urf? wnst ream of the isonerjesation unit

enabl es the beneficial attributes dT'ROth unitsgho be conbi n@f or maxi mum

par axyl ene production. The enbodigent fi jgure,2 requires ammarticularly

5 efficient nolecular sieve nenprane unit,jag/the feed to thls unit which

‘is derived fromthe par ene gpgover @bt IS gnificantly depleted
e content

tin par axyl ene. The par akyl & ny pe asgow as 1%or less with

t he bal ance being mai nly ortho=—zarm axygene, hyl benzene and m nor
anount s of other materipl This nmeans thaj the | ecul ar sieve
menbrane unit nust 10 be ap to quickly isongrise”this fe&d to produce

t he requi red amount of D | erfern t bam si d f the nenbrane

. whi ch exact concentration _Qg_r yd ol e cffemm t h nbr ane

- properties and in sone case A - needft'o-se—e? conf | i um or near
equi librium mxture of xylenes B@iev@ maxi mM Effi*efency in the
process ot herw se, thggnmater = agr]yatl ng through
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15 the nenbrane may at least initially have bel ow equilibrium paraxyl ene
concentration which could be worse than that achievable in a conventi onal

i somerisation reactor. Furthernore the nol ecul ar sieve nenbrane unit nust

al so efficientl weeomrent ethyl benzene or this will build up i n gdiepdyhRIRES
| oop. The use of an isonerisation unit in conbination with the

nol ecul ar sieve 20 nenbrane unit in Figure 3 overcones these deficiencies
wi th the enbodi nent of Figure 2. Firstly the isonerate fromthe

i somerisation unit is already enriched in paraxylene and is typically
at equilibriumor near equilibriumwth respect to xylenes. This neans
that the nol ecul ar sieve nenbrane unit onlygal has to maintain the
isomerate in or near this state to enable t eenbrane to 25 work
efficiently. Secondly because the isonmerisation unit has the capability of
et hyl benzene conversion, the ability of the nol ecul ar sigve nmenbrane unit
to destroy et hyl benzene, although desirable is not“Mitical. Typically
pronot i ng xyl enes equilibriumis easier than destrgyang ethyl benzene.
The negative aspect of xylene |osses which nornall ccur in the
isonerisation unit is offset 30 by the greatly reducedliecycle needed when
usi ng the nol ecul ar si eve menbrane unigsin this e iment. Also if

t he nol ecul ar sieve ne ane unit doeé&bave at | east sone et hyl benzene
conversion capability t i SOmeri sgson unit does not have to do as
much of this conversiong)Thips woul &Ml | ow i sonmerisation unit
to be operated under m{yder ¢@ondi ti ogs whifch Mayed gsult in 35 |ess xylenes

loss in the isonerisatiQp unft. Al soecallse th i s no need to for
the feed to the nol ecul si qve nenbfane unit beoughggt o equi li brium
31 WO 97/ 2¥162- XX ™

pth ;g%e menbr anes
|gnifi‘£hntly | ess .

onpardd tg_fhe

PCT/ EP97/ 00316 this ufit,
when used in Figure 2 enbodignent
catal yst and be signifi@antly S

SPLITTER

XYLENE

PARAXYLENE
RECOVERY
UNIT
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Figure 2. In the particularly preferred enbodi nent of Figure 3 a nenbrane 5
was prepared by the LAI-I1SC nethod and reparated with polyimde; this
menbrane had typical selectivity's ([err]) for (paraxylene/other C8
aromatics) of wooi@i@xyl ene/ et hyl benzene [err] 2, paraxyl ene/ﬁm@e

+ orthoxylene) [err] 5 where: 10 [err]

(Y%ar axyl ene in perneate)/ (%araxylene in feed) (%
others in perneate)/( % of others in feed) When this nenbrane is used
in conbination with an isomerisation catalyst in 15 the nolecul ar sieve
menbrane unit the predicted | evel by conput nmodel | i ng of paraxyl ene
in the feed | eaving the nol ecul ar sieve ane unit conpared " to the

i sonerate | eaving the isonerisation unit may surprisingly be as high as
55 wt % conpared to 22 w% (the equilibriumcQfcgptration if out 10 wmt %

non-xyl enes are present). This nmay provide fgn overal |l i ease in 20
paraxyl ene production in the cycle of 50% or . Suitablqssznbranes for
use in a nol ecul ar sieve nenbrane unit to=~prQgi such i npr d perfornance

are described for exanple in USSN 267760 I fd 8th July 19
US95/ 08512, PCT US95/08514, PCT U 0851 ng PCT EP9 2 _ 25 Fi gure
4 shows an enbodi nrent of the inven usi n nol ecul si eve

e

menbrane to separdzl par axyl ene fr 'xylen stream sh feed

contai ni ng xyl eneddd sOntroduced t¥ H3D epd Sp i@er 10 t hrough fresh feed
li ne 100. Cormbubbs boi | i ng abowe xygapneb Uhdgeaaddsidalyncl udi ng

ort hoxyl ene are t hdr awn througr bott qm sfrgmm 182 an® °xyl ene and
lighter boiling 3 cgﬁfounds ar b s Mxdefam 103.
Overhead stream 1 e it 104 through

internediate |ine 5. The verts ortho- and

net axyl ene to par | ene ang of et hyl benzenes
to benzene and/ or | enes or other rted ortho- and
nmet axyl ene al ong h paraxyl ene are 35 amn fronrrsonerrsatron uni t
104 through line 106 and in roduced ¥ 5 carbon and

| i ghter boiling conpounds afg.Wwth

32
>
2
w0
3
3
- |
(0 et
S w
w wi
< -
lLl:" p
_'_Q: > 0.
S n
== -—
g<OZ I
L5
I
o §
o

FRESH
FEED
4

SUBSTITUTE SHEET (RULE 26)



WO 97/ 27162

PCT/ EP97/ 00316 stabiliser 107 through line 108 with the bal ance of
material w thdrawn through line 109 and introduced to DETOL unit 110 .
Tol uene and | i giy&s79éd | NY conpounds are wi thdrawn from Ddfkpdsoiic
110 through line 111 and xyl enes are wi thdrawn through line 112 and

i ntroduced to nol ecul ar sieve nenbrane 5 unit 113. Ml ecul ar si eve
menbrane unit 113 conprises a nol ecul ar sieve menbrane that is
arranged and effective to permt selective perneation of par axyl ene
relative to ortho- and netaxyl ene. Most paraxylene is w thdrawn

t hrough perneate stream 114 and i ntroduced t‘g!%r axyl ene recovery unit 115.
Most ortho- and netaxylene are withdrawn fro | ecul ar sieve nmenbrane 10
unit 113 through retentate stream 1%§ gand i ntroduced to xylene splitter
101. The paraxyl ene recovery upkt=415 separates paraxyl ene from ortho-
nmet axyl ene. Paraxyl ene is w thdrawn E'Z)ugh paraxyl ene rich streﬁl 117 and

t he bal ance of ortho- and r’eryI endeaed Wit hdk@wn t hrough paraxWene poor
stream 118. Paraxyl ene poor eam 118 is int r%.uced to isoneri J on
reactor 15 104 through |iwe 105 - At i ve all or part of rhead

O z eve nenbr ane it 113
4t re@ 103 de ds on an
anelsLi soneri sation unit

stream 103 may be di rectef
via line 119 and 112. The
econonm ¢ bal ance anongst
per pass xylenes | osses and and t he nol ecul ar
sieve nenbrane unit's relati ar a¥¥l ene and

et hyl benzene. Routing steam : i pv€ nenblzne unit 113
has the advantage of avoi di ng : wedl d have
incurred if it had been mon uf@t 104.
However there is a poten-t-+ - et byl benzene
will build up in the xylenesloop Fq ' si eldd 25
menbrane unit 113 ensured tha ai ne@in t he
retentate 116 the eth enzerje would be retain, ENes/ | 00jng

W t hout r enoval dest § i and. woul d Rioid €l y

addi t i onal et hyl benzene }i s broug nto t i rsh f aed.

However if the segectivifty of tige ol ecul aw'si P uni t
was such that a 30 supstantifal ; : 9

t hrough t he nenbr age~shd i e

et hyl benzene woul d..p.as to Somer i sat\*)n unit 104 via I i neg 115,

118 and 105, wher e *Sbng of

P wE T
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converted t hus limting its build up in the xylenes |oop. There is also the
possibility of an internediate case where a portion of the stream 103
passes to 35 the nolecul ar sieve nenbrane unit and the renainder flows to

t he isorrer;nﬁw unit. In this case the flow to the i songsdye@del

unit acts as a i : qu; ] "RiS16
WD 97/ 27162

PCT/ EP97/ 00316 purge to prevent §V%bui | d up of ethyl benzene to
unacceptable levels if the anount p ating through the nenbrane in
the nenbrane unit is insufficient. The opti mal bal ance shoul d be
determ ned for each specific application and w || depend on the
menbrane properties and the properties of the xylenes 5 isonerisation
catal yst anongst ot hers. Anot her _enbodi pent g he i pventign is shown
in Figure 5 wherein xylenes pre introducedegyp xylene splitter 201

t hrough fresh feed Iine 200.} Conpounds boi g above the boiling point
of xyl enes and possi bly songgof {1 oxyl ene are withdrawn frgm

xyl ene splitter 201 through PO e 202, xyfenes and et hylpenzene

diced to parjxyl ene
®ar axyl ene aorj ch
[Arough par axyfene
rgluced ¢&\¢g an T
dat dan uniZ,207 i sOeri ses
Q:jhe onve N of

ghy / TOre” | songy at e
conf ai ns | near
rogaced td
COITpou ar e

.-
S ar gyt hdr awn

are w thdrawn through over hep

stream 205 and ortho- and ng

poor stream 206. Paraxyl ene p¢X
i sonerisation unit 207 throup i
ortho- and netaxylene to par
et hyl benzene to benzene and/

;dﬁ‘t a- and e raxylene Ts i
sy 209. 5 c&™on andd i ghter,
and heavi er boil igRg conpd

equi libriumm xture of orthg
stabiliser 20 210 through |
wi t hdrawn t hrough l'ine
t hrough |ine 212 and o

205

XYLENE
SPLITTER

PARAXYLENE
RECOVERY
UNIT

FIG.5
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I ntroduced to DETOL unit 213. Toluene and |ighter boiling conpounds are

wi t hdrawn t hrough line 214; xylenes and heavier materials are w thdrawn

- from - the DETCL unit 213 through line 215. Xyl enes and heavi er

materials in t] S §§l62 215 are introduced to nol ecul ar sieve RABHGo3IE

216 whi ch COITDWI 8 nmol ecul ar sieve nenbrane arranged and effective

to permt selective pernmeati on of paraxyl ene there through. Most

par axyl ene is w t hdrawn through Line 217 and [gtroduced to xyl ene

splitter 201. Otho- and netaxyl ene Ggare wi t hdg&wn as retentate stream

218 and reintroduced to isonerisation unit 30 207¢phroygh |ine 208. 0
am

However it wll likely be neces y to purge rti o his s

to xylene splitter 201 via line 9 to avoid @x e' g up of

C9+ aromatics as they will te stay in@¥e ret i!mii f e r Swlved
in the stabiliser or DETER pits. 35CFigure !

possi bl e arrangenent of addit]Rref “"Fonponeds WRi cheng i

gtuu'the

nol ecul ar sieve unit used in e.l.ky enes | oop ofy Fire
34 WO 97/ 271 O
PCT/ EP97/ 00316 %ture | e prtomrome

I gh make
t he nol ecul ar sieve ) pgenbrape unii. Feature D is a nefpbrang nodul e
whi ch conprises a ge@r anef Fheent and i soneri sati onjcat aljyst upsQeam
of the nenbrane. [nelifleed pPB, fromthe conventional §isongrisati org
unit 601 enters the 5 JIEnbrahe nodul e (D) W th or Wlt ut a|t|onan:
heating or cooling. A swiep gagTs troquced 1o O organe m)dde

at point 602. This sweep J®s iS Pl i ed to the unit and el d wit
the unit vvithinaswee gas \ ecl cIeI This sweep| gas e cycle LHop
f eep -' exdhan ,

2 Sveep gas heaper(ls ﬂ! o W _,_ L (o]
feed/ ef fl uent exCheMe ’ er (E) F‘f‘J :-@h sep_rg% I&J
| O ne
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(F). The retentate 603 and sweep containing the xylenes perneate product
604 are conbined into a stream 605 which passes to the high pressure
separator (D) (via the feed/effluent exchanger (B) and cooler (E) ) and in
whi ch t he tream 606 is renoved fromthe sweep gas :
recycl e gas) 15 ¢ |ch6|s recycled to the sweep gas conpressor Fg?gg%ﬁmggbk
to sweep gas heater (C) via the feed/effluent exchanger (B). The
product stream 606 conpri ses approxi mtely 50 w % paraxyl ene. The

are common features used in a xylenes | oop

OVERALL Hp/OIL RATIO |

ot her features of Figure 6
and need no further explanation. 20 25 30 35
35
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WD 97/ 27162

PCT/ EP97/ 00316 CLAI V5 1. A nethod of processing a

hydr ocar bon feedstream conpri si ng par axyl ene and at | east one

ot her isomer of et hyl benzene, or 5 m xtures the @ﬂérﬁﬁ.

met hod conprlsegégkﬁgﬁkz(eo recovering by neans of a paraxylene‘separakﬁgn
process in a par axyl ene recovery unit a portion of said

par axyl ene fromat |east a portion of said feed streamto produce
a first stream having a reduced 10 par axyl ene content conpared to the
feed stream and conprising at |east a portion of said one or

ot her isoners of xylene, said ethyl benzene, or m xt ures thereof;
(b) passing at |least a portion of said fi streamto a nol ecul ar sieve 15

menbrane unit conprising a nol ecul ar sieve nmenbrane under such > =
conditions that the pernmeate w thdrawn through the nol ecul ar siev@
menbrane and fromthe nol ecul ar sieve nenbrane unit is enriched i¢

par axyl ene when conpared to that portion of the first stream fed Qgpfhe

mol ecul ar sieve nmenflLgne unit. 20 2. A nethod as cl ai ned Io g fim1
wherein there is a @ i tional step (c) wetyh conprlses.t ‘ eriﬁb
paraxyl ene fromtheQDfr pRate of step (b) by separatlo.Fi
:par axyl ene fromt heDfh&Z conponents present in t peFEale. 2
i3. A nethod as clainf{di=n claim2 wherein the reces®ry of paragyfident
jconprises feeding tlag p€kneat e back to the paraxyl separ at i i )
iprocess. 30 4. t@8d as clained in any of cl 1to 3 gadeil ‘oF
nol ecul ar si eve D menbrane unit’ further conprises isonggigsatjon (N
-cat al yst under :ﬂisonerhsation condi tions. 5. ‘trmu as |
clainmed in any one cQins 1 to 4 wherein at least a 35 Adprtipn of 3
said first streamigggffubj ected to an isoneri&ati on process i rd Q.
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i somerisation unit to produce an isonerate having an enriched
36 WO 97/ 27162

PCT/ EP97/ 00316 par axyl ene content conpared to that of first
stream and at Im‘g portion of the isonerate is PRSHES 706315 he
mol ecul ar si ev® 1%ne unit. 6. A nethod as clainmed in claiml
wherein the perneate withdrawn from 5 t he nol ecul ar si eve nenbrane
unit is enriched in paraxyl ene conpared to the equilibrium
concentration of paraxylene in a xylenes equilibrium m xture.

7. A nmethod as clained in claim1l wherei n? par axyl ene recovery unit 10
conprises a fracF’org stallisation unitH! 8. A nethod as cl ai ned
in claiml wherefn .;cjgaxyl ene recovery unit conprises an

adsor pti on separati on\AH t ﬂ c M ll W
the paraxyl ene recovemgmsﬁgillf “ﬁ'n‘g ;@ Egg 3 Psg'_g )
unit in comnbination Y V\L_fr £ ch[ Hi sat ion unit.

10. A method as cl ai mad' I n E 2 % l'r?l)l ec ar si eve nmenbrane 20
unit isomerises netaxyl ene and I ene. 11. A

met hod as clained_in claim1l \/\herel n the rml ecul ar si eve nenbrane

unit converts et hsmﬂe ene to benzene and/or xyl enes and/or Cl10
aromatics. 25
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12. A nethod -as claimed in claimi1 whereikg the nol ecul ar sieve nenbrane
unit conprises a nol ecul ar sieve nmenbrane which is active as an -

i sonerisation catal AMENDEQ@H'E . A method as clainmed in any of clains 1 to
12 wherein the hydrocarbon stream conpri ses predom nately C8
aromati cs. 14. A nmethod as clainmed in any of clains 5 to 13 wherein
t he hydrocarllfon A method abeedadisexdidini angl lof acrlaimer fatdovel ¥ whereduced
to the proc i 0 t he i isation unit, directly to the
nol ecul ar sﬁ%%%qﬁgﬁééﬁé}uﬁﬁgvgr %éﬁ%ﬁ%ﬁﬁrgg_c ze8lite menbrahe.” |
37 38 16. A nethod as clainmed in any of

clains 1 to rei nol | ar. sl P r IS a olite
menbr ane. 1]17? \M);g\ i pl?]é%ll'?g fg(rao(:tu p orcszde(gés/slesﬁbng hygﬁgpg’rc%or}ﬁbén st r%ﬁﬁ%“ms
conpri si ng FOMPEAT vipREdxplane wbaphi pdeent comprisgsa paraxyl ene
separation unit (44), and (b) a nol ecul ar sieve nenbrane unit (50)
conprising a nol ecul ar sieve nenbrane. 18. A plant as clainmed in claim17

whi ch further confit)i ssPaFR¥¥bRBEI SaPREAtHAN Yy  (44), and

(b) a molecular sieve membrane unit (50) comprising
a molecular sieve membrane.

18. A plant as claimed in claim 17 which further

comprises an isomerisation unit (47).

19 A plant as claimed in claim 17 or 18 which comprises
a zeolite membrane which has been prepared by either the
LAI-ISC, S-LAI-ISC or GEL-LAI-ISC processes.

e




19 A' plant as claimed in claim 17 or 18 which conprises a zeoame?&é'e |
whi ch* has been prepared by either the LA -1SC, S LAI-1SC or GEL- LI -1 92048 m‘o\j
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