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PCT/ EP97/ 00317 PROCESS FOR CONVERSI ON OF ETHYLBENZENE
This invention relates to a process and a chemical plant for the conversion
of et hyloanaage. I n particular it is directed to use efremhesu ar

si eve nenbranes for 5 enhanced recovery and conversion of ethyl benzene.
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The resulting filtrate from the crystallisation process or the raffinate from the

25 adsorption process are depleted in paraxylene and contain relatively high

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

subjected to further processing downstream of the crystallisation or adsorption

process.

30 Typically for a paraxylene ioop one of the additional downstream processes is an
isomerisation process which is used to increase the proportion of paraxylene in
paraxylene depleted streams from such processes as fractional crystallisation or
selective adsorption. The xylenes, which are predominately ortho-and
metaxylene, can be contacted with an isomerisation catalyst under appropriate

35 temperature and pressure which results in the conversion of some of the ortho-
and metaxylene to paraxylene. It is aiso usually necessary fo convert most of the
ethylberizene to prevent it from building up to high concentrations in the loop but
to also obtain more useful aromatics such as paraxylene and benzene. A catalyst
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et hyl benzene to prevent it frombuilding up to high concentrations in the

| oop but to al so obtain nore useful aromatics such as paraxyl ene and
benzene. A catal yst WO 97/ 27161 :
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and in part
P petrochemical production chain which comprise aromatics and which are not

normally used for feeds to a paraxylene recovery process. Such streams may
have high concentrations of ethylbenzene e.g. pyrolysis gasoline Cg streams

2s  which could be a valuable source of other aromatics such as paraxylene. These
streams are usually fed into the motor gasoline pool.

There is a need therefore for improved processes and chemical plants for the
conversion of ethylbenzene containing streams e.g. Cg aromatics streams, which

30 in particular address the problems associated with large recycles and in particular
low ethylbenzene conversions.

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
35 92113631, WO 93/00155, WO 94/01209, and WO 94/25151. However the prior
art does not describe how to use such membranes in actual ethylbenzene
conversion processes in the petrochemical cycle nor does the prior art describe
how to use such membranes in combination with existing processes to
2



| ow et hyl benzene conver si ons. Zeol ite nenbranes have been descri bed
in the prior art, for exanple in US 4,699,892, US 5,100,596, EP
0481658, EP 0481659, EP 0481660, WO 35 92/13631, WO 93/00155, WD 94/01209,
and WO 94/ 25Wolemtierever the prior art does not descrPCRERNDMWND use
such nmenbranes in actual ethyl benzene conversi on processes in the
petrochem cal cycle nor does the prior art describe how to use such

menbranes in conbi nation with existing processes to .
2 sigpificantlyenh@nce the production of paraxylene from ethylbenzene containing

PCT/ EP97/ 003dtfeams. significantly enhance the production of paraxyl ene
from et hyl benzene cont ai ni ng streans. The present invention is
t herefore di%ect ed to a chemical plant and process which 5 offers an
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nmol ecul ar si eve ne e unit. an rocess | n an-e enzene conversion
process. Thi BA@XYienRe %Re Hﬁsﬁﬂgﬁgem&‘&ﬂﬂﬁ? indhe pliraion & a:ont i nuousl y
10 separ at ematdeylan sieve neemisrane uait bnd ipeotzes iy Fraethylpearenedonversiorf r om a

feed: the  procBidlV I H@RAoTEMISRE miuhRifir shile nibrithahBE D diithaoudinzene.  The
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stream cqwb&h?ma&@%%mm pafaxgiche!r8éovedf processes! eve menbrane unit
conprising a nol ecul ar sieve nenbrane, for a tine and under such

conditions that at |least a portion of the ethyl benzene passes through
t he nol ecul afhe peasentiaventiondhersfore providessuprocessdor eanversiomefathyibenzene

to benzene and/or xylenes which process comprises:

20 (a) passing at least a portion of a stream comprising ethylbenzene to a moiecular
sieve membrane unit comprising a molecular sieve membrane, for a time and
under such conditions that at least a portion of the ethylbenzene passes through
the molecular sieve membrane to the permeate side of the membrane and

25 (b} converting the ethylbenzene in at least a portion of said permeate to benzene
and/or xylenes.

In one embodiment the ethylbenzene conversion process is part of a xylene
recovery loop. In this embodiment it is preferred that the feed to the molecular

a0 sieve membrane unit is from a paraxylene recovery process and comprises the
paraxylene depleted stream from such process which is enriched in ethylbenzene
when compared {o the feed to the paraxylene recovery process. in this
embodiment it is also preferred that the ethylbenzene conversion process is
undertaken in an ethylbenzene conversion unit which is downstream of the

35 molecuiar sieve membrane unit and that at least a portion of the permeate from
the molecular sieve membrane unit is fed to the ethylbenzene conversion unit.
The ethylbenzene conversion unit produces a stream which is depleted in

ethylbenzene when compared to the permeate from the molecular sieve
3



25 (b) converting the ethyl benzene in at |east a portion of said perneate
to benzene and/ or xyl enes. I n one enbodi nent the ethyl benzene
conversion process is part of a xylene recovery loop. In this

enbodi nent [t i referred that the feed to the nol ecul ar |

menbr ane unl“{o%"é-'g?om a paraxyl ene recovery process and CBITDI’I s)eoiﬂlt;he

par axyl ene depl eted stream from such process which is enriched in

et hyl benzene when conpared to the feed to the paraxyl ene recovery
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is fed to tbﬂth%@)’étbﬁl&@ﬁ@nﬁﬁé‘#@l&hlms@bhembran@hﬁ?\.ek%i%\?% conversion .
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3 isomergiesireami kaving an enriched paraxylene content compared to the feed to .

PCT/ EP97/ 00 $e/isomerisatiofRiit snidfesding tididoiei=td siréari 6 apatikylehetbbovehenzene
conver si on gfooqtgggts such as benzene and/or xylenes. I'n this enbodnent
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it is also Ted that the conversion streamfromthe ethyl benzene
conversion unit, optionally conbined with the retentate fromthe

nol ecul ap SiPeaferablyinensis afdrther mbleSular SieVé thentbrane bnit wifith &06ated 0 tmsr i tsat ion
process in | s It : | e stream
havi ng an e??ﬁ'@%@%gfg{mﬁ‘%con %%F"%%ﬁ%‘gr&'g%%%hﬁ%%d ‘Peeéé' gmaﬁé t he
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recovery  moléggularsieve méfbraneainitratiditionbinctomprises af xyldries isomdrisatibmr si eve
menbr ane uni pch is |l ocated downstream of the xylenes isonerisation
unit and which.-"produces a perneate enriched in paraxyl ene conpared to

the i sorffrate. Preferably this further nol ecul ar sieve nenbrane unit
addi ti onal | yn asspondembadimehtthete ispressnt aasthylbenzene conversion catalyst In a

second e”boﬁidiii‘r"%s ﬁf?éﬂhf %W@M%B e HoWRsEEAN 8f fheGolealiar VSt
el ther as Pl e hembrand but in-cike prosimity 15 the membsane b Both. ' GL sroterably
the isomerisation catalyst in the molecular sieve membrane unit is located in close
20 proximity to the membrane and on the permeate side of the membrane. in this
embodiment it may be possible to omit the presence of an ethylbenzene
conversion unit if this embodiment is used in a xylenes loop.

nol ecul ar

In a further embodiment the or each molecular sieve membrane unit comprises
25 two or more aiternating zones of catalyst and molecular sieve membrane.

The present invention further provides for an ethylbenzene conversion plant
comprising:

30 (a) a molecular sieve membrane unit comprising a molecular sieve membrane and
(b} a means for ethylbenzene conversion,

wherein the means for ethylbenzene conversion is downstream of the membrane
35 unit

In one aspect of the present invention a molecular sieve membrane is used to

selectively separate ethylbenzene with a small amount of paraxylene from a
4



si eve nmenbrane but in close proximty to the nenbrane or both. Mst
preferably the isonerisation catalyst in the nol ecul ar sieve nenbrane
unit is located in close 20 proximty to the nenbrane and on the perneate
side of the wowhtage. In this enbodi ment it nmay be pecImEPPOIT omit
the presence of an ethyl benzene conversion unit if this enbodinment is
used in a xylenes | oop. In a further enbodi ment the or each nol ecul ar
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may be for ethylbenzene conversion and may be located within the membrane
itself. This catalytic function may advantageously be located proximate to the
membrane on the permeate side of the moiecular sieve membrane. The function
20 of this catalyst is to catalyse the conversion of ethylbenzene to xylenes. The
effect of this is to deplete or maintain at relatively low levels the concentration of
ethylbenzene on the permeate side of the membrane; in doing so this improves
the concentration gradient across the membrane which acts as an increased
driving force for the transport of ethylbenzene across the membrane. if the
25 ethylbenzene conversion catalyst in the molecular sieve membrane unit is
particularly efficient there may be no need for the ethylbenzene conversion unit
which is located downstream of the molecular sieve membrane unit. In a further
embodiment a second molecular sieve membrane unit for selective paraxylene
separation or for selective paraxylene separation and isomerisation, may be
30 located downstream of the paraxylene isomerisation unit. The permeate siream
from xylenes isomerisation unit or the second molecular sieve membrane unit if
present may be fractionated to remove materials boiling below and above the
boiling point of xylenes e.g. benzene, toluene and C9+ aromatics and then
transferred to the paraxylene recovery unit. Optionally, the retentate stream may
35  be combined with the permeate stream and the combined streams fractionated
and transferred fo the paraxylene recovery unit for recovery of a paraxylene rich
stream.”



of the nol ecul ar sieve nenbrane is to enhance the conversion of
et hyl benzene to useful xylenes and to significantly reduce the xyl ene
|'osses whi ch usually occur due to the use of high tenperature

‘i soneri sat '\98 met'ﬁs such as | SOVAR[err] or MHTI 15 [err |pepipbiigobiye’

nmodi fication O I s aspect of the present invention is to i1nclude a
catalytic function into the nolecul ar sieve nenbrane unit. This catalytic
function may be for ethyl benzene conversion and may be | ocated within
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DCT/ Epo7/ oBgietilar Siedd Miembrane in a peraraion progess, The prstomed haegeof o,
conpri si ng eperalianigigas phase perstractigiybr ane may conpri se add| tional features
whi ch apge necessary to operate the menbrane unit in the chosen
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catalytic membrane rea or comprises, in addition to the molecular sieve
membrane, a catalyst within the membrane or catalyst proximate to the membrane
or both, or the membrane may itself be catalytically active. A catalytic membrane
25  with a catalyst proximate to the membrane is referred to as a permseiective wall
membrane reactor.

In the case where the molecular sieve membrane unit is being used in the gas
phase perstraction of ethylbenzene or paraxylene the molecular sieve membrane
30  unit may comprise additional features for the application of a sweep stream to the
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 negative
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
35 and/or purge streams from permeate and retentate streams respectively. When
the molecular sieve unit is being used in conjunction with an isomerisation unit
some or all of these additional features may be shared with such a unit. Some of

the features may aiso be shared with other additional upstream or down stream
6



5 operation of the nol ecul ar sieve nmenbrane unit. I n separation
processes nol ecul ar sieve nenbranes especially zeolite menbr anes can
be operated in a variety of nopdes depending on the phase (i.e. gas or
i quid), conwoswemen and pressure of the feed. Two of thesRCIERIFOIHEF 10
operation are pervaporation and perstraction. In the pervaporation node,
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menmbr ane 30 3 %ﬁgﬁqpb-ﬁ'fésQamq??%%é\s%aﬁﬁ'éépqvﬁnpqﬂ@"gwﬂl i cation of a
sweep strearrmmh.fane unit catalystlife:and siembrane selectivilybr ane, for the application
of a purgge streamto the retentate side of the nenbrane, neans of

enbranc. nolhd Rertieft RebsPel it jch prosentlisd ?35M%@ﬁ&é¢%ga§$2§ the
and/ or pur geProduce apagnyiens entches straam aag anerdylensrdepiated,stoeam.” SN or
purge streangegarationtechiigy intiddéstor akamplethé RAGEN pmm of diaytiondhen

t he nol ecul a i soneri sation-
ni t #ﬁ%ﬁ%ﬂfﬂ“ of séipetb diiottish "éﬁs:?@”%%?@'é *%‘* sR¥.d with such
aunit. Qé)mea rbers. Thaparaxylenedecavely unitmay theseln astionaher additi onal
upstream or crystalisatioreunit which utilises the difference in freezmg pomts between 6
WO 97/ 27161 prlbenzene, ortho-, meta- and paraxylene or it may be a selective adsorption
PCT/ EP97/ 003

unit which commonly utilises zeolite materials to selectively adsorb paraxylene

from Cg aromatics streams; the adsorbed paraxylene is recovered after desorbing

25 from the zeolite. The paraxylene recovery unit may also be a combination of such
separation units, or may incorporate other less commonly used techniques such

as fractional distiliation.

Fractional crystaliisation units are well known in the art and are described for
30 example in US Patent 4 120 911. Commercially available processes include the
crystallisation Isofining process, direct contact COg crystallisers, scraped drum
crystallisers, and continuous countercurrent crystaliisation 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
35 B0% to 68% of the paraxylene from the feed to the paraxylene recovery unit when
this feed is an equilibrium or near equilibrium mixture of 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
7



process units. The exact nature and anount of sharing will in part be
dependant on econom c factors which make it sensible to utilise the
additional feature for both parts of the process e.g. stream heaters,
heat exchanggtl s, 3 conmpressors etc. | deal Iy the ol g e?

menbrane is incorporated in a nodul e as described 5 below for |nglu5|on in
t he nol ecul ar sieve nenbrane unit. When t he nol ecul ar si eve nmenbrane
unit conprises a nol ecul ar sieve nmenbrane or a pernsel ective wall

nmenbrane reaigpands onths ebm&ihdnrbftﬂ@fdeﬁ@ NeértrBedveries possitlaé WHeRtRe
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| ower t enperature than that of the isonerisation unit. Preferably it
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separ ati on Conimetcially available propessésdncladeodORBAREX™, raniddFPCisdvraram and a

par axyl ene f@&b@é ra&és%@@ *-lﬁ:?? reial zecﬁi?@élééﬂv@%d&&@ﬂﬁﬁ#:ﬂ%sééynﬁfes for

exanpl e the ocesses o) act | sat1 on
sel ective ad%‘?ﬂ"ﬁfh eflevgls of paraxyisne thanfractienal srysiallisalion processesiver s. The
par axyl ewe rtypicaliyitheyrecovercvet 8@%asr mnare fypically rovet 95% af the paragylygnd frbini sat i on

unit which ‘ﬂﬁé#éeil%tﬁé‘ﬁaﬁk{ﬂ&ﬁé?bﬁ@ ,grimft_r eezi ng points between

et hyl benzene, ortho-, neta- xyl'ene or it may be a selective
adsorption uni t which commnl y utilises zeolite materials to
sel ecti vel y Theparaxyianenegbvery unit producesia garaxyleneeintichest steesans that bsuallysor bed

paraxyl ene 'canfpﬁseys\s&cbg% bAd nﬁg%%h iba%s m 5¢ 990N ?é&idnbe Thbkact

Eﬂ.:’ ?>S<yl ene recovgggggﬂi@n@émcqség | natl on Sug%%%n%‘ sep?r ati 22

fracti onal e spedific plant, The batanaeanmimswaambpmgaethylm artic-andr e wel |
légom in ltlh?ne?éi yient! talénd] aha 'GP admialits, Parafin's TiphtHeneb/'ans possibly ‘&rﬂa‘ipf%l
orocess. i PRRUPS; ﬁ%ﬁ%ﬁ%&y?ra%k%&?gﬁﬁéavg&a%ﬁﬁoﬁé* AR sor 0.
and conti nu Sapletesi stream aentaininathe balance skethylhepzenes g8ha-, ant metaxylene,
crystal Imsewm@yém%@rpmle@c i hﬂtﬂmmmmfeaﬁdthél Machel | et ..

?lypl cally r &8 %a&@%@ﬂﬁ&%ﬂsJoé@ﬁ@ﬂhtﬁgj%%%%@éd% '%ZZZ to

the paraxyl b8 preaxyipaedepiated siream which is thes fed tathednelaculafisieverr i um or near

equi |'i bri ummenibrahe upit Xyl enes and et hyl benzene. The reason for this
Is that they are limted by the formatlon of a eutecti c between

ar ax Iene nd et axyl ene, However recov
? y al'he Cs aronYatlcs stream whic %e as feed for &e paraxylene

separation unit when present or to the molecular sieve membrane unit when there
is no paraxylene separation unit, may come from a variety of sources in the
petrochemical plant. One possible source is from naphtha reforming. Examples
of such processes include Exxon POWERFORMING™, UOP Platforming™, IFP

30 Aromizing™. Another possible source is a pyrolysis gasoline Cg stream from
steam cracking processes. Such a stream has a relatively high proportion of
ethylbenzene. A further possible source is the UOP Cyclar process 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

a5 source is from toluene disproportionation and/or Cg aromatics transalkylation.
Examples of such processes include UOP TATORAY™, TORAY TAC9™, Mobil
Selective Toluene Disproportionation™ (MSTDP), Mobil Toluene
Disproportionation™ (MTDP), IFP Xylenes PLUS™ and FINA T2BX™. There are

8



WD 97/ 27161

PCT/ EP97/ 00317 depends on the conposition of the feed w th higher
recoveri es possible when the par axyl ene content of the feed is higher
t han the xyl eossremui | i bri um content. Sel ective adsoPQIERM/ORMTtS are
also well known in the art and are described for 5 exanple in US 3 706
812, US 3 732 325, US 4 886 929, and references cited therein, the

di scl osures of which_are her eby i ncorporated by_reference,

Commrer ci al | y Qihefinossible sauseesafCa arematige strpgmeAFRedeiEe of Ga gramaticsheyr on
ELUXYL[ err] mtreansfoethe frocessafitive preseht ihvertioh éxhot\critical and ptayre psingis ses

g?yst al i ;gfl on processte,és%@@'%'OH%%@ﬁEOh@@o%Q?&%%era‘gs osgresm)re

typi-cal ly over 95% of the paraxylene from the feed to the paraxyl ene
recovery uni tThe ethylber@eneranvergion nmitrrmxbmdpnmdl to p conventisnal paeylenecne
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and the desi Gl o% UL iay pe %anéeroqo”‘?f‘ﬁons i L
bal ance in tnoﬁasenmmfmmonqeaﬁdml paraxylere isomefisatioandn particulaeit may bene,

tol uene, and dedrated Wit sarig afalysis But UhABF e Bhs WHLNE Tplinked T8 the

par axy! enl? * SPecEE piyiRs=gts coRerIRT SRS & séﬁerévem&éfnﬁmens

par axyl en ene,
ortho-, and rapdotyylenes. 20 tol uene, C9 aromatics, paraffins, etc. along
with any paraxylene fed to the paraxyl ene recovery unit that is not

renoved in t S t hi ar axyl.ene pIeted
Gt eam whi oh i HAaYIarE tedmdhatin AR ina be gt the W Rndi e 5o %

The C8 ar onmtsueh asthasgrdeanrikad indiS # 236998, awwza;usmsgasaxvsw4
separati o ury4y, UBGW‘IB5133%'1]8QQSGQQBPBSMWM‘&MSQGBBWEGHGW3Df1|517 when

Lo Es 1 | RS BeBBEEY TR RGBS oyl ST 2 27| oL o

napht ha reform ng. Exanpl es of such processes |ncI ude Exxon
POAERFORM NGTheli§dmélisaitibn catalyst may be dnyfof e wél! kdw¢Atalysts forAnot her

possi bl e sou a cracki ng
br ocesses, éﬁa@?‘ﬁéﬁa?‘iaﬁef’ﬁle f‘ Won tajyst it
et hyl benz@ne aeysed @W@W’ée ing ch 3 ipaston e

conver si on overaﬂfylélﬂ%bﬁﬁ stryctoreosf tho arontaties mmbtexandraiéd mth(es;mtfd@sugax anpl e

US5, 258, 563, :cg' fﬁéﬁ:ﬁﬁ&gg%ﬁé@yﬁ 'd'és ﬁé@ n%&%ﬂﬁib“ér&ﬂn@lfo

reference). A urt 0SS| ene
di sproporti of¥eMSH 3 6&5?"‘893%1%%’? %egﬁ? to a near equilibrium
xylene composition. This type of catalyst system is genarally the choice for

25 aromatics producers whose objective is ta maximise para and ortho-xylene
production from a fixed quantity of feed stock. A second catalyst system is also
designed to isomerise the para xylene depieted feed stock; however rather than
converting ethyltbenzene to xylenes, this catalyst system dealkylates the
ethylbenzene to produce benzene. This catalyst system is often employed when

30 the benzene requirements are high relative to ortho and para xylene production or
when feed stock availability is not a limiting factor.

Examples of processes and catalyst systems which include the capability of
converting ethylbenzene to benzene are the Mobil MHT! (Mobil High Temperature
35 Isomerisation) process and catalyst (see for example US 3 856 871 and US 4 638
1085, the disclosures of which are hereby incorporated by reference), the Mobil
MHAI (Mobil High Activity lsomerisation) process and catalyst, the AMOCO
AMSAC process and catalyst and the UOP ISOMAR™ 1-100 process and catalyst.
9



Exanpl es of such processes include UOP TATORAY[err], TORAY TAC9[err], Mobil
Sel ective Toluene Disproportionation[err] (MSTDP), Mobil Tol uene
Di sproportionation (MDP), |FP Xylenes PLUS[err] and FINA T2BX. There are

8 27161
PCT/EP97/00317
PCT/ EP97/ Ooﬁ%ﬁﬂl ot her possible sources of C8 aromatics streans. The

source of C8 aronatics stream for the process of the present invention
is not critical and may be a single stream or may be a conbination of
streans from any of the above processes. 5 The et hyl benzene conversion

whi Ehnﬁﬁcgfﬁa‘?a MG arbiheBd B BB Blerdifl Gien Tiuge e caBaBiof O o7 1!
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may be &ﬁh t &:e&&@s of {3 | ch are
optim seg far 2 ?g‘ eC| [ cﬁgﬁﬁyl z%ér]@(%kr%ersﬂgér]wﬁggﬂ{y gﬁgé'é I red
e.g. convergwrﬁrf’@aﬁ%?ﬁ' licylation op fransalikyiatiognes . The par axyl enes

i somerisation unit may be any of the wel | known units in the art such

as those de 282, US 4 224 15
141, US 4 2 @?Q"ﬂguﬁﬁ% B@@é@ﬁ%%&%@%@%%@g@z and Re. 30,157,
the di scl osifamergation catalystsknowndg promets copversion of priherandumetaxyleneto The

i soneri sati paran@tenéymdludmehﬁpmmoted zédlites'sthdh ésiomaxammelpgs'n-anm

| somer | Sat'gh%ws' nJQﬁ&%ét‘é r&'hb@rﬁd stéiBe& P‘Im&@fa lyst
system 20 | Hi% 0| ce of catal yst
has an mpa@f‘ 'Hﬁelsi?ée 0 ture of the aromatics
conpl ex and al so on the pI ant deS| gn and econonmi cs. The first type of
catal yst i s THg{ddMkation ﬁéaﬁé J;&ﬂ%:&é”to isomenise SR apg@d 1 O

oC ear UI|I riu

t he I I t
o ene. dBmpaStBOITS PREDIS 3 hess CATIEONS 508 alsp AOVARIAGEOHN B HEVER o co
for 25 ar on&tylbmzpn@ﬂah&;mna/aodlar uﬂpaes.l Desitablyt ibrmay bes ligtiihphaseand

catal yor oy cmersaitpdhiEbpereteya “B‘ﬂ‘e%”“%%“.“swo e top o e
feed stock; %R%V%\%‘SP??‘%?W&% kﬂw ofth “a ﬁ‘%l%‘é@ﬁéﬁ‘go xyl enes,
this catal yepplisation to denpte the-eanditions in aprowsaynisehﬂes@b@d imthisiuce benzene.
Thi s catzel yspecificdtion) suthQisithe tenparaiees, phessures, space velocities, reaction time,

other reactants, and any other process conditions necessary to achieve the
desired reaction, conversion or separation that is the normal function of that
process unit. As the ethylbenzene is converted to xylenes in the ethylbenzene
converter the paraxylenes isomerisation unit may be operated under optimised

26 conditions for xylenes isomerisation as there may be no need to convert
ethylbenzene in this unit if it is fully converted in the ethylbenzene conversion unit.

Operating temperatures are typically in the range of 400 to 800 °F and pressures
in the range of 25 to 500 PSIG. The weight hourly space velocity (WHSV) based

30 on hydrocarbon feed typically ranges from 0.5 to 20. Most isomerization catalyst
systems require a source of hydrogen which can be introduced to the
isomerization reactor to promote the isomerization 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

35 isomerisation catalyst.

Even if an isomerisation or ethylbenzene conversion catalyst is used which does
not require hydrogen it is preferred that hydrogen is present in the process of the
10



30 the benzene requirements are high relative to ortho and para xyl ene
producti on or when feed stock availability is not alimting factor.
Exanpl es of processes and catal yst systens which include the capability of
converting ewydyimeiene to benzene are the Mbil MTI ( MobrCTREPYye0317
Tenperature 35 |sonerisation) process and catal yst (see for exanple US 3 .
856 871 and US 4 638 105, the disclosures of which are hereby

i ncorporated by reference), the Mobil (Mobi | h Activity
| somer i sat i orpresend vestiomwheathe mgbculah@emm@mbrane ls,q\ea!ﬁ%gnewweaﬁnﬂ

catal yst and thé 2edft& mentdrant it-slisbeptibvhcthuxaedayg.at al yst .
9 WO 97/ 27161
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al kyl ation oranaraeuniiat gr,a,can be at ded ivRrdertaimaintaintranspolitfux at py use a

zeolite or Weﬁﬁn&dax&pﬁﬁé level. Flux dedayqeductiontis amawda&bmﬂsydrugum to

t t al
br oot ed 260l P 2%92‘3@&9% sﬂ%%ﬂ’a“’j“ﬁes%e&“ré%‘“”ﬁr% ne e
Mor deni t el%anPratant orp GH%P@H m%@a@t W"@@MPQP&F“’“' $""eégarrpl es
are Mbil Mistrean memldrsbv@ membﬂaynes and moleculéinsieve smembraaei on

reactor is ar d&{e}ﬁg& bésf s VoRiRe dsin get axyl ene to
par axyl ene at es eo S ? onQ/

et hyl benzene ’IVS %M%nhﬁ&ﬁ‘xi{)]@é‘ﬂ e@@'s’q 'Xfﬁ‘é ‘?Vl"r"aﬂi d phase

i someri sati omppmmmaphratpedenﬁal Fashionewithetime.ur es V\,hen little or no

et hyl benzg " conversion takes place. The term arranged and effective"

hs descri Eeé% i sirseni3B or bifibact parmeste dukt, HiotBhthe iftyaP g’ °co°° M !
pressures, spoRpbiape@tany psrtlcubatmecm can he approximately deterwadafmre the:fx any
ot her proces ute8didrbitiafy e, Folty 16 h6@YFa e constant, K, according to
the following refationship:
20

F=Fg e-Kt.

The units of flux used herein are Kg/M2-day. This relationship describes an
exponential decay of fiux with time. Using this relationship, a lifetime for the flux, t

25 |, can be defined as the length of time for the permeate flux to decay to /e of its
original value.  can be caiculated from the relationship

=1

30 Similarly, a flux half life, t1;7, is defined as the time in which the initial flux decays
to half its original value. The half life is determined from the relationship

t172=t(In 112) .

35 The rate of flux decay, K, increases with operating temperature and depends on
the molecular 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 feeds. Itis
11



desired reaction, conversion or separation that is the normal function of

t hat . process unit. As the ethyl benzene is converted to xylenes in the
et hyl benzene converter the paraxyl enes isonerisation unit nay be
oper at ed ung%r ‘?Hm sed 25 conditions for xylenes isonep b pS there
may be no n d’ convert et hyl benzene in this unit 17 1t 1s tully
converted in the et hyl benzene conversion unit. Oper ati ng tenperatures
are typically in the range of 400 to 900 [err]F and pressures in the

range of 25eggedidly ddvantag amsmwmelawséparﬁmmoml telpeiaturegsed 30
on hydrocar e soneri zation
cat al>lyst B%Jsgﬁgﬁis’méﬁﬂ&éﬂégg%&ﬁ'@‘%gﬂ?%%@ﬁ%ﬁ%ﬁ% n be introduced
to the mrewe Jdtonallycindhe casepignembranes used as compenets incact i on

t hat conver t:smmﬁ: heembrane redttorTRightethpératures mweweqaaed betatsé nfdnyi N t he

|
anrﬁesiorggven BYoR %ﬁ%%ﬂe @g merr sati on ca?gpé“?"%%ﬁts v SO
i f an i soneHedi YWEFWFM%% P%‘F‘ﬂ%eﬂﬁéd whi ch does

not require hydrogen it is preferred that hydrogen is present in the

process of . R \
00 5o 5716 1F\H%xample where transport flux reduction would be especially troublesdine is the

PCT/ EP97/ 008@paration of paragdens andiorathylbenzgne perpeate ot a fegd sfredm nenbr ane
is a zeabi t comprisingasmintuce of xylerese Tmbmmﬂmedéuaynmuksqadaymuuwme to flux

decay. faylBAS ah&l&?e fdﬂﬁihé’ﬂ%#&?éd tufrdd ©
nmenbr anes aﬁa n%F ytP@ Sangf'%r?gg r}m%'%osrtpgg I.Nn h{als;ncet OLas

hydrogen suFRNG&Hf
been di scovpembméwvemlmmmvemmbmesaadmolecularmamnembmehydr ogen can

accept i) ;”ré*"gfj“e‘s‘fa Bfglich o el B steol sppd 532”"@ s Aopiaadssed |
present ¥n ?ﬂ% éﬁ"@?m%f‘ﬁ ‘E@Pﬁ'&i b Wtﬂ?&“ﬁﬂ? af?ym ng ream vvhen
10 present andlor emybeymﬂedbundrtqiﬂavb@m:ehalﬁ‘derat 2251t6af a0 tan008Rt i onal
rsremngfane ﬁﬁ\é&cﬁgs tNhieat roBhPaHipd efa;?r‘gﬂvﬁh ﬁﬂ@ﬁtﬂp wlargahe%bar] 3' eve
ydrogen
whi | e usi ngreé“ ‘P?ﬁﬁﬁﬁhw e%t 'cﬁ?% WFMrane S
observed t oseparating xylenes at 300a§pﬁ@kwnh1aaugerbmms schfasargemoni t h ti ne.
15 20 nitrogen and then adding hydrogen to the sweep, transport flux was increased and
remained stable when hydrogen was present, whereas it decayed when hydrogen
was absent.

('

While the fiux decay prevention and remediation through the presence of

25 hydrogen may be observed in all cases where the feedstream is derived from
hydrocarbons, the rate of change of transport 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

a0 composition and structure, hydrogen partial pressure, 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 feed (xylenes
and ethylbenzene) varied from 1 atmosphere to 15 atmospheres in these

35 experiments and sweep pressure was maintained equal to or 2 to 10 atmospheres
below the feed pressure. At temperatures approaching ~400 °C the half life of
the flux-was in general less than ~2 days when hydrogen was not present during
separations. This rapid rate of flux decay is a problem for any practical higher

12



In the absence of hydrogen, perneate flux, F, through the nol ecul ar sieve
menbrane at any particular tinme, t, can be approximately determ ned from

t he fl ux at sone arbitrary earlier time, FO by the use of a rate
constant, K yageRidding to the follow ng relationshi p: pe@EPS/00317

F=FO0 e[err]. The units of flux used herein are Kg/Merr]-day. This
rel ati onshi p descri bes an exponential decay of flux with tinme. Using
this relationship, alifetime for the flux, [err] 25 , can be defined as
the |ength oftempmtmrerappﬁ@tpemm@ularwevadnmb@yeso Higherdemperature

original val ratRin’is demmebs@lueu g@hﬁ@hléémamtahepérﬂneﬁea@as With 30

Simlarly, 18‘5‘%{?3‘?']5 H;r & prefir ?%@%ﬁgﬁéw%éé E%m%tﬂpﬁ? bﬁ&lof‘ he

initial flux
det erni ned f remylmengsgpa@ﬁgm. .tbe invention is practised at temperatures above 225

t[err]=[erg] (dnd preferably dbtempefatisabole BODXCdecay, K, increases with

operating tenperature and depends on the nol ecul ar conposition of the
feed stock and nenbrane conposition i s approxi mately exponenti al
decay of fl uReguctons wélwgeéaqbe@%mhyntth%ﬁmaéams condudied infhe pregence

t enper at ure fhgdrigenin an anReatsf atiddst RHouds.d mole peasetof the tatal molecules

11 f[} the'Bed 4néd %P ﬁtemggratures geater tpan 225 °C at lﬁaﬁf 1 mole

PCT/ EP97/ 003 spec equs separation
process at® hiRsfcent W@WS%M@ be Pmﬁ?@béﬁ@@’&"r@“ﬁ?‘f HBGEFQ%’S(!'?)@‘F’F decaywill of
typi cal per maseWBﬂMem islat least 10 mﬁeapabuntmydmykwtm thmﬂotalnumbet he

i gh tenper Al g E8ipthe Wﬁga@% mperahirgs @ i ?{s&é‘“ o
operate only %PﬁFé u pumket of melecyl in‘the e flux
decreases dr aamE_SVMpI glthaagln furthep eedactions in aupdeea}uwﬁ hes:bsan/edaﬂm about
15 30 to about 60 mole percent hydrogen is present. In 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
20 decay and for catalyst 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. 75 mole percent or
even 90 mole percent, then the hydrogen requirements for the catalyst
25 performance are likely to meet the hydrogen requirements for prevention of fiux

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

30 sufficient quantity initially. Hydrogen can be added to either the feed or sweep if
one is employed in the process. However, it should be noted that hydrogen
readily diffuses through molecular sieve membranes, and therefore contacts both
faces of the molecular sieve membrane regardiess of whether it is introduced on
the feed stream or permeate side of the membrane.

in one aspect of the present invention the molecular sieve membrane unit is used
to selectively separate paraxylene and/or ethylbenzene from a stream which
comprises ethylbenzene and an equilibrium or near equilibrium mixture of xylenes.

13



An exanpl e where transport flux reduction would be especially troubl esone
Is the separation of paraxylene and/or ethyl benzene perneate froma

feed stream 10 conprising a mxture of xylenes. Transport flux decay woul d-

qui ckly red par axyl ene and/ or et hyl benzene vyi

preferred sﬁﬁiﬁﬁﬁﬁ%n tenperature range of 170[err]C ?g%@B%m%err]C and
fl ux decay has been routinely observed with pernsel ecti ve nol ecul ar

si eve nmenbranes and nol ecul ar si eve nenbrane conposites fabricated on

al um na and (RigiglaspadRNE hidlecifal siRe mdnSbraRe BhR HRY bkﬁmatéﬂ‘ﬁowﬁétrid?ﬁhﬂe

menbr ane co t ctive for. para

et hyl benzen%?’i’gﬁmﬁg ‘{"\({ﬁ}@\fg’eé "PFh?V%%ﬂ F"mer'aﬁ%&" ‘?X@Vﬁq F?@'BPPTD to
10000 twithcetbe|meysbrangn at room t enperature when operated with an argon
sweep removi ng the perneate froma m xed A8 aromatic feed. However,

whi | h
such as & gdl %@ﬁ%ﬁﬁgﬁ?p%ﬁg i, s gnelp et is Bempiane o %
transport fleliylbenzengsep gtilises an isomerisationl catalyist in combinatiod wéththe was

present, m%@ﬁsrmbtdeam@ﬂemgnmte&genes and Y6t beABSRNt - Wi le the
fl ux decay prevention and remedi ation through the presence of 25 hydrogen

may be observed in all cases where the feedstreamis derived from

hydr ocar bondn aifighergrabedimentof dhe presentinvention the melacular sieve masabrane im

tSeloar at It @n the moﬁwlammﬁaﬁamhmsﬁéﬂﬁ%ﬁmmﬁrag ﬁuﬁéatmff al
enperature, g erentia
amrjrp space vél "@gﬁ ﬁwe?heet %ggémgfw%gééﬂg f@ﬁ@%?% 8°@¢P é’b
conposi t i on,aPREGRIiaigIsOmeHsationalalyst mayhes F@BQG’YO@DM*M membrane;t Byict ur e,

hydr ogen pargroximaie 1othe heembrise istheantahatithe catalystic apfanged andhefiécteno pr esent
to the amound, pdidqrd onﬂﬁ-darﬂf/&%eé%ﬁé‘ﬁnmf %{Fig{bgﬁfene in the I%fe:ﬁi( ﬁﬁﬁfr ate of

flux decay varies w.th I ncreas ightly

with fecd preliecHiar sieyamembgang ynit but upsizeam etthe ggolife membranede pradugecnes
and et hyl berpnmw}emarﬂmbkcbamduﬂtafpaﬁxybae%ﬂﬁsvéquhaﬁli@be:pmducbathqe 35

experi nent s yo ﬁw&cﬁ{ aec% YRS midkiciars: ngﬁ‘éﬂgﬁénég 598“‘08 prt ng

t h
oL DSPST S5 v ind ecg kv irens i i '3 days

when hydr og@xampie has high ﬂwe and/othigh gelectw:tya‘emaraxylenestheii lm may bpi d rate of
f1|2UX decgy 'p%sﬁblér&@vémd‘egﬁatﬂé‘ Yorltheé BbirfeAsatidnTBSétion to produce and maintain
PCT/ EPo7/ 0o BREene %t'ﬁ}?e%f'ﬂ'ﬂ"‘éﬁﬁf’?'l‘ﬁ"% FOBPAMRS Rt copeamtEion i v anes.
Hi ghert enpe eatesuiiibrium xylene mixture whilst the membrane selectively removes
paraxylene from the upstream material and into the permeate. However the
isomerisation catalyst in the molecular sieve membrane unit should ideally be
25 arranged and effective to produce and maintain paraxylene, upstream of the
membrane and inside the molecular sieve membrane unit, at 50 % or mare,
preferably 80 % or more, and most preferably 90 % or more of the paraxylene
equilibrium concentration whilst the membrane selectively removes paraxylene
from the upstream side of the membrane and into the permeate. Depending on
30 membrane properties it may be desirable and preferable to maintain the
paraxylene concentration at or near to equilibrium for xylenes isomerisation whilst
the membrane selectively removes paraxylene from the retentate into the
permeate. Thus the isomerisation catalyst causes the ortho- and metaxylene to
convert to paraxylene and the paraxylene selectively permeates through the
35 molecular sieve membrane to be produced as a permeate stream. Ortho- and
metaxylene less readily pass through the molecular sieve membrane and tend to
stay ori the upstream side in the retentate stream where they can be further
isomerised. The permeate stream from xylenes isomerisation unit may be
14



operation is desirabl e because pernsel ective transport increases wth
tenperature. For exanple, in a preferred enbodi ment such as paraxyl ene
and/ or et hyl benzene separation the invention is practised at

t enper at ur eswPnt6225 [err]C 5 and-preferably at tenper accuEm2aiseve 300
[err] C. Reductions in flux decay occur when the separation is _
conducted in the presence of hydrogen in an anount of at |east about
0.1 nole percent of the total nolecul es in the feed and sweep. At

t enper at ur esfraetinnatad toifemoye materials bejling balowsind above the kailing pejatafgen nust
be present, gyleResi@l. berizehe toluefle @htd CB aronfakicy ane then tisinsierred to thee observed

when th
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ol ecul essi nstréem fag thkere wouidibelno pasixyisht llepiited stréaneto :emcmmcen flux

o present. TEROR W%@?@%ﬁ%&aﬁﬁeﬁﬂd?‘%@%n@%%@?ﬁ e CRC

whi ch an i soR@@reme W@a'r gerain in the fetentate seam;and; Myst be purged
nmol ecul ar si a\oiecmarisre&eenembmneuniﬂbreimwupeoud mmsdmthefmqﬂecmrwae

E)B?I Prﬁ(rjr: ogen%&%? )&er?% é}ﬂ‘ %ﬁWSI éer | %{;éﬁ%ghﬁﬁ%%ntaﬂdensure

requi r emdft sSERA" 326“'%15%‘3 functien iscalso,rInable,ef JoBVRINGe t he | evel
of hydrogen athgllbenzenb totttanadné)w tyhnes then amsetmlbrehzmd whith ehiesintathieor s.

For exanpl e {dg, éuH f“sdalwwﬂivd&?r? mic p &ﬁhi})édroge” then
t he hydrogen re U|re nts ? prevai t he
catal yst reqURSULian XVisaes Pateriap rmﬁrweré%ww 0%53" the gespiing

percent or benzemedqasSiog througiptheanembranedntotthe phmbaig strearaq in thimasyest f or
the catalyst th@n?ﬁéﬁlﬁpéﬁvé‘ﬁﬁnﬁ&é Urki€indy b8 doRmEtrédif of ¥A ;ébﬁfé?iséﬁdﬁhﬁlﬁ ment s

for prevention o The addition of hydrogen to
separ ati on aﬂ'o'“%ﬁﬁr“ﬁﬁ??’bwg"%f’tc%%ﬁm?ﬁ Y- catal ytic reactions

reduces flux decay in cases where hydrogen is not present in 30 sufficient

quantity i ni thékloleculdtdieveeneribrant aisad fitfe nolétuldiaieve RemBRMeAnitsHaEP | f

eadi 1y Ol ?E%ggv el B e i ?‘%@m&h&%@?ﬁh@%ﬁ%@%ﬁ%{”%ﬁ? act's

bot h 20 f gfos ethylbengenggompared to gthey €8 rﬂsqmmesucbgér espesiathr it is
: ntroduced Ofheta and bﬂl@oxfym whér asedto prod ﬁwléi@e ﬁéh H’éthimeﬂéffor 35t _

n one aspec i e unit is
used &' O%*"e%. Ve %g{e}%%,%.g g’%a%g’/’l ene qubgg};déﬁf ﬂPr om a
st r eam whi ch from a mpdyrg of armatics ps ithegese aﬂ@@lﬁ&?‘?f sieve membrans, unit
equi l i brium isruﬁlrsa:bdmﬁnstrphmﬁ&he xylene isomerisation unit it is preferred that the
13 25 membrane has a binary selectivity for paraxylene to orthoxylene or metaxylene of

at least 2:1. Examples of such molecular sieve materials include controlied pore
amorphous materials such as MCM-41 and zeolite molecular sieves. Itis
preferred that the molecular sieve membrane is a zeolite membrane.

30 Examples of zeolite membranes which may be used in zeolite 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 membranes. The membranes produced in
accordance with the teachings of U.S. Patent 5,110,478 were discussed in

35 "Synthesis and Characterisation of a Pure Zeolite Membrane,” J. G. Tsikoyiannis
and W. Haag, Zeclites (VOI. 12, p. 126., 1992). Such membranes are free
standing and are not affixed or attached as layers to any supports. Zeolite
membranes have also been grown on supports. See e.g. "High temperature
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WO 97/ 27161

PC/ ER97/ 00317 In this aspect the nol ecul ar sieve nenbrane unit may
be | ocat ed downstream of an isonerisation unit and does not have an

i sonmerisation catalyst in conbination wi th the nenbrane, ﬁlﬁ}llna
further asp&?”&?"t‘he present invention, the nol ecul ar si 29@%1 Ane unit
for et hyl benzene separation utilises an isomerisation catalyst in
conbination with the menbrane to convert ethyl benzene to xyl enes and

for_benzene iiniess B fi poithli Seolf ﬁl RdhBhed: ProBaRABAL MolYBNt | on the

mol ecul ar si ve rre an ecq? R HeY \%’}% e uhlé’

downst r eam ?%W?q 08 elis; H 'é'BH’ e rendered
catal yti cal IMouiym,l Mte:rdpnrous”luatemlseklosatpofsﬂ; 4983%;iNstherlanals Patent appropri ate

| soneri sat i I

oo | Sy B el i b Tl
effectivd t & éfg Wgﬁurﬁﬁﬁ aﬁ'i?ﬁw ‘i‘?&%ﬁ{%’@ﬁe’e&ﬁr’% t

et hyl benzenénteraturméembmsﬂppmed imorgedic crpstaliingé moledular sieverddyessie unit but
upst r earm OL .ﬁ&niumb Patert N/ 4/800/802P3. Tl cciuasﬁse ;{Pﬁfu&é&‘hﬁ&?of ﬁitaﬁeexact

i sonmeri satl B%&?@!%&M%ﬁﬁ" JPQQ‘ ﬂﬁ@‘lﬁqpﬁe@@mtﬁ‘% part
on the propmsitaismmmmmemmmsmmqueamedseusmgtamynm ane for
exanpl e fgas Ainy en it may be
20 p055|4ta)l e%?@%&hﬂﬂéﬂlﬁ@?&%ﬁmﬂgﬁ st Hlﬂﬁgﬁ oﬂﬁéggﬁélﬁgénblﬁ@ roduce and
mai nt ai n gﬁg "téﬁ‘m f“ g’ﬁ"hrﬂ’?ﬂ%@e‘%‘??@f ﬁeocﬁy%% dto
its concent mﬂgspribnd) and %rFeaqLetn!, Meatuse, 28th &pel, 1994,y 834\(which distlesesenbr ane
sel ectlvelydnaiﬁemazeomezoahamyhemef)rm@diémsawstémmeraé and into the

per neat e. merisation catalyst in the nol ecul ar sieve
menbr ane unit o%*eg%ydrezﬁ?h&be 25 arranged and effective to produce and
mai nt ai MtSpar axyl ene, upstream of the menbrane and i nside the nol ecul ar
sieve ne ][rbr éﬁmﬁthéﬂéiaomﬂés bfizé6lits membranes whictPinay bealsey erﬂecﬂite)memhrane and
nost prefer t
concentrati ?ﬁ%ﬁ%&ﬁ’ﬁ?&%ﬁ%ﬁgﬂﬁgg%@l vef%fg'mgggg%#rg%; e from
t he upst r eadftematiogal Applicalion Vo4 %@ﬂdPﬁH on 30
nmenbrane pr 4j895/08612, PCTHYSHS/088M, Pmuswosmamhﬁpasm7Mam ain the
ng(r)%?/: ?g'?l oqﬂé\;\sﬁllbﬁﬁéé e d &&r&%?w&;ﬁﬂ‘ﬁb} #ﬁbé Ves ar?a‘;(e | ene from
the ret ent atoyr BALIgr {r‘l@natlonal %@‘qpféﬁ? W‘%ﬁﬁégﬁht sti/ﬁ’fsr‘gé r?%"éﬁ‘%/ﬂnfg
causes the dnarganic layer comprising nptianally contigtions particles of acaysfalinesmalegulahe
par ax y:of n guciggjvagiﬁev:ﬁbdn B%eréadiﬁ?éééﬁy ®i8iA tﬁél&néé of &ma%;ﬁrto?epgg eTReNbr ane
readily pas?@ﬁ?@@ﬁ?ﬂ%ﬁpﬂxﬂpwssP@F@“ﬁ%m%tﬁﬁﬁuﬂ@ﬁ% govereg%gt ay on
t he upstasearthe extent that they ace efiecively closed and-tbesuppeary iscontindousuat her

molecular sieve membrane results; such membranes have the advantage that

they may perform catalysis and separation simultaneously if desired. Preferred
zeolite membranes are those which are prepared by the Inverted In-Situ-
Crystallisation (I-ISC) process, or by using a GEL layer and a Low Alkaline

30  synthesis solution using the inverted In-Situ-Crystallisation process (GEL-LAI-
1SC),or by using a Seeding Layer and a Low-Alkaline-synthesis solution using the
Inverted In-Situ Crystallisation (S-LAI-ISC). These processes 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

35 above described LAI-ISC, GEL-LAI-ISC, or S-LAI-ISC techniques can have dense
zeolite layers in which the zedlite crystals are intergrown such that non-selective
permeation pathways in these as-synthesised zeolite layers are virtually non-

existent. The zeoclite membranes described above may be incorporated into the
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I someri sed. The perneate stream from xyl enes isonerisation unit may be

14 . WD 97/ 27161

PCT/ EP97/ 00317 fractionated to renove materials boiling bel ow and
above the bopldfg.pi nt of xyl enes e.g. benzene, tol UgERepRadessP+
aromatics and then transferred to the par axyl ene recovery unit. If the
nol ecul ar sieve nenbrane unit is particularly efficient at '
i someri sation and separation there nay theoretically be no retentate 5

stream as t hagdtite\mehbréme 0nit ipdthe fortiredfaa soglletsach as tlen desaibedjimct . 1 n
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f’gzct [ onsr g? tﬁga?r egﬂfwﬁ?%?nﬁ?é enz%ériﬁaﬁggfﬁﬁh%ﬁﬁﬁ Eﬁaﬁ:éh%gé rglrxgtsi nt o
the per neat etoRPYLRH ?W*%@m aﬁ%“&ﬁ@"ﬁgﬁ’é@m g‘?PL'\?é“?FE 2ne unit
may be demnsumitalmtbis amrangemest thededdstreami to the unit may feryexasplespassi thrquighce of
an i soneri saj pRinbahé region with TiEretEHtate HolingSloW atalp oA ting Rebioadd'e
nol ecul ar S|§)ée Henb{‘ane unj t .be an%rgnl ecaa siLeve_nmateriral in
the form of (RERAPOHENGFecANY g’%fe@m@@ pd ca yﬁg/me ared to
ot her C8 ar onumberofduembeanetand catalyst eegionswilfidepend on the nature ofdoe
?Lt hO?%' Fne, séﬁiﬁ‘ah ‘dd\%%dtqﬁtéwﬁ%b‘&sée_ t $dédifed! El'_héisf[é alafios bhd Fbﬁ%ﬁ?ﬁoﬁ@é |

e e en (o]0) ni.t. en.used.in. a araxyl ene
froma m%t uéﬁ%?& <Y ahfn inkl Shine 0¥ b Btiddlioh B cERE! fid AmRtaiFer Y, T

uni t i smay bejdifferedownst r eam of the xyl ene isonersation unit it is
preferred that the 25 nenbrane has a binary selectivity for paraxylene to

o1t noxy! ene. § gl BEABRAM that el G Yookl merFARE Lifs ftn SuRlanGEY o0 o

sieve materia I N € co rphous material's _such as

MCM 41 and Z@8Werisation catalystin close proximity todhe zeolitgmembranginigagh unitamay
nol ecul aeo si be asextinithe peodesses afithé ptezentinberntion. Relérencdtozeplites of zeolite

nmenbr anes V\,hhg biEhe %ﬁlg B ' cﬂﬁ{?ﬁgoaﬁ?ta | .S bod resent
i nvention are Q‘escr | ‘E@Eﬂ‘“i n tshg ¥ ol Fg\ti?nﬁnﬂ, ocumen#gﬂ.‘ ﬁﬁn&@&e Egkoen 9
where two or more zeolite membrane uhits may be used in sequence to each
other with or without any further intervening processes or process units.

25 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
WO094/01209 the disclosure of which is incorporated by reference. in the context
of the present invention the term module signifies the combination of a molecular
sieve membrane which may or may not be deposited on a substrate supported

30  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 valves and pipework which is necessary to attach the
module to the other components of the molecular sieve membrane unit. The
module may therefor comprise some or all of those features which are required to

35 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
17



5,110,478, the disclosure of which is hereby incorporated by reference,

descr.i bes the direct synthesis of zeolite nenbranes. The nenbranes
produced in accordance with the teachings of U S. Patent 5,110,478
wer e discussed in 35 "Synthesis and Characterisation of a Pure Zeollte
Menbr ane, " WOBVRMKL koyi anni s and W Haag, Zeolites FGHERSIOPIT, 126.
1992). Such nenbranes are free standi ng and are not affixed or
attached as | ayers to any supports Zeolite menbr anes have al so been
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t he pred®entaerwelbnown intke ads fithe membraneelement comprisesa-caramicssupport
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W04/ 013003 ﬁé'eﬁrse%i# %%ﬁﬂﬁﬁgei@r#%%%%ﬁgﬁ%nﬁ %%? a&ﬂ%ryaﬂ of erence
I n our heusging. Sughseal capahle etwithstangingthe opemtingcopgditiensiescr | bed
a SUpportedofthe menimgennit ahdnmf kmwrpinltbe ag. Jheinmodiié willcaisy hayeomeansar t i cl es
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t he range o qgﬁ? @g%rct tgﬁ M'Q‘P Lralnse A t%nt ageously
por ous. F‘?"%ﬁ"@ sids\af g
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
25 module may also be engineered to aliow temperature contro! by means of heating
and/or cooling. The module may also contain means such as vaiving 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
30 the membrane such that the pressure on the upstream side of the 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
35  atm and most preferably 5 to 15 atm. The pressure 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 within 2 module depending on how this
is engineered. Also located within the module is the isomerisation catalyst which
18



25 the extent that they are effectively closed, and the support is
cont i nuous, a nmol ecul ar sieve nenbrane results; such nenbranes have
the advantage that they may perform catal ysis and separation

si mul taneousév gesired. Preferred zeol i t e menbr anqgerapededse Whi ch
are prepared y he I nverted In-Situ- Crystallisation (1-1SC) process,
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atu

regi ons wil W re of the separations and cat al yst
processe® desi red The separation and catal yst process 15 may be

subst ant i al | yhd pmibidife éng&,eﬁﬁqﬁ?feéémcnﬂgawaf@éhxaas&mmnbr ane or

g%?gngl Lamqwogr T@pm@mne ments rellré?aso mcorpor\ggeé) into ot51e zeolite

known designs for membrane separation units stich as for example plate and
frame membrane modules. Suitable ceramic monolith elements may be

25 constructed according to US 5 221 484, US 5 114 581, US 5 120 576, EP 0 373
215, 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 exampie EP 0 270 051.

30 As indicated above the fresh feed for the xylene recovery loop may come from a
variety of sources in the petrochemical cycle. Fresh feed from, for example, a
reformer, which is introduced fo the xylene recovery loop is usually fractionated
before introduction o the paraxylene separation unit to remove materials boiling
below the boiling point of xylenes, and may optionally also be fractionated to

35 remove at least part of the material boiling above the boiling point of xylenes. If
lower boiling materials are not removed from the fresh feed, it is introduced to a
detoluehizer tower ("DETOL") which removes toluene and lighter materials by
distillation. The feed is then introduced to either a xylene rerun tower or splitter. A
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I somerisation catalyst in close proximty to the zeolite nenbrane in each
unit .may 20 be used in the processes of the present invention. Reference
to zeolite menbrane unit in this specification should also be taken to.
i ncl ude enbodi nent s where two or nore zeolite nenbran nits. may be
used in seqmﬁ"é”fﬂ each other with or w thout any f AFTHETRY 1 veni ng
processes or process units. 25 The zeolite nmenbranes descri bed above may
be incorporated into the nol ecul ar si eve nmenbrane unit in the form of

dul WESehd | . t | whi ch
?snanoerzlrjg?g . m?té?er enmopégﬁb?ﬁémc’gtr'l ex?{‘me%gg%f R%"%S ggérﬂt&r’%{/ent : gn

the term mofl# HEgmqves af ﬁéstzﬂﬁfb?fﬁgﬁi oyfiene fopsihseayent recovery ag e
menbr ane whthoxyeneoproduast imah orfthoxideresieraritower.a The fresh feed in apgienesd 30

wthin a hoysy c%b' : ?mﬁgﬂ | ired
to ef f ec] ﬁge % F‘%gl u ,eﬁér%&lg%ggrane llaﬁ ot Mﬁ%&%ﬁ?%@g%t
These ad®i t HBK QY in the pr ventienfrom the.zeglite mgmbrang uniks thepverheador k whi ch
I s necessar gtreamdronathe xylene rerun toweribesglitter is dypicaiiy a mixtupe otcérapaindshe

or il of AR BSOS Ypliv nbRaromaticd DAY BIMIPHAIRE; S 20 GRAD. TP DO
si eve menbr ﬁﬁgﬁﬁ'ﬁ?’.‘e' Oto W"ﬂ%%&@&f’ﬁ' RES Q\S’r%)rp% ‘ﬁtg/ﬁﬁﬂ?'i'% heexachp| y
made out of compesitiouwill depend on the fresh feed antidbé natuie of the catalystsosedint he

t1$ Mper alyir ethe iBbNBAHLIBA UMt @na e e Alolite membrane unit. It should be appreciated

7] 2(16 N
PCT/ EP97/ oogﬁ“‘ev*%&' é@%%‘? &EHWE?PSWWH"? Gevld beis comebination oftwa of hseqd i n
oper ati on. Moge faeds such/as those disatissediabovs. fwisitnouidbeacombinatiohofanpri ses

the nol ecul fledidii @ mEphthadeRrmer witl® tHal ®ont& TATORAYO® of MSTOP™®ung. Sui tabl e
support. It is preferred that, for robustness, t he nol ecul ar si eve

menbrane is deposited on a suitable support Suitable 5 supports are

i nor ganit sltgpeviddeyndersteedthabinthe pregentdesoiptienwhep taferenae is made to
envi r onment adéed {02 onatetial apstany6f the femisrans,th b zeblite intérhbidfie tinitibairgs s

S ar P 3 B el e af el e SRR b oY} 0o
of i ncor por 8tthadyrieal respectiva-cancentsations faran equilibriumemixtire of xylenes 8&pend on
the nature krowrhin thetaet ilntite samé Bontelkicbywerin lequiliritan Eomeant s¢ompasitionl f t he
r‘g“\s/\bg g i St éﬁ%?’gﬁ%ﬁh wﬁﬁé} %P@ﬂ'ﬁ% of the xyleRé praséntidre Bt tfr%ir%nﬂes cri bed

equilibrium concentration with respect to the other xylenes present and includes

mixtures where one or more of the xylene isomers are present at a concentration

which js greater than their equilibrium concentration. Ideally in such mixtures the

paraxylene should be present at 50 % or more, preferably 80 % or more and most

25 preferably at 90 % or more of the paraxylene equilibrium concentration.

Other objects and features of the invention are described in the following detailed
description wherein reference is made to the accompanying figures.

30 Figure 1 shows a xylene purification loop which utilises an ethylbenzene
membrane separation unit upstream of an ethylbenzene conversion unit which is
upstream of an xylene isomerisation unit.

In Figure 1 the zeolite membrane unit has as its primary function the separation of
35 ethylbenzene from a paraxylene depleted stream so that this may be passed into
an ethylbenzene conversion unit. Thus a feed comprising xylenes and
ethylbenzene 300 is passed to a xylene re-run fractionation sequence 312 and
into a paraxylene recovery unit 301 via line 315. Paraxylene is withdrawn through
o 2
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I ncorporated by reference. Another possible arrangenent is to incorporate a
nunber of menbrane el enents which conprise zeolite nenbrane on a porous
stainl ess steel support within a plate and franme arrangenment. Such
arrangenent SgdgnAge Wel |l known in the art. If the menbranerapenmsir

conprises a ceram c support for exanple when it is a ceramic corderite
nonolith then it may be required that suitable seals are utilised to
i ncorporate the nenbrane elenment into a netal housi ng. Such seal s

shoul d be copsraxyleny rich $theain®i802 and bitko-Cird btarges®and sthylbsnzene aef t he

nmenbrane unij, g’rqd#% ans 20
for introducl nﬁmgﬁﬁ%@ akﬂeﬁé‘ gﬁéggﬁﬁ;ﬁ gﬂ% &r@g@ igEans for
renovi ng t hd ‘P‘Hﬂf&ét e UPEt 30 comprising A ze ?’HE@" r‘ﬁ

upstream si ohiertmts sebdtﬂepermpabm ef@hylbenzaﬁetamdmossbly@ataxwm@etht@ghmbemw ng

ret ent at Qe ol r M’ﬁ' rovide a
sweep gagsto retr%gr\‘/1 ro ur?;tl% %@gﬁ'ﬁ]‘%& S éégf&’ %?&é’ﬁﬁ&lﬁdgiﬁheo The 25
modal e may ANEPARSBY, @p#éé#%mraxﬂﬁnw%wrﬁmﬁeeﬁ%m AR Hait of
heati ng 30drtirougheanealg. stréam 305dandmostyof dhe ortlerandi metaxgdem arech as

al ving and ssure
:I/\A tx: ngt he m)%i Wﬁﬁﬁﬁﬁﬁﬁré@rﬁﬂh%@eﬁm}ls %%ﬁ?gss @g %fen'tjl al
S

across the rf8 ﬁ?@“&@ﬂ?’%’?@?éﬂl‘;ﬁu sure

di f f er entd al istreedisasethylbenzene texylenes) 'Etmmthylbelazansnmeffatas withdeawrenbr ane
? Eg hf 2 ggt n; ;lﬁr 2@&?332 rrgbthgteﬁﬁsé 866HhE bﬂkggﬁﬁﬁﬁ;eisaiaaﬁwaoa bfe hi gher.
Upat r eam o1 PRI, HEEF 218i0ed 0% 500 B B8 KorietRain Bob AT0 WG RLBE 41
nost praliquid phgsexylenes ispraeripation unit operating pk2005CG, dheixylepesnt i al

ggt \Q/teen tngMﬁéfaﬁgsses frof e dsohérisaion Lt dwtméugmﬁm@mba%séwn:eb%g to
press{Pr e%dl f'ﬁé?@ﬁ%{? tﬁﬁgggy(%}% ?M@ggﬁ? Eesoéﬁ a € ear

be a

reduction i rstieam 3bhanda xvignes MGt&"éaﬂ?‘pﬂ@b@ﬁ@ém may be furtheiitreated al ong a
menbr ane el etamrn-aomhﬂiam protassitb protiuce AT gaptitherwyrechtle 316toth$ engi neer ed.

Al so 1 ocat edyiihin g;eggq@gmnh%os fe&dvﬁ%?amunga if e Hgtd). Wbédible
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PCT/ EP97/ 00 ggition to the processiiesgribed infdigurefis tha inclugion af azegiite; ne nenbr ane
for xyl emes membraneamitiafier the isomerisatioh lnait 300/bat befare the okglené rédnan nenbr ane

for the et hylLapramh sveaaaﬁées:%@ TV Scdional ZESHHE FREnFLASTIA wEB fifiner

arra € such so as to

engi neered or J
al Igow count eﬁ""&h?’?%ﬁtfe%'gg {1 RAfAVESRen f eed and sweep within

In this embodiment for a given membrane the predicted recovery of ethylbenzene

25 on the permeate side of the membrane is 44 wt% compared to a normal
ethylbenzene concentration of 6 to 7 wt%. The ethylbenzene conversion across
the ethylbenzene isomerisation unit is 85% which compares favourably with a
conventional process where the per pass conversion is 42%. Because a much
smaller portion of the xylene loop is subjected to the severe conditions of the

30 ethylbenzene conversion unit there are lower overalil xylene losses, Also because
the xylenes isomerisation unit conditions are less severe than in a combined
ethylbenzene/xylenes isomerisation unit the losses of xylenes in this unit are
significantly lower; 1% compared to 3 to 4%. This results in an overali yield for
paraxylene for this embodiment of 84.5% compared to 84.5% for the conventional

35 Xxylene loop without zeolite membrane unit. An additional advantage of this
embodiment is that the amount of hydrogen circulation is dramatically reduced as
the ethylbenzene conversion is in a separate reactor and hydrogen is not required
for the xylenes isomerisation unit. This may result in a significant savings on the

. 21
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5 the nodule or it may be arranged to allow co-current operation between

f eed. and sweep W thin the nodule or it may be arranged for cross-flow
operation. Thus the menbrane el ement nmay conprise a multichannel
cerami c nmonolith support in whi ch sone of the channekﬁgﬁéﬁgﬁhilised
for introduMAY2WL feed to the el enent and some of s are
utilised for introducing the sweep to the elenent. 10 The feeds may be
arranged through the use of appropriate flanges and maski ng to all ow

R t, - i
co- curr ent, o6 bbrafih aaradjier 1835wy piicaBLadiardiRg 1 ermbbdimant

mul ti channel nono e IS0 I sat1on cat r-use in

combi ned  Compangadp the,conyentional xyeneslooBn i s | ocated within the feed
channel s of the nonolith or if used for ethyl benzene conversion within
the sweep channels. Alternatively the 15 catalyst may be | ocated within
the nonolithic support but on the feedstream side of the menbrane or
on the s¥eep side of the nenbrane depending on the application. Wen
desirabl e the conbination of the retentate stream (with or wi t hout
purge) with the perneate stream (with or w thout sweep) may take pl ace
within the nodule itself. 20 The menbrane el enments may be included in
the nodul e as described in W04/ 01209. The nenbrane el enents may al so
be incorporated into other known desi gns for nenbrane separation units
such as4for exanple plate and frame menbrane nodul es. Suitable ceramc
nonolith el enents may be 25 constructed according to US 5 221 484, US 5114
581, US 5120 576, EP 0 373 215, US 5 108 601, EP O 396 684, EP 0 310
632 but with the use of a zeolite menbrane. Such nonolithic tubes may
be incorporated into a netal nodul e by t he use of techniques known in
the art such as for exanple EP 0 270 051. 30 As indicated above the fresh
feed for the xylene recovery | oop may cone from a variety of sources
in the petrochem cal cycle. Fresh feed from for exanple, a r ef or mer,
which is introduced to the xylene recovery loop is usually fractionated
before introduction to the paraxyl ene separation unit to renove materials

boi l'i ng bel ow the boiling point of xylenes, and may optionally also be
fractionated to 35 renove at |east part of the material boiling above the
boi ling point of xylenes. If | ower boiling materials are not renoved
fron1th$ fresh feed, it is introduced to a det ol ueni zer tower
(" DETOL ? whi ch renoves toluene and lighter materials by distillation.
The feed is then introduced to either a xylene rerun tower or splitter. A
19 xyl ene rerun tower renoves C9+ aromatics fromthe feed. A xylene
splitter tower in aiddition renoves at | east part of the
ort hoxyl ene for subsequent recovery as orthoxyl ene product in an

25
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orthoxyl ene rerun tower. The fresh feed in a xylenes loop is conbined with
a.recycle stream whi ch comes fromthe xyl ene isonerisation unit or
in the present invention fromthe zeol+te — menbrane unit. The

over head streg t he xyl ene rerun litter is Rip§7dody 2

m xture of corrglo% ?V\:hl ch incl uﬁ BE‘E;. “ﬂMﬁon ar omat il?st, 0 t%)MS Wt %
toluene, 5 to 20 wt % et e 10 wt % C8 napht henes, and
70 to 95 wt % xyl enes. The exact conposition will depend on the
fresh feed angpLaiMs nature of the catal ysts used in the

I somerisation unit and in the zeolite menbrane unit. It should be

appreci ated that the fresh feed to the xylenes recovery | ogp could
be a conbi natl-on d¥ProgesHior enversiar gtethylbanzene:tabepzene and/or xylanes whiey
above. Thus iprocess cbrfiprisesconbi nati on of a feed from a napht ha reforner

wi th that froma TATORAY[err] or MSTCDP[err] unit. It

shoul d be understood that in the present descriptign when reference i s nade
to a feed to,(@passing at leastapartion,of 3 piteans samprising gthylhenzene.to g zeqlits el j t e

menbr ane uni tmembranedinitaspmprising 21 hdlecular sieve memblamecor aftinte ambiderhat i t

can be a m xt
concentrati onésH Edtﬁw\?ﬂ\‘”alfaié@b%% %ﬁ?'ﬁﬁaﬁ‘g% g?ﬁr&@ﬁegﬁ §%§%on:§ ufehe art.
In the same JBf rsleve membrane todhe peRneate “eaa%npom tion

conpri si ng xyl enes in which one or nore of t he xyl enes present are

at their non eﬂﬂfb‘e\‘”&é ' mp?ga enes
present and m:&%‘}eé%ﬁﬁng\%mures ereidoﬁgeaogrth?ore o) e%ﬁ@%%ﬁs are

present at a ®oncentration which is greater than their equilibrium
concentration. ldeally in such m xtures t he paraxyl ene shoul d be

pr efsent b?t 552 ‘?002;\ protEss i’sféiﬁiﬁfei‘hhh ¥l 1%Jﬁ§reimﬁ@reﬁ§ redeht an ethylbtenzt-%ne
prefera a Q Or e rium concentration.

Q her obj g"'ct SCORVArSION | ‘Eﬁﬁé‘ (%F'e W&ﬁﬁ% ‘ﬂeﬂﬁ sd%"?dpfrﬂg]?nﬁ? "t he foll ow ng
detai | ed descdawnstream of the molecujas sigve mesmbrane but inclosgqroxigity kthec conpanyi ng
figures. membranerpotie 1 shows a xyl ene purification | oop which
utilises an ethyl benzene nenbrane separation unit upstream of an

et hyl benzene conver5| on unit which is upstream of an xyl ene
i somer i sat i or8-uniA process as claimedqin claimricorclaime whenein the sireamdnstep{p) has as

its pr: magay dfmﬂsee atHydrotapsindfeedstreaim compnsmg pﬁhhméﬁlemaﬁeéstmma
par axyl ene 0
et hyl benzene conv'gg’glé“ﬁ@mn% ﬁg ‘%H"Z& conpri SI ng xyI ene cﬂ&r%pess

et hyl benzene fgdbercgmpnses passed to a xylene re-run fractionation
sequence 312 and into a paraxylene recovery unit 301 Vi a l'ine

‘;’ i5 . Paraxylgne dsowikihd B Mdank oF 8 Yafaxyiene separation process in a
25 paraxylene recovery unit a porfion of said paraxylene from at least a
portion of said hydrocarbon feedstream 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 other isomers of xylene, said ethylbenzene, or
mixtures thereof; and it is at Jeast a portion of this first stream which is fed to
30 the molecular sieve membrane unit.

4. A process as claimed in any of claims 1 to 3 wherein the ethylbenzene
conversion is performed in an ethylbenzene conversion unit which is downstream
of the molecular sieve membrane unit and that at least a portion of the permeate

35 from the molecular sieve membrane unit is fed to the ethylbenzene conversion
unit.



par axyl ene rich stream 302 andortho- and netaxyl ene and et hyl benzene are
wi t hdrawn through paraxyl ene am 303 Par axyl ene poor stream 303 is
i ntroduced to a zeolite nenbr wmu{ r| sing a zeolite nmenbrane
Wwhich permits sel ective perne zene and p033| bly raxyl ene
t hr ough t heW2&8H¥ ¢ nenbrane rel ative to ortho- and net aX¥H¥ mgﬁst of the
et hyl benzene and possi bly nost of the paraxylene is withdrawn fromthe
zeolite nenbrane unit 304 through perneate stream 305 and nost of the

ort ho- and t 6. Perneate
stream 305 "g}seé %%ogigla%ﬁﬁ aZl‘g”zbé%%f c%%%?ﬁ%%’ﬁ%ﬁ%@% | benzene

i soneri zat i KRVEIHAN Witp B‘P@rg%‘&a% wihishie feplgted;ip efhnbanzene ‘Vh@" et hyl benzene
i soner at e | compdred tathe penmeaig! frdm tie MoRculdhsieve enibrase GRitamdiwhichly | benzene

| Somor st ianeney 1t SRR OBl Paltt b0 od B6iorid Roltr lBnes- . on

unit opérating at 200C. The xyl enes isonerate passes fromthe isonerisation
unit 310 trsougﬁhpﬂocessﬁﬁlamdanmymmaahmimswmlnmwstrm&emubece 312

whi ch pr od%ﬁ?? 1 i ha ?cﬁM gnes
recycle 315 ht s%’%@gmﬁ %pu%m'?urmen?dt eat egét[egﬁge ract‘l onat i on
process to P ?‘BB'&‘E% %ﬁ’ﬂ?}% 'FéE biested 1a & xyienes somerisatinn pre

conver si on inantis@harisation wnit foprdducedn isonmatersttbbm ﬁamm')emikhpdsm bI e

addi ti t a‘rﬁ&ﬁ?&(&&&ﬁ& fdddy ,Jssh.% n'UMl usion of a zeolite
rrenbra(rjlg, umt ter the t??m‘r‘élf%t?gn uni ?ﬁ% S%é}ﬁefdc})ﬁte the xylene re-run
fractionati on sequence 312. This additional zeolite nenbrane unit would
further enrﬂ'chkm&@mihmlqifalﬁauberehéheismeralbiisfeﬂrtb@ji ment for a

gi ven nmenmbreiyigaidie ,g brstesgcovery of ethyl benzene on the perneate side
of the rrenbrane Is 44 wt% conpared to a normal ethyl benzene concentration
of 6 to 7 wt% The ethyl benzene conversi on across the ethyl benzene

i someritation unit is 85% which conpares favourably with a conventi onal

process whege WW&IWWWﬁﬁﬂZ%m&ﬁ@Hﬁﬁﬁﬁ%ﬁm| ler

portion of o f the

et hyl benzer{éag%@ééﬁg‘?%hﬂ%ﬁﬂ”%ﬁ% ﬁ@f&&@rﬁs@%ﬁb&ﬁmﬁ%&aﬁ %&)'(o ene riaf}ggugfs? Al so
because t hdueRbrangdnitpredices aperawateenriched in mranéermeomeafs % e than in
a conbi ned isdrhgrbtenzene/ xyl enes isonerisation unit the |losses of xylenes in
this unjt are significantly lower; 1% conpared to 3 to 4% This results in
an overall |eId for paraxyl ene for this enbodi nent of 94.5% conpared to
84.5% for the W'@ﬁ@"ﬂ@dﬂ‘%ﬂﬁ%ﬁemm?@cm%e unit An
addi ti onal meknhrﬁmgmﬂdﬁﬂbénmnwibesiampbhesmobhabaﬁdmmnt of hydrogen
circulation is dranatically reduced as the et hyl benzene conversion is in a

separate re t and h d&o en .is no ui red for t he X l!'enes |hsomer| sation
it i s ey A eiBhes dsoametn 3y Skt Hecadia OB wiers the 6 ac
25 molecular sieve membrane unit eompnses two or more altematmg zones of

catalyst and membrane.
11.  An ethylbenzene conversion plant comprising:

30 (a) a molecular sieve membrane unit comprising a molecular sieve membrane
and

{b) a means for ethylbenzene conversion, wherein the means for ethylbenzene
conversion is downstream of the membrane.

12. A plant as claimed in claim 11 wherein the means for ethylbenzene
conversion is an ethylbenzene conversion catalyst which is part of the molecular

24
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WO 97/ 27161 L -
RCT/ EP97/ 00317 cost of operating auiar axyl ene recovery process

according to this enbodi ment “‘“‘“W‘“ﬂm the conventional xylenes
| oop. woornmer 15 |1NRIRE B RARH RREE DS PCT/EP97/00317

sieve membrane or downstream of the molecular sieve membrane but in close
proximity {o the membrane or both.

13 A process as claimed in claim 1 which comprises a zeolite membrane which
5 has been prepared by either the LAI-ISC, S-LAI-ISC or GEL-LAI-ISC processes.
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1. A process for conversion of ethyl benzene to benzene and/ or xyl enes

whi ch PRREPPIeiONpPri ses: 5 (a) passing at |east P%TW? of a
stream conprising ethyl benzene to a zeoljiyje menbrane unit ¢ Ising a
nol ecul ar sieve nenbrane, for a tinme and under such conditions that at
| east a portion of the ethyl benzene passes through the nol ecul ar si eve
menbrane to the perneate side of the nenbrane and 10 (b) converting

t he et hyl benzene in at IeaE Gg;tion of said perneate to benzene
and/ or xyl enes. 2 ss as clainmed in claiml1l wherein there is

present an MEMBRANE EB COMCENTRATIONyHOR ther as part of the
mol ecul ar si evESTHHERIZATION 'NdéWfsENaEmthﬁe nmol ecul ar si eve nmenbrane

but in close proxpuakW ENE he EB MEMBRANE
SEPARATION
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"rrenbrane or both. . A proces?@a\s clainmed in claiml or ck al'm 2 -
- wherein the streamin stesaéa) 20 onpri ses a hydrecarbon f eedst ream-
sconpr i sylegeparundawer cemenesato+ sensmation drom the feede A Xdentesviltier lowesir addition

thyl b
(a0 200808s, 2ol ptt e ARG Rne THE subefllar LSRR 05 otndblend Prod REI 47 o
st et et st s
P ducodvtich Bainbe MM 05 kylehe. o isrisaiar v o FolBe rePet vanion et 148 Aeoita

I east InérAbiane urdl FHé Gveread rstr@hﬁ\eﬁ'orh&ﬁ@%%n@freﬁhﬁ' RNRr o‘ias'pﬁuért @»ﬂr&eﬂ&%‘e

m xtures thereof; and Is at least a portion of this first

st r eamMiKiuES of compeunds vdtich includes, @ t@rﬂpé'ﬂl'ﬁl @gm grogaticgethier @M@%dﬁﬁuﬁf\e 5t020 4.
A Proceas, akh fde@rkgﬁéj 0 Eo Y with ?#ﬂaggthenég ahd"28" 1Bl 85 e, ?!5'%% ﬁq‘i_ﬁgn&act

conversion | in an e nzene conversi on uni
downst roempos:tlon will dépenctod:mdhe afreshl feed anehitheamaturai of ﬁmedc&th%tsat;sécbas tthea

fgr: Ihgi?ﬁ?%ﬁ%gﬂg EE ahﬁg %q{‘gemtﬁe% rﬁrﬁe GGk ¥ st Be appre%%?eed Wil nd Freditd

23 feed to the enes recovery ioop could beZcomBinatiofy RGBT IMES 64d SIRHA dsthasy of
cl ai ns erein the et hgl benzene conversion unit produces a stream

whi ch |d!§°§§?ﬁ<%?'&}’er nTmeans&dm @ ACOoMhinalien o arfeed frenta]eawmé%fpenwmth that

nol eculga) \,@ r[\ﬁs @id which is enriched in ethyl benzene
conver5| on products such as benzene and/ or xyl enes. 6 A process as
claimed in any of claims 1 to 5 wherein the streamfromthe ethyl benzene

conver al L.y, .conbin with th ret ntate fram.th ecul ar
i ove. Neatorkiie wierstood Jat i perener geStrindph nEen Tefbrhritn ds EGR th Adele: Bh an
| SOner ingeabrifl Nupstieant of Rﬁé’d\h@rﬁb@ﬁe' FOREESIG PdrRBYahS 20Hit Beifg @tnéq&ﬁb?%m in
par axyl ene content conpared to t he feed to the isonerisation unit
xylenes this means that it can be a mixture of xylenes which are at the typical respectlve
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 the
xylenes present are at their none equilibrium concentration with respect to the other xylenes
present and includes mixtures where one or more of the xylene isomers are present at a
concentration which is greater than their equilibrium concentration. Ideally in such mixtures
the paraxylene should be present at 50 % or more, preferably 80 % or more and most

preferably at 90 % or more of the paraxylene equilibrium concentration.

Other objects and features of the invention are described in the following detailed description
wherein reference is made to the accompanying figures.

Figure 1 shows a xylene purification loop which utilises an ethylbenzene membrane
separation unit upstream of an ethylbenzene conversion unit which is upstream of an xylene
isomerisation unit.

In Figure 1 the zeolite membrane unit has as its primary function the separation of
ethylbenzene from a paraxylene depleted stream so that this may be passed into an
ethylbenzene conversion unit. Thus a feed comprising xylenes and ethylbenzene 300 is
passed to a xylene re-run fractionation sequence 312 and into a paraxylene recovery unit 301

via line - 315. REPLACEME@?@% is withdrawn through
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7. A process as clained in cIa|m6 whzlein the isonerate is fed to a

par axyl ene recovery§§r g% A pfocess as claiqred in claim6 wherein
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retentate 306 and ethy!ben_zene isomerate 308 are combined to provide a unified feed 309 to
the isomerisation unit 310 which may be a liquid phase xylenes isomerisation unit operating at
200°C. The xylenes isomerate passes from the isomerisation unit 310 through line 311 to a
xylene re-run fractionation sequence 312 which produces a heavy stream 313, a lights stream
314 and a xylenes recycle 315. The lights stream may be further treated to a fractionation
process to produce a C8 naphthene recycle 316 to the ethylbenzene conversion unit 307

. (shown as dotted lines in the figure). A possible addition to the process described in Figure 1
is the inclusion of a zeolite membrane unit after the isomerisation unit 310 but before the
xylene re-run fractionation sequence 312. This additional zeolite membrane unit would further
enrich the stream 311 in paraxylene.

In this embodiment for a given membrane the predicted recovery of ethylbenzene on the
permeate side of the membrane is 44 wt% compared to a normal ethylbeniene concentration
of 6 to 7 wt%. The ethylbenzene conversion across the ethylbenzene isomerisation unit is
85% which compares favourably with a conventional process where the per pass conversion
is 42%. Because a much smaller portion of the xylene loop is subjected to the severe
conditions of the ethylbenzene conversion unit there are lower overail xylene losses. Also
because the: xylenes isomerisation unit conditions are less severe than in a combined
ethyibenzene/xylenes isomerisation unit the losses of xylenes in this unit are significantly
lower; 1% compared to 3 to 4%. This results in an overall yield for paraxylene for this
embodiment of 94.5% compared to 84.5% for the conventional xylene loop without zeclite
membrane unit. An additional advantage of this embodiment is that the amount of hydrégen
circulation is dramatiéaﬂy reduce& as the ethylbenzene conversion is in a separate reactor and
hydrogen is not required for the xylenes isomerisation unit. This may resuilt in a significant
savings on the '
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~ which is part of the molecular

the LAI-AS%% S—LAI-ISC or GEL-LAI-| SC processes.

enzene cgnversion unit produces a stream Wthh is depleted
in ethylbenzene when compared to the perméate from the molecular
sieve membrane unit and which is enriched in ethylbenzene
conversion products such as benzene and/cr xylenes.

6 A process as claimed in any of claims 1 to 5 wherein the
stream from the ethylbenzene conversion unit , optionally combined

- with the retentate from the molecular sieve membrane unit, is

subjected to a xylenes isomerisation process in an isomerisation
unit to produce an isomerate stream having an enriched paraxylene
content compared to the feed to the isomerisation unit.

7. A process as claimed in claim 6 wherein the isomerate is fed
to a paraxylene recovery process. '

8. A process as claimed in claim 6 wherein isomerate is fed to a
second molecular sieve membrane unit downstream of the
isomerisation unit and which membrane unit produces a permeate
enriched in paraxylene compared to the isomerate.

9 A process as claimed in claim 8 wherein the second molecular
sieve membrane unit further comprises a xylenes isomerisation

catalyst.

10 A process as claimed in any of the preceding claims where the
or each molecular sieve membrane unit comprises two or more
alternating zones of catalyst and membrane.

11. An ethylbenzene conversion plant comprising:

{a) a molecular sieve membrane unit (304) comprising a molecular

’

sieve membrane and
(b) a means for ethylbenzene conversion (307), wherein the means

for ethylbenzene conversion is downstream of the membrane.

12. A plant as claimed in claim 11 wherein the means for
ethylbenzene conversion 1is an ethylbenzene conversion catalyst
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