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enpl .gved | n re of various synthetic
fi e‘?l ﬁéﬂﬁgh&ggedégfﬁrggfr Ot ho-xyl ene can be used
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application including the manufacture of polyesters,
20 pol yanildes Csprematies $xiidas igthylbanzengomngr dhege isomers of

rHLAe: ol BASCRSOP SRR o SUpbERSe" el s
b 1%@5@@@ SEARSR at?ley have oﬂrmg points * which are verg; close
together.  While the demand for para-xylene remains high,
demand for meta-xylene is steadily increasing. Meta-xylene is

25 used for the manufacture of insecticides, isophthalic acid or alkyd
resing. Para-xylene is used in the manufacture of terephthalic acid
which in turn is subsequently employed in the manufacture of
various synthetic fibers, such as polyester. Ortho-xylene can be
used as material for plasticizers. Benzene di- and tri-carboxylic -

30 acids have wide indusirial application including the manufacture of
polyesters, polvamides, and fibers and films. For commerciatl
manufacture of these products the reguired source of high purity
benzene di- and tri-carboxylic acids may be obtained from a
corresponding  substituted aromatic compound by catalytic
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oxi dation of methyl noieties to carboxylic acid

wunioet/o7e®me advant ageously in a |iquid-phase pegiihonso22s14

The possibility of utilizing agl i qui d- phase i nstead
of vapor- phase oxidation for The preparation of

benzene carbaxyli i ds i rst jndicated ..
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caet(hraa:stagepusulw dadch ﬁnmdfpkad:deenwdwm:e met al s,
especially cobalt, in a |iquid-phase of saturated
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Trh%(eefl?se atdif cﬁﬁhﬂfé} g rselé'msh S%T@xh%hfdlﬂ 'S¥aining

m Xt Ures, ]

at ertf@p@adh a@dymzsaarbw ﬁﬁlag&ﬂ"iﬂé&t agt pusty for

t chespaseidatione ploviessss 49 usiapens bkmﬁtmntheb&ﬁock of high
t@m&% For exanple, zeolites X and Y have been
S

el ectively adsorb para-xyl ene; see U. S.
Pat ent Nunber 3 903, 187, U. S. Patent Nunber
4 313, Fustantial masees oimisti-xylens, geamrallysareamistures of

%{@z‘kﬁﬁ: 061ohe-ylenchat afbta- Iéifb" S, g/, 2Bara-xylene.

(e, %, J00F0) ARG L O, Eonfeh om. v
adﬁ@f@éﬂ‘t sel&tt iy ewadl-knaven xyinentheangepdration art, certain
Caipyaadlling EiemiAgsHIdigsd Wit hbe nant afﬁl%%ﬁ‘arate the desired

S0En b, aSGbiFts BEed; { FoloBRtulk, S0l Foud Yhave
f dreguar ased/| doe setedti @lyPaadsorbNupder x3leg@9, b2 afeS. Patent
Z%ﬁlbﬁs"é §@31ﬂ8'ﬂn dUZSmPa‘tSnﬁe}&m%rS 4%@39@5 NUBET Patent

340 Ssoég{ﬂc% TR, Bt NGRS, $65951%%0d USS. Patent

Number 5,177,295, Similarly, US. Patent Number 4,899,017
discloses contacting mixtures of (g aromatics with a =zeolitic
adsorbent selective for para-xylene and then contacting the
adsorbent with a non-aqueous desorbent to recover the para-
xylene from the adsorbent. The stated zeolitic adsorbents selective

~ for para~-xylene in U.S. Patent Number 4,899,017 are ZSM-5, ZSM-

11 and zeolite Beta. U.S. Patent Number 4,940,830 discloses a
rejective separation of para-xylene from other xylene _isomeré and
ethylbenzene using sodium Y zeolife or a sodium Y zeolite ion
exchanged with an element from Groups IB or VIII of the Periodic
Table, such as nickel or copper.
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et hyl benzene using sodiumyY zeolite or a sodiumyY
zeolite ion exchanged with an elenent from G oups IB
or VIII of the Periodic Table, such as nickel or
wogpEs753s0\0 20051075389 PCTI US2004/ 022514 3 #&"0Ws206/022514
interest in neta-xylene is shgwn by patents directed

to the separ ation of neta-xylene, which are becom ng
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ng}ﬂ% ?fg r@t‘lg%?g? elllies%’o g?%yl%ts} L;e%a%&&l‘? t(}}gélé%%eprocesses

x s BIge asmmhted/bmowagem soroest badercoumtebecurrent flow

2 d
st it s RS
f FEPR YR EUr B0l ¢ ar SB& a Meta-xylene,

z ethylbenizens uaﬁdacthbootﬂime xyeiﬂaeadsomemf et a- xyl ene
fromother Xxylene isomers since Beta zeolite

prefer a'ﬂe%eﬁﬁ?go %5, "PA l‘?ﬁib"éf' 60?3@@2@;‘1 fiQscrlbes a -

t he ot mers. e

2035HCR % ﬂé&?@%ﬁ x I@neBef@oﬁ@?’ﬁte@ hé% t’rfgecithwzzow separating
ﬁaaey?eemeecﬂrome maktirese OfaCBI &tbmatm hiydrotarbdns. Beta

el ?ué@ or B SepRTfe ;eggss@gfggdg%l Bfer xylone

Sé‘if&ﬂﬁfsecﬁlm abBata e‘#@ t%epée Qﬂt Yhatzjbelen mstarxybene as

_ S@@ﬁi}%r%d t&ﬁf@ﬁﬁh@f 5)??13% Oj¥Biriets Y ThefSHoPONthd UnSta-xylene

t 25 398 10 t
b uREBRS of Pdeng frarneny, Jl Bim3GaMBbL fwitho Beta zeolite
z&dlli be karried switheetheudbiidt dlove| avhile/clhy adber bisomers are
ewwlﬁsezapetﬁé Heta ﬁédlﬁémtﬁél%fy M1 REvigigh sfblbecﬂéeescovery of

NAFBars O mEAsR 0% 1 oBell G0y ches rsyy gised to separate
pATSIA e G nRBOEALEG MBS, ﬂﬁaﬂ?mgs pdthS. Patent Nuamber
4,554,398) and (¢ aromatic hydrocarbors (U.S. Patent Number
4,743,708). Beta zeolite has also been used to selectively adsorb
ethylbenzene from a stream containing ethylbenzene and one or
more isomeric Xylenes, (U.S. Patent Number 4,584,424) and to
selectively adsorb para-xylene from a stream containing para-
~ xylene and amother (§ aromatic hydrocarbon (U.S. Patent Number

4,899 617).

Various commercial processes for separation of para-xylene
from G aromatics have been developed as alternatives to fractional
distillation. Such processes utilize either differences of the freezing
points between ethylbenzene, ortho-xylene, meta-xylene and para-
xylene, (fractional crystallization) and/or processes based upon
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fractional distillation. Such,processes utilize
either differences of the free%i ng 35 points between
et hyl benzene, . ortho-xyl ene, neta-xyl ene_ and par a-

xyHIoperties - oft zeplte apgtartals; gt selSrtingly ondpombe apanssxylene
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from t Hdtheo| ok dhe® t peocesses hasd peovessepamaxylene in high
r adeldy frenaxyvailsblen hidured wWreGierbhtMayval ERWEver, they
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I e a t 0GEeS e .St [ .
o 3Pepdly AR, SBanty WES HoplORH® 1 pEARYRNS, apd contain
pAGHEYelYns high e PEOPREioBH e Olocthvlbeprene, anthorgylene, and -
Mahatacyy Rite. FEﬁftPemeg thbes etdanes e auy@iéém;r %‘%'b[ié(cted to
s e - si 0 .0 e .
ool BrbfesgE B6FRIRAAE PIHEURTIRARSh b adsorption
CBroCEss-i zat i on net hods have been used in conmerci al
processes to separate para-xylene fromaromatic

starti (gysedldization hbetbodkai hang ddenl besegneindscommercial

he t I j d f th .
 rochiist "o BhRy ipﬁ?ﬁfﬁs%ﬁﬂfé’i%ﬁ%ﬁ% Stafting aterials
i eeniaining ethydhengent 38y welle asithe Jhyes fiydeme ligomers. Use is
dishhgs ept th&r 8-kt anelthis goinfc rRegp RN ofohe ilgdividual
ne atlveqzié.zgé net a- xyl el a.ff%eezmg olnt .0
ndSamIeRs 9B R gisa ML ATereRbe, (i pamiene has a.
offraFifg. pAintHofmemati veo PHeIRC ometa -yt st al hdsz at freezing point

‘ I ' - of
B e R WY o ekl gt of 13.3°C
eXPRWSEET, CopyeRdpnal &Y w%‘ae%s@@ hofis ggb g used to make
pyaaxyyiene fwiilh a purityuref ¢0.Q peweati ¢y regightesnly with

c ' d stream for exanple 25 an equilibrium
m%%?%@?ﬁ%@ners fromreformate and/ or xyl ene

Crystallization processes to fecover para-xylene from a
mixture of (g aromatics requires cooling a feed stream, for example
an equilibrium mixture of isomers from reformate and/or xylene
1somerization processes. Because it's melting point is much higher
than that of other (3 aromatics, para-xylene crystals are readily
formed in a crystallizer after refrigeration of the feed solution.
Feed mixtures of refinery aromatic streams typically contain about
22 to about 23 percent by weight of para-xylene. In order to
crystallize a substantial amount of the para-xylene from solution,
the solution has to be cooled io just above the eutectic temperature
(i.e. the temperature at which a second component start to co-
crystallize and contaminate the para-xylene crystals). The euntectic
temperature is determined by the composition of the remaining
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I somerization processes. Because it's nelting point
is much higher than that of other Q aromatics,
para-xyl ene crystals are readily fornmed in a
worzatabisp zer after refrigeration of the feedpcTuszens/ozzsis
solution. Feed m xtures of rgfl nery aromatic streamns
typl caIIy cont ai n about 30 227to about 23 percent by
I ﬁara | ene. Inlorder to %St&“lze&
ighoL AT SRTERI60Fa SIYPIE Prentamptedofrom the
timexﬁnieut {mosfigs metbxytent edormq-xyielﬁb owadt hethylbenzene),
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f outlet hream x alsoe desredsey, nmacaeasyhgnthe gdrbexydeneneecovery.

agrﬁal %llﬁslat%ﬁ??cg Fﬁeve S’E‘tﬁo% m%tié%:tw SP%HtﬁIene :

wobtrexlene deordhewylenen :he qraeaei af ‘about 2:4:2:1, at
etaturBsotwithiat Apbhesrene 6 Che fiRyRivtédic NRiSérature

%ﬁgﬁﬁ BNGHE LY i HRIRE, BT SRR

al so decreases, increasing the par xyl ene recovery .
G ven ayeicetiyr eaofreaégﬂten'i%e%nt hdepletetly o1 a@ﬁaa-awlene but

pamﬁaiqyijgnerelﬁﬁWyyllﬁgbé ﬁl nomsl epf sthylbenzene, ortho-
P

IR oo B0t o, P r ORI, s or the

té qmtwnqpr@ﬁ@s&eégw@rtyea@d |1m medsememamon?@rocess which
PR 6884 - to m&’é?is%mth& Brépoditn Sbf §fadePlepleedni Bara-xylene
p Ien but co |n|n reI ativel %ﬁgé] b
PSRt Pl o s 1y | bz @AEeERS. SPis(Ed stgeam can b
nemmﬂnw(ianewinho manhe zsnmsnaatmnat natalpstocemﬁarr appropriate

ggéi’&ﬂifeo%nﬁr ?§§§1ﬁ% vﬁ%@htfé%%ﬂ%d]ﬁ "ch@”convem%n of some

rrzatil on cess wh I S, use I NC

#t .%Hafznxy GRE- @deﬁéetranxqé%ﬁn@x ma-la@snst edlt is also
susm -desigatler & wheeﬁ: d@nleebﬁcﬁhstethmmﬂae to prevent it

%@ﬁgcﬁ’%ikd% 3o dpadith éﬁébéﬂ%@@sy“ KL gpalysts are

|ﬁe]§ﬁ@d:ofﬂ/e$13@bi@ otomesiaqn of eHwlbenrensyrkenbenzrne and
metheney | eie hydpa#cbealkyhman,l t and/at sdy usomlerization to an
dea{}{é bI.e to_convert of the ethyl benzene to

pP

rpm IPP&‘?FFBM’&Y el§p to high concentrations.

Known catal ysts are
Processes for making para-xylene therefore included

combinations of isomerization with fractional crystallization and/or
adsorption separation. The disadvantage with such combinations is
that, despite improvements in catalyst performance isomerization
technology is only able to produce equilibrium or near-equilibrium
mixtures of the xylene isomers and typically is also relatively
inefficient for the conversion of ethylbenzene to benzene and/or
isomers of xylene. Consequently big recycles of the reject streams
back through these processes are needed to ensure the conversion
of the (§ aromatics stream to para-xylene is maximized with or

without the additional recovery if desired of ortho-xylene and/or




sel ected to enabl e conversion of ethyl benzene to
benzene and ethane via hydro-deal kyl ati on, and/or Ce
i sonerization to an 25 equilibriummxture of
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i ncluded conbinations of isonerization with
fractional crystallization and/ or adsorptl on

SR e TRl BRARLRe SR RN e an
pehémlm npkants d‘mrihbaq)rrodu&ﬁ)om eoﬁpara}gwleneoﬁjmn abbetures of
gﬁ%ﬁ%ﬁe SLAWhiERT i Pt chen’ k4 bﬂﬂeu?roﬁléiﬁé”é%oclated

he | somers and typlcally IS
rarl m@eyreqyms.mcymr loy “athelbegiremes comversions.
et hyl benzene to benzene and/or isonmers of xylene.
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para-xyl ene is maxi m zed with or  w thout the
addi t i HnBEWr éEBI/@ﬁ‘] i 0 geeavEY 6f VeRy- RW"‘er@(’%%rls‘i’mef

Vila2 005w 05ea8 OfdRagid Un2i04 o éé’éskihé anmaﬁ%%t@mng materials,

chiaiinfichfcphlF ?%g{ﬂe r%aé c‘% "ﬁ pa Qﬁliiﬁ@ﬁlf”&mtms

f coRtaypIng reéhy engme rasnwel pdek¢ cisogers.  The
g%gﬁe% Poievﬁclgﬁéiﬂll%%ﬁlagn bﬁit?% a%idtds@rﬂ% f&%ﬁ%kﬁfg meta-
"G, bing L B gt ie o GErieast, 995, MecEht BroWeight, and

rradeanfagelmrsby 0199&85 phrsent bﬁ@mb&mﬂA mbgusgpr ofichromatic

Erﬁfo%ﬁfy ongr S 00
been oung’ V\Een processi n% mat i C JEc,ltéar Wa? a¥%%he three

Nyl SOmerSr exanpl e, a pure met a- xyl ene product
fromliquid m xtures 10 contai ni ng et hyl benzene as
wel | asldﬂmitag’ﬂmsbwlprwesmnmfstheThuvenHwnamhsmqnimvrde for
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t Pergeat 3y ay ggvantageaty f (% % pelgeat from
Litfutid es noifxiafegmat bf sromaiiods coeypammimt aigveng containing

%]?’ ZEng %Sgs)r“@ Ss‘;‘rg:l Eﬁrthe fonel %5 é%g%g;leslosoners

prowd for: SI Ita_ equs recover a:
havi ng el Y\ STeHGT 5 grg,ﬂcﬁa,gr laﬁﬂ;@',g@le present

a@dvaﬂmmtmﬂeﬂs ypﬂih%sese rfoemecdveny of purified products from

a fluid mixtore by means of an integrated perm-selective
membrane separation apparatus and sclective sorption methods,
such as liquid-phase adsorption chromatography, or simulated
moving bed adsorption (SMBA) and fractional crystallization
separation apparatus. Integrated apparatus of the invention
comprises SMBA and fractional crystallization units coupled io one
or more devices using polymeric membranes for recovery of
purified products.

There is a need for a cost effective method of producing high
purity meta-xylene from a (y aromatic mixture containing para-

xylene, meta-xylene, ortho-xylene and ethylbenzene.
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detail hereinafter, the prese?t i nvention provides
processes for recovery of purified products from a

fluid m xture by

permsel ective m&@%%m@h& us and
sel ective sorption nmethods, 25 such as |iquid-phase
adsor piyjeQRisFURIRERE aRfilitecied 1S pridkated  Novi ng bed

Sg@f @g@&&#@??@ﬁ@a&ﬁeﬁ @%a%eé Sor?t 8! bl bfitires of Gy

rated apparatus of
| ay@EN&fion bj,conﬁanse@fsmagwwoﬁr aft permtselective separations

33{% é}Jéﬂg% 7t 1Y &Hat%esgg%ﬁEo Erefilfhs ofc%r ¥l 665 d-bed

ymeri ¢ menbian

paeleftiive peomiten. THACHRAL, st lra&tpﬂa céafl/or  fractional
ef é&&g&lyﬁloﬁei‘ﬂ@ Berff-sdds AR GéRBatting RiscRYEd hefein may
oapitiey) B ouen B mitnd (BALLE, EhEb RIS B0 seicctive

emwbmnedewao@e/ STBERGS PET/uSeal epo s eariched  stream
SR ufF ittt YENTT QY afomati ol ﬂ:eareby heroddusisg ea fluid
dlrected to processes for. productio of purified

HIRNE [ o f 1 W HOAREEr es BPEHC ar &%‘P@@é‘ﬂ% which
rrmdnantageousiy eghates paraofylger Brcsedisems dASﬁ%ﬂ aewin ons 5

exa e so ﬁgypﬁ%@gtfd e?%&ét%_ é. on. o?’%‘rt, fleta-yylene and

di BATRYYAERON Hiﬂﬂllﬁ Sf r AR onHAUI r yBEEINES ot PVF  ToRDIaInIng
pestivERhosht V& Seibikatthentdesehbardifanets) may |

conpri se of one or nore devices using polyneric

ot o xy i el r RO POl P LS Yol BBl ' Bty o
offe@astacb,nm gcyarb@iebiysy oy Mmategials.conpesiallyg a fiuid
thﬁmﬁwﬁléﬁ BSmIRld CofpRYIBEM Wiigh., I general, the fluid

geously “i ncl udes a- xyl ene. . Processes as
B%@H Hér@i nﬂ g ﬁf}a@ﬁlﬁar? ?é%%& for TO8E oA Getively
of pumigaiier eompoacty| mﬂe aakags Wmo&bﬂuenemm&m:t S
fromliquid mxtures even containing 15 ethyl benzene

as wel | pas.tde fﬁ%%c&%hﬁ@ﬁekﬁ?i@ﬁa&hcﬂ&ﬂr%&m @sures
herein cont %Hv&lg c)Efreatme of a fg one
feEB%Fé%qé RGN SRS 6F or more
es peaduetd ynamil Ereﬂ:)mmv r“actifms cataiyﬁc cracking reactions,
hydro-processing reactions, para-selective tolnene disproportion, a
G to (o aromatics trans-alkylation reaction, and/or msthylation of
‘benzene and/or tolmens. Generally, mesta- xylene conmstitutes about

one-half of the total product stream in curremt processes for the
manufacture of G aromatics.

“In one embodiment, there is provided a process for recovering
meta-xylene in admixtures with other G aromatic compounds
which process comoprises.  withdrawing fom a perm-selective
membrane device a first fluid stream having an enriched content of
meta-xylene compared to that of a second effluent stream which
streams are derived by selective permeation of at least one G
aromatic compound from a fiuid mixture comprising meta-xylens



m xture of conpounds of petroleumorigin.. In
general, the fluid feedstock is a liquid mxture

WORsSieg a nore selectively 20 perneable t
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Pr ek eaceddrbti®n conditions exhibits the ability fo sffect the
adsorption of the para~-xylene and ortho-xylene in prefersnce to the
mefa-xylene, and thereafter recovenng high-purity meta-xylens,
For example, the adsorbent is an aluminosilicate which exhibits the
30 BEA crystalliine structure ufilized in the hydrogen form to effect the
adsorption of the para-xylene and ortho-xylene in preference fo the
meta-xylene, Advantageously, the adsorbent is a type Beta zeolite
in the hydrogen form, that is wused to.effect the adsorption of the
para-xylene and ortho-xylene i preference to the meta-xylens.
35 Thersafter, the meta-xylene recovery operation further comprises: .
contacting a desorbent with the Beta zeolitz io remove the adsorbad
para-xylene and ortho-xylene therefrom as a fluid extract, ‘



net a- xyl ene. Advant ageously, the adsorbent is a type
Beta zeolite in the hydrogen form that is used to
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distributing all or portlon of the first stream withdrawn from the
membrane device into meta-xylene recovery operation to exiract
therefrom a purified product having am enriched comtent of the
meta-xylene compared fo that of first stream, and a reject stream
lean in meta-xylens; and disi_:ributing all or portion of the second
effiuent stream withdrawn from the membrane device into para-
xylene concentration unit to extract thersfrom a purified product
having an enriched content of the para-xylene compared to that of
first stream, and a reject stream.

The meta-xvlene recovery operation advantageously further
comprises distributing all or portion of the reject stream from the
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alummosﬂzcatu Advantageously, a perm-selective membrane
comprises: a polymeric material and grapules of an aluminosilicate
which exhibits the MFI crystalline structurs.

In another embodiment, the membrane device
utilizes 2 perm-selective membrane which comprises: (i) a
polvmeric material, and (i) incorporated therein a2 plurality of
discrete components comprising at least one cyclodexirin,
Advantageously, a perm-seleciive membrane comprises: a
polymeric material and B-cyclodextrin or y-cyclodextrin.

Membrane devices, particularly useful for purification of
substituied aromatic compounds, utiize a2 perm-sclective
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with other ( aromatic compounds, which process comprises: (a)
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that of a second effiuent stream which streams are derived by
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first stream, and a reject stream lean in meta-xylens; and (¢)
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CeRbampdst ULARM -about feed mixtures, adsorbents, desorbents, and
operating conditions all of which are hereinafier disclosed in the
following discnssion of each of these facets of the present invention.

i

For a more compliete understanding of the present invention,
reference should now be made to the embodiments illustrated in
greater detail in the accompanying drawing and described below by
way of examples of the mvention.
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i nvention conprise of one or nore devices using

pol ynmeric permsel ective nenbrane devices to
separate a neta-xylene enriched streamfromfluid

m xtures of Ch aromatics thereby producing a fluid
conprising the remaining aromatic conpounds which
advant ageously i ncludes para-xylene. Processes of
the invention are particularly useful for recovery
of very pure neta-xylene and para-xyl ene co-products
WO 2005/ 075389 PCT/ 1JS2004/ 022514 '
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menbrane, a conposite nmenbrane or an asynmetric
menbrane which, for exanple may incorporate a gel, a
solid, or a liquid |layer. Menbranes useful for the

separation of to q diBNERAISDESCRIEEKIdance with the
i nvention include polyneric nmenbrane 30 systens. In
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Wik SnBrafle JRIREATEr Rphtation®laccording to the invention may
utitize 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 ome of the isomers of xylene or
‘ethylbenzene.  Suitable membranes may take the form of ‘a
homogeneous membrane, a composite membrane or an asymmetric
membrane which, for example may incorporate a gel, a solid, or a
liquid layer. :

Membranes useful for the separation of to Gy aromatics in -
accordance with the invention include polymeric membrane
systems. In such membrane systems, molecules permeate through
the membrane. During permeation across the polymeric
membrane, different molecules are separated due to the differences
of their diffusivity and solubility within the membrane matrix, Not
only does molecular shape influence the transport rate of each
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only does nol ecul ar shape i nfluence the transport
rate of each WD 2005/075389 PCTI US2004/ 022514 15
speci es through the matrix but al so the chenica

weedoos/essb both the perneating nol ecul es andpéhes2o04/022514

pol ynmer itself. Advances in ynmeri c nmenbranes nmake
themattractive candi dates for separ atl on of

aromatic,co ds SI nce, t d epend on

cSBF5s JBFURR dhomAtrE oy elsosthe) chemealchahire of both. the
sppamattiog nﬁdeca}anmhé theepelyaterpdisyiferi c material s

that could be used for the separation of a m xture

of ar o%a]ﬁl €§nWUﬁg§,@éﬁc qﬁéﬁfﬂrﬁgg? d CHEM atiractive

Pat ent Cation rcati on nu
andisinfoy dor Aeparetionsefl ezematiss Cmp@kmds since they do not

ld@?éﬂer a(tmed eﬁﬁﬂﬁl fp&@o@é/d r Qﬁ@tra?n%rhftﬂhéxb§ ﬁ@t | j&@li¥ve  the

SRR VB S, sedBrdl Inbii menies mERRIalE cthat could
obe um@dbfmn thet adpprityorer of afmixtaxangfl gromatier scormpouhéds are

- OHeHRiHEANRH 'reee@fy IM%@“' f@ﬁgﬁi% p%?%/am‘gggr Us

agh@??}l(ﬂﬁég%? Ade epyRst ok whicho iy dngerponaied | herein
pbjrymﬂ&eem cmests mllya’grher&utébieepolym@tsy (WwedbRneas either

Sl AP S O O O

OXI d‘g 4:s
p8Y y/ %‘é‘?@l P c MAYReThol i0Er gkamply  meuebles of the group
pod)lysﬁkﬁingeneft ep@@hhlﬁinébe pol nﬂﬁbﬂ@xés polyamides  and

B Bﬁ%lﬁ% zs‘ci g%w&&z hataify DL IEY B8 thides,

pBPhgtheorss p @f;o,nes polyethersulfones _
b wmﬁedaﬁzda@wmh bgdl I%h@ngﬁ’éﬁé’gﬁhéé})hﬁ& ANy lene

EF@ZE; BRE e stara Bl BiSerYnAsRE s spOBimethanes. bl pelyesters
i (e

ngnepeblm]riaﬂes) ng suelpe adsi ngolyathyléneam telbephthalate,

f AU R Rach R TR Diﬁ”'ﬁ oty ¥eaytene
Hepat azlﬁée)grafténcaﬁam%ﬂags,com & fes, of pelyallyls,
fpolgg{bengobé’nmnﬂdhzaw)gt i t u Giﬁm@md@wg supslydxaieszoles,

o br%?nin%"' "5 b 4P Ofeéwer@ ¥ Hiogflpfdes”  and

S@bﬁyi@{i@ups m)m/@iﬁﬁ Yanegsy| ; |mﬂ§.ld1&gy| block
gflﬁem@iﬂefsl"ﬁbdﬂtmgoféﬁ&&ﬁz haef iFeml e UaBGH &ith as
t&erpp)?yl!n \ﬁ'vsf of® acry on{t%ﬁgg’m];l% %Iggm@de Sotium salt of para-
sulfophenylmethaﬂyl ethers; and grafis and blends containing any
of the foregoing.  Typical substituents providing substituted
polymers include halogens such as fluorine, chlorine and bromine;
hydroxyl groups; lower alkyl groups; lower alkoxy groups;
monocyclic aryl; lower acyl groups and the like. Polymers
beneficially useful in the hollow fiber membranes for the present
invention include polyimides, poyletherimides, polyethersulfones
and polysuifones, including polyimides. poyletherimides, and
polysulfones made using analogs of 6FDA. Particularly useful are
polyimides that comprise polyimides or polyetherimides made
using 6FDA.
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pol yet her sul fones and pol ysul fones, including

pol yi mi des. poyl et herinides, and polysulfones made
usi ng anal ogs of 6FDA. Particularly useful are 35
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pol yet heri m des made using 6FDA. 16 Advantageously
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Particularly suitable in processes of the present invention is a class
of perm-selective membranes which comprise: (i) a polymeric mater and
(ii) incorporated therein a plurality of discrete components comprising at
least one cyclodextrin and (ii) incorporated therein a plurality of discrete
components comprising at least one natural and/or synthetic crystalline

aluminosilicate thereby enhancing the performance of the membrane for
the
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a plurality of discrete 30 conponents conprising at
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Another suitable class of perm-selective membranes
comprise: (i) a polymeric matertal, and (i) incorporated therein a
plurality of discrete components comprising at least one natural
and/or synthetic silicalite. Silicalite is a hydrophobic crystalline
silica-based molecular sieve which has been developed and
patented (see Number 4,061,724) to Gross et al). A detailed
discussion of silicalite may be found in the article "Silicalite, A New -
Hydrophobic Crystailine Silica Molecular Sieve"; Nature, Vol. 271,
Feb. 9,1978, incorporated berein by reference. The entire contents -
of all these patents and patent applications are incorporated herein
by reference. Advantageously, a perm-selective membrane
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silica-based nol ecul ar sieve which has been devel oped
and 30 patented (see Nunber 4,061, 724) to Goss et
al.). A detailed discussion of silicalite my be
found in the article "Silicalite, A New Hydrophobic
Crystalline Silica Mlecular Si8eve"; Nature, Vol.

271, Feb. 9,1978, incorporated herein by reference.
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A useful class of membranes for separation embodiments is of a
type of composite membrane which comprises a microporous support,
onto which the perm-selective layer is deposited as an ultra-thin coating.
Another useful class is that of asymmetric membranes in which a thin,
dense skin of the asymmetric membrane is the perm-selective layer. Both
composite and asymmetric membranes are known in the art. The form in
which the membranes are used in the invention is not critical. They may
be used, for example, as flat sheets or discs, coated hollow fibers, spiral-
wound modules, or any other convenient form.
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Concentration polarization is well controlled in bore-side feed
modules. The feed solution passes directly across the active surface
of the membrane, and no stagnant dead spaces are produced. This
is far from the case in shell-side feed modules in which flow
channeling and stagnant areas between fibers, which cause
significant concentration polarization problems, are difficult to
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’%3 eeqlzzeene and paraffins.

While many sources of (g aromatics may be fed fo the
process, in a typical (g fraction from a naphtha reformer and
aromatics recovery unit the mixture contains approximately 15
percent cthylbenzene, 22 percent para-xylene, 50 percent meta-
xylene and 22 vpercent ortho-xylene and varying amounts of
unsaturated, linear and cyclic hydrocarbons. -

For example, one method of producing a para-xylene product
from a ¢ aromatic mixture is to first pass the ¢ mixture to a

xylene column to remove heavies, for example, (3 + hydrocarbons.
The three isomers of xylene have an equilibrium ratios of



General ly, processes of the invention recover a very
pure isomer of xylene fromdistillate fractions
contai ni ng the xylene isoners, 25 ethylbenzene, and
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fed to the process, inatygllcal Cg fraction froma
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4,306, 107 in the nane of Donald B. Broughton,
4. 326, B@2stated laboveane el phrified\metaixylene recovery one

e%ggo%ﬁlieﬁin of e Hﬁ%ﬂﬁﬁnfb@“btoc%@s Kﬁirpéﬁieﬁ'hﬁ@@ fJeta-xylene

h.the .n

e s b, T CoRUGLIe \AHORPIRRE P poRWeBY ndsamprs  and
by:thyﬂmlmene whichheprocess | cetprises somtactingoae adsorption

b?ﬁm&’ﬂ{ lof TRt %{)ﬁ%!r?s@ﬁ rﬁ?@fﬁr Xs:ﬁﬁ@rs QFO GndE Hithout
of I nvention a prd
ﬁ:yqnggge with pnsmg % suitable type Y
zeolite, thereby selectively adsorbmg the meta-xylene isomer to the
substantial exclusion of the remaining components of the mixture
and thereafier recovering high-purity meta-xylene.

In one embodiment of the invention, purified meta-xylene
recovery is by means of a simulated moving adsorbent bed counter
current flow system. A suitable operation comprises the steps of
(i) maintaining net fluid flow through a column of adsorbent in a
single direction, which column contains three or more zones having
separate operational functions occurring therein and being in serial
communication with terminal zones of the column; (ii) maintaining
an adsorption zone in the columm, the zone defined by the
adsorbent located between an  input stream at an upstream



20 froma feed m xture conprising the xylene isoners
and et hyl benzene whi ch process conprises contacting
at adsorption conditions a mxture conprising xylene

wo0e8r7s389W t h and wi t hout et hyl benzene, W tgr1Rik2004/022514
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adsorbent conprising a suita Ie type Y zeolite,

t hereby sel ectively adsorbin he met a- xyl ene i somer

to the 25 supstanti al i){é{iusmn t he remai ni ng
cbppadany s off thee #Angt u Fhdi# Eiaéﬁft@utpmécosﬁ@wng at a

hijghriygrddny beuadayy esf thé nzamne @ﬂ))@ﬂamtﬁ\itmﬂg thgarification

of S8 < Mo, Ptk Gy, IR, R, Sbolid, S ehe
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cepiamandothe toed  put "sifeady 2128 RN R twagiave of the

opearididatital zfonept(nz)nmammmmgm gat desoeptioan dohei mgmediately

S { n Z
ﬁbhﬁﬁsaﬂg"ﬂ?% 3, bitfiatation o4 :ﬁﬁ S8Tpfion Fopp  defined
chuT:hﬁ: snﬁaqunéomw NREWSED He 5031@& mmt |s&mmdat an
fof 9B 2éncdAndPHid @O FUPot ObSBA at a

[ US 004/0 25124, 22 ouwndar zone
ZI?E 7o o R ooy (FissiRh iR adPS gixture
tinioz dghe; a(ism@n(mal PTES mmguhqnptmm camidomony otre effect the

[ e e t
TR Pade HBEE T the 3%‘3% aJEJ‘%e@ﬁQ%‘ﬁnﬂ“ exctusion
bef iBenremamipg; Pamp%ﬁnﬁ%t mpgher rbent in
b@]nm d@dsorpf,lohh eropur iahidc Evhtﬁgrﬁ?wm? gamﬁhmté ]Eeedtpu‘tp Wtream
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é gubs@efiialBd diffetche a‘ﬂmr kRat bPaheededibt wgture into said
t tre 0
BRI, R u° UL Sl B ik lcoment
d@ﬁﬁtbe (TB&Ha- Mmrﬁ;omf then @d;_s@ﬁ%ent( ¥ thasdestypticn reey (vii)
mvﬁghﬂtiﬁtwi t%ﬂ}[?ctf&iﬁom't pon ﬁ@@&nafcoﬁﬁﬁmﬁ | ghe remaining
conditio o.effe i
BTN« BoPhe RebaieePHpt xéﬁa naberiBlically
raduancmg cﬂnpughnttheofcoﬂmﬂm&f wadsonh emﬂwenadgod@mstream
riee 1o vAHP QeBpEAN 1 Hfida Mbwih e iR oha%n@%@ feed
i r%ég%grqo&p é!%:hn tpu st%rergtlnm d€sorbent i mput stream,
and extract output stream to eﬁect the shifting of zones through the
adsorbent and the production of the extract output and raffinate

output streams.

In another embodiment of the invention, purified meta-
xylene recovery involves using type Beta zeolite as an adsorbent in
a separation process (o separate meta-xylene from a mixture

containing at least meta-xylene and ortho-xylene, with and without,
para-xylene. Mixture may also contain ethylbenzene, &

alkylaromatic hydrocarbons and/or Gio alkylaromatic
hydrocarbons. Because Beta zeolite preferentially adsorbs the
para-xylene, ortho-xylene, and ethylbenzene, as compared to meta-
xylene, the meta-xylene is preferentially rejected. As the mixture
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(vi) passing a desorbent material having an average
boi ling point substantially different fromthat of
the feed m xture into said desorption zone at

woesey@sison conditions to effect the displ acelstelnﬁszaﬂmnsm
of the neta-xylene fromthe sorbent in the

desorption zone; (vii) wthdraw ng an extract out put
stream corrprl sing the remaining conmponents fromthe
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usi ent f dtore ener at e zeglite
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renovi ng selectively a sor conpounds fromt he

adsor bﬁ]peratmns for recovery of meta-xylene may be as a batch
process or a continuous process. Suitable modes of operations
including: fixed bed, swing bed, moving bed, and simulated moving
bed. The particnlar mode chosen is dependent uponm the
application, but generally the simulated moving bed is a preferred
mode. The simulated moving bed mode is described, for example,
U.S. Patent Number 4,940,830, in the name of Hermann A. Zinnen
and Richard L. Fergin, which is also incorporated herein by
reference in its entirety. While providing greater detail regarding
the simulated moving bed mode the patent, however, is directed to
the separation of para-xylene from at least one other xylene isomer
where the adsorbent is a sodium exchanged Y zeolite or a sodium



Sui t abl e desorbents include tol uene, benzene, or a
m xture of toluene and benzene. Type Beta zeolite is
a well known zeolite whose structure is 15

wiodesd7eised by the Structure Conmi ssion of thecT/usze04/022514
International Zeolite ASSOCI?%IOH under the code BEA
in Meier, W M, dson, nd Baerlocher Ch.
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nmay be as a batch process or a continuous process.
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10 pasartied aoutmudrierhompori phdspecdaditionson Mypically, on vapor
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| Jodehastt BEQ° Care cntable With) ByCsSHTaSnASNFEFed 10 Maintain

4 t%ovﬁﬁﬁr Hasbh%dﬁ%ﬁﬁlﬁf t@{sgﬁ@sﬁnaggrﬁorﬁat . eﬁg‘rélelll nabout 69
' 2&#61?1%3? iR albpg% Sé]hzlté i%’t%? %PF‘@& ovi di ng

greater det ai | regard| ng the simulated noving_ bed
15 node t Heansudaly n&e@@emetmds:anepwﬁedopwwéene recovery

S%@Hi t@&h@% Reséit Qﬁ%ﬁﬁ@m iﬁclh&@sfra@ﬁénﬂt keystallization.

e g 8550 R ogees S doscribed
Pcm, Lﬁioeﬁaﬁ@i@lﬂ&l Paémth aﬂgmbers.z Sol 7T 260urinhéke name of
e@@ﬁﬂﬂedcv‘%taﬂnﬁe@é °‘3l94@§599 @ho¥Re Mhhle ebP"ERérpe Dresser,
20 o Sl DHiFgest Gl Tl F@#&m F326,647% o the, name of
paHarstle‘mhbe andd Kearl a"g!,é?mldly [A23cE 8 el ghe onamag of Friedrich
th&@@g@gﬁ@@m&%@ %561%' gﬁi)%fé &t FShH origeﬂflﬁﬂsen and William A.
ciniste: hyiOBek s ria” s Bt O WlBEE 2, Bt 0 Rloxander
: puDl SyFremuth, x§|856740 am thef md:wnoftEmﬁ Mikitegka and Gerard
25 " hAll Y¥otter" #11AA ST 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 I
Abrams, Thomas M. Bartos and Debra J. Streich, which are
incorporated herein by reference in their entirety.

30 Fractional crystallization that takes advantage of the fact that
for most xylene mixtures the melting point of para-xylene is higher
than the other xylene isomers and crystallizes first. For. exampie,
para-xylene crystallizes at 13.3°C, meta-xylene at negative 47.9°C
and ortho-xylene negative 252°C. In the physical system of the

35 three xylene isomers, there are two binary eutectics of importance,



xyl ene content. The purification of neta-xylene using
Beta zeolite may be 10 carried out under vapor phase
conditions. Typically, on vapor phase operations,
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about 300 Care suitable with %ressures as required to

mai ntain the vapor phase, gg erally pressures are in

a range from about 69 _kPag (10 psig) to about 345

kBy poe-pyigne/metapxylena | andy theeMaransy lnng/ostho-xylene.
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F " - 1 nﬁn‘%} f. . 1 o
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spegmosmo%eﬁ esBIPther HEUoT W KeYtoRRd, 16 the7 appsoximate
i ponpenimationofofPthe Milial ek aromtatict degdsteck to provide a

r : i L0 the nane of Keneth |
Xg!ég#% aﬁﬁgﬁgg&f\?{q égrfﬁt %gr?%iﬁ@d Debra J. Streich, which
are ipcorporated herein.by refere in their . .
onti r oS ¥ 885 Bl MGl i RubRibrinth |G domatic feed is
adueledage abfouthecfative t RAIC thoaboust negdieve &?ﬁ‘i@ lamgls mixed
t ranxy ; ;
T e i E%f%% Rt .’%3? tlfiber of
ef 1Z6Th oSS 5% 8 C r9’§{%‘iﬁl TZEE SCoR .@@:,fee further, the
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negat | t y§i.C t &
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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.

The second stage re-crystallizes the first stage product and
filtrate para-xylene from the second stage recycle filtrate out of
solution. The resulting slurry of crystals and mother liquor is
centrifuged. The wet para-xylene crystals cake goes to the wash
step, the remaining liquid is recycled filtrate. A conirolled amount
of the recycle filtrate is used to dilute the first stage product in
order to control the slurry solids loading in the crystallizer. Typical



5 mxture. In practice according to the invention,
para-xylene is crystallized so that the binary is
only approached but not reached to avoid

wondsanmsasat i ng the crystal body with a m xt urecwis2o04/022514
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crystals. This represents thggeutectic limt to
recovering. para-xylene by crystallization. The
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| TG ks g S kel irpdingticek i T wahe o aeders of the
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required, a-xylene purity. 30 _The secon
r&éﬁ%tﬁpmezest%@h depioted stegam pisoadrantageousiy t ﬁ%ﬂte to an

pasemeritid L t e theckothaiagvn aaitslan éqhﬂimﬁm xylene
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pd¥emx e vardasizabde sovetke goes to the wash step, the
remaining liquid is recycled filtrate. A controlled

anmount Tieref arehewo egarcdrallyi iitefal erosedses dfh ohei pwda;cuon of
'ﬁr%Lkﬂen%t §tin Ph QHErd n%f Q%%%mta c§ONELG ;ﬁ E‘eﬁs W)cludes

slurry soli1ds loading int rystallizer. pI ca

20068 SCGEON \YOMbENIND THIELA 0D JoTe catalysts or conversion of
a portion of ethylbenzene io benzene, or other products and a
catalyst for isomerization of xylenes. Additionally, the process
includes distillation towers for removal of components boiling
above and below that of the (y aromatics, and fially, a section for
purification and recovery of the para-xylene product, generally at
purities greater than 99.8 percent by weight.

Particularly useftl methods of chemica! conversions for
production of purified para-xylene according to the present
invention include catalytic isomerization of xylenes. Suitable
isomerization units operate in manors described in, for example,
U.S. Patent Numbers 3,856,871 in the name of Wemner Q. Haag and
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temperature is not a factor in the operation of the crystallizers of
the present invention. This I8 because cooling to the eutectic
temperature is not required to get high para-xylene recovery rates.
Beneficially, para-xylene purity of at least 99.5 percent by weigh
can be achieved in a single temperature stage because of the high
concentration of para-xylene in the crystallizer feed and the high
para-xylene concentration in the mother liquor.

In this aspect of the present invention a single temperature
stage crystallizer can employ a wash using only para-xylene
product. No other type of wash, such as toluene, is_ needed to



35 U. S. Patent Nunbers 3,856,871 in the nane of
Werner 0. Haag and WO 2005/ 075389 PCT/ 1JS2004/ 022514
27 David H dson, 4,101,597 in the name of LIoyd L.
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Sanuel A. Tabak and Roger A Mprrison, 4,224,141 in

t he nane of Roger A Morrison d Sanuel A. Tabak,

4,638, 105 in.the nane of Clarence D. Chang and Joseph
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Crarddarct Tof tiee pgesemsninRantoB.reahiesr fo fkil prdtessing.
i ncorporated herein by reference in their entirety.
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Roger Wylic, 4,402,832 in the name of Clarence G. Gerhold,
4,886,929 in the name of Richard W. Neuzil and George J. Antos,
and 5,329,060 in the namie of John D. Swift, which are incorporated
herein by reference in their entirety. '

Selective ~ sorption  operations have the following
characteristics. In order to obtain high purity and high recovery,
the adsorbent column is generally divided into a plurality of beds.
The product recovery is obtained by desorbing the (3 aromatics
with a solvent, gemerally toluene or para-diethylbenzene. The
desorbent solvent, typically separated from the desired products by
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dehydration of this zeolite. The dehydration results with crystals
interlaced with channels having molecular dimensions. Thus, the
crystalline aluminosilicates are often referred to as molecular

30 sieves. '

Crystalline aluminosilicates which find use as the adsorbent in
the process of the present invention possess relatively well defined
pore structures. The exact type of aluminosilicate is generally
referred to by the particular silica alumina ratio. Faujasites are

35 commonly represented as being closely related to the type X and
type Y aluminosilicates and are defined by the varying silica to
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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 about 03 g/cc to about 08 g/cc and surface area
characteristics such that the average pore diameter is about 20 to
about 300 Angstroms and the pore volume is about 0.1 cc/g to
about 1 cc/g.

In an aspect of the invention, the metallic component of the
isomerization catalyst, is advantageously selected from Growp VIB
of the Periodic Table, particularly the group comprising
molybdenum and fungsten. The metailic Group VIIIA component
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dehydration results with crystals interlaced with
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SQtelBatct By TQLHMBIR CRERAFS! MBadto 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
catalyst in the upward-flow, downward-flow, or radial-flow
fashion. Further, the reactants may be in liguid phase, vapor phase,
or vapor/liquid phase when contacting the catalyst.

Suitable isomerization conditions include temperatures in a
range of from about 0° C. to about 600° C, but typically are in a
range of from about 250° C.to about 500° C, pressures are in a
range of from about 1 to 100 atmospheres, but typically are in a



relatively refractory to the conditions utilized in
the isonerization process of the present invention.
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per eIe nes  conprisi.ng

pgopesally #eclodealisomopizgliote reagtipRRate t @5@1@3@ ﬂ$tﬂ§11811 an
S Hb?ﬁiﬁl”ﬁn@:ﬁn%“'&ﬁ@ﬂadrnre@étahﬁa%c}i)% BooREH may be

O RBIL L SSEr 148, 5o, Fobdih 5 RS onctnts

exanploe acovprdduetsof arehevuthdmmnl cﬁ"onnnmmis 1584 through

SURAEE §]4M SOAT GRehh? 'cBifpredinBaNACledst0 Ofportion of the
conversion products, for example an equilibrium mixture of
aromatic hydrocarbons having about 8 carbon atoms, is withdrawna
from section 150 through conduit 156. Where the stream of
conversion products is enriched in one or more desired compound,
the sfream withdrawn through conduit 156 is advantageously
directed into membrane device 130 through conduit 136, conduit
156a and manifold 118.

g ¢ B0 o ABIRET QEP t RBE%ﬁ‘éf

A para-xylene enriched stream from the chemical conversion
section -typically contains about 22 percent para-xylene in an
equilibrium admixture with the other ( aromatic compounds. Due
to formation of a eutectic composition during crystallization,
however, without a perm-selective separation device, recovery of



i ntegrated apparatus 11 through conduit 114, punp 116
and 15 manifold 118. An effluent stream at suitable
process conditions is wthdrawn from exchanger 120

wolbesagksssondui t 122 and distributed into mepdfasdBos022s514
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device 130 which typically inghudes a plurality of
pern}selectlve pol yner nenbranes mhereby per neat e

OB YRBCBIuh oo 2808 Y 1 M—

ofcopaposition istiestrictedertoi arvad 6h mrclenhstApaAapen computer
glr@g?a;he'v%g \Red0td hﬁn&‘@ﬁt?ebﬁé aﬁﬁggr@m%ﬂt 1%?% invention

r.an devi.ce r ou urt

3
depifiss, ins @“I@orlrdw‘& @s@f@ Taff, deypendiging cpepungelective
1ﬁﬁen:w*nanleghudnchiun £xHibits ntao para-lxtyeem@t e@biaétmty of 10,

DRI A S SRR il ilion o

pms jigaiaon r regy doyS %fp@rq@ai.a Ampent of crysalization feed
[irbangl | By VAU 93] | GRADIARY, SRLSGRHIBIONE 10 rejoct
DaHiEAmy| s decrantsgdo y” DOBE oAl 1 BEraRoug Nshr g Para-xylene
1Qﬁ~océsssmﬂzgwpéapl-wi@etuw embeaneas accprding v ditidhivention
sect : o

LR ougﬁ#‘f"’g 3B, sebadhleity,’ M FRACKRE Rt sscS B L of purified
ﬁ’afﬂh%)r H¥eans depleted in the para-xyl ene and/or

gﬁé?n ﬁé%n g gdu%t IS aéso ﬁ@%ﬂﬁe”gd |%‘,§3%&W diagram
ParpusZogpiefestd B8pestssof emmintegrated epmeease andi apparatus
| A 318kl prestint | SAVenbRiA- uiihe® erl QU bUEvE 2 dﬁgﬁlbranes
perneate 1S VMt rawn orn1 ne evi

£ 1RGO STagh i 19a% » OB POl o r RiadeEi t%muq gthe, para-

prsydencs cr{mtente_ of the at dipcrddicatieo containjulge stralagm e t he
first feed 5 stream conprises a mxture of the Q

ar omtat :m fﬁ@ﬂﬁ@imcﬁrm tfhe emmarmm%rje%ﬁmhé atiedromatic
in a ea net a recove al.l ons

L etpatattis s SEiSAS fobfcotturbe bR R perdhanger 220
mtheowugh ecenguid it 4 , ipumpt Bdtavend rmanifiaid- 2¢18eneAn effluent

v SERBDR ptdfosy OHAMIGRILL wrish8Pawh Mo “Prchanger

ar a X
i+ Bousho soRdaEL oy 2 natt 3@@@@ ed oHuPomam b device
CRBIOi whieiB tygicallyenoiades ai plunaligr of persnseldttive polymer

membranes whereby permeate and non-permeate mixtures having
different compositions are derived from the feed.

A stream of non-permeate which is enriched in at least para-
xylene relative to the permeate, is withdrawn form membrane
device 230 through conduit 232, and transferred  into an
integrated, purified para-xylene product recovery section 2660.
Where the non-permeate is emriched in af least para-xylene,
recovery operations advantageously utilize fractional crystallization
and/or selective sorption. Purified para-xylene product is
withdrawn from recovery section 260 through conduif 266. A
stream depleted in the para-xylene product is withdrawn from
para-xylene  recovery section  through  conduit - 268.
Advantageously all or a portion of the streams depleted in the
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adm xture wth ortho-xyl ene and/ or ethyl benzene is
optionally wthdrawn from neta-xyl ene recovery
section through conduit 142, and transferred into an

woYosar7adsed para-xylene purified 15 product 1‘@1‘9@%@643’(}22514

section 160. Advant ageously aII or a portion of the
streans depleted in the neta §y| ene and/ or

par a- xyl ene products is also transferred into the

c Rara-syl eaonwad{ps n meetar xyhens opradsict eisriransférred glinto the‘

Cehdidal t08FersibBAMstor 2B@r sions of at |east a
portion of the stream 20 general l'y include

i sonerjzation reac e stahli,sh an

equi | i %‘Eﬁ%x?’? éé&ﬁﬁaf H?‘éjac%(aﬁ'? fe&ﬁéh psat least para-

hw}ej@erﬁlatmpe e thsuppnrpdrmoa’@ecmu wmtlﬂﬁfawm rfough membrane
%F?;)O SS an a t

are ra Sﬁ Eec?éﬁﬁﬁggggﬁr’ ggg%ﬁfﬁqgggfthmugh

A%%h%%ﬁﬁrcoﬁgﬁ. @cﬂi 4 B i By, speanse ofs pump 241,

ctimoeighi opopdeducl44 fiato emnphmgaataﬂumetatm@ne recovery

N i ont 0B dfe 1385 oy, stream

cGﬂW’t33§56a WHEHELE hOLst ofﬁmgﬁﬂ%r spgpqusigucend the

' ?eﬁﬁéa@eﬁ EfrieR8d Ofn MY Feé%?%%@@-xg@é@é’u'ffgcové&e operations

reamvvlthdravvn hrou h nduit 1
afBd% %&R}%ﬁl g? (%W?t ocoRE FanePHE"ﬁeéie mgga-xylene

t produgii cmwdmthdi‘ﬁﬁm c frgani tmethSﬁyllamd revuvieoy d skéfion 240

. X he
conve%]sll g!r?ﬂa?e%g%ﬁ t%p?%rg?'ﬁin an?ﬂ ns a outfi%ff"““xylm1e and

pBRAEERYIPHPa DIPAERES | 1 awithdfamn piou mpesxyleaen xacovery
t bectivnh ehrough ocmidigt CO4BUOGsionBle, 35 str@aﬁpfdﬂiﬁtmﬁihg para-

%&%ﬁ‘ﬁf%% 993"’%2?1' SRty I RRlBL oARthelene can be
Renp onsyia 7snem ePGﬁQQSEOYM/S@QEQM 240 'through
pabﬂdwy | @ﬁzpf addct tr@h sPErRdpeimantapuinfegrhfsdn gﬁﬁa xylene

“BPBR BB RN LAY, i E»%&%%é%??ﬁ“i o

simul a one enbodi nent of the invention depicted in
Fi gur engx‘flvamﬁs%\a%lafe alleoT 8oy egéh%sé@@*es idaplsted in the

anfedd emdivhi pats-xyleas spvoduene A6l #lebi whhyfdted into
@% gﬁ?ﬁ@ g@éé%rs&%%%ﬁﬁﬂga?%gz%zﬁﬁs& EpEEh, conduit
. ofhamisah| ¢omearstons eefdat least a portion of the stream
generaﬂy inciude isomerization reactions to thereby establish an
equilibriuim mixture. 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 af least a portion of the
conversionn 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 one or more desired compound,
the strearmn withdrawn through conduit 256 is advantageously
directed into membrane device 230 ihrough conduit 256, conduit
256a and manifold 218. ‘
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decreased by about two thirds, and the para-xyl ene

| ean reject streamis decreased by about 20 percent.

Thus the Para-xylene 10 process using permsel ective

menbr anes according to the invention provides an
economical ly significant incrgﬁse invyield of

purified para-xylene. Referrinig to Figure 2 which is
schematic flow diagram depicting preferred aspects
ofhatnwihntle ty elagatedriscess and apparatus 15 12 of the

present invention using permselective nmenbranes

COMpri Bl ng Al phédals 99F BELYERALCnBth S he 1 @RhliKiures with
tQﬁF Qﬁga- x¥.ene contgrt. Q tre non- per neat e

CORPLICHH AEPIEEHE SAMDOURAS Which Bregess SAIPYF S xanpl e a

m xture of the Cg aromatic conpounds, is supplied

form souAp 21. 2nithideaRieh IS a Aén-AleétivOusinbrane device a

it 4 .216 if ? 218.. An eff] t

SRt SeeadEang, wl B0ci R fertaRG of snaieomilefrEompared to
fthatnodxa heeogad effRfert stoesgh whituistre38% ard derived by selective
PP Sl At RaREHHA0Y dRhEfC &ﬁﬁg%hﬁhfrb)ﬁ’ 'aCﬂhfd mixture
i'ncludes a plurality of permselective polymner

MEMPESEY ineta sy lqrer eod donamoper atere anbmtitice sompound
e LIS BT OO SRl bl
iditfarentiak of padeving farce exibit ¢ permeahdipephrahienstids] Barrer

Vo ewdt dry O IRIRbANSSs ofSMileRe 33QtiyIbRHgm&oNdUi t
232, and transferred . into"an intedrated, purified

par a- xyl gne product ..recove sectj.on . 30 VWhere .

Phe- noi-Bar et e SiriBRTRE Ao ORISR e e sy Spppghavithdrawn
rieoow they mpebertieodsviad\iatd agemusylgnatictoveryt opel_ta%tﬁnﬁto extract
a 2five s . |
ihereabi S bhoind BtbuofHatiht i At RH<E sobiiphe bFthe meta-
sedene rcompaneqr suihatcehbiost steesn, andst regjent dephet kdn in meta-

I/1khe; pada- xyl ene product is withdrawn from 35

par a- Xyl ene recovery section through conduit 268.

Advant ggeQusly all or a portion of the streans.
depl otaChn t he RSSTUDSH0REsh S HOFIOS ehafhs Feiest afream to a

patalytid eoeneangi@i @ﬁ@@e%ylwﬂepmchmﬁct% i %tﬂeﬁﬁﬂsﬁaﬁflﬁfi’sing an
[ - 1 ca r.sion section 250. A stream
o%gbpn@%%%bf%?%ﬁg%t ed in at |east para-

2. The process according to claim 1 wherein the fluid mixture

comprises meta-xylene and at least one other isomer of xylene,
ethylbenzene or mixtures thereof.

3. The process according to claim 1 wherein the membrane
device utilizes a perm-selective membrane comprising at least one

poly(amide)imide material having an average molecular weight between
20,000 and 200,000.

4. The process according to claim 3 wherein the meta-xylene
recovery operation a simulated moving absorbent bed counter current flow
system for selectively adsorbing therein meta-xylene to the substantial
exclusion of the remaining components of the first stream thereby
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xyl ene relative to the non-perneate, is wthdrawn

form nmenbrane 5 device 230 through conduit 234, and
transferred through exchanger 236 and conduit 238,

and, by neans of punp 241, 5Jough conduit 244 into

an |ntegrated met a- xyl ene recover section 240.

Advant ageousl y, where the first feed stream

clorpringesregect stteare, afid there@fiar cowd vering ghHpdsitandeta-xylene.,
the 10 perneate is enrlched in at |east neta-xylene,

recovety o t til _

Lo ecﬁve ggl;lgtllblg%%s LA ? %%ﬁeé‘sélﬁir# A \kfﬁgft:ua he meta-xylene
VICE AN PEXVRPEF SR rd & udﬂSefﬂsl@ $1epoll irya@@gt ﬂxmadsmbent contammg

tdﬁs@&*ﬂ@d Cl@ﬂét’&lbcszle?t@ withsi ' &orden! eh@driad Qgh H%ﬁ toluene to
met a- X ar s-.xyl ene ucts js-wth
v ey Pashe PELE I %o DLET Feirehsistam. condui t

248. Cptlonally, a stream contai ni ng para- xylene in
adni xtr e Vvilhd prockss xaccendingntid arlaieh hy [ehemén etheameta -Xylene

d e ec n

oheolEly el DY AR PORGBRIVEY AR e adsorption
mmréig 1ansdnphide a;xamwra@mmmtbm the darege oé doaargbout 20° C to
St Ors (R0 arﬁpaﬁgiﬁ"&%éiﬁ@ Q¥thih fd rzﬁf ol g‘ﬁ 9Bofif atmospheric
t he .stre din the neta-xyl ene an

r%bqa§ ducts are also transferred into the
chem cal conversion section 250, for exanple through
conduit 248a. Chem cal conversions of at |east a
portion of the stream generally' include
i sonerization reactions to thereby establish an 25
equi libriumm xture. Another reactant, such as
hydrogen, may be supplied to section 250 through
conduit 252 and excess reactants and/or co-products
are withdrawn fromsection 250 through conduit 254.
A stream conprising at | east a portion of the
conversion products, for exanple an equilibrium
m xture of 30 aromatic hydrocarbons havi ng about 8
carbon atons, is withdrawn from section 250 through
conduit 256. Wiere the stream of conversion products
is enriched in one or nore desired conpound, the
stream w t hdrawn through conduit 256 is
advant ageously directed into nenbrane device 230
t hrough conduit 256, conduit 35 256a and manifold
218. 36 That which is clained is:
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1. A process for recovering neta-xylene in adm xtures

wth other C8 aromatic conpounds whi ch process

conprises: 5 (1-A) withdrawing froma permsel ective
menbrane device a first quiﬂ stream havi ng an

enriched content of neta-xyle § conpared to that of

a second effluent streamwhich streans are derived by

sel ecti.ve Pee precesmaotomting dasclanme 1 G8haraimathiec fluid mixture

SHFRUES 48 B S8 SO W 0P o

-ty of permselective nenbranes whi ch under a
SU|tabIe differential of a driving force exhibit a

per msaﬁbl l'i tPhefp @beb@%@boﬁhh Bﬁf rc@aﬁmfloﬁavﬁéreh‘?%ﬁb Rieea-xylene
he_ | SOUBLS T0f Xyl ene or.. &t h

deEDY FBLOPHGAN O HORE ORAAEH E [ StedsFaafith an adsorbent
whahdt admrpftmrmd;inﬁtmsbﬂsﬁnbnd&he abilityt to effcat the sdsorption of

r r t:

gﬁ?. %&ﬁ%@g & oo LA s BRIGAHSR: LTS metpxyiene, and
aliarageoroipgriughtpuntyametd-xyiens. stream and a

reject streamlean in neta- xylene; and (1-C) passing

at |east a portion of the reject streamto a

catal ytic conversion process to produce a stream

conprising an 20 equilibriummxture of xylenes. 2.

The process according to claim1l wherein the fluid

m xture conprises neta-xylene and at | east one ot her

i soner of xylene, ethylbenzene or m xtures thereof.

3. The process according to claim1l wherein the

menbrane 25 device utilizes a permselective

menbrane conprising at | east one poly(am de)imn de

mat eri al having an average nol ecul ar wei ght between

20, 000 and 200, 000. 4. The process according to claim

3 wherein the neta-xylene recovery operation a

si mul at ed novi ng absorbent bed counter current flow

30 systemfor selectively adsorbing therein

nmet a- xyl ene to the substantial exclusion of the

remai ni ng conponents of the first streamthereby 37

formng a reject stream and thereafter recovering

hi gh-purity neta-xylene. 5. The process according to

claim4 wherein the neta-xylene recovery operation

i ncludes the step of treating the adsorbent

containing 5 adsorbed neta-xylene with a desorbent

mat eri al conprising toluene to
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renove neta-xylene therefromas a fluid extract

stream 6. The process according to claim4 wherein

the neta-xylene recovery operation is further

characterized in that the adssﬁption condi ti ons

include a tenperature within e range of from about

20 Cto 10 about 250 C and _at a pressure within the

range 9f frbhe ghoneswneneshngito clavmabowhestio e fuid mixture

Hses’ZQ)n%Sor 0{%33&588@%? REGHh ] gTﬂ(ﬂ?rocbf’ééEs%mg, toluene

ePFHﬁ) ﬁbaéd& ture c%fgrlseséﬁ %gﬂggﬂyygﬁ;neﬂndaUOn

Séﬁﬁbﬂﬂaﬁ9mmﬁoﬁtoﬂkﬁeﬁ%9§ﬁ§ﬁsaCCOfd'ng toclaiml
wherei n the neta-xylene recovery operatlon conprlses

cont ac e first streamw th a 0

e nackh ot BRE doteiets ecainti 0 il Sh Whipip ot membrane
eddvact uhidizedsar piernnrselectivee mambratyd ecempading at least one
0 e
#&8& ﬂéfrp Sgle@t&{ %quﬁe@l% glltooﬂlrﬂ REnER t@gng ggycl%@%xii%n and v-
zczyclgéemm dlstrlrbgtqyt ut@qmlaézuméﬁ)ngldea nmtarlal baving an average
Bl &ilat Qfe %@w&v&eeﬂﬁo 0BOAR 11 90(TNe or rore

product o orm ng, hydro-processing, toluene

di sproportion, a C6 to Cl10 aromatics

trans-al kyl ati on, and/or nethylation 5 of benzene

and/ or toluene reactions. 10. The process according

to claiml1 wherein the menbrane device utilizes a
perm sel ective nmenbrane conprising at | east one

cycl odextrin selected fromthe group consisting of
(3-cyclodextrin and y- cyclodextrin distributed in a
poly(am de)i m de material having an average 10

nol ecul ar wei ght between 60,000 and 120, 000. 15 20
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25 40 11. The process according to claim1l wherein

the nmenbrane device utilizes a permselective

menbrane conprising at |east one polyneric naterial

i mde material having an aver g g)e nol ecul ar weight 5

bet ween 60, 000 and 120, 000 sel'ected fromthe group
consisting of polyam des, polyimdes, and

pol y(ahl.de)The dpmcem.adt:qa’dmgsm fotaim ek owheieig the membrane

- a uri -
BT W MO e o o on
helymec matesialnmaidevmalerigh dwasdng cammviesage molecular weight

(HetwhenW (000 Wang fmgro@o PsIBE Rl %mV%hémgﬁﬁgi‘econsmtmg of
dey, ce

first tluj tr hayi n enri
o Sides. IS S0 LR BB ides s ot *aCSecond
ef fl uent stream which streans are derived by
seI ecti¥e Aepreatssofioofreabvenagt nwta->G8cae cared igara-xylene as

eqw °}i9| @lql f rr(?ir}})ﬁoﬂué’t‘sdﬁ'&ﬁt AURd tpé NWiRD other Cg aromatic

xture of xylene and one or nore
¥®raponnds,cvbisipprowesationipiises:a pl urality of
perm sel ecti ve nmenbranes which under a suitable

di ffer@ntjpgl of b )
éﬁz(ﬁ@a@ o° ‘%’g@?@%‘ 6 éhﬂ'oéeléct?\%% ﬁ?@lﬁbﬂﬁevdeme a

$t re;@m VIgE aréleﬁyqog)@ %Q{gen'( J@ta—xylene compared to
dhat lofbaitseagndl éfftertosttean whichtdeah®d afd deARed by selective

0.
‘r’#g{ﬂ}ﬁé Xylene r ec%\%gt )%Hl%pg’%a %ﬁﬁ @%@(@ﬁgg{laoﬁﬂg} 8 ﬂghﬁl mixture
acquupribirgd s edpdlibhiav ngirturenot ohddne oaténén®fort kBore other

bR RS RE Azl L WyPlily oF peth R Bembranes
EIQ’h bodeng salitable dpfferérdimlodf ahkl\aagcﬁmdc@éﬁime atpermeability
Stﬁf %%'Tleiagﬁ M1t st aun (O RESITRIERY JFe i b(éﬁlewtc?f xylene or

ene recovery operation to extract ref
éﬁﬂ?%&eproduct havi ng an enriched content of the
para-xyl ene conpared to that of first stream and a

rej ect(1gtBgam ldistrﬂla@tmg edESH p@@'ﬁ@ﬁdiﬂl%etﬁrs@ |sﬁ*eﬂhi3v1thdrawn
er ej;n the ene _recover eration furthe
\(’ﬁ% {i% BSE e é?‘?tao}r&]ﬁggtreﬁﬂvw PH%ratlon to extract
rthpm;from aepurlfﬁaﬂnprbduparl’f&vxgg eme ermréctmcercpntanitt of the meta-
o) t
CRLEST, DRESIETE AP, g 1 Py ton o e

cordesatand the msta xyI ene.

(12-B) distributing all or portion of the second effluent stream
withdrawn from the membrane device into para-xylene recovery operation
to extract therefrom a purified product having an enriched content of the
para-xylene compared to that of first stream, and a reject stream.

13. The process according to claim 12 wherein the meta-xylene
recovery operation further comprises

distributing all or portion of the reject stream from the para-xylene
recovery unit into meta-xylene recovery operation to extract therefrom a
purified product having an enriched content of the meta-xylene.
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14. The process according to claim 12 wherein the
par a- xyl ene recovery further conprises a selective
sorption of at |east para-xylene froma fluid
m xture of para-xylene with ot4t1er aromati ¢ conpounds
5 containing 8 carbon atons.
14. The process according to claim 12 wherein the para-xylene
recovery further comprises a selective sorption of at least para-xylene
from a fluid mixture of para-xylene with other aromatic compounds

containing 8 carbon atoms.



