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PARA- XYLENEPROCESSUSI NG PERM SELECTI VE SEPARATI ONS
TECHNI CALFI ELD The present invention relates to

wpe@sesses for recovery of purified products fPORUS2004/022515

fluid m xture by neans of integrated permselective
separations with purified product recovery operations.
More particularly, integrated processes ofthe

i BV [ epar

TR X e R BROCERS Dl RIS e BB SEPRRATIONS
coupled with recovery of purified products by neans of
fractional crystallizaTEGHNHIADFIER®RCti ve sorption.
Processes of the invention are particularly useful for
recoveqy,oh as MR YnRdhEi it OPathi 't%o'B%c}%@%’s for recoyery of
process] ng*aromna tlc starting materi anpl e

ooweified aprgdesls dic @Hhcli fuddn miginge byt neansy e integrated

Oﬁé‘hﬁl-élél%tﬁfé‘w \éﬁr}ilzh (]?IS h'ﬂfﬁé@re;i)réﬂhl%ﬂe recovery
DT MAE AT cwf'f slmggat&?iep%g%éscgf fiic Tnvention
(compring begyoragionsvhbyh meansepdr ained @nl moret l@iesd using

vfé%lﬁ#%@é ﬁ%@@?ﬁ%@?éﬁ% e BRae Lo BB WE" rBSvery of

et upeodictsertphimedns afi fraotiantali rerystallization and/or
ﬂ%ntééfgﬁ'&' °yquhdd%s‘s9§ oFn é‘cﬁf%@ﬁfm"aél‘e"“}zartlcularly

Syn etIC ers este
saful tort rpeovennt at ﬂuV@r}bfpur@s @&m@il@eésom%ﬂﬁhﬁﬁl processing

a&ﬂ&n&flca' i‘tﬁ?tlh S| fitateffal §10- féﬁ‘ e%ﬁaﬁﬁﬂege aISBr&S para-xylene

I cLzers.” Benzene

mat e aI for 5{
pTadstn o Hautd a9iHaues Fues FoRdame ctbylbengsng as well

'ﬁkh@'tﬁh@eéhﬁyﬂﬁ@ufﬁﬁhéw of polyesters, polyani des,
and fibers and filnms. For commerci al manufacture of

benzene di - and PACKORATGTTOXATRIWETION, é.yned

orrespondi ng substitu und .,

from ted . aromatic c
cat al 3??1@ G PAIAbH o eXd: A | eﬁwlg@na@n@o and: B ‘Em igbmers of
[ I a
&P h?éthgzlﬁ%ﬁ? ﬁ@@guﬁfﬂu:;{ Jg?elgb&ﬁ?ﬁéﬁﬁg;&lgs with great
G DGBCOHRSY asar PONIRODRIRE pWER nifco ey close
er.caiPhexystylengciidsu | itlsé at yof nterephthalic
" h rPiayzkl igsuy@b i the maiufacedrdyof erephthali
O:
e@m% "ol SRy G510 S e ranutactare of
evqaoisl sy/ntdmmm tfibars, 3u|chqa|s podyiaster of M@hauxylw is used for
| @ermahiutiehire adt fnédctiliB¥8! Sophthalic acid or alkyd resins.
Ortho-xylene can be used as material for plasticizers. Benzene di-
and tri-carboxylic acids have wide industrial application including
the manufacture of polyesters, polyamides, and fibers and films.
For commercial manufacture of these products the required source
of high purity benzene di- and tri-carboxylic acids may be obtained
from a corresponding substituted aromatic compound by catalytic
oxidation of methyl moieties to carboxylic acid moieties,
advantageously in a liquid-phase medium.

The possibility of utilizing a liquid-phase instead of vapor-
phase oxidation for the preparation of benzene carboxylic acids was
first indicated by the disclosure in U.S. Patent No. 2,245,528 of the
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tenperature and pressures to maintain the |liquid phase
of the aliphatic acid. Conbinations of cobalt and

wormgansse Wi th a source of brom ne have beconBCT/US2004/022515

preferred for commercial use, o or exanple, see U S.
patent No 2, 833,816. A key el énent in obtaining

benzene di- and.,tri-car yli¢ acids having suit.abl e

rﬁa@ﬂ)’ﬁlﬁ iRV ?dtbﬁés‘@ré@(%atv@g@cﬁr H@@@@ C@J@hﬁ(g cghalt, in a

QX Gii- p%sféee@ft Csétutﬁétvdgh Jowwért y. al?{ﬂfatws avidnerati aklevated
rocesses for separation o ar a- e

3@%@#&@&@&% 35088 opp hiladidin oMig, 1HUE, phase of the

falmhatml acidli Combanations Dfctolpib@aadsamngdrdsee withher source

ereﬂ@%jbaq; &)ltgﬁ 8[;%%3828”%@[ %ISCB:: rllNSIed]gl use, for example,

rmeaU)(S epetentt Nac2j837%816r yoA dieyi glemen; mnebsaining benzene
REioC &e 1@1?59){8&%” a‘é‘ic?doq{é\h § Qi téBPé'h%Hmﬁﬁﬁt | Sfor these
to s sorb par a-

amdﬁtlp@spr @‘P\%Ssﬁﬁs’ér‘biéagp%m e&‘} é‘ﬂ@nl eldéﬁ‘b‘?}% r(ggh%gh drurity.

desorbing fromthe zeolite. Either of these processes
can r W@M@Us paomibrsial | prdvesbey i ®rdseparatiaw aicfaphaea-xylene

é 1%fm5%1@§ HERfd %%ep"'ﬂ%?éﬁﬂ)ed B]Y: l'té‘t‘iPdtﬁ?s to fract10na1

rocessi ng | arge anounts TESU trn

fmemlatn@mr Watchl procatsises yhilize edther dhﬁer@licteman%th@ ofreezing

trﬂf‘a%j éa?%ge? Sl r]e;:1ha§ hﬁ&ﬁﬁéﬁﬁaagﬁégﬁyéﬁg hl?d para-

Ie;tsriﬁnb,ené?aeuonal herwstablizatieny tﬁﬁdé@&ypéﬁ@esse ased upon
r S e

fpifdt;{]&ﬁ@ar g%fegglsﬁ& é:fméﬂm@ £ ge@he?@ﬁVﬁ t%é@jd?ifzﬁ fa&al xylene

(#0%56? ﬁftl%ﬁ chgge aé{psa?gsh loﬁ ?@i ﬁév%’y cne 18

heeoviesed afief damibing foaceheedliteseparate
para- xyl ene from arormtl c startl ng materials

- orrortthd cof HHRSH2 TP RRe o ¥ ﬁé@evrémﬁfé%/ fee in high
tyiepds afiones ayailahle i HﬂiXWEﬁfﬁaIO d@naremgficsy| eﬁoyﬁé/er they
31'11%;1(7 f"%ﬂ&éegélfrfggﬁgée %{Jlﬂlt)éy'o? eh%sﬁ%ﬁﬁ eZﬂREate from

pt&entcrdstad lgatnone proasss Ahd the rﬁaﬁw qm atﬁe adsorption
ﬁﬁéhé‘g PPhéYe %ftréé’m§caré’b¥1@1épétedc<iﬁvpﬁfm@ﬂ®ne and contain
st alh g}{ggn net ho?s ca ? H‘@’elg len and
elaliTshendight pEpRR iy 0Pt ostyDeh2ale borthogrlene,

omleya-vx}tlbn@r e%rﬁxmmene Ctlyasealstieanm s ame piypéealdys subjected to

@g@ﬁ? o s§it ggegfq\gﬁgﬂ’set%rng” SF ﬁ;ior&é/ggdr%pi’qagﬁo% or adsorption

process.

Crystallization methods have been wused in commercial
processes to separate para-xylene from aromatic starting materials
containing ethylbenzene as well as the three xylene isomers. Use is
made of the fact that melting point temperatures of the individual
isomers of xylene are significantly different. Ortho-xylene has a
freezing point of negative 25.2°C, meta-xylene has a freezing point
of negative 47.9°C and para-xylene has a freezing point of 13.3°C.
However, conventional crystallization methods can be used to make
para-xylene with a purity of 99.8 percent by weight only with
great expense.
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an equilibriummxture of isonmers fromreformate
and/ or xyl ene isonerization processes. Because it's

woredosiomgopoi nt i s nuch higher than that of ot hBCT/(52004/022515

aromati cs, para-xylene crystalks are readily forned in .
a crystallizer after refrlgeratlon of the feed
sol uti n F ed mxtures of re aromati c strea

typi.c O aBBAEeS$SS oo ERROWE oPaLaxylgpe - from  a
‘m‘WGOf’f mo@tmreqﬂlf@sd@@ohmgc&‘y*’@@dalstra&na for example

2t SR By L a7 oioBcrSfoBfand, ddor xylene

deoamrizati emperodesses. (i Becauseeittsempeltatgipoiat shimicha higher
%ﬁ‘éﬁ”@h&@“&%ﬁﬁ&r S réroh?atf&crgj Qli*&%gﬁe'ﬁgstals are readily

contam nate the para-xyl ene crystal utectic

thowpradat ur @ myer@dhzmr neftepy refiageratpori wfothaf feade solution.
e m h?e[tl 3§t§ea‘1ﬁ'se 1%%11/@t RohtAf about

ﬂé’xy a
rem)ve romg X1 nost

ncpeépﬁm by Bicaght’ A@nfm@nxx&n%ovm order to
Vht Bta@ﬁfz@' Wt mﬁﬁhh@iaflt wmdint Sofb&iel ead-khbing hrom solution,

ApsainFion B8 G o oatfEL 6 R s thEFeéwge%h%{ fifperature

I(ii. epudhe Aentpreratut ecat cwﬂmhaeaasmmcﬂeconmmntt tgart to co-
gﬂ’gﬁﬁﬂh&@t 40 %ntﬁ?ﬁﬁ‘lzﬁf ﬁi%e Ip'aﬁ1 *‘flne ; ec?gst%'l ag‘ﬁ’é Séutectic

eases I NCr easi ng ver
demperHurer I&yd@ﬁeémquh b}él \ﬁ@ma@m&w@f of the remaining

Rﬁbﬂlé&y g gﬁor ARk Py len@” xa/llsera@e removed from the

A il oo, vl oSIEE- GhE- chifbEasene

nfalthmqg enet rkemmrwmls dbisoluted cteptaahgqt it’s petiesstd. that the

HReCR e pePafilse e RPRES Rofh i Bpfitive LinpStition of

| e&thyﬂbennzem@ mrtlt&)xmmammgndnméher xliquoe frd&m tthe eutectic

are ﬁ@%éﬁﬁ 'cfé&reayé%se%h@fcg)ﬁeeﬂﬁ%?fdﬂ' Nﬁaﬁﬁ@?s&e in the

reate in an 1 soneri za rocess
tntiefc straaan t plsopdestRasesn @tcrwlagxﬁ @nRasarxylene recovery.

S S, S M e e
ng é’f’f &P&it ur & 2808, gt bt
rtempémtﬁmeg L%fldﬂhV@b%mnth;tos oﬁégqo%f tﬂlmrmltebuexybmperature
R R A AR T

prevent it frombuilding up to high concentrations,
Known Eypisallst saarmejesd] estream o depdetesd cdavepaiaonybene, but

Jfrthhﬁﬂge n&lhﬁv?fﬁ;ei%ghggﬁ@rﬂﬁgﬁﬁghaow $tRylbenzene, ortho-

ene and meta-xy om e crystaﬂlzauon process or the

' adsorptlon processes, are treated in an isomerization process which

is used to increase the proportion of para-xylene in para-xylene
depleted streams. The para-xylene depleted stream can be
contacted with an isomerization catalyst under appropriate
temperature and pressure which results in the conversion of some
of the ortho-xylene and meta-xylene to para-xylene. It is also
usually desirable to convert some of the ethylbenzene to prevent it
from building up to high concentrations. Known catalysts are
selected to enable conversion of ethylbenzene to benzene and
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equi libriumm xture of xylenes. Processes for neking
par a- xyl ene therefore included conbi nati ons of

w0 s@smrizgat i on with fractional crystallizati onPEnusmo4/022515

adsorption separation. The digadvantage with such
conbl nations i s that, despite inprovenents in

S RS R o S AB el oG I fBteliRp0h to an
(?ﬁl@ﬂﬁ‘iuﬁf mMuxevl@ﬁbeyI@wsers and typically is also
atively inefficient for the conver3|on of

?:Lﬂi'e BiSSen oo gukditor pawtRtEle ° (PELE g, included
tmmbgimmbn? eoﬁarsmm&&zatltanewaﬂe &edch?naaln s:urystalheatlon and/or
. r . . .

AR sephPRio;", RAE diSRAPAAGRE Jﬁlaﬁaﬁ‘i i VegiiBigations is
ctebatr atespiteorinproveneantsarit/ catalpst-penfonmantige rigomerization
pbﬂ?%fflg %Oéb loRS g)f%ﬂtu%oﬁgﬁ ‘?ﬁrlﬁﬂi" Glh?fEa??é uilibrium

uct 1 par ene fr om
dm@me@nm é e whlane i omers| (ﬁ!ildar yiaeakdys 18h S0 re atlvely

F’L"Il‘é@f1%{@nzta§’gpgﬂ(ljlgf/ S@g&g?goh&ﬁ%‘geﬂﬁﬂl nl‘)@h@%nén 460 beh@éne and/or

SOl panenn  GopseRusnly chie Bfevuet' of el Shreams
pbalﬂcl efsodghctlidsed padoesses Aareemeadedo e lenisuree the econversion
OHf fh¥ ey RtRafib®MBlrend Swaraaﬁyréﬁ/é bremdeingedhabith or

proceSS| &g aromatic _starting ‘mater for exanple, a

paithquer dheyaddisiqnaddgecoverymif idasitedr of grtio-xylene and/or
CaREal lege et 'Iﬂe?@riéed“ﬁ ﬂ!%'réfd‘r% %‘Lelﬁﬁ)’ré%ﬁy bedesses and

0 e ne pr oacC ene I OVI
Pmicalr Blants gy ahPngt O DREY TR e dF oy mictures of
oty larentati®, Swhecle eint ptayﬂml@hta,d(h"ads atheamrabpdews| ypssociated

BB, T Pl AR ST PRl N oions, e

t hree xyl ene isoners. As wi |l be described in greater
det ai | Akeosdingty, eit, istave opjestenf theniaventiomrtovodesome one

Por AHGIREof ftﬁé éfo%%ﬁfsy d%?cﬂ%ﬂf %SSVE" oducts from a

egrated fracti onal
cryst aI li zat| on anciéper m sel ect i %e menbr ane separ at.i on
appar afuBEW| RPPEPEIE ORI Gy Obfa (MCEY | BN Rt A matic  isomer

Cl@i@orﬂ&ﬁSbeeﬁr feidPwhef’ mb@édsuﬂgt aﬂﬁnuﬂbt s@mﬁige dmteerials,

B o sabfe. odr M B BHaqs e BradiE AL ifid, mixtures
coontaghirectéthylbertdent ofs webldasithg fthode xylene isomers. The

" new approach beneficially provides a process for recovering para-

xylene having a purity of at least 99.5 percent by weight, and
advantageously 99.8 percent from liquid mixtures -of aromatic
compounds, even containing ethylbenzene as well as the three
xylene isomers.

As will be described in greater detail hereinafter, the present
invention provides processes for recovery of purified products from
a fluid mixture by means of an integrated fractional crystallization
and perm-selective membrane separation apparatus. Integrated

- apparatus of the invention comprises a fractional crystallization

unit coupled to one or more devices using polymeric membranes
for recovery of purified products.



purity para-xylene froma aromati c m xture contai ni ng
par axyl ene, neta-xylene, ortho-xylene and et hyl benzene

wokiosh739®r cones t he af orenmenti oned eutecti c | Pei/US$004/022515

10

15

20

25

30

crystallization. SUMVARYOFTHE § NVENTI ON | n broad
aspect, the present invention is directed to

i ntegraped R gq?ée?d%%} @Eoﬁogﬁrebﬁ%sﬁf&h%' ﬁf*@{@ducmg high

neans 0? one

nWEERNBaT & gﬁlée \ﬁfqrﬂ ﬁegg\pé.lowglgcpmlﬁm@d %ﬂ&@l@él@lg para-
b:é{l'éﬁéns Iﬁfetef«&?‘l&h@”a'oﬁhbskﬁléﬂezatdlﬂf aftfyPhenzene which

selectiv rocesges of the 1nv I on

PRY €HCOM R | e@@rr@mwon@ao%&ey ,@fT o e ySthzation.

xyl ene when processing aromatic starting materials,

for exanple, a VeSYNIMARNOR-PHEINVENTIONt . This

i nvention conterrpl at es the treatnent of a fluid

f eedst pck var i p ic.materials

especi yrg §| ufRPSH xt Lﬁ‘lé opr%%%ouh%ge@()lbeti;soléﬁﬁlclced to
Omtggnatekin pyovessas, thite comupdsé esefsarationiss by meqaulsd of one or

obEncariiRy digied ﬁ%ﬁlﬁeiﬁeﬁcoﬁgkﬁsﬁf&’@% oSQupled with

trm:mmynaf puriied ppradwats aby ymesaisulof |fmacpﬁmeds seystadlization
téﬁ@fd’iems{ef’écﬁavé“ Xsto‘l‘n?ﬁoﬁonpr | BRILeREeONEOr (DY qnvgntlon are

products from ref ng reacti at a t|c cr
rRadt cyazly b ESOVIEY 1 ehavirified tmaersém &yicie when
t ptotRReind Sﬂfdm@ﬂibl gtarti R hat&rialar dortéxinple, a very pure
trans a S%I at | K rteactl on, and/or met hyl ati on of

O4%ituene. For exanpl e, the invention
prow des i nt egrat ed separation processes for
recovelThig paventigheneontemplatiesui dhei xtreatmestpr pEi iy fluid

n n n of
pﬁ{]eﬁs enlgeﬁeegoslaﬁr#%%;eaé? E!'tohgllﬂr ?6 I né%ﬁg‘ﬂ esé)\élcﬁﬂfy a fluid
A pfompgands nlopetrolewm rdgier | Peéneral, the fluid
PRictstotiendsf rontiguid U'Iﬁlﬂu’ﬁéur@omfprﬁﬁﬂgata cnesreposstictively

parrReBbEE GatubRBRD 6 aclbe et ratle optoRSt o

havi ng an enriched content of para-xylene conpared to _
that ofPracsssesnd off ffheentinsentiem whireh parteautarkyr e useful in

,dflé(h%%%gsp * B oEb oy BEFF uh kAR 3#%1“@?%%?5? One,,gr more

oduetserfaommare formdmgo ufﬁ%ltl@lﬁl%t ©atg yapstcrra@lgmg]greacuons

a %%Pé g%‘sé’ﬁ‘lgofre‘a@ﬁdcﬂsr iial%tﬁél%'@ti’vet hehgMe fdisprépértion, a
ene

10 aromatics trans” léyi(fYtl reaction, and/or methylation of

benzene and/or toluene. For example, the invention provides

integrated separation processes for recovering para-xylene from a

fluid mixture comprising para-xylene and at least one other isomer

~ of xylene, ethylbenzene or mixtures thereof.

- In one aspect, the invention provides a process for recovering
para-xylene from a fluid mixture of aromatic compounds which
process comprises: (i) withdrawing from a  perm-selective
membrane device a first fluid stream having an enriched content of
para-xylene compared to that of a second effluent stream which
streams are derived by selective permeation of at least one
aromatic compound from a fluid mixture of para-xylene with other
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as not her |iquor product. Advagt ageously, the nenbrane
device utilizes a permsel ectiVe nmenbrane conpri sing
at |l east one polyneric material, Wiere the desired

paromati¢ sootiidss and acondisteibadm il oraporigos of the first
Cafreath AWAMRdrdWE RGBT i dRnTBratld | UEGRe Mho Barh¥xylene
of perm sel ective nenbranes which under a_sultable ]
depReentiation amih @ cxitists theteleom; @tql%@ﬁnﬁa%dm yhaving
Ofin aéntiehel Cohtdi off tHeopatha-k¢Rite cf@mplarée td SEmr of first
of  xyl ene or, et hyl benzene., Where purifi ar ->1<Iyl ene
i§tf§¥§b a &dsi ried 1SI8Ctuct SEFRIY helS: o8 regil% or  product.
,cmtdr?;age?um, behe emecmidanen devdcef @tﬁrl]i%beraeqt)d:mnselective
In a eas alr ar X ene oces 0] V. 1 on
hpsas . cPpbRi ch IR A Doy Recich Il

y t ! t . .
P oces Ve, M AR HUARE, Brig i T2 yBRMME Udtipound
phaving 1% oerhamtatomsc digameembsanaadevicet btilizgseatplurality of
ShEFRT B R Ih¥mbrihcs2halith inferVPERIABIE" BFfefential of a
conpri ses contacting wth a sujta | SOMeri zat I on
cdrizipg: foncge exbthiai i pREMSR ]éﬁbepgta&r caghr &kyBarrer for at
afhst o ®ithé CispiiersCoP kGiRs @%th?ﬂl‘féhﬂéﬁe?onpf i sing

an equi l1brium m xture of “xyl enes. The isonerization

o B S i PR bR ok R BER: and the
i ngjecpartetaan compeuiesh ethy Ibeazienenend comoixinre of xylenes lean
M550 e el OSSES OUTUE BEAURGL Sk Bacousy
Viurthest Comprivgs; passing @t degst tahﬁoml@weﬂtn ¢he iggeetastrgam to
Ege c%ﬁ%l??i"cL g@ér}\%fsﬁ(ﬂi alp}té?éslscoﬁlpfﬁ)ﬁﬁidc%asé gfieam having an
CERERBerBoEA M pBaE AR PR ofd Diftunt i Telect stream.
pTapically, Ahvarbsgdeoics| yonhersioni grotessur comprpsassesontacting
Sk, SR A Sl o, Epghions o
ptemiperaturte, r prassuiag andy diopr suffinienig totpradgie an isomerate
AL 3, AUl TSt SSIBY e romerizatin
tratalysi dbaroftaially) cospriseper 1zeslitich sompepenio rﬁnf{ mn acidic
\A'Tﬁi@{g%% d&ﬁd@e_sﬁ‘}??bftz @ﬁhf“ﬂpm@' setaordtedrefivrandth at least
one é:oomn%hgﬁ? ' corﬂpﬁs?x?gyraer}ﬁ?etal selected from the group
consisting of the transition elements in Group VIB and Group VIIIA
of the Periodic Table of the Elements. Typically the isomerization
catalysts comprise least one component comprising a metal selected
from the group consisting of molybdenum, nickel, palladium and
platinum. Advantageously the fluid mixture comprises at least a
portion of the isomerate. Also at least a portion of the isomerate
can be admixed with suitable products of reforming, hydro-
processing, toluene disproportion, a C; to (o aromatics trans-
alkylation, and/or methylation of benzene and/or toluene to form
the fluid mixture.
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a permsel ective nmenbrane co ises: a polymeric
mat eri al and granul es of an alum nosi licate which
exhibits the MI fstalllne Structure. ] n another

aspectIIbﬂ)n@h%SHWeﬂ ihs) inNeDHORy thecmEbrane devisesutilizes a
pﬁéﬁh §éi|e@t3ﬂv'eVe Iﬁ@i’fﬂﬁﬁiﬁ: whivhitle orgumpases: (' )(1)a a polymeric

t
o %ﬁlﬂiay 6? @’sr e“?I@ s eﬁﬁéﬁ{% ?T{ng 3? a B’a : e%@t granules

ommpyiﬁmgemr | feast\d vy agﬁmuﬁdly aadper m ssquehcve crystalline

B ERR; S B FaEBRSH s Borsiffi€cfive  membrane

beompkzaex ta polyx}ne;gw anatexislx tanidn gr Mmiasarmg z:m;aluﬁgmosﬂlcate
. : t

AR bt B e Bry YA ORHRRE, TV renbr ane

conprising at | east one poI ynmeric material selected
from the gnothercaspesti of 8ie pmyentiers thpomembiane device

1M%@§” de) E‘é&ﬁﬁ%elé&Wé‘r afﬂéiﬁﬁr? e yWhYél@t “Comprises: (i) a

triazol pol ypyr.ro).Qne ure
B WRECs IOy anéva@ %&@%ra %@ thereiflare plurality of
d@t@c@@tetﬂ I¢¢mp@|nemo§r mc@ﬁims gfe rmrrbrl@m CQRr i &Jynﬂ!odextrln
one .pol yreri h e o)
AdEtlseotisn & dryince 8 | Rt Smprises:
pd)LMmm’lde) nreteeisl . Rndceasepluna idg¥copfiantiecudteh cohmponents
| i I ations with
rg%%%gﬁ%fﬂ p‘%gﬂ? Fggﬂg?ggﬁcfgéybdéggggﬁgﬁof fractional
cryst i zation d/or selecti sor
pr ocesé’t@ng@n? e é?‘?sﬁg par @1? ¥d fg‘ﬂe flPF ouification of
f swh stifitsdur ea@matienat ¢eémpompdynds mﬂmv di ag tpertoisselective
ion, caoncentration

ti
B GEbre < SOBTRaN ur Bt @5@# SRR Sl selected
sﬁbm:t | vihesor grqmp pucohsistingon ofi | ipalyaatidesast polyimides,

B gl LR | IDISHAYI o Pl fricscles
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Processes in accordance with the invention integrate perm-
selective separations with recovery of purified products by means
of fractional crystallization and/or selective sorption. In processes
for recovering a purified xylene from a fluid mixture of aromatic
compounds according to the invention, concentration operations
comprises a selective sorption purification. Beneficially. the
selective sorption purification utilizes at least one natural and/or
synthetic crystalline aluminosilicate, Y-type zeolite and/or X-type
zeolite.

In yet another aspect of processes according to the invention
the para-xylene concentration comprises a fractional crystallization
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para-xylene froma fluid mxtge of aromatic conmpounds
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e e nt.e
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ptiret inwentionh @roe;cbcta proecss for megoyearingpipara-xylene from a
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t npera ress t1ne su e
ah MeBHeaxce dexigng ﬁﬁste,ﬂmdh@t;eam havmg an’ ehriched content

of para-xylene compared- to that of a second effluent stream which
streams are derived from a fluid mixture of para-xylene with other
aromatic compounds by perm-selective means utilizing membranes
comprising at least one polymeric material, distributing all or
portion of the first stream withdrawn from the membrane device

- into para-xylene concentration unit to extract therefrom a purified

product having an enriched content of the para-xylene compared to
that of first stream, and a reject stream as mother- liquor product,
and contacting all or portion of the reject stream with a suitable
isomerization catalyst under conditions of temperature, pressure,
and time sufficient to produce an isomerate having an enriched
para-xylene content compared to that of the reject stream.
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par a- xyl ene content conpared to that of the reject
stream This invention is particularly useful towards
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gpﬁﬁhas@l%cmec hmmﬂblraﬁeﬂl tedthpridifg eratntleast obnea polymeric
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enriched content of para-xylene.

FIG. 2 is schematic drawing showing an embodiment of the
present invention in which selective permeation is carried out using -
perm-selective membranes comprising at least one polymeric
material to enrich the para-xylene content of the non-permeate
containing stream.

GENERAL DESCRIPTION

Any polymeric membrane which under a suitable differential
of a driving force exhibits a permeability and other characteristics
suitable for the desired separations may be used.  For example,
membrane devices for separations according to the invention may
utilize a plurality of perm-selective membranes which under a
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nmenbrane or an asymmetric nenfjane which, for exanple
may incorporate a gel a SO|I , Oor a Iqu|d | ayer.
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aryl pAchxmmncees inngodygierpol manﬂnanepolmakherthﬁm attractive
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t depphbbdl anel, rqwlny pPateitonApplivatipsul Publeation number US
DI D X AL i AR neren
pbyycgfdmncenimgg eafdtrety. Sultable polymers useable "as either
the membrane material or the porous support include substituted
or unsubstituted polymers, for example members of the group
consisting of polysulfones, polycarbonates, polyamides and
polyimides, including aryl polyamides and aryl polyimides,
polyethers, polyetherimides, polyetherketones, polyethersulfones,
poly(arylene oxides) such as poly(phenylene oxide) and poly(xylene
oxide), poly(esteramide-diisocyanate), polyurethanes, polyesters
(including polyarylates), such -as polyethylene terephthalate,
poly(alkyl methacrylates), poly(acrylates) and poly(phenylene
terephthalate), polypyrrolones, polysulfides, polyallyls,
poly(benzobenzimidazole), polyhydrazides, polyoxadiazoles,
polytriazoles, poly (benzimidazole), polycarbodiimides, and
polyphosphazines, and interpolymers, including block
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menbranes that are not too brittle and exhibit an
ef f ect Comnpddite | mpeanbriies ensdteyial or amy odesyébedf in heopending

PEL§ePhtddl U piPCatibNS S¥GARINo0s. 09/834,857 and 09/834,808
which are incorporated herein in their entirety. A Patent that
discusses’ composite membranes is example U.S. Patent Number
4,925,459 which is also incorporated herein by reference in its
entirety.

High permeability and selectivity of hollow fiber membranes,
beneficial for practice of the present invention, depends at least in
part upon control of the molecular weight of the polymer material.
Control of molecular weight is needed to form hollow fiber
membranes that are not too brittle and exhibit an effective skin
layer. Generally for processes of the present invention, the average
polymer molecular weight is between about 20,000 and about
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bet ween about 60, 000 and abou 20, 000 for best
results. It is thought that t nol ecul ar wei ght of
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exhi bi,ts a St,all ,ne Sy ruct ur en .
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3exfAPi¥80a - ckEMllind Sstegstiredadentified. E\Z‘atlwt followitg types:

430, 370 A%, FEA CHECDAGIPL BUDSFER HERY MEEMEL MEF,

ANIFS, WI‘,MEMBA&§RF$SH‘IF 15dd, TER)aﬁd PaNNt Nunber
4,016, 245. ZSM48 is described in U S. Patent Nunber

1375 Bl o T K RS U i
41056Sb5, 780- 1215 ZS%@QcZM?!,n OM:3 paf-aM-48u fseYlsS 7, SUZ-
4482§SZGQ3 a'S@Z-QgOQSSZ-QS 87281 $SFes6r i Weil87n bh. silicalite.

oS s ey banie, U PG M b 32548 (ot
S@rlghaNtlﬂrSePatent Number 3,702,886). ZSM-11 is described in U.S.
Patent Number 3,709,979. ZSM-22 is described in U.S. Patent
Number 4,556,477. ZSM-23 is described in U.S. Patent Number
4,076,842. ZSM-35 is described in U.S. Patent Number 4,016,245,
ZSM-48 is described in U.S. Patent Number 4,585,747. SUZ-4 is
described in EP Application Number 353,915. SSZ-23 is described
in U.S. Patent Number 4,859,422, SSZ-25 is described in U.S. Patent
Numbers 4,827,667 and 5,202,014. SSZ-28 is described in U.S.
Patent Number 5,200,377. SSZ-32 is described in U.S. Patent
Number 5,053,373, SSZ-36. is described in U.S. Serial Number
60/034,252.
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60/ 034, 252. Anot her suitable class of perm selective
menbranes conprise: (i) a polymeric material, and (ii)
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Yet another suitable class of perm-selective membranes

30 comprise: (i) a polymeric material, and (ii) incorporated therein a
plurality of  granules comprising borosilicate, silico-
aluminophosphate, aluminophosphate, and other zeolite-like
molecular sieves. These zeolite-like molecular sieves can have

structures similar to the aluminosilicate zeolites discussed above.
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menbr anes are beneficial when @4rubbery polyner is
used as the permselective material. Another useful
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nodul eSuitdIE, Tubs, BhanpRtatis, Whesiprs ntad TR, Miow-fine
tifd)aisel¢alﬁllaeyfﬁbdrsjespg1al -wibund, rpiatbmrd-tfsemﬂ nand tubular

yEbEte ﬁf?"?h@#‘e"ﬂﬁ%ﬁ% A V! BEhFaRE Riie type for

ofa fpamticulas nenehrase | sepaxatees umustes belancehea number of

SYRERITS! ST ﬁégﬁﬁyg@d%{d&ﬁbt psmgg ggllfztﬁg%? rsp%hﬁt‘i%?}%er into the

passes, t hrou roug
osk¢igiope rargndimitatian d&.@ﬁm Ced¥pes o vaéelamane material,

alshombivieyy foar Qﬁgﬁeﬁbés’“’éiﬁeaf eperdtfoe ?@flh%laﬁ@-chlde 6Ii\ressure

ecpnom ca stem ause .t he fi.ber must su
CSROPa Iy aPhs DOTAIZ HH 00 IWBTE (T lor BerREaBTlity of an
h?i@ml kwaiepetream,aaddt haist utehots least gecostd dfrmanafacture.
200 mMmm outer dianeter, and typically an inner dianeter

| oo ofa-pRidr tﬁl%rﬁpggﬁ%d'mﬁhgée e cifRd (HPeRb  basic

hol | o er N

f igeomaetries. h.@neweeois the tshall-stire rfegd g@ﬁlignen‘érbl&ams been

Hi%f&ﬁgdnf 'Hydré Ig'ers‘éfﬂa@ﬁﬁént hgpstgthd hanborg ofevidtSe osmosis
systems. I such % module, a loop or a closed bundle of fibers is
contained in a pressure vessel. The system is pressurized from the
shell side; permeate passes through the fiber wall and exits through
the open fiber ends. This design is easy to make and allows very
large membrane areas to be contained in an economical system.
" Because the fiber wall must support considerable hydrostatic
pressure, the fibers usually have small diameters and thick walls,
eg 100 pm to 200 pm outer diameter, and typically an inner

diameter of about one-half the outer diameter.

A second type of hollow-fiber module is the bore-side feed
type. The fibers in this type of unit are open at both ends, and the



pressure drop inside the fibers, the dianeters are
usual ly larger than those of the fine fibers used in
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sol ution spinning. These so-cald ed capillary fibers
are used in ultra-filtration, ervaporation, and sone
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b S,
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e g troms Yoo e 1§ SASISHREC 1kEA , Rho *Which flow
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SSfarfftany G HERLE OaR oo praf iy DE o difficult to

Aavaiter Asfy \mspanckedanpammﬂa&s. mattel g Hh ee @e_dansolutlon is
d%ﬁ%&%be{ijﬁgf)ep El?ﬁla'ﬂﬂeﬁe gl?ﬁgtengr ”b?éédlﬁ 3% 6ﬂr¥evers1ble

t
stoeltag ef the memlymeseﬁafﬂet;ﬁ@ otﬂllegﬁ@%(id{f‘é‘ff have been
atriedanBup. 48, 4R iwiddly ﬁﬁ.@d of MBeaksren wﬂmiiloﬂr anethod of

TRUTRA c@ﬁhghﬂrai%%n? GRGET ol difsirobl dted flow
i morhmlaty the ydirecpankofithee lloav gEibeesabrEltie prcabuaast @ Cross-
pﬁ%fcﬁi“dc%ss the fiber

In an or med

psurigiceu nS@érsmlhm,emrbdaaékm S| @it L@. ¢annegigd in series, so
pﬁ[gd%eﬁr Qﬁldti/cﬁi calloetidso et mélaiseded A eadabeekss variants on

l ene 1s oun I n
tl?acsé Agsign, . %‘? a%?gnéieessmgl:x P n%’%%%e US. Patent
eNUﬂn%TEeBeS%BQ’ﬂdr alnl yhe piames ofsFilipt lee alnvéni 69530 in the
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a5g470,469 in the name of Beckman whlch are 1ncorporated herein
by reference each in its entirety. The greatest single advantage of
hollow-fiber modules is the ability to pack a very large membrane
area into a single module.

Sources of xyleénes in substantial quantities include certain
virgin and reformed petroleum naphthas and coke oven light oils.
When removed from typical petroleum-derived feedstocks, para-
xylene is found in mixtures with other (g aromatics; namely: meta-
xylene, ortho-xylene, and ethylbenzene. Generally, processes of the
invention recover a very pure isomer of xylene from distillate
fractions containing the xylene isomers, ethylbenzene, and
paraffins. |



paraffins. Wi le many sources of Q aromatics may be fed
to the process, in a typical Q fraction froma naphtha
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cont ai ns approxi mately 15 perc 8t et hyl benzene, 22

percent para-xylene, 50 percent” netaxyl ene and 22
percent_ortho-xyl ene and va g anmounts of

unsat urhig, mﬁﬁé{arS@H’@%y&fy&%ﬁip&ﬁi%n@m}%be fed to the
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pXViehet &6 t B3, RHECHE ﬁgXB nqueagéurvmmg amounts of

eyipshbermede Hﬁéaﬁ%ﬁ%?cﬁé dpdrdcarbeagt 20 percent by

wel ght of a Q aronatlcs m xture | eaving only about 80

to 99 %ercent xyl enes ﬁ ver.hea treamfro ﬂ

xy| ene FQB| GFHOD npaﬁnm?g B e&’&ﬁr 92 o BaLgRylgne product
métamxypl €Qe anotatiby HHUEN eisi m epassO thep&ym mixture to a

t A 1ui

SSVTEH TIPSO Bk B RIS, ! Bpdagearbons
i THehetleadet eismmecentofat eyleng fhavel oa:ml equlhbrlum ratios of
C / S i c I
nabRGARAR DI E R Tor 0 BalhirkPa SAM, ° A, UcBBfdile on the
PROBEIR, B thaehharmenmcqand@ommq diem & et abputz 0 drercent by
Sw dighk e ofr acgoasdbmarticst ainfiktatel deaving sonl;eralb@m r80 to 99

d i bed f S. Pat
SPEroenbeRYie nilie OVeERFata SHEaM niidh ShecHyRgs. column,
i gonbeiniage ofprédompmadirtéyser pasaaxylkonechi sxmgmr xyhc:he and

R%E%‘?&’%%ﬁ% i 8561 fo 8, RIS TRchlvg “pRmiFY, device to

&, Oost, dhiidi streamndmyvisg mhnewichedssondent of para-
9
i TR

/er $RENtiMNKi t enko and Gerard Paul Hot i er,
6,111,161 in the nane of Stuart R MacPher son and Pau

g‘tkl t?@@}tlcﬁxléﬂ? 29geful thetheds oif Ppata-Myltehenkaomeehtration
uar

<areotdie 8 haprebmimtiypadar; ficluif BASHIHR Slystallization.
SSudtatile faictivnal eciystaljratioedutits @perhte riaf sranore described

t ,'a:fpg gé&%@ﬂﬁgr@ac tP?ﬁénttC "MahbddsZ3 197 365 i B8RS name of
Gerard  CLammers, 3,462,509 in the name of Thorpe Dresser,
Stanley Ohiswager and Robert Edlson, 3,720,647 in the name of
Horst Gelbe and Karl Schmid, 3,723,558 in the name of Friedrich
Kramer, 5,004,860 in the name of John S. Hansen and William A.
Waranius, 5,498,822 in the name of William D. Eccli and Alexander
D. S. Fremuth, 5,866,740 in the name of Paul Mikitenko and Gerard
Paul Hotier, 6,111,161 in the name of Stuart R. MacPherson and
Paul Mikitenko, 6,147,272 in the name of Paul Mikitenko and
Stuart R. MacPherson, and 6,194,609 in the name of Keneth J.
Abrams, Thomas M. Bartos and Debra J. Streich, which are-
incorporated herein by reference in their entirety.



for nost xylene m xtures the nelting point of
par a- xyl ene i s higher than the other xylene isoners
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crystallizes at 13.3C, net a-xyigne at negative

47.9Cand ortho-xyl ene negative 25.2C In the physi cal
systemof the three xylene isoners, there are t

bi naryFéaefé@nalwrﬁstailﬁﬁ@Hpan 1t fakes advantage Of the fact that

pfélalﬁdéteﬁglem istuess thedmditinpapai efglara-xylene is higher
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i sppeoaches ome el thape raliteplCcRIRAILES | erdinge %ﬁ%ﬁerstartlng
| caHodifioneoF thednlitiie ARPPRAEHBE CadUtdeny I tiRd idfvention,
the 1'nitj al ? aron%tlc f eds%gck1®% g{ovrde.a ﬁﬁurce hed
oPaggery el s perystallizsde SO that ¢ gty s only approache
cbyst abt i zercheah ®qwvioidr contdmanatingi ¢hé eedystal cbodgdwith a
t i 3 A g Y . -Im e .
WP REES JECRLS. £ TY 1PRPL o Ee CAuEPUrT ML i Focovering
npabarxylens yyt airystadlizatipn. s&?hﬁe&fy&ﬁéhzéﬁﬁm amit ggoduces a
c ' t tie i d hC nerizati
tg’g.;%‘}ﬁ?g oo et 3 pent gty %‘fﬁ@‘??%ﬁ“% the, WBémerization
s ywhere dheaampegipn of dhe motlicr| liguer, isarestored to the
saparaxematy cencenfration |of the initid §hageomatie feedstock to
solids,becone a wet e W t 0| i.lled by the
|P&Bi"bd%&138%%3’%&@5%%&@%'&928&& 12 percent by
wei ght para-xyl ene. This_] ow para-xyl.ene |iquid . .
cont anilRad W0 BEALS &Y ﬂaﬁl’é?f:a%u?qgﬂi‘éﬂﬂﬁbgéﬁ agomatic feed is
p dj t Reo gp,Vi baiiercuaof : -
[ ERERA 1o RARRChORaANE 35, H0VAREHogALERCUD? CAP mixed with
pSEEORY| eFtdgeo &Eﬁ?ﬁht ia@arefﬂlﬁﬁ a&fb’é@lﬁéefsihem edui pagmber  of
g%r?ﬁg}ri’ﬁgéﬁ“in%&réécs;{-?aﬁpfc mﬂﬁiﬁeﬁ éd(?iﬁgd &h@_feed_ tfurther, the
'S g S | e. 1 S wWe ake g gl er o
£ Golgess? o atichs s pissfh gt Rbdis BabatiDEq 6ar Ghahht 68° C
th_d‘lte‘e@uﬂyt fslalidrsnmdi daqics, tice.aaiother thmorgoare esbparated by
| ra-xy n Y. SRCo a .
SRR TR i kS, B SRIR Became @ wet cake with
voids filled by the liquid containing only about 8 to about 12
percent by weight para-xylene. This low para-xylene liquid
contaminates the crystals by about 5 to about 20 percent,
depending on the drying efficiency of the liquid-solid separation
means and prevents the para-xylene concentration from achieving
the required 99.5+ percent purity. The remaining liquid is
discharged as reject filtrate. This wet cake -is either fully or
partially melted and recrystallized or washed to remove the

contaminants to achieve the required high para-xylene purity.



filtrate para-xylene fromthe second stage recycle
filtrate out of solution. The resulting slurry of
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para-xyl ene crystals cake goes %o the wash step, the
remaining liquid is recycled f1trate. A controlled
anount of the recycle filtrate is used to dilute the

first a‘&@g@epemU&&agﬁn rereryistaldizesntthel firse stager product and
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f”idé(ﬁﬁreﬁ‘ hhe ?9?66&63“& nidﬁltﬁhﬁﬂer stream than  the

par a- ene tent wil

us Ig&ud Pﬁﬁe{}gﬁ reRESIAtOL: at ed

perm sel ective separati ons and purified product

r ecoverTheopecahtdorsagd oogken krbldmtan‘wlﬁuedut witl e liginéd Qthat is

ARG AR 8- TR OFRALEY R, BCHT bl °TE percent
i bprecight i and atﬂleISumslmmgAthesrcwépﬂ &t With tpredgcet para-xylene
aﬁﬁﬁg@tﬁebeeé%e& @ity i VR Wdle® GROOEY tp%'?ﬁ XPRARY.

epleted streamis” advantageously sent to an

o R e TR LM i i var

g@ﬁb&lln Odnqtsngouh& dbst rthd tomhmﬂm-rwi‘enbeand para-xylene

EbRRE TG, el Sphle sBEDE" 25, PettaSh! However, the

mntegratocﬂ Qpernraelectiveacisepasaionsi n<anddespwr1f1ed product
CRi WSty S@gbt@t'ioﬁS‘)nta%ﬂé ngvitinenctr fatliye adliad yetes (E‘g)faromatw

conversi‘on a portion of ethylbenzehe to benzene,
ofeedsteckduct Unden dhese alGiseumstancssyerity a00%n a§pect "of the

XMi\%?ﬁionAdéhém‘i’é‘aﬂ' 'dbmtéiﬁlcﬂispcﬁﬁﬁl | xcliv@gferization are useful.

i oo Bl e, ol ERIRE, FEEARRER G afs P aldPle para-

axgRpic OfsdnwrputhéI@@gbllefwdarsdrdeﬂnowra/dwdnﬁalgeously sent to an
PRoné {Z%QFOIP rOdfl U 58 e1'rs€’5l e\hﬁtlon unit, an equilibrium xylene
isomer ratio is established, thereby producing the desired isomers

from. the undesirable ones.

Oét%O

There are two generally useful processes for the production of
para-xylene from a mixture of Gy aromatics. Each process includes
a catalyst section containing one or more catalysts for conversion of
a portion of ethylbenzene to benzene, or other products and a
catalyst for isomerization of xylenes. Additionally, the process

includes distillation towers for removal of componénts boiling
above and below that of the (3 aromatics, and finally, a section for



purities greater than 99.8 percent by weight.
Particularly useful methods of chem cal conversions
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the present invention include ggtalytic isonerization
of xyl enes. Sui tabl e isonerization units operate in

rmnor @SCri b ' for I t ent ;. Nunb
QBTSSR Crddindry of R P iZlerl<, Gt ferterally at
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and Ro of
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@m@mcﬁon of ampyrifved J opasehxyl mal eacwmlmgsgm othei rpresent
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|41;®18 B578s ainid 41,23@,9516 dneher yated Iafz&amlur»l A. Tabak and Roger
t
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S BeReoR. DaPicrs. subichy proracoppificdditety Y Yefefence in
| @asit entigetyon ofthe reject stream (xyl enes and

i mpurities), |nclud|ng mel ted para-xyl ene due to mork

an i soh BB IAEDE H lf” BV iche hiodYBE G ‘& stream
ovErmixedt syleesband smparritieng apeowding éneconmdembodiment of
X’Eﬂee riﬁ%h'hﬁﬁe Jﬂ?ﬂggtséée Sthbnst%lp@' ?E cbbﬁ%lgoﬁ? fééggﬁf ﬁﬁﬂed dxylenes

returning rane
andeqlmpuritiene iy agt i deast cropst airystadligar unin | a| n r@ctlonal

p@;pgé;(tﬁflﬂéﬁ%na%‘ﬂi‘f‘ttég6%aﬂ§i3@%ut0f atraex#'mtfé"tfr@fh the liquid-

concentrat.l on e,stream

S <cSepgrating ihﬁuhi%‘ﬁdt gopq;g)nen% comprising ortho-
cxy béed | dngtoh o1 - bt@'léne aared hnqbuﬁnmsgﬁrdmathee woldt coystal para-

C&E‘?eéﬁaflﬁz r“J‘sei’é‘lr’18 igd E?éé‘g%t bk, SRpBALY AL dtgah figh purity

bpanalsey vmtalg@oushecaﬁ teasé np poatione of sheoteject stream

6, SN A R e o o o
9mgug,e o1 h ISH; gﬁom ¢ enVirontent, - is supplled to an
isomerization unit where the xylenes are reacted over a catalyst
bed, separating para-xylene and mixed xylenes from impurities in a
distillation stage and returning the mixed xylenes to the membrane
device and subsequently the fractional crystallization unit.

In a particularly advantageous aspect of the invention, para-
xylene concentrations in the stream from the membrane device for
distribution to the crystallization unit, are high enough that eutectic
temperature is not a factor in the operation of the crystallizers of
the present invention. This is because cooling to the eutectic
temperature is not required to get high para-xylene recovery rates.



can be achieved in a single tenperature stage because
of the high concentration of para-xylene in the
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concentration in the nother liggor. In this aspect of
the present invention a single tenperature st age
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%}o@\éelﬁrratégﬁ' alac%‘%amgcw RRE 2pPEs MY GhWelvicelIACAIRE selective
sorption met odes such as liquid-phase adsorption chromatography,
or simulated moving bed adsorption (SMBA), are described in, e.g.
U.S. Patent Numbers 2,985,589 in the name of Donald B Broughton
and Clarence G. Gerhold, 3,732,325 in the name of Joe M. Pharis,
Donald B Broughton and Robert F Zabransky, 3,706,812 in the name
of Armand J deRosset and Richard W. Neuzil, 3,626,020 and
3,696,107 in the name of Richard W. Neusil, 3,729,523 in the name
of Philip Grandio, Jr. and Paul T. Allen, 4,381,419 in the name of
Roger Wylie, 4,402,832 in the name of Clarence G. Gerhold,
4,886,929 in the name of Richard W. Neuzil and George J. Antos,



Sel ective sorption operations have the foll ow ng
characteristics. In order to obtain high purity and

whe@k/orseovery, the adsorbent colum is gener ab¢HUS2004/022515
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divided into a plurality of bg?g The product recovery
i s obtained by desorbing the romatics with a

sol vent, generally toluene _qr, para t hyl. henzene., The :
dasdrp3rd, 6o vimnthe mameapf yobap k) zﬁvséfi’t,f vduchnhare mcorporated

g} difChPrRICsEACHYIN tRGit! eneikegy stil ati on, s

recycled internally in the purified product recovery

sectio vant ageous a sel ective sorption .
oper at i q% @arrﬁ@ﬁpéép-|n(55%8ﬁ&@ﬁce 3Y¢ t nethe  following

| oNgridteristiesng Ian oadeprtnﬁmﬂotahﬁtMgh pairept | aed floight recovery,

oo pflsprlett s”ﬁéﬁ}ﬁae%&?ﬂ% &@%ﬁﬁ o4 pluPatiby of beds.
pZha- pyoduel FECAVRIYCaSe ORbRING ings the (g aromatics

Wgﬁgt évggl@htgﬂggﬂgfég cf’t 't8ﬂhé)r{e Bt ga’i‘ﬁddlethglbenzene The

odembqntea@hemrt depliealdy $epqmrtadxﬁ10élﬁethes des]tgé: paoducts by
tPrTa;nﬁ%ntaﬁ Oaiﬁ%mmgbﬂ ig %%XQIBH qH@éﬁfmry' ﬁﬂ%hsnpurﬁméu product

n

I's sent to rystallization zone
ré@@ﬁé&fy é@CfGQiﬂa xyl ene. In the case where the sorbent
is sel |ve for the ads on of par a-

xyl ene, a .
raffin antagepushot & § eaﬁgrg 108, qg{grgﬁgnaﬂa carried out
dﬁpl atedrdancear sify! ¢he Iﬁlvmjtﬁm edisimgt lmm adsorbent that is

S R0 S S et tne o i
pﬁua alyerenativageseleatiue | for the laglsorptioporafi |pa:rarxy ene. In the
rEhﬁ'wﬁéfeeﬁ%tﬂﬁ%eﬁ‘ﬂnfsabéﬁch% Ifevant RAs81YHi6Ae of meta- and

con tion is treated L n,an I sonerizatio

ToBthanyIene nan erbAGta Tigbo THEL Godg0es 20 rgio-xylene and
Dﬁ% atied Qﬂdﬂalﬁ @éﬁeﬁw ﬁe})lelc@ed Stoeﬂ@s fsbaterdaation zone and a

r bot h
COaRE R o S ATt F A i costglzation zone for
enemwsysecﬂ p:yrat—hqum@.seht theveasei viherer the eserbeat is selective
I n t
IS PR o RIS SRR v Aty e
cende ertho-wy D@acﬂﬂfbt @p 6tﬁdar1nopéﬁaﬂﬁﬁf]@éled|1ﬁeﬁ jested to the
ngo?h@h'daﬁ%nn %\ﬁ@r §nd @ ?atrﬁtxy\m%a@rﬁi@h@ﬂ Oéﬁirlaﬁt( qg seut to the
n? g?’] ons Wt %é%ace_s é ﬁ ll
t Gty SHbiFal o c e 10 GeRQYSID] o RS BYIGHS 1 o Botieficially, at
Pa¢ddtah pbrti@halofdshwje@tlmeamttha mnitahfs thiee lowest para-

A SRR bR ikath R s Dhiia0n S teb.
t“e‘”yiﬁ‘é& LTS, 24K 8R0S BSed” n Obr6Besser b ditle® present

as nol :
invention are molecular sieves that can comprise both the natural

and synthetic aluminosilicates. A crystalline aluminosilicate
encompassed by the present invention for use as an adsorbent
includes aluminosilicate cage structures in which alumina and silica
tetrahedra are intimately connected with each other in an open
three-dimensional crystalline network. The tetrahedra are cross-
linked by the sharing of oxygen atoms with spaces between the
tetrahedra occupied by water molecules prior to partial or total
dehydration of this zeolite. The dehydration results with crystals
interlaced with channels having molecular dimensions. Thus, the



sieves. Crystalline alum nosilicates which find use as
the adsorbent in the process of the present invention

w@oasazsIe el ati vely wel | defined pore structureeT/USI®e4/022515
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exact type of alumnosilicate generally referred to
by the particular silica al umjré ratio. Faujasites are
commnly represented as being closely reI ated to the
tqrgstal iaved alppeinosilioatensiare cpften aneferreddetonag syolecular
tdey gryl ng silica to alumna ratios. Type Xis
eStribed in US. Pat. No. 2,882,244 and type Y is

desc“@ﬁ?’sthg %luﬁﬁnOSMfzat%sl%l@Wﬁﬂﬁ'ﬁib dsethe adsorbent in

I ncor porate ereln reference in their entiret

AbGoPERaRSS 86 %@rea&e@a HereitHoR nE@%ﬁ?éSnﬁ%la&h‘feJYt Wisll defined
ieundtr@&mares. th q;j He%/ Pexalt Z Qﬁbet ofb lah%mh%@sﬂma?é allé | penerally
rials c e rom,suc e | .e artli or

SRt oo B o AT IRE e ahuinifig nfafft | Brwdisites arc

| et chig! re@iresaeatedsl as |eihg, cloeely ypelaked et |the typo X and

LD Eghfflﬁ%ﬁlgxggg@cgfe ?{.Hsde P‘gxlvencféjﬁﬁé’& by> e Jarying silica to

valumirtae rpties.entl yipey Shis describedp anaUx&}n Rafeddiel 882,244 and

5@' my sjbegebifitald ¥ inonteSt gthin o an3 i1SUTB0TZakileich are
tion zone at I%ﬁg rlzatlon

yst | I soneri z
CarbPERe s JereT Oy TeRetankR,oh Thats &
e R B ot Bfel s 550? Shiy the sodium

i formerofz tie aypeatﬁlzmilta nbui alsotd:méaﬂme | materialhecontained

S t |
aﬁg%agg@] 81 2B¥hke Myt rtfiat® o cORileke © rBBIACKAERt of the
| sadinnoneathensaiwith eshpo Asdividwdr caiens ncvigiady oxthge type X
f
‘fﬂﬁés'tais?'}]gb%z%gchﬁngegc d;”}sg chgg%gmsal ki Qke as an
qmePT(PFFQjIS thisc dn¥eBHO®upport having a surface

area of from gbout 25 nm2/.,g to aboyt .50
in co saqqqsaalaﬁa vefh e pre a&PXP’}P%&: Flée para “xylene-

fﬁe pldtednsstiddrhi zigd bemeﬂmallforwntaate(bnmtlocms isbmerization
e sent 1 .nven S

: ﬁ%ﬁa&g o maﬂ 1%@1&@{@%@'&’ §n8 Y e ;sao%gpggglgﬁf conditions
chufficientt moaanouklcmr ah, ifollerAte «COMPisie| iam equlhbrlum
kkgfeﬂeg‘fﬂlxtu?é‘d IR ’iéb‘l'h%f'l ﬁft?oéata §ré‘éﬂ>beb'a gersultable

a for ‘al um na, e cryst mn
kisomergatiena, caialy ith elﬂaowan otornthpS%f § tLil Such

atyiHlPst will typically comprise an acidic 1norgan1c omde support
which has incorporated at least one metallic component.

Where an inorganic oxide binder is utilized in formation of
the isomerization catalyst, the binder typically is a porous,
adsorptive, high surface area support having a surface area of from
about 25 m2/g to about 500 mZ/g, uniform in composition and
relatively refractory to the conditions utilized in the isomerization
process of the present invention. Examples of suitable binders
include alumina, silica, silica-alumina, attapulgus clay, diatomaceous
earth, Fuller's earth, kaolin, kieselguhr, and any mixtures thereof.
Generally binder is a form of alumina, e.g., the crystalline aluminas
known as beta, and theta, and most often gamma alumina.
Particularly useful binders have an apparent bulk density . of from



Particul arly useful binders have an apparent bul k
density of fromabout 0 3 g/cc to about 0.8 g/cc and

wagnesacsI@r ea characteristics such that the avPCBgE2004/022515
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pore diameter is about 20 to ut 300 Angstrons and
the pore volune is about 0.1 g to about 1 cc/g. In

the i ventl on, fhe allic conponent of
tﬂ Oﬂgéﬁ%rgz‘%&’t it@na %FSI )(,)sf{] g}cg &&fﬁaﬁ@é@@@s@e%epbﬂ%‘derlsms
f sdh Qhaupthé dfetalpe Ppor@ddtamaee. iPaibogul 20! YotHBout 300

AT e, e TiRe SFOIDE TS GRG0/ et 1coe.
ol 1 etk g aled) t"@e‘%{%ﬁﬁé{Fﬁ?}é’?’ay%“oa‘sﬂa@Qﬁ%'°°m1’°“em of the

cmwnmzat@ﬁntmab& 1srmdmfalgaoa1schyospledtadcﬁmmm€mup VI of

t
e L I T
cand YHPES e fr HdAcesomponent of the
V\ifslo@l'i\énﬁ@tﬁoﬂe%htz{l?w' tray |@X?§t0t\bﬁh1ﬂ3 RAet fitlal R@talyst as an

i nventio the nme he i sonerizati'o

allic nt of %
ysﬁ fide, peidts; @y Pt/:elglg b mE @§p a0y | gombination
nﬂtembef p%i\hbl mdtalliy Greupr MIB awmposieny ofbtd ,isomerization

ol o AR bt 5 R S -

ghtc offte dimal otatady st,s andr from i abroutalatoy sbowtyS percent by

‘ e%"egéhﬁ""f&h Bstt ?gs‘ﬁlltglal catal yst as an oxide, sulfide,

erren netal, or as any conbi nation

t her eofy aﬁB%é@%@QFb@ & o 1‘ﬁllv'e'nﬁdii’”mé‘eﬂe allid '?:%mu]'t)onent of

meri zat.i on cat t gen rfprl Ses roma
oﬁmlsqmﬁaaatwé s@a&ﬁt bsygméﬁtaliy sglectgthdrom Group VIIIA
Cricpdlgst aﬁtt’l@ulaﬂyl alppet %r@ﬁ t Oc@hqwlsih P&ttt Pulladium,

| 2@@%@3% BN, offidfine o PR, 'slﬁla“ S 4%l and
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aplatigen. i n dlhé xentebalisysGroupa Mlildg bednmysemt aof the
Lﬂls(@hi’étﬁ @ﬁdcﬁi’zﬂyw IB%S(I %X?stb%ft lﬁygﬁel‘)gﬁfsai‘t 'c%'ﬂalplls{‘ as an
Hﬁuf&ﬂ Fiead%rﬂsa@é% elﬁménﬁah ymeta »i ®Tugsdany gombination

fﬂ]ﬁé@éobedl"ﬁﬂ shemllit nGivup S)S’HIAmcomﬁMﬁéﬁﬂe@f #1#%6 i8Bfherization

ot SRS, RRnaLes BT e A SLCR Aot 2 percent by

”twmg:h’ratmﬁ ¢henfinabecapalysed amd o feomi sabwmiti z&0Sortozabeut 1.0

glgé}tc% | @%i%gﬁenlg)gbggsgngggf@ yst. The isomerization

nversi hore separate reactors
W th shi bR &HEADEHDIE' GRS Acording to the invention the
catalyst can be arranged in a fixed-bed system, a moving bed
system, a fluidized bed system, or in a batch-type operation. In
view of the danger of catalyst attrition loss and of operational
advantages, generally it is used in a fixed-bed system. In this
system, a hydrogen gas and the para-xylene depleted stream are
preheated by suitable "heating means to the desired reaction
temperature and then passed into an isomerization zone containing
a fixed bed of catalyst. The isomerization conversion zone may be
one or more separate reactors with suitable means therebetween to
ensure that the desired isomerization temperature is maintained at
the entrance to each zone. Reactants may be contacted with the



ensure that the desired isonerization tenperature is
mai ntai ned at the entrance to each zone. Reactants nay

wheoosoridact ed with thecatal yst in the upward- f POIMIS2004/022515
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downward- flow, or radial-flow fashion. Further, the
reactants may be in |liquid pha%‘b, vapor phase, or
vapor/liquid phase when contacting the catalyst.

Statakydte isorthei zatpivoar d>dhaiws i odewinveardidl oenpeont uragkal-flow
| Pasﬁléll‘?ngl@uﬁflef " 3H ax%‘éttaﬂﬁ%?%ﬁ]@é;ﬁn 619@12@0 Bﬁﬁl‘é"se, vapor phase,

Ty are’1’n,a ran
5omfapqsr‘hguuﬂep as%w ca eanstions thonsasdyst.1 to 100

at nosphere but typically are_.in a range of from .
about ﬁutt@glaﬂ)olﬁomgrléﬂmpt@@tl%shﬂﬂp fgnperatures m a

@th?&nmab%lﬁa@q’@ t@falfdlﬂ%@(‘ﬂ@t bt Ty g)léﬂl?bﬁ‘ét in a range

hour | about

and.a | i ocity )
h@f e bR e S66CHE0 -aboth SiRebe uamesSufen o in a Tange of
Dﬁ@ﬁerﬁbmutvelnttoomOOaTathﬁmiheaeporbutortypicdlhﬁ are in a range of

RIS, 20 S 3050 oEoRERE Byhlapy « pydrocarbon

enmoéctraildlmtﬁ fram pdroatychid ¢oyabent i aii can sa liquid hourly
°$’§c{(‘%°%l@éip? f&ﬁ S df%x“’ol” AbbAt! A 1pyf- par a- xyl ene
e Crys a

|za ron'feed para- Xyl ene- ‘depl et ed
reject_streamis passed to an |soner|zat|on zine to

re- eqll IAC6PEANERVIHY Hife DREREDF dNViGdiUby apleaticaRprtion of
aﬂwt Ay IEEEE’eﬁVﬂomﬁ $roana- mlmednrtbchﬁé ylerapPelective

fr m sel ect i
b, les's) PRATAREASSAIS, o TR, UTedty o ffint® of para-
x:y]em ppystaklyzation Fhevessuhe by emrichingdbe nnnt:bntratmn of

U B0 I8 PR 5 o pingy - doploed

Fiejeete SLIQ@nchs i Ba ot RE 1SQINCHZab0AM 2085 doi Re-equilibrate

piRf efylefle aﬁﬁ%@ﬁﬁe LOfthafebyt pesdbCihgPrafdsomNd para-xylene. A
p& arat s of the. present I nven

1eusronrtealad ssiaeato i TR a, Homs the,perm-selective
pmiesm’emne nddaceals passgdtode caypiailizationc gohaitoi poduce high

DR B 23 e ?2{15*?4“388{1@ ?%eiﬂn?ﬁ%%#‘mﬁ”ﬁ? Gvétall para-

expleplcerpaoweyy ene. A first feed stream for exanple a
m xture of the Q arormtlc corrpounds is supplied form

igu[ ﬁ?oﬁéh EOW 4 punp @EW%% SJS

ef fl UeRbféxtr{%]mtét able RAAERSSisCoflidrhane 'ﬂow dlagram
Wdé&%%ﬁl\/\gm pfrre?er e he?sp ts o S artlh{rf)tlej:%ratrmdqIproceséL Sa%nda apparatus
of the present invention wusing perm-selective membranes
comprising at least one polymeric material to provide a permeate
containing stream having an enriched in at least one compound of
the feed mixture relative to the non-permeate, for example para-
xylene.

)

A first feed stream, for example a mixture of the Gy aromatic
compounds, is supplied form source 112 into exchanger 130 of
integrated apparatus 11 through conduit 114, pump 124 and
manifold 126. An effluent stream at suitable process conditions is
withdrawn from exchanger 130 through manifold 132 and
distributed into membrane device 140 which typically includes a
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di stributed i nto nmenbrane device 140 which typically
i ncludes aplurality of permsel ective pol yner

woreebnasses wher eby perneate and non- per neat e nPRI/USBDH4/022515

tiaving different conpositiongsare derived fromthe
feed. A stream of perrreate which is enriched in at

ast eed m xture rel atiye. t0
T Bkeat BER R eleR ik el Y el R G WGy Pérmeate
tztmbuglh)mpndmdattMmimhﬂesr dnatving edlifferenan compositions are
t product recovery section 160
t4§@géﬁ ﬁ%@ﬁ%hs 46 conduit 148, conduit 168, and

mani fold 116 by neans of punp. 149. For exanpl e where
the fifssticesy ﬂfr parmeatpr vebichy as xenviehstl twe & least one

cgg?bhﬁ C%Ipﬂ&@dfe&f”dm‘iﬁﬁlreerf‘@%ﬁvé St@“tﬂe‘:hﬁénllzeﬁheate is

par a- xy ene, recover conprli S a- X
c‘éfh dulraven | BEm inenprane ad ytgh c&gﬁm 144, and
fﬁrﬁﬁ%f@ﬁ@ﬁ Ghist ad | 18, ra@danﬁh@fﬁé@l @@bdu@tswwbvefy section

Th6 0 e coREhing, L AR ihlibp 4 8o FRSGHL. 168, and

deanifddpl adudy nﬁea‘ﬁstbﬁpampt ird@igiForoegiamtpl é 6@ herénthe first
el ARdath o{:oﬁlgﬂfﬁe%”%npﬁ ﬁltr ey i C@ At compounds
ene, I ona i 6

Ieast para-X IS O y su rom source
ldikh thet opmmeaw dlslmrmhanhghncand a:stlpma Ay];cneamecovery

oéoﬁgﬁﬁs%@r EE%F& ﬁ@lgﬂe' g g?gﬁflé 1:13\elﬁ§to| th Ay r%tageously
I@gﬁi¢ﬂ‘l draettonalr Mﬁﬂlﬁt@m eanézmlw eﬁﬁﬂ ¢t sarien eg urified

dlhﬁﬁ isi“v?ﬁhﬂ?&@n‘?%%bcéqfét?r Ssb@ﬁoﬁeqtﬁontﬂi’iﬁlgh conduit
ough duit 1 Zlaﬂ%d manlé?ﬁd dvan eousl ‘X’ d
A 637" & ream, depIghea o o Stied PFOE" IS Vithdrawn
p(lhifdugh vohdditad6 % r om the purified product recovery
section through conduit 162 is also transferred into

sectio 1§Pter£18 fiy®) @gpé@%ﬁ&ﬁwﬁaPOMHm&l 1@ﬁr1fc,‘1fé'ﬁjuitf at least

162a a conversi dn
| R Xy 1o 1 ilPoﬁPtiDDﬁHéf §upbléﬁdgéﬁema|sp}lr%cl Ja into manifold

| PO &ﬂpqxﬁﬁ@@@qqnfato thereby establish an
equi l i bridm m xture. Another reactant, such as

Y O oy 37, FEREbb bR SEbieH i BebfRH a feast ome
acempioundr awf fthem feedt i mixtufide t hredativecotaluithe 1 permeate, is
SWAARRAGRT forth ) hBhpraRE . RviRE! (0000 ard traMRYEFRP into an
1ntegrated chemical conversion sectlon 150 through conduit 142
and manifold 166. Advantageously all or a portion of the stream
depleted in the desired product withdrawn from the purified
product recovery section through conduit 162 is also transferred
into section 150, for example through conduit 162, conduit 162a
and manifold 166. Chemical conversions of at least a portion of the
stream generally include isomerization reactions to thereby
establish an equilibrium mixture.  Another reactant, such as
hydrogen, may be supplied to section 150 through conduit 152
and excess reactants and/or co-products are withdrawn from
section 150 through conduit 154. A stream comprising at least a
portion of the conversion products, for example an equilibrium
mixture of aromatic hydrocarbons having about 8 carbon atoms, is
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m xture of aromatic hydrocarbons having about 8 carbon
atons, iswthdrawn from section 150 through condui't

wWQa2@s5/0v¥3e6 € t he stream of conversion products PET/US2004/022515

enriched in a desired conpoung in the perneate, stream

"W thdrawn through conduit 156 |s advant ageousl y

BTV G HOR SR ol b O 2T EJhr SORGHEnel Sf1 cillfiere the
sstrtegl:mnfgf g{n)mtv{ee%@heer%?#ctmsmufl?ct data desised adhpound in
etg‘& | iR TR §dm %25{%}@ W%ﬁgﬁ@‘%ﬁhe?&é&%ﬁﬁt [ gondult 156 is
dmthﬂaxggout@lble _tchr?q:nedat me \c;meméxraaml d:mxgq?g}sl 40onthrough
s@[g@'ﬁt\(:/ieg§ %gbgﬁﬁ Eggiew %Wa rﬁé%nol\;%efrd;qo 6pa?a xyl ene

product of 99.8 percent purity fromthe 22 percent
conposhtpara-kylensstenreeleed t strgpsutiiom phec ehemipal conversion

ﬁ{i)%?ﬂ pr&)@l‘téﬂﬂs""aébéﬁ?dﬂo L'Béltﬁte fffxylene in an
r&‘h‘bgo ihidu

I nve

e gLt e by e Soist: €5 Admafit Eofipdiinds. Due
e Pcbltlﬁat@oﬁaf@f xy| eedEt eCédmipoitddn 10duﬁﬁgef icgyddlVization,

i,ncreased t | ene .concentratio
SuEHRTs RGN {6 deb SRISRbNCoricPakABioR: davice, recovery of
op yr-alyll ezat pmdlicﬂed)fdQQr&a epbé:nfc a}imutytﬁcmnmthelszz percent

T TSR A SEEASHRR, dmputer
qmrogram ewnb vuseknter i at@oonEngmbodnnenﬁv @iﬁt then invention
2‘?@% & %&f“’ et ymF? 2¥§?ﬁa%“%rﬁ?ﬁ% Peltiselective
B TR | WIS ARPi ddb! PAF G plaicer el pIgt < of 10,
Otﬁem'ﬁmrau@gr atlﬁdremrsedess thed a pped-atylenz 2 Qfondmtratlon

pfesﬁg‘]i 'an{“ﬁeggst‘ é ﬂi‘ e' g ﬁgq"@t"gfb{;%ﬁp%%tmn feed

tcﬂmecmsadylbgnetbmm (=0 (0) nandpdhge paracsplenai dgan reject
I
S%ﬁr@%‘ﬂa i dd él%tasfeﬂeﬂ}jf]gf)%ﬁ?‘s Zts)ggﬁ?légtg? € P¥ *hie epéi(fza -xylene

rona I C conpo ource
i prEQsess chang epermesalpeldvgn mmatﬂeﬁlﬂc%{aiﬁgzm thﬁ dnvention

nBFvVided 81363001ﬁf5h1ﬁf§llw egiorfificantn dcreastaihe MQCQﬁSpurlfled

conditigns is wthdrawn from exchanger 230 throug
na@f -eHyden8o and distributed into merrbrane devi ce 240

: \82: ;2‘;{% i cal l n&}éﬂ?by pe"r"ﬁbcjjlt hgﬁ{agg?ﬁe@cﬁ\&' Valagram

ndepicties Ipaefesrged aspects of an 1ntegrated process and apparatus
22 of the present invention <wusing perm-selective membranes
comprising at least one polymeric material to enrich the para-
xylene content of the non-permeate containing stream.

A first feed stream, for example a mixture of the g aromatic
compounds, is supplied form source 212 into exchanger 230
through conduit 214, pump 224 and manifold 226. Aun effluent
stream at suitable process conditions is withdrawn from exchanger
230 through manifold 232 and distributed into membrane device
240 which typically includes a plurality of perm-selective polymer
membranes whereby permeate and non-permeate mixtures having
different compositions are derived from the feed.



di fferent conpositions are derived fromthe feed. A
stream of non-perneate which is enriched in at | east
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perneate, is withdrawn form rane devi ce 240

t hrough conduit 242, and tragzzf erred through manifold

2 16 into an int egrat ed purified product recovery

secti oA steamr®f BRERPEENGAEE o Wiiehs i nnieked sitt gdnleast one

Crﬁdrﬂpb%ﬁﬂ Aoffl ¥he'l el ! xRN OFARGVEORIURNS Peimeate, s
ate is enriched.in ‘he st para-xyl'ene
e oﬁ%ﬂs@@n& DFHIG- YiHe X CONOME Gondut 242, and
\gthﬁbg?ilfir\édgtﬁﬂ@qghgymmmbldeszflrﬁctmwlalan 1nteg¥ated purified
S | Z I On and/ or e sor UH
ikt QY iy S, pgxgﬁié% ofér?t feed
ceiteait COPAPLiSes s mammepo% g &n@énar@@r e@m the

Solidrhons Lsoudliepad by 298 apAIALdyiGR,  recovery

eCOMPpHiSESi @ parae:azslsnparc@nwnémtlonsuartsovmo&hs%\rarret@geously 4
lgrgﬁgﬁ.& fridEShal % i&aﬁggpﬁﬁ@'?} §EleeHTLY bRN Purified
2 condu a and nmani é rea ]

opTqsht Qfeéﬁ & déﬁWDs enl el'teéél"/ferWatsePBQ@t 2 conduit
o} giyhe %@eﬁré‘&mt udépliebat iiMetlhe degired mpedduct sis withdrawn

t hd d th d
SUhroughi Copdnil S aneh e °@é§§geb°p39maé Be Ghaspplemental
2§@eaﬁﬂd§rc§m seane 21 bﬂmni’ﬁmé@rnuah Ieastdlpatra%ﬁlaml is also

S Q’HS oIt >80 e Zﬁ?ﬁ ggg%éf ﬁﬂrﬁﬁgﬁ"eiﬁgglﬁggv%éb%ry section
p264)- XM(BJ@:\ ondudt 2 4 ai aimd romanifoldn2t3%. purified

pr oduct recovery sectron t hrough conduit 262.

Advant & g?@‘?{"?é% g%&ﬁ?em gr tWBﬂclﬁ’f it N@effdted! o Sétr eRAMt one

IS trans conver,si,on section 25

f PP AR Qghfe@éndmlt?(t@@a relativgni ghqypermeate is
AW?’EMaWﬁafd@mtmeiﬂbhalgé ?Mwmomdnglslmma@d 244, and
i Uj a e a
o b et R A e PRS2 6 A5 Smeans of
tpumpgh Zd)ﬁdmhromgbr dbmimeari’r @6mpandi myanifaldas2 S84 into an
pﬁrdeg?gte?f FnieaM N A %&L Sn 350. er@@%@mndepleted in
rrumm X aronat1 ¢ hydrqc rbons
a tdesiced bparaxytenei Pradustr Ahnwit fegmodBe purified

é’d’t%t PEEGNA %5§tmnV‘t‘kﬁ*o‘€r thG‘ﬂdlﬁ@nZGfZ C%dﬁéﬁteﬁgeously all

pe? AR btk %@@ngrf’tsrrrsﬁgtﬁﬁso"ﬁﬁ%ﬁ?féz%ﬁ. fnto chemical

conversion section 250 for example through conduit 262a and
manifold 254. Another reactant, such as hydrogen, may be
supplied to section 250 through conduit 252 and excess reactants
and/or co-products are withdrawn from section 250 through
conduit 254. A stream comprising at least a portion of the
conversion products, for example an equilibrium mixture of
aromatic hydrocarbons having about 8 carbon atoms, is withdrawn
from section 250 through conduit 256. Where the stream of
conversion products is enriched in a desired compound in the
permeate, stream  withdrawn  through conduit 256 s
advantageously directed into membrane device 240  through
conduit 256, conduit 256a. and manifold 226.




advant ageously directed i nto nenbrane device 240
t hrough conduit 256, conduit 256a and nmanifol d

wQ@2@s0hesbo whi ch is claimed is: 1. A process foOPCT/US2004/022515

recovering para-xylene from a(iéui d m xture of
aromati ¢ conpounds whi ch proc conprises: (1-A)
wi thdrawi ng froma permsel ective nenbrane device a
first fluj %Cstream havi ng an enriched content of
pad&ay | shic !ﬁwﬁ]@rﬂé@dtbgthat of a second effl uent
stream whi ch streans are derived by selective

per meagi on af fﬁbcbg}@Stfo@nQe@bWﬁiﬂg? Efa oxylerd ofrem a fluid
Wi t.h r aronat i :

fl ui m xt.ur e “of . par a- X e
BB At Sotap bERLS Mg PToGssSEPRITIAS Y
the fl r(it-Astreanwmthdldw f oot he aeéedﬁvecemembrane

afafﬁbgheﬁm(fggt%gat L‘Fvﬂhéj f?ﬁlriﬁtﬁ{'@ ggutent of para-

cmytmﬁ coinpdredpto dhaty icfhe secopdr efifluent hstreafm fwhith streams

A TorRa by ChERs COBRRALIOR, B Toast ) one aromatic

_ \Ammound]ér@muacﬂmmdxmmmcwpf iparg- wl%n&yweﬂle ather aaromatic
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ﬁ{? ©Otdeg isoner of xyI ene, ethyl benzene or
E thereof 3. The aj ss accor.di ng to clai
V\herel

e menpdistebysinge prngraoaer s&heect}r\sre stream
nWM@mvﬁorrrﬁoﬁl notht Iﬁ:@@ﬂltﬁaﬁepol devidec mhiter i apara-xylene

4. di 3 wh
caneenBafion huff i PxBthcr® shefitfory " pRktSd Shradygs, having
nmanbeanebedhicohtentded the upambixyldnéf @Dmpamd ofo d¢hat of first
ded whig 50d Cefrﬁ% {@tfeﬁnoﬁéﬁem! b ié/as?f%gf thel- 1

a st

Barrer ’f or oneé o e | soners ne or
et hyl bepzen

The process,.accor di 0 cI ai,m 1,
wher ei ret he%héj DEQCRSS RFHAGHPEi 485 ng’l‘i‘}l Henpiczeinghe fluid
tﬁﬁxl@ﬁf@eé@nﬁﬁisbbe a:} t SRy Eaes; andsat n%alatb baesobtleer isomer of
porfion o ec s m yl benzene
ifl %tfhé'i r?(%/c{g%éegiorreri zation

process to produce a stream havi ng an enri ched
par a- x$l eneThempracess aguording oot bkimoflt wherejecthe membrane

tﬁé@?d@ lﬁﬂlz ea A5521 2t Aem Brandl & Pmﬁgg' ﬁt least one

I'SOMEriz N process conprises contact
sppbamemosmlemlu on cat al yst under conditions of

tenperature ressure,
L S rhe process according to claim 3 wherein the membrane

device utilizes a plurality of perm-selective membranes which
under a suitable differential of a driving force exhibit a
permeability of at least 0.1 Barrer for at least one of the isomers of
xylene or ethylbenzene.

5.  The process according to claim 1 wherein the reject
stream comprises ethylbenzene; and the process further comprises;

passing at least a portion of the reject stream to an
ethylbenzene catalytic conversion and/or xylene isomerization
process to produce a stream having an enriched para-xylene
content compared- to that of the reject stream.

6. The process according to claim 5 wherein the
isomerization process comprises contacting with a suitable
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and tinme sufficient to produce an isonerate conprising
an equilibriummxture of xylenes. 7. The process

W@ewsnTE3ngy to claim6 wherein the isomerizati OPCT/US2004/022515

catal yst conprises an acidic iyyrgani c oxide support
whi ch has incorporated therewith at |east one

ISRRRAERSIE ok EP  RueE S poRRIABRE S of Rhbafadh Sangressure,

gmalip tBnef suH#idient odioc Paddecef ame iBbenmats. Sompmising an

£35.: acC ' t ] wherein the fluid mxture
%ﬁ%@le a@&%@g? gfgg?%ﬁ%g of the isonerate. 9. The

process according to claim1 wherein the fluid mxture
conpri des orlee or prasesspr agordiong r efoor alaign 6  wherein  the
[ U I GO, ' i :
2%‘5{‘&*?%@%2%&%1&3# FORPHSR, PR AR, it Bride support
pEhicine hasd/ ancoeporated: cdberewdth 10at THeagh octes component
assApeishify t 8 ohatal lseteersd nfidid NBRPr graupslecongisting of the
L{_tFl I |.%es a,perm, selective ﬁen‘o ane which gﬁn‘ﬁgl s&i.: ble of
(reusitin phementsy i STRp GR AR S5y 8,6 he b qrradis; Fable o
ahpl Etahiengs.of di screte conponents conprising at | east
one cyclodextrin. 11. The process according to claiml
whereigh th deyl [ li.ze elzm: AV :
rrenbragr}e mﬁ%n@géngﬁsse%é&%fi&% rgél %rlr@,rlpc SW\?QFF%IIB the fluid
JRIXIUCE) COMPBISRSY &t dgashar ppriian p@ﬁ¥m iifQmArageanul es
conprising at | east one natural and/or synthetic
crysta@ | i nql uptoesds | gadardid®. tdheldind eri avherein the fluid
accordi ngtito claim1l wherein the al umtn%ggllﬁ%ate. hvd
JRITHHE s CHBPIASESCr 0% aOf | 1BOLS ( REOGHEt ©f refgrming, hydro-
necesyingc ctolieng t dispronartiatherai kst K fppbarematics trans-

ot L ot ‘ g .
YR hh S Sr JRBRRTIAAPET bE ez 3%/ 55 TRjighE Seactions.
group consi sting of polyanides, polyimdes, .

pol y( afl-de)ihe quroceps| deaoading o ¢oimal ywhesein the membrane
CRbe SEHuES. acPpHBSCRATG RRUMWTENSHAAIEN somprises: () @
PolnEiare: malarab; 400 a0 JBCarPeraed dhordin a* plurality of
rHkorete! esiip\can b canepioiny asilegstabnkeept] odektrin. '
polymeric material selected fromthe group consisting

of polypm 44s ;H%lc&én &ec%rdﬁﬂgd BOLMEA™ A5hiPL I8 She membrane
device utilizes a perm-selective membrane which comprises: (i) a
polymeric material, and (ii) incorporated therein a plurality of
granules comprising at least one natural and/or synthetic
crystalline aluminosilicate.

12. The material according to claim 11 wherein the
aluminosilicate exhibits the MFI crystalline structure.

13. The process according to claim 1 wherein the membrane
device utilizes a perm-selective membrane comprising at least one
polymeric material selected from the group consisting of
polyamides, polyimides, poly(amide)imides, polyaramides,
polyarylates, polytriazoles, polypyrrolone, polyurethane and
copolymers thereof.



15. The process according to claim1l wherein the
par axyl ene concentration conprises a selective

W@ onosrspo st ep. 16. The process accordi ng to cper/ms®64/022515
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wherein the selective sorptiog@tep utilizes at |east
one natural and/or synthetic crystalline

?E“%Q | TR Propest At eRgHL 6 Clafti -2 P hRfehl it IBmbrane
Tdevige ufahz«es A prsm-wéeptw@eme @m repmprising natlfeast one
;@gﬁﬁxé‘rl&hgﬂﬁeﬁ%ﬁ' Ve POl Ry Ot OhP tHe ! ifx;}éﬂsﬁ@tmg of

he process according tq cl erern
tpelyasnisiesi \nol¥uniiasonasdepoly (amide)ignd es
alum nosilicate which exhibits the MFI crystalline

S”UCtPSG Phe pghrceRS Omrdﬁ@fﬁbnélaﬁm ci aiwherein the para-
rein the araxKIene cancentt

FASleneoRaPCeRGata FORPOASS b aotesh Ve RETBHRge SEoD-

according to claim20 wherein the paraxyl ene

concenté.at i Bine fpuotdssr avmapdinge doaclaphedti wehamint th selective

0 a a en fr f d 44 e

orgtigrCSto E@“li%’néér ot i otREH  ldor, gyntheic
meoraéumznos Gtscess for recovering para- xyI ene

from a fluid mxture of aromatic conpounds conpri sing:

(22- A) 1M t hoR@Wrogedsr @i@c@r&ﬁig“@edzlﬁﬁhl VS REldfcifiethe selective

device a first fdeQat{Sa)a Jng an enriched content

ogrorﬁ’g’ro(ik)ﬁ fghdtilzesad ](;P a second effl uent

stream whi ch streans are der| ved by selective

Per neal8.on The pirotesss aovoedaptat ¢1ai1ﬁodﬁowkue1feinnﬂae selective
. a X ot her aronmatic

c%‘#@gtéﬂd@éﬁ%ﬁ%egdé%w:%ﬁyéﬁ or portion of the

first streamw thdrawn fromthe nmenbrane device into

par a- xy9 eneblon peacesst ageonding tto elrimads wwkersinothe selective

pé’dr‘ i(ﬁf fepdytiliZaV iy ﬁﬁgtﬁ'ﬂ%?ﬁ?ﬁﬁtéo%ﬁfﬁl oéxHhil ts the MFI

ene: conpared to t irst stream an
r%‘jYéé@ Hi6 SEREYT 8ot her | i quor product; and (22- C)

contacting all or portion of the para-xyl enedepl eted
second2©tréﬁm vwptdudsgawnadgordinge toreclaianel dehareinv tthe para-

bl Bob P T i hPHfigRignChrer

an .isonerate
The process according to claim 20 wherein the para-

xylene concentration further comprises a selective sorption of at
least para-xylene from a fluid mixture of para-xylene and other
aromatic compounds containing 8 carbon atoms.

22. A process for recovering para-xylene from a fluid
mixture of aromatic compounds comprising:

(22-A) withdrawing from a perm-selective membrane
device a first fluid stream having an enriched content of para-
xylene compared to that of a second effluent stream which streams
are derived by selective permeation of at least one  aromatic
compound from a fluid mixture of para-xylene with other aromatic
compounds;

(22-B) distributing all or portion of the first stream
withdrawn from the membrane device into para-xylene



havi ng an enriched para-xyl ene content conpared to
that of the second stream 23. A process for

WO e@swasvng para- xylene froma fluid m xture 0OPCT/US2004/022515
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aromati ¢ conpounds conprising:3{23-A) wi thdrawi ng from
a menbrane device a first fluid stream having an

ElmcaEafipl: Hic to R 'ﬁﬁgf?@% 8l fidd Brolugf, having

aatilemdghedt content poff thaypaiee xylene oclmparashato ¢hat of first
N S

di stri @l %‘)g al | contagéing orﬂ)igeofhé)qﬂm ofr e para-xylene-

WiLhriaun skteAdt haroBmbr anehdieMiae frdin0 8/ arﬁ%’rh%‘i*&ne device

congentrati on Linlt .to extract therefroma

FoRLCE naUPIEn SHPMERHITEUt oREATSE ndiBiFh. opuditions  of
ceympecsture, tpwdssofref iangt teheesufficiedt ato predticst agasomerate

pﬁ??%&nher 'qnﬁﬁ%? BYEoruRls, b ?%&9@?'39 8 4hd of the

| sgooexd zéré¢aon. cat al yst under conditions of
tenperature, pressure, and time sufficient to produce

o sCT R, s RGP fim o flid
mlxture of aromatic compounds comprising:

(23-A) withdrawing from a membrane device a first fluid
stream having an enriched content of para-xylene compared to that
of a second effluent stream which streams are derived from a fluid
mixture of para-xylene with other aromatic compounds by perm-
selective means utilizing membranes comprising at least one
polymeric material;

(23-B) distributing all or portion of the first stream
withdrawn from the membrane device into para-xylene
concentration unit to extract therefrom a purified product having
an enriched content of the para-xylene compared to that of first
stream, and a reject stream as mother liquor product; and

(23-C) contacting all or portion of the reject stream with
a suitable isomerization catalyst under conditions of temperature,
pressure, and time sufficient to produce an isomerate having an
enriched para-xylene content compared to that of the reject stream.



