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

wpe@sesses for production of purified product sPET/0U82084/022514
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fluid mxtures of Q aromati cs by neans of integrated
perm sel ective separations wth purified product
recovery operations. Mre particularly i ntegrated

reans e RO ChhR0 PR STIRRCRIPh SEPARATIONS

perm sel ecti ve nmenbranes coupl ed W|th recovery of
purified products, forTE%EﬂﬂﬁéAb s of solid-bed
sel ective sorption, fractional distillation and/or

fracti ppal % ssysitalihvéatioan refitegess gsrotbside forapr@duction of

ﬁ%@?‘gﬁ‘g by @[Cgé/ ﬁﬁ%\? S@hﬁﬁﬁguﬁm@@g Ia?ﬁﬁa{t?@s b§ means of

nmte gratedf [Eeranomlbcuwet heveplayatioaguciwigha fpuwifled product

RN Sy BuEP b, E@%@%ﬁ?@‘@?eﬁi&ﬁﬁ%ﬂ Legpes of the

entvcamt compaise pseparatioars) ybyusneans f of mc@Vemoref devices
V&éﬁﬁggiﬁ Txﬁfe%?c Y& ARGHRA %éﬁf{lﬁ%ﬁggr eg’d fe?i fvﬁﬁ:ﬁ] recovery

res ‘even contal ni enzen
a@fmlﬁnde@mgluetse f@o@crasnp Ad}mn;@mw olid=kedoselective
@cﬁ{ O”%bﬁ%nﬁl“ gilsﬁﬂﬁl | haazepe R 1bﬁ5199 crystallization.
|so rs ’of xyl ene benzenes
SRERGes6es ofRly ther h céa@a@ di fRyeRfie b@é%ﬂls%’ t hB9rrHa§%lectlve
b@idmhbgane dévicebi ghsepsrater i meosxytlenet baricheldi seeam from

AFiF PR P EL M TG, THERY Bl flcilET Ml comprising
uded fanaimagreacdmaaticr ec«nmpo:m:eist i whilels, advapbagedusly may
e, FEASIRRLDS PRI BIoue AR (B, particularly
sassfoudor | yeeoyRiyy el |‘fﬁf6’hePWéﬁ1qu%€t§ﬁtPﬂé1Qﬂe vandopara-xylene
Y J\%ﬂscﬁfdn@eﬁgF%cF‘iﬁf’xtﬁ%e@%x)’@ftc%htalﬂiﬁﬁOeﬁWIBBﬁzéﬁé as well

ed_.as mat | asticizers. Behzené di and

S
1 2% The rihgeg| ¥¥ eé’@l #2OMET2 wi de i ndustrial application

i ncludi ng the manufacture of polyesters, polyan des,
and fibers and fBAfEKG’R@UbHBr@E"rTHEIW?Mure of

t hese products the required source of high purity
benzenghg Cgéli?éniz[thcsSaé)h@tX)abl stiadibénzeny laﬁdohhﬁé@el@omers of

Ry lnp | (Gl eiRo BRAGenAEL nylie: 6r¢ c5oPs HERDEY: avith great
agiffictet beause they have boiling points which are very close
together.  While the demand for para-xylene remains high,
demand for meta-xylene is steadily increasing. Meta-xylene is
used for the manufacture of insecticides, isophthalic acid or alkyd
resins. 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 -
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
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advant ageously in a |iquid-phase nmedium The
possibility of utilizing a |Iiquid-phase instead of

wo apsnpisase oxi dation for the preparati on of bepowEsm04/022514

carboxylic acids was first i ndig:at ed by the disclosure
in US. Patent Nunmber 2,245,528 of the catalysis

provided by variab] e, val ence. netal s, especially . . .
cQﬁb‘h@t}oﬁln ot i‘éi’tﬁ%ybha%mtﬁfl%at 3Pat SATHOREIC o Agiat jmoleties,
aaddaﬁtagé@uglyedntaemizﬁxidt-};hasam@hddriaﬁﬁ.ures to maintain

the liqurd phase of the aliphatic acid. Conbinations

f cobakt and . f i

becons e s UTES, T ouiliphe, 268 Ghal 2%5@?@@22 vapor-
UpBaspaoxidatiamifer thespeopamtion k@ﬁlben_ammtqair oxylic acids was
Obirdt ThAREAZBYCHY di&1Bshi¢ KU PAibht UMDY, 245,528 of
surtabl'e high purity flor ts,e oxi_dat1on processes’|
uthecatalysis quVﬂdedebHsY%ﬂ%f’iﬁf valghce umetals, espemalf'y cobalt,
S_Ei‘i’sha!‘ifdlﬁfh-ﬁﬁﬁéiéS%)foéaftﬁta%edwl%ﬂﬁargeél@pl@étﬁd %E:fii at elevated
DHpEAnTe oaBl HHersREre T At Rdhbe JY HlEise of the
baliphpgrcataeit. f Combindtionx toff esbalfanids meh gakesevwith a source
o P B BRI At blunftBl Y elefiel 8t cilfmerial quss, fog example,
i seerebsSf patemt xNunelsert h2/833,8160r Axkepl elemeniti tins obtaining
X b [ . .
0802 ¢R 8 aRE HERarb B SRACIVEIE O Ritable high purity for
Pthese ouidaions [BIEE3365 1. GSIEAt @t OXidaton sfepdstadle of high

Up%-@atent Nunmber b5, 495,061 and U.S. Patent Nunber
5, ]i 295. Similarly, U S. Patent Nunber 4,899,017

di sclo cont.acti ng m xtyres, of aromatics, with a. ‘
Zeol | 1 SUDKBBHALTOWEES of VRCHSXYNERS . SOAALlyA I & Au¥tures of
cethpldnreridie adsiddgplenét h metarxabyrgus aledor henta-xylene.

SHHSERIE,) |12, "B RO, et T "Seharefifle pfrom such

i mixt8reRat erAs Nusrbaveld-lgoowa 7 inr ethesvsspazsien 11atnd certain
2epybiafliRe! AublifosiiaRs iDe TRl &3 %ablatatosake adesired
rejective, separation of para-xylene fraom other xyl]en
| $BCES AL MR NERS dheTeel-ngteb Xam: o GHOIES ok Ad Y have
S%’Enm ?{Ssé@mtbf Q;élg?tieéléhagai@ggtiq\d tﬁra@rn;éylemm;nt sdg O0.S. Patent
OB 2904 1471 1 8¢ PHARC SRR 4001, | 1S, Patent
shbwmber pal eh922i (&8t Patewt t Nanskgrargd 96506k and U.S. Patent
"REGiberenS;1741268. 2" eshffafly)9 UK 8 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 isomers and
ethylbenzene using sodium Y zeolite 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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numer ous. For exanple, U S. Patent Nunber 5,382,747
di scl oses adsorbi ng neta-xyl ene using a sodi um or

waoasenssand |ithi um exchanged Y zeolite to sepPCBUS2004/022514

nmet a- xyl ene from m xtures of aromati ¢ hydrocarbons
i ncl udi ng ot her xylenes |n t he Irqurd phase U. S.
Pat ent - Nunber .4 i,scl oses a ect

separ JOrOWing lﬂrte‘?rgsiy'ineﬂjeetasr% %d?r “%r@t’rl?ﬁtﬁgﬁ/ directed
etoc htireg edepartatigmt afsi metaxydenlat ewhidlunages becoming more

SRAPES. movioly Shebi. 10, 43R Eaf KRR SerE, discloses

sydsonbifgr mbm-e«ydanat iuningf i godipmm i tor rseidaumy| amé  lithium
aéxéh%gé@%dlﬁé {6 Weparh S IMBtAL WY RO "RbIS | Mdxtures of Gy

met a ene, ethyl benzene and the other xyl ene
i dlsBabic Mydeoearhons ynghshngatoéher Ncpeheaes 6im ghre g2quid phase.

deswerta Waibes U428 683307 baiNclose e Ei;eg@ctwel Séﬁaratlon of

F o ushe BBl 3 TR R chianged: Mith Fosassium.

tlH§ sBatomt iNumblerseda3X§ 092 dndmid 0@l 0%y | diselose processes

RE, ot chBF BaPE BRI CaPREIGRAL, bRy ABEE Tnrent flow

meatefmr@r tthe neepamﬁlcmre fbaghrpumty ometgixylene at high

at in,Cco [ -

car r| eg vaqt hﬁloﬁl a ge the otpkfs?n onnér?ga xylene,
lbeazag m@m dSORSby al | owing for

the recovery of separated neta-xylene. Beta zeolite

.haS beMbreSQ@cbﬁtliyep@rSH @a*té@ﬂel\ﬁlmbeﬁr MBVC024 describes a

drocalébonaﬁélggm}o o §N% af %qlrffeNu%eerf%Ctﬂ§ gbgﬁeparatlng

Bacsa 20l ermae fiem arn;ertueesn of & taraimatiet ihyelrpcadhoiy  Beta

STt A S B L L AT G0y one

41,s98merz$245)memdBreta sz¢alttei \iiofereallyparejeets emetarayhene as

Y rg)%"i‘ :gj %tﬁ%r pﬁﬁéﬁﬁu E%@n%?@' a‘F%P@ or@  Ahe MRidta-xylene
Khy rep

ar, 1.0

oBsBé fHAmeEhalkt| h 18] Cpl xw@hgﬁeta zeolite
fwtlrln B acerméd csv1ﬂﬁvaaé)eﬂm<ﬂeﬂ@hope\dnbes tﬂd asthel i Ye9mers are

ShifEL, BV SEAL L o SHSRO GG i ecovery o

e&&p/anaéademtaexy}ﬂne(yl er&tarrzeeht@lbaﬂe besh used to separate
PROAKsE N (C§ ae&bmmhccruydﬁééarb@nson)(wsd/ Q’fatent Number

P 35p388) a0 (BONBODSELT B3 aPDeaRRbAS © (07X SRt ‘Rumber
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 another Gy aromatic hydrocarbon (U.S. Patent Number

4,899,617).

Various commercial processes for separation of para-xylene
from Gy 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



frommxtures of Q aromatics; the adsorbed paraxyl ene
is recovered after desorbing fromthe zeolite. Either

wObooslhese processes can recover paraxyl ene in PCDDS2004/022514

10

15

20

25

30

35

yields from avail able m xtures éff Q aromati cs.

However, they involve reprocessing | arge anounts of
theresultln filtrate frogmthe crystalljzation

pPHRpeIias p%emcshtﬁ. daateralm thesclectavely oadseid epara-xylene
These &hiﬁ@ﬁﬁesﬁr ofde@ enecmiaticgar ahyl eadsersedonp@axylene is

rel atively roportiaons of. et hyl benzene,
oﬁ%\l%@der@t Iﬁi% ;fF‘éWe the: dEnore, these

streans are typically subj ected to further processing
downst Eah@rofoft iResé Y Pr @béw@t ' @momaﬂs@r amixylene in high

PR MANES B Rt evr, hey

anwrﬁ&recrepaobemngatlargal amoantiai of n@xeetrl%hhmgelﬁﬂu?zﬁe from

1 FRAANAYER ST R PR, TSRl Digorin

i process. of Thekenstigamsi gre f @p}qtasl dﬂfpat‘@ﬁﬂene and contain

Fé1aer &enﬁ%tg g%?pb%ﬁéhﬁg 8P1 8th gﬂbeﬂﬁsﬂé' V%rﬁﬁ)&‘}le%e and

met a- xyl:ene eezin ol nt ative

pﬁ}eéax?yﬂ@ﬁt@ u@thﬁrg&rengt ﬁnstrsmnﬁe, 5. ym@hérsu ected to

chimhet i pretessingt dowastiream nef tlod crystalbizatived droadsorption
rrake ‘?ara xylene with a purity of 99.8 percent by

Sonl y with great expense. Crystallization
processes to recover para-xylene froma m xture of Q
ar omat Cegstallization conethadsa fhase stbeeam usod eimmsiommercial

aﬂr§6’é§sleé b %@rﬂ”ﬁ'réﬁé” 4-xyIORE" fFrobi UPdi ﬁét% ”%a?tlng materials

X Ie@&ei1 oneri‘zati o rocesse juse
nﬁpntaigl%l }ﬁ eﬁ@@ﬁehﬂﬁ%@ t%ﬁaﬂlq I"igfe%fx}’ Ffherisgmers. Use is

gﬁgm?éé 'tdz;lflstlheg Zt;a@g @2}@ n@ggflfsgé ?gﬁnta&@nffiﬁetiﬁghr’esi ok iiddividual
S i ofr-sadent it cueaiipaRHotitlerht, | Othpssyiene has a
t ﬁw&ﬁig yp@m:tt af m@ga:tWe 225 QBCalmeta 231eeeckag dfreezing point

i dteabivar "4 BT pBatftEng el Y7 Herl g of 133°C

t hlowever; | conwientivnabecrystaldization usethads eanhbe used to make
hggt: t h
gggﬁ é! conp%tﬁf g{% Z‘glﬁhtf ofne9! SeWC%h‘t” Oyl w B Ghly with

t to cocrystallize an
cBRRHNERAPASEhe para- xyl ene crystals). The eutectic

tenperature is determ ned by the conposition of the
renmai nOir?mmﬁratiomuqrroeésws pso atepbece paratsykeme e from a

r SR GFE O, W6 matics requires cooling a feed stream, for example
an equilibrium mixture of isomers from reformate and/or xylene
isomerization processes. Because it's melting point is much higher
than that of other (§ 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 to 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 eutectic
temperature is determined by the composition of the remaining
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m xture (nostly neta-xyl ene, ortho-xylene and
et hyl benzene). Al though not known w th absol ute

wa@eosarissy, it is believed that the eutectic PCT/US2004/022514

tenperature decreases with higher relative conposition
of ethylbenzene |n t he renalnlng not her |iquor. As the
tic.te ture decregfes hﬁ@ oncentrati on ,of

eut ec
tj13@6/"6‘:*91@0 nd NATAKY KNG afTytals gaEe ekpoved  from the
'Iﬂﬁ(tﬁ?é' NGnbt pam[%tztwiﬁreﬁeltr ecm\thoyxyraneer andm sthykenzene).
enes MA rel at.l,ve ,ra en
ArliOugherel Knbtfo Rl sttt poarbilidin e P hgligred that the
2Hectid, tah Eetmﬂfeatd&(ﬂ‘eases hw:thaﬂmghefs Itecbaﬁve obnipusition of

TSRS BRI OB, JRARIE LA e, gpiecic

depl e eatuire rrberczreay@sgndhebmormmtmtmong ofelpﬁravzey ne in the

UALLCSPENES | O, STt Aoy, secovery

Ldivenpta anixtuseefexylenes t wath et aﬁlvaan raﬁ,uhepf zﬁ@ﬂemxylene ;
%eﬁ{f wﬁbch 'o%tHé%%we‘ ncr btetﬂ&eﬁeorxqrtamtofznl at
egmq( fan b

par a- x 'ene in eans The
Sampasa anes aul b oF Ao aiseqiis ntemperature

ithenpatzatylenccaécdveaty isndanitedpte mbloalt e70 graeeatur e
and pressure which results in the conversion of sone

f th | |

s al 213%‘&5W§ 32’3’ ?8‘3 g{f}e%nggnggﬂétedpam 1§8ylede, but

canghiungenclpiyalgy ehiZh « propATEONS ook aiplbenzgne, ortho-
Eﬁét rad Offfet a@?géhé a‘f‘l%]ﬁSttﬁear&y.frﬁlﬁ%hﬁ@nt Opmébé eor the

veréjon 0 enzene ta benzenhe and.

DORIL NEPCRES S rares TP . B (SQESHA T procEss which
qquildddrtoinetedse ethef prvpertion Ribpasaesy Ieme nakipara-xylene

fisne R s t”.‘:mrﬁaedafﬁsﬁ? BrbliRdn sigpm can be

astartaptédn weghar onsoiﬁmmﬂta;(anivaoa@dysw tundech appropriate

SERBBTANE o3, SHRSsHE L BB TER, LBnGEEabler some

mﬁ"ﬂh‘@e Oéﬂwmdcnamamd riagia mebrfpumaﬁaxlﬂbké@ of It is also
W ik g&jﬂibérvmdiﬁé'dfftﬁe Ath9166haéhY loy prevent it

e conyersion o ene

bﬁ’ﬁﬁbnbuﬂ@dnﬁr upsoii%r]i*,l Yesiraig H§equ3ﬁzﬂ@¢‘§'ﬂb|cj‘tab’3ts are

rA¥SeP € éﬁﬁbleﬁJ @@hv@fﬁ@ﬁm&oﬁ)a@ﬂhytlbeﬁzehet heséenzene and
Se r e n r

g&g\%&% C&leﬁt | é@lﬁ dgdat 5R8/6P Sﬂsgﬂzlé}flﬁét'ﬂﬁn(?to an

_ to para-xyléne T's naxi
equilibrium mixture of xylenes

Processes for making para-xylene therefore included
combinations of isomerization with fractional crystallization and/ot
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 C; aromatics stream to para-xylene is maximized with or

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



wi thout the additional recovery if desired of
ort ho- xyl ene and/ or net a- xyl ene. There is a need

wo beseissse for i nproved processes and chem cal pol/antm4/022514
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for the production of para-xylgne fromm xtures of Q
aromatics, which in particul ar address the probl ens

RS G KBRS a o Rt fl BB WeoBBcHes and

| cheanidadnplamte Viesre thie mﬂiuvtimﬁr@f phra-heylenedbifesm mixtures of
S : (0} - er, :

g%%&bﬁﬁaql Which BRYHAAREAREN alidrbEL OHRI Yordb18m¥C absociated

e aromatrc isoner S now ound
pwathe $atigeg recyatesi andfar tlomy etley bendene foomwversigrie, a
pure neta-xylene product fromliquid m xtures
cont ai Ri b - el t: \%
i somer‘gx.C egﬁ@hgyw g{]r})éfgg ﬁﬁjggﬁe(#fi f:l}%allps e%?%o\?f&ésbg&%ome one
poIo BERE pﬁrtheepmbf&mg Giiee b’ ng a purity of
at | east 99.5 percent by wei ght, and advant ageously
99. 8 par &Rt apppaLhatd deiovety esf @f veipnpureé aromatic isomer

d t aini thyl b | t .
RPN br gt “ERBR. R0 B60 0o s Shhy pleerals,
i forerexaomple, sa prure devctarxyplome t product rfoovediquid mixtures

OOty Sz el B0 HrT of e Hitec yIoBE! iffhers.  The
Ml&wu approaclarmmfwlaﬁﬁpmm‘ad,eseaehrcmss_afcm fgcovering meta-
%&W@G@S\ggg@eﬁﬁ@s ofh& 1 ﬁﬁe_gygerﬁefowﬂerby Weight, and

n-greater gdetail. herernaffer t .
prduantageansly i &2 obpreanty, @&si’élufl@r MEEPYEsy g aromatic
PebmipoRdR; OdvehS domaimind ubithylbshueaebyagrewe ofs ahe three
i ntegrated permsel ective nmenbrane separation
a OIS -sel ective sorption nethods, such as
| i qui d- phase adsorption chromatography, or sinulated
novi ngAllbdimdgeonslynpt@d@aes aofl theadnivension also provide for

cLa LLi [ rajj S

%@?@9&@@% PERBRY "bf Yarackolale ke Wity of at least
cPY<t apeicenti by umaightownddad vantagerushyr eé% viReggent from
U§ gﬁi pohﬁ(l‘ﬁﬁfés Mergy angsniAic r eeonepoudds puréfé®d containing
pr LitS. There is,,a neged for a cpst effective nethod

oft %&@@PH@ Ay grelluas Eﬁe ﬁgx@’%ﬁ& 13RI Q aromati ¢

m xt ure containi ng paraxyl ene, neta-xyl ene,

or t ho- Agl wild bend esichib dik inegee SenMietatr TraeNvERRT,Othe present

| b{%t@geﬁfoviﬁgg Pr&E&Yes' freRldNerys o piGHiRd pPoducts from

process ) g )
a fluid mixture by means of an integrated perm-selective

membrane separation apparatus and selective 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 to 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 Cg aromatic mixture containing para-

xylene, meta-xylene, ortho-xylene and ethylbenzene.
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for production of purified products froma fluid
m xtures of C aromatics by means of integration of

W@ernsi756 ective separations with purified proBOTAUS2004/022514

recovery operations, for exanp} e solid-bed selective
sorptioa, fracti onal di stillat’ion and/or fractional

crystalIization.ééﬂgﬂﬁgﬂgys ons of the

i nvention conpri dﬁkﬁﬁﬁéﬁgéaﬁﬁiighéing

pol yneric perm selective nenbrane devices to separate

a et g Xproade asgéwhﬂﬁ: presam fingention ds dixéteds tofprQcesses

%ﬁ%ﬂ‘ﬁr‘ét’;ﬂ?ﬁ ﬂl?%ﬁ%) V%ISu'ﬁlOfé‘P"Hr mﬁagr{lﬁﬁures of G

conpo ch advant ageous
iapohisdess b3r angyhsneof Bitepratien obf tmmnsed&btm ag@parations

S B A, ASrSHE o, gl s oo

5 cm\@s ey@yptoam; ai tﬁtmymeﬂyl bdistdlhation weandaer t hdractional

t&g&gm Att?&;‘ a&fg%fgy fr &g%t 'scébsﬁ%'ﬂ&ﬁ@' éf ecﬁet hvention

I OUS.
GOFHILES nlf O aloF, I@@%c vuc@sausm.gdp yigFic gperm-selective

RERDHAde OfddaLes! Qéms@paﬂatre a nmoaaexglend hentiobed stream

Efiﬁ?rﬂ f?\i@l AR o Grom ity BePed Toflucipg a fluid

simtg. Prtheessefemamﬂmg i nvaramaticar e gampioumdar | y which

c r of r
?ﬁ%ﬁkg%@ot@#&oﬁé&g@dé? i Og’f@{ié 18%0(?@631@5&‘ %f%the invention
r‘déacpaltﬂ@}laﬂa/t asgful foaEW(h‘gel'r}’e Verg, pure meta-xylene and
o‘glre‘ﬁ%es rﬁﬂdc%‘?t O, PRAAAS e heisdtuyés t odwée containing

ortio he ar.omat c trans-al kyl ati on
etBE b ezonnab Wele aRyiRs: HDieeo KRR JACIISHS! of
tol uene. Cenerally, neta-xylene constitutes about

one- hatisofintvieaticoh al contetup 1amsreahe| ntiaatneent of a fluid

esses for the nanufactur r .
HeBaSDek: ne® nvaiatbn it e JofiRusaR,, Lp8afily a fluid
rRocdvee of) comnpeuydsnefi pem&eumjremgm t hInt igeneqal, the fluid

es es
JeBRbsk nf Tho Pczufé*;r‘fnﬁg PO CoffERinE"Ca  Jmorg  selectively
fparmedblei dompanenthandng less aermepable gampongnt.
net a- xyl ene conpared to that of a second effl uent

Strea”%’mé%@?é;t{@ﬁn&h@felﬂ%mﬂﬁﬂ b%arael p@rtmﬁlarly useful in
ernmeatl on, or, a eas e A
eSS UBF cURHPTER gl AR on SRIDO RSt Oy g or more
gfoduces otfisom c refopming; laamttmlmt,r idatalytic actacking reactions,
ré)ﬂo ‘a:ﬁr(?éeslsgﬁ%f FEgELiShE S PR SNT Ve TiRTkhEC disproportion, a
10 aromafics trans-alkylation reaction, and/or methylation of
benzene and/or toluene. Generally, meta-xylene constitutes about

one-half of the total product stream in current processes for the
manufacture of Gy aromatics.

In one aspect, the invention provides a process for recovering
meta-xylene in admixtures with other (3 aromatic compounds
which process comprises: withdrawing from 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 fluid mixture comprising meta-xylene
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into neta-xylene recovery operation to extract
therefroma purified product having an enriched

waoeonseni3sof the meta-xyl ene conpared to that oPCT/UsENN4/022514

stream and a reject stream | @n in neta-xylene.
Suitable fluid m xtures conprise neta-xylene and at

i breeor mep, oBEpT ?E@ﬁﬁé%%@mﬁﬁ%i G rdebutipe all or

pkmmnl efchei frserstredine el thidrasesi fredn pthe fineinbrane device

O NGt SR REDN oy T BRRH I, B efftat flerelrh O M purified

peoduse! letinge anesoriched wondentinagrthe meitenmyéene compared

S BEE Bobutl, A00 A TGECPERERf e e
Stitabde; Sui mlﬁurﬁymmpaseemgtabéﬁm and a¢ least one other

Iﬁ%}a%%@%ﬁe t SEnyRIRHAMS ARV nEBctviks | a@ére@fpefyplcany an
se ec,i)l ve ranegio ri Slf‘é&:?st | east one polyneric
RAAHDETUM TRE X G4 iien Y LFQMGEEr ation i
further characterlzed in being effected in the Iiquid
phase Whete ahenibsiedpuaifiyd eprodeciorsran agensdtioncompound

MR ATt ML RS SEOERP RS purtcy of

iperanisiebectivecmem bragesnehidc ausder apsuitabde differential of a
gﬂ;@pgseﬁ)reenbeﬁ fitga gg%@%ﬁ’bﬁt '29[1% eabimﬁ bleat least 0.1

an a ent co

reamw t I n
Rawex oasot drastn PRSI eatlstf_f’féx&f;?%’Efétﬁ S athyibenzene.
%&@énﬁafg'%uw highee me&nbr@@et desficen ntiligese a gpéxamedelective

AR s i s AR
e oL U0 SOURGEEE el o, 5L Pt

lih gbeimgr ietffectetainythendiquid phase, x{orerexanpls ea ymeta -xylene

a|n|n met a- xyl ene wi t
ﬁ@@ﬂtefnﬁléfﬂ&l OEnBfStenhl |y corrprl sing tol uene or

par a- benzene t remove et a- ene .t her
as a f Q!%/eexfisrpe?ﬁ &y YNGR e %nqutgrggyﬁqne recovery

aﬁﬁesraﬁtdno reothphisey peontagighgt at | addogeion t eopditions ethe first

h h. f ,f b
S, oty BToRdfprP el SampbisgnE rofyERod 260t ofaining
aodbemwhat ithet exahamgesble maitignithesitest fandepeyt havieeansilica to
Ca?ﬁ%hﬁeﬁngféwﬂaﬁ%n 25 efroﬁ{ °&§5ﬁ€54@‘ {&dmens .| 0?” B¥ctively

‘?ggérﬁgfe}gt L% o"i‘ﬂ 'Whidﬁ'é&ﬁﬁéﬂ%@? §tsﬁﬁ}1ﬂfatédeﬁfd\ﬁﬁgt 88sorbent

ri'se passi ﬁ l())rtlo of
adsorbing therem meta xylene to the substantial exclusion of the

remaining components of the first stream thereby forming a reject
stream and thereafter recovering high-purity meta-xylene. The
meta-xylene recovery operation generally includes the step of
treating the adsorbent containing adsorbed meta-xylene with a
desorbent material, beneficially comprising toluene or para-diethyl
benzene to remove meta-xylene therefrom as a fluid extract
stream.  Suitable conditions of adsorption with type Y zeolite
include a temperature within the range of from about 20°C to about
250°C and at a pressure within the range of from about
atmospheric to about 500 psig.
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conprise passing at |east a pgytion of the reject
streamto a catalytic xylene isonerization process to
pr oduc st r.eam conp

o1 enc/tierke i Fa1cpt ot ety 6P Byt S35 by {BpBhER s Brprgsses of
gtg{@;lmg@maﬁggm@g fwghurtdfom sisiet PAssing atelcasata portion of the
8t Shregi o, AefitebRE stver SIRE Biosts, BO Jqhlfes g stream
ago1BQuisingr mmequx]nhrmmf magiteres of Gupleriess s Btomm of the
EBLGELRAD AR nATRE 28580 g giifon of the
| ieject shreanrigon erata dswpmy emrg ksomgetizatione iregess de produce
t

é seeatt %%Eﬁ@%l&l%gﬂ ﬁpﬁﬁgﬂﬁgt | IXPRRIEBESxiTenes  The

& . CORYRISHM yDROGESS itllsncempaisasy contacting with

’ Cé?@flta‘-’tﬂd ?@&he@&%ﬂ%ﬁ%@ﬁ%t Cﬁﬂiréfdrswmd@nﬁﬁs abf temperature,

sel ected fr mt e u onsi sti,ng of mol ybde
PEARSITE 0l it ST fh By RS AR ASCUREIAJ S, hemprising an
f &ghiditininr migower icfesyleheb easﬁ)ne dsas:*. i ofh usefulhdsomerization

AL ol SRl AT ok, RO which has

hmarppwatmkgbngewnth wénkpadt mp@@mp@mn& pgm;gﬂsmg a metal
%&%@Eé&sﬁgﬁ”ﬁi %%Hgt &]8 1§ﬂ%obﬂ%&yiﬁh‘sﬁnoﬁf elements in
H

nzene trt%éf%&cd I%Tt u%fe thé "Elements.

PR V. fo‘%lhe
r?ypmﬂ},y glgerﬁbmgénzmml ?fatl axU:rnpgsbhlaeefSItrene component
stream W an a ' .
eSHDHNE e 451G %’)ly %ieé F’ ct %El Oﬁﬁ chhgﬁﬁng of
pmcdybxdlennm,amﬂclml; rpmlladmme and ppwtmwme Adwanéageously the
@Pf'd )ﬁiF ctifre G0 ptrﬂ%ﬁeﬁtf Ie%[sf1 raeifgy %ﬁ‘gof“tlg@ RBidrate. Also at

exa
alaast nas porgane |ﬂ@<h isamerate tean B craféllb?i@ navith suitable

sprodictseofirefaragigg, rh deo-procegsingotobuence tismioportion, a G

f%?é%éhﬁ&n%w%ﬂ "&%ﬁi@ "0 IRECHBLFIRIb, of benzene

aéﬁar@lertblu@nca toyfegnBehe fheid ntiexiuret he hydrogen form
that is used to effect the adsorption of the

par e X o AT Y SRRt Ppne rocovery
opperation tompirisesc ooptactiong thontfikst i ag‘eamjewatlbean adsorbent
Wigt the RGPt | EendRidiRTO¥Eh ibRs adRer RAflity to effect the
adsorption of the para-xylene and ortho-xylene in preference to the
meta-xylene, and thereafter recovering high-purity meta-xylene.
For example, the adsorbent is an aluminosilicate which exhibits the
BEA crystalline structure utilized in the hydrogen form to effect the
adsorption of the para-xylene and ortho-xylene in preference to the
meta-xylene. Advantageously, the adsorbent is a type Beta zeolite
in the hydrogen form, that is used to.effect the adsorption of the
para-xylene and ortho-xylene in preference to the meta-xylene.
Thereafter, the meta-xylene recovery operation further comprises:
contacting a desorbent with the Beta zeolite to remove the adsorbed
para-xylene and ortho-xylene therefrom as a fluid extract,



par a- xyl ene and ortho-xylene therefromas a fluid

extract, separating the xylenes fromthe desorbent; and
wa@dwanrsgeously distributing all or portion of Peh@s2004/022514

separated xylenes a into parag | ene recovery

operations to extract therefr a purified paraxyl ene

co-product and a reJ ect stream _ Suitable desprbent is

§@pacatengfrcb¢nxﬁ kengso bl ribies dasgrbent ol Lﬁéﬁﬁ gvantageously

tin@N Q1R otOpBitiehi OT Her s@pardteda meheguharihw para-
j aspect of the.invention thf hllrStf str d )
@h@rrWYsé’Qe&‘tﬂlW%eﬁQe It cHeLe ﬁ%or%eﬂuwle para

eﬁé’p%oBﬁfcﬂidcﬁtO'aﬂcF an refecthysiregen f ogwitable desorbent is

| e d f
5 ‘”E@ el o otgo, BEHD ePRSisilitbe bt “18hehE, Psnasus, pand a
tdm@n‘aﬂmrmedhpm@f xyl ene, ortho-xyl ene, and

et hyl benzene Advant ageously, the process further
conpr es p a 0 h
strearft & av?ffiaﬁ'ﬂ@?@&nz@%?uéa@% Gt o Bode, YAt the firs
tsdrqamd durthers Cowpni sesv | e1dy: hesaen@haﬁhlp‘hr as »adsen od bY the
e -
98k e JRIESpt 0 IYALRIGAE B4 PIERIERCE! tfcthe meta
10 redene; iang Heeteafiere ronkAetipdr a- §9$@§Etﬁs h&}ﬁj Iﬁ@@ zeolite
‘“thr 0 r§ ”ﬂi@ f 1 igdodstsd xt %@rawksﬂheﬂé hef ofilesopehe, and

DS o) RSS2 SaBSTET 855 ptbbRY, ML CBbprises
hﬁa@snﬂ% adt malst chsbreiont eff tlmé mgeet xstremm donpar ethylbenzene

_ L8k [ pHEssSt 82 PraneR ShT SHEBar! Chaving an

15  mmehed pampwlmaer reomtent |aaraparsd woethainpf the Agieet stream.

equi libriumm xture of xylene and one or nore other
ar omat i }%@”ﬁﬁéﬂfbr Qispéct, b@ﬁé nﬁl‘é’éﬂtl@ﬂ mbtfl@es of ptocess for

et NSiatn TLem RS Sne GG fighhfrity co
ppraducs froou ulleidh a\dmlgctume emlm he Qrorﬁseﬁfomﬁtw @OmPOUHdS
G RGO A 40, - selective
20 aﬂnlembrq;rm tdesticofa finst Saddnsirepm Juring mﬁﬂrmhﬁgrﬁmtent of
e e RR TR A ‘%?%'t?itw R ey pcan e
eHIERSy &6 n%ﬁwf‘df Phes ‘é&l Bﬁ@@%b&g} éf lﬁg#i one Gy
Ordrhhfit &bl ?@'ﬁhdaﬁfbrﬁ 4 fl@idt nsiktasen cothprivet@- ay ! eqeilibrium
"mixture of X %ﬁg naﬁgv%rgeageOUS| e Ut aromatic compound,
25  distributing all or portion of the first stream withdrawn from the
membrane device into meta-xylene recovery operation to extract
therefrom a purified product having an enriched content of the
meta-xylene compared to that of first stream, and a reject stream
lean in meta-xylene; and distributing all or portion of the second
30 effluent 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.

The meta-xylene recovery operation advantageously further
35 comprises distributing all or portion of the reject stream from the
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a purified product having an grriched content of the
net a- xyl ene. Where purified para-xylene is also a

desired product and the reject stream conprises

Qg sehaene gABCENHALION e Bhitxy|iBHes ITghaidylenel eakgcovery

f f@fﬁdxﬁ% BXAGRESShePéfioRe | VEAFIfREJ2 %ﬂ@&eomwng an

er conprises, passing atf |east a portion of the
r&)¥ e@t“r@ﬁﬁm cpfath@aph‘?t)af?‘}fi%ver& on to produce a

stream havi ng an enri ched paraxyl ene content conpared

to thaWhefet perifitide paraixgleme Ts/rallsnalal yesiteal qaiodlueti end the

%%?qcié?@gﬁeﬁ syt Eey e A B phitird f ylenes lean

tianpededsir parprydene e, pravdsseareofs tief ilnwention pdvdntageously
ﬁrtﬁ@f@oﬁ%@rﬁ&”ﬁ%ﬁ&ﬂ@ 4N1& a{i }Rfrt oA f;‘glﬁ.’%ﬁe;i/’éct stream to

yT enes rizafion ca
cmnmallstag eoreR1sion docpradeata stigasin haviage anengehed para-

fle SUERRAY a%m@aré@% ERT BP q€j deﬁte rsﬁwahb aTWcany, the

one net onent sel.ecte
ecraaa S letg SEVSTUN BTaARSHL §omrls¢e9as@oata§émg oW 18 %hs_mtable

'1§@f@r§£:ﬂ1¢1§ aamly ﬁd whdér sebidiblonsprofiyeihfp@fature, pressure,

rmn essin t ol uene. di sproportion
s e, I%Yf?fege T oG- JIOHISE oAl QBTG nyelpERing an
of mﬁbmmm amgixture ol ofngylendsor m the f lisomherizdtiom. catalyst

ﬁ%ﬁ'@%@ﬁ&e&éﬂﬁé@é%e & %@ﬁhéﬁg?mﬁ%%ﬁ? "%@2%3?531&@ inorganic

(oyide seippesti oviigherhas | inoodporated noohexswttdd at least one
tlﬂ%’ffﬁh@ eoﬁ{ ﬂtt xewctgdégl ¢ SG%i%”VEBr‘Qn&ﬂoﬂ eGioup VIIIA

€ natura I ne

SHGRGRIS! || Ahr BaSc JRoHIbL Oy e JSOMEEaeecis; pdmixed  with
rmntu‘tﬂee corauictes: @f paleformning,mt by deb- prutaysiang) es toluene
ocils??oﬁ{)f‘c%ﬂos' ol | "“E;]ISh a%EdeRiéss ttf‘ﬁnlédzdlkpl/lation and/or

cry I ne struc anot her aspect
i metny lasion Mh@m@n&mcwlwneuﬁbﬁoﬁn the fluid mixture.
perm sel ective nmenbrane which conprises: (i) a

pol ymeg enE®i&idce! @fﬁﬁ:d1ﬁVéﬁt1bﬁCQhé’%%&ﬁ®raﬁ6f&éﬁc@ utilizes a

plurallty of I Screte conp S conpri.sing t | eas
prrmyssleativer | rmem&rameagevasﬁgqtly g‘?iéﬂﬁ%el i fe polymerlc
”ﬂﬁbél?ﬁ!%‘ Ce%ﬂl‘pf (1$)981nc®rp@tflxmt | chermier IaﬁL pﬁlﬂﬁhhty of granules
cloaextri,n coexrln an Vi ces
‘%IJPEW%% I yatus%faég Waclat F‘Hﬂy&. Sthe Crystalline
alumlnosﬂlcate Advantageously, a perm-selective membrane
comprises. a polymeric material and granules of an aluminosilicate

which exhibits the MFI crystalline structure.

~

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

Membrane devices, particularly useful for purification of
substituted aromatic compounds, utilize a perm-selective
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substituted aromatic conmpounds, utilize a perm
sel ecti venenbrane conprising at | east one polyneric
wonasn7sB9 sel ected fromthe group consi sting oOPCT/US2004/022514
pol yani des, polyim des, poly(gyi de)im des,
pol yar am des, pol yaryl ates, ytriazol es,
polypyrrolone pol.yur et hane and copolyners t her eof
mbléﬁgﬁbuéq)mpft%gn@ﬁb?% DBGi d@l}tmpnfesnyaterlal selected

fﬁse'tﬁé“Vgrdigﬁbr%sfsQ i Si g atpdl?aﬁhd@ge polyimides,

sel.ected.tromt he consi st
d?(’lgf H@%l €S0l yilALYREAIMIARS. ho 9? ggﬁ“ﬁ desPO ygrlazoles
ﬁ@lolnre acc @Il@mretMﬂeh t heandvent co olyrhegs at e thereof.
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xyI fr id 0

conpoun s a (g“r;%l ngg;tl%S{h i r??enébjfa E%@%vg%dlgllmldes’ and

delydemide)uBiies.ses a sel ective sorptl on

purification. Benefi cially the selective sorption

pur It L'epﬂ)tdt W e§§‘e§“1h‘ hléﬁirdghgl?negxggh loﬂféat”%i\kétﬁhoﬁmiﬁ% rate perm-
i y
Vs s abioms: Pt 1TeoNeTynaf Rettifibge SROGICE by means
m@ﬁfa%ﬁllﬂtﬁlaiiccwsdalmmamﬂ lamd/ove%hecuv&esqnptnm edn plrocesses
ene recover per 0 I 0
SRyoidiaind of WiiiedpayBead Hpf "L ARk, ki, {" aromatic
resrapeundspeaacomtisg f uta héhecormremnsna skgoaMarye operations

S‘%&@hﬁ&%ﬁ ! n# o&GLé%%ﬁ'eD ag féﬁ%fi‘r '(pﬁﬂ'ﬁ%faﬂorf‘s PecBechbficially. the

peelectiye eﬁ@rﬁtt@m purifigation uitilizesofataleamit OBec aatutalisand/or
Cs%ﬁ%hbﬁ'c” r §ﬁll1ﬁephﬁﬁﬁﬁ§o§iﬁbafe‘90W@ypégz%h% th&f@r X-type

para xy ene as high-purity co-products fromfluid
ure with ot her Q aronmati c compounds, which
process conprises: (a) withdrawing froma '
per m skl geti aeotherbaspectdef iprecesdesr stccbrding élorﬁmmnventlon

o B PR3 B SRR oBRRE R actona
d@rryisw&maylcgu étel-ve pBeRBEC] | RAFR-FYdERP TECOVery
86 é&%&icﬁlscomweﬂ édxﬁpmeéwséldwvws@rpﬁmr uRing an

['tTbrium m xture of xylene and one or nore other

?L grr;altlrrp ao?iagg?ndﬁrg zjruaé\tzmﬁﬂ][liosﬁedng thid mvmbniogp:ﬁvides a
| PROste: Lok TS o i g Dper: P, & TR 2ipHaHeCEE aromatic
tb@mpfdumrahsacpmprfsmg R&duktprocess for recovering meta-xylene
and para-xylene as high-purity co-products from fluid admixture
with other (3 aromatic compounds, which process comprises: (a)
withdrawing from 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 Cg aromatic compound from a
fluid mixture comprising an equilibrium mixture of xylene and one
or more other aromatic compound; (b) distributing all or portion of
the first stream withdrawn from the membrane device into meta-
xylene recovery operation to extract therefrom a purified product
having an enriched content of the meta-xylene compared to that of
first stream, and a reject stream lean in meta-xylene; and (c)
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havi ng an enriched content of the neta-xylene conpared
to that of first stream and a reject streamlean in

woreaa/xigene; and (c)distributing all or portipor/ob20he22514

second effluent stream w thdr fromthe nmenbrane
devi ce into para-xylene recovery operation to extract

therefram a urlfled t havi enri ched
btrhutige” efleb, Rottiof] f e Sardl <2uénk, St  witharawn
Sﬁa)mar!heamlcérabraa%eode\&wemw p’anrasxwrhm@trmva'y operation to
u S ohNYOLW
St UG RftiG s“fwﬁ% HoRer 1 \3@% A1 RiEhRA, content of
dhéf iparhtxylensepeompared ¢onthatt iai rstreatrgagucm a reject
fsrﬁal(? onal distillation alone. Typically, these
ncl'udé organi c conmpounds are chemcally related as

for exanple substituted ar qﬁtl c conpoynds of simlar
car borl S niaventoRer 1se pAIdIGHATLY anseiil) dawargls  ggparations

RHESEIn g rafgaﬁico@oags@ms ﬁePﬁfﬂléuHﬁo%rﬁ}?Gdnds which are

sor bent desdxben era

re .
%?ﬂégﬂto@ Aepagttennb¥n %Q@M%am@ i §EFIE>3@§ i fractional
tdi@tlll@.ltldﬂ’\" diengli s gty othexe hn@fudeheﬁgaﬁﬁc efoan@iouirls are

R T O ——

tccf Slhﬂlmr‘madbmmmblelrustrat ed in greater detail in
t he accorrpany| ng draw ng and described bel ow by way of

exanpls;
BRI EF[Q@(% W %ﬁ@obr)ects of the present invention
% rabiay

rAcamRserdey B tnrgg, 1 #l5QsbeREC desgrbRats, and
agrapiayy | dehditiank nal M“Wlilohf Qaréch%ﬂaindftél* odisclosed in the

ST, R 5 e o A, LA pgnion.

co-products fromliquid mxtures by neans of
i nt egriBon anmofre peompbetice tmidesstansting: iofrthewpresent invention,

g‘eé:f rrl‘;' Sxﬁ%ec lﬁi&g&ggb@f g);é?gﬂngggff(ﬁ%l(%@r%glgp%ﬁme%tg illustrated in
gregher sletadr m &@/.a@(é@nmnygngo NS a&éf deseribed \helow by
W' anexdifleeoft Meshppeitiona eta- xyl ene enri ched
streamfromfluid mxtures of Q aromatics thereby

producing a fl P;l\lf tic
conpounds whi cﬁkg%m@ ﬁﬁrf@mggaene
Processes of the invention are particularly useful for .

r ecoveThe ofinwentiopur és mtereigafiee addsqrabedxyimenaletail with

Cx%jf@f%g(#g e@fe X a\ggﬁ}ﬂ@aﬁ%@g‘ QESwENES WAIUR A "Schematic flow

dlagrams depicting aspects of the present invention for recovery of
very pure meta-xylene and para-xylene co-products from liquid
mixtures by means of integration of perm-selective separations
with purified product recovery operations.

The perm-selective separations of the invention comprise of
one or more devices using polymeric perm-selective membrane
devices to separate a meta-xylene enriched stream from fluid
mixtures of Gy aromatics thereby producing a fluid comprising the
remaining aromatic compounds which advantageously includes
para-xylene. Processes of the invention are particularly useful for
recovery of very pure meta-xylene and para-xylene co-products
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perm sel ective menbranes conpigtsl ng at | east one
pol yrrerl c rraterl al to prow de a perneate containing

rea n enri ched ntent of | ene an
SERniaEd: SaBRE a GiSA G, Ry e e el “as the
ckhnbeniyl&henfyomaw ene. FIG 2 is schematic draw ng

showi ng an enbodi nent of the present invention in
whi ch ¥ ettis vechomateat doawisg cshmwmigoan emibogliment of the
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I SO D SIERE RS heving o
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characteristics suitable for the desired separations

may beFigsel . is Fecheamativ! drawﬁm@ Sllil@s{v@@g”&ﬁSelﬁJ@odlment of the
nventjon, ma

separ a IOﬂS CCOT 0
SRRt el il auflicty selECHR, ParbEANY ¥ autipd, But using
Itmkﬁeéedﬁ%ermmhfams aconiprising oate leasti bone a polymeric

"Mﬁ@ sifuployfts,, odter 219%%2’ F@é&é@%ﬂ ' glihdh, dfving an
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ast‘i’@ﬁ'ﬂohhﬁf&%gaﬁ%ﬁﬁ%h‘éﬁ éﬁnﬁﬁﬁnﬂ?b@rﬁ m@weane whi ch,

for exanple I ncorporate a gel, a solid, or a
liquid | ayer. I\/lenbranes useful for the separati on of

to Qaromatics in accordance with the invention

i ncl ude pol yneric nenbrane systens. In such nenbrane
systems, mol ecul es pE&ENERADESCRIPTIIN menbr ane.

Duri ng permsatl on across the polyneric nmenbrane,

di ffer gy s r t
d fer en éllhgl Irﬁaﬁ P?ﬁ@?vﬁ%ls& ‘égﬁise%)rog i@t?gle dlffer ential

and,mj}% OFe& rq&hlb}t@t a eIy ed 1%|a§§lu| e @p@acterlstlcs
' ﬁillt&lﬁléc Fof ttﬁet ﬂ%ﬁt‘r@@f tsepafa@tléné ﬁﬁ@h&’déeﬁs@d t hrpgtolexample,

CRCRBTIng JRien Qs SERAAROSoasRartings bo rB8adpkfition may
Imlh!éyaEplu;raiﬁybr@ﬁlqmrmseld:mveaunenﬂinanes 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.  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 (g 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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candi dates for separation of aromatic conmpounds since
they do not depend on easily poisoned netal conpl exes

wo eooaohizeve t he separation. For exanpl e, severBCT/US2004/022514

pol ynmeric materials that coul ggbe used for the
separation of a m xture of aromatic conpounds are
describ |n a ecent Pa ent

ication Publijcati
rﬁlﬁ%@s S BT XADOL 17l R | Shemmtcals nahiien otboth the
@@tﬁﬁgeﬁmdleceles bndr&feepemﬁemtséﬁ entirety.

U|tabl e polynmers useable as either the nmenbrane

ot e Bbels P BN BenhBFUHEE BB RS lracuive

gremdada%ss ifet lsrwa:naupnl wf udrboretsc thpoands nfatnes they do not
de 0 a

RPN, oy Sl DIsHAR, ndi et SR iiief i 45 Efieve  the

mﬂpﬁ\etmenket ohes  examplet hevenal fpobangrlpom(@ryalenéhat could

I

S@?ﬁ Ry Qk@ﬁeéra%%‘lﬁﬁeﬁ.?.ai%?ﬁfé?gf APl fitifds are
sm( imdrgenhgPptantaryPa 1§§§1OHSLFD ligation numiber US

Iffé’(btygi(ﬁ‘ll«h@'789t eA?pﬂ{é‘adl%R)suﬁ@ ¥f GWI‘fﬂéh Wetineeipbadted) -herein

3&1}%& %tng.il i oP?E"«EF& deS tﬁg qﬁ&pﬁgrtshausi%)lé as either
rihbyﬁbanbwbﬁeznmtéaszl ey, tm:olpﬂmds agupipert include Isubstltuted
33 SRR, 0‘1%%2 ‘y"%ﬁ‘iosp é%’ené@%%“d%? fle group
|W1§ﬂ$1wgrre0§ pabysudfores| ogoly euhosatoser spolyamides  and
terg RH8¢ rg:?@l%ﬂgouﬁfﬁs ?&g&ﬁl@&eﬁb%Suﬁoglasgolmmldes

I’TETS nitril romade

@we Cisar ROV SOMTaRYARS: nRPIXAthErkiones,npalysHiersul fones
yoh I@hecgﬁi@esol achanay polyi(pachy Ia&plmdemﬁdt:pbly(xylene

S”b ESGQW‘%E&raME%dE@S%Sc&ﬁF%ﬁ% "Bol eI, “Bolyesters
Kyﬂclmndyhggrpobsarylamlr) al $uch grsuppolyathglend kokgrephthalate,

sl BaERy ), |§>V5‘E}2§C“f¥iatg5fhﬁaﬁh | 6/ phepy Lene

retiephtial at@} t he pokysirolonesat i on poligsuldides, polyallyls,

%lérgﬁpggébeﬂﬂyfﬁﬁgﬂé)n des %gawﬁﬁ%@' fonﬁi)ro??éxadlazoles

mwdaye % ond0l¥ade Zﬁ Q%‘PE poyhiftzﬁa(%oduml es, and
Ws@ﬂamn@sef ul ané@ pol piteipeiyniéat conmprdlading block

A e Bl SR RS aR it S, e, such as
H@rpolammmm toef aarglomtribovinybi hyomndefsodiviove sakti of para-
| @ME6pABAY ANBPRAMYS1 ethers; and grafts 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 polysulfones, 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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support. The porous support material can e the sanme or

different polyner as the nenbrane. Generally the
W@e00S03538Upport i s an i nexpensive porous pol yneeT/UBT00&022514

conposite holl ow fiber pol ynfﬁ menbr ane t he porous

support Iayer can be elther e inside layer or the

out si de Ia pIC por.oui s support | aye
t he .Advaa i@@%d%@t Pealymes m)fntrane is a
%ﬁ:}girgbsité ﬁﬁtééﬂglﬁg%grﬁpfi@lﬁgs g??@fféﬁtiv@” §lhﬁerlay519rﬁiﬂf"a‘ Porous

rane (g
PHRROL. agga iROIOUS nSURROTL amatﬂﬂwge%n gﬂ?%ﬁﬁn@r different
t dr BAB Amgl ?hel?lrb@%ntecgr@enamﬁy hﬂi@ rpomufshewpport is an
entiret al en a I sCcusses C S
i xplehitie horauSpholyfery it FOESIRS” ol | BbEF cBolymer
mecobranatthe pereusn smppoat elamer ecam tiesseither r they . insidgh layer
I
%E‘gﬁ ?‘u'téﬁiée é‘)? Iieal 1(‘!&1@/ ﬁ{ 5261]0?@% sﬁg)port Jayer is the
it layer aepdiyscabodizpent nagdr @po@k@@mtwerofls on the
éﬁl@ld@'(ﬁqﬁbaﬁoﬂﬁwgﬁb& f the polynmer material. Control

of nol ecular weight is needed to form hollow fi ber
menbr anes that are.not too pri.ttle and,e”di

a .
T oEPToosHEr 7 S ang, eplinidls: 8 uSedibeuy Bl copending
IﬁrSesepatemverappimatndms avBeggk pdNyndperol e9/834,857 and

5L A DEEE) 28, Mot BEPL s 2R Cenpigery. 4

Rafeatdthay dissusses cmpposite omambrareshés waampleodd.S. Patent
a 0 S
R, STt AR (o, HENAINE 3 reernce

ightielentieetybove, perhaps wel | above, the ent angl emant
nol ecul ar of the polynmer in order to achieve a

mat erp; pBﬁﬁléa@ihtq'géh@tsf St titgnafitbonew bﬂibélt lembranes,
Par t i c.u rocesses ofthe ﬁg%§en

BEHRLigiabyfor et cho ST e BF SR Ry PO, RRRR s at dgast in

pampapee: cdityoh qfothenenokecoddre waight (Gf) thenqulymert adaterial.
t t

BAREL 0P BN i iE! RERBROTTR! SCOMTANOR  iber

miesbranes ghat aate yRasf tep &mﬁtl@ an dpemeiibit campefiectye skin
1% et ea@bn@l‘b?lgn Fht! ﬁﬁbcéé‘wso bf $HORIseAEC inFeAtion) et;he average

m nosi | 1,c

BB BBl Whieis ir LCEREgy 3Rt o IQ/DPGF s about
200900, | tyrs callymbewdencab@w d0bedd adrbtabowtd 160,000, and

&&%ﬂdﬁfgr YHol §he Y0 AAEDP TR P R eh" a0t 60,000 and
about 120,000 for best results. It is thou ght that the molecular
weight of the polymer should be above, perhaps well above, the
entanglement molecular of the polymer in order to achieve a
material that has high strength and is not brittle.

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 thhe membrane for the
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Structure Comm ssion follow ng the rules set up by the
| UPAC Commi ssion on Zeolite Nonencl ature. Each uni que

wo c@sevEssk t opol ogy i s designated by a struct UPET/USO4/022514

code consisting of 3 capital {getters. Advantageously
the alum nosilicate exhibits ‘a crystal line structure

i Rmat bl S R LR R M%%Na@nwﬂwate are

YESH iNEBHPRIbE SHFIREHES STUBLIER bypd Tole &xaspigmedoby the I1ZA
?*%%f% “@@bﬁﬁsﬁ%%sn}f@%@?w%% Hlaf "Iy, 4 8 TUPAC
HPlSSIQUZ ona, @1‘@3 Nesrmtatugsz- Fchsgmppe  framework

¥ 8é e&' ad fuct ?Mft pe dRRIer IdoRd §tﬁlg of 3
x B ?-} Nu §1f or,l gi ha

ansmabt dﬁttemnbe.A ant@gggay ly 7 ||a laegﬂma;@d er&hlblts a
B&E 1A tAAREE  AAARPEBTO byZShb 2ZollowiRs Ciyed INEL, AF

TEPRE e d A LA R AL (s it

ES, PaRe SFENGTPeR T4, VER, 3dd. TGNM 48 is described in
U.S.  Patent Number 4 585, 747. SUZ-4 is described in EP

(OB SALR TP Shodli B sl AL CHel b timited

lﬁo%SMﬁeﬂSMuhheZSMQéQZ&Mﬁ&nZSMM ZSM—48§ZS:M -3 SUZ-

S L S NS SYISGCRE i st

S5 pisddescribel e raxamplentld é’@/cglsm Nymber, Renc3d, 948 (of
%ﬁgﬁﬁl U, Pagers Mﬁhffbﬁ@ goDi S/%)WEITZnSNE)IEPIS i§ Qm%briﬁb%d in US.
ket PRGBS 070  PSL) i IESRREL O s Patent
Nuhrbrst 4QH86datTur azm@brlssdasmbfd danl {£S] iPag¢ent Number
%Pecﬁﬁe z M3 %H%%beééd“}isbaé PEFeéﬁa d;ﬁﬁb?f‘sﬂ) 6,245.

ar sl ve Whi

#8nisedescuibed7dn) U.8. Babert eNum e)r JpS88:TH .00 SUZ-4 is
%e%‘“ck'?&éd)rinoEPS N% H%htlbﬁ RymBer fS’SB‘@l'Sn tSSZFJ‘.ZS '1§|cféscr1bed

bﬁ%&te@ Vm e@(gs&“ 4221' CS%yfg esgrl 1n U.S. Patent

INﬁﬁfmﬁrs ave8D et nahd 5¢262.61de. BYZ-28t iis edesoriteed sin  U.S.

sBoh NGB REICOND 7Y PASTIIOR SN 0 US. Patent
@éumbesrel £068yF renb83heionmgr idessribadpoiny nBirS. cSerlal Number
Ak @I d a plurality of discrete conponents
compr S’I ng b cycl odextrin or g -cyclodextrin.

Another suitable class of perm-selective membranes
comprise: (i) a polymeric material, and (ii) 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 Crystalline Silica Molecular Sieve"; Nature, Vol. 271,
Feb. 9,1978, incorporated herein 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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exchange where sodi um or pot a'fﬁl umions in the
structure are replaced with other ions such as barium

cal cium cesium, or any ot her. sel ect ed exghangeabl .
| IMPMEEE can MAYHRGHC JIRLS Ii}éf adsoP agﬁ of discrete
cé@mpenentss iconspbing §- nyabmdmetrnhlm‘ rrcyebadengrithe

selectivity. The average size of the granul es useful

m cor oratiihdupduEedifin G % BEPGRTinY, GBI R, B used to

Saffedteths i soparatiolnl tchtaeacteninticsy dfethee anembeaneanSueh cation

W RN SR i s

nay the ttamttade t amemplaoeldp thefi rﬂgmsetsu@bn ashéarium,

obﬁlg{ylni,%%ﬁﬁ?n OBrtéﬁ&sr %&E&“'s%fe&@ﬂ E aﬁ @iﬂ'ﬁié ionO'This can be
t

he sieve I n an et wat er

nilanete aﬁbustauthcngdwwtwm Ratasterdsties fof the jeemfyragre thus

tir{@eéﬁn%et’hé“sﬁ%(%vit to a few hours) then
recovering the treated si eve and washing with ethanol

Lo ODHE  BVeERe v cof cihe ” Rehfles LA ® 1 e Present
i vesnitEdn mldge(ne)rallycdeps)rﬂtam ﬂrﬁermucroanSpl andal iless ghan 0.2
dbﬁﬁfoﬁfgle £GP 'H%?;EOS lﬁoms*rﬁ}nfégogﬁieo?ﬁéﬂﬁéfe% ond ng between

um nop at.e

zthe igranulese and| she pelymesesT Y}m‘i@,z@m |Sll%‘~°ﬂ I kg)ntrolled by

rﬁﬁ&%ﬁf SIFY&S EANmiRRYBrAié UEbHNaEOA) rruieargtanmbs may be
mnosi|licate zeolites di,scussed ove,

e pitngho e g bR R G sugtace of
t yie pphnglespandt therpobymees Wor cixarople, i bye mixing the sieve in

i ‘”°ﬁ?r°<§2w§?f’°b‘lggﬁﬁé oPft aéﬁrﬁé”ﬁt%éﬁ; f2 Gomfdund for
3§eﬁoﬂ of d4Eme| @:} deynmeimites napbtoadefawn hnurﬂ) dhenj secovering
DB Bunie, SlovendWakd SyltRTONRARGL & 2%3%‘48 ?’.‘%ess silane.

nb k h f
xn‘o: Z%ﬁ 3;1&1@,:;}232@;291@: Fissne b pedimsglectiie ( ghéfbranes
TBSih U@ llP/ rfl@Xﬁ{mbﬂal asarfd qii)shewirpovated therein a
oa 0 ow fibers I ra r
O e, %ﬁfi}éﬁ#‘éﬁt (RBCBgIR B BURE, PRl DPeyl!  sitico-
da\lrmmeﬁoplm&pldzeteg he dluhlimephiasphiateer sand apiotherr y zeolite-like
P D8R u1aiP! §idbed P UTtllesd! ZLETANEKY AfifledNdrt W& can have

structures similar to the aluminosilicate zeolites discussed above.

A useful class of membranes for separation embodiments of is
a type of composite membranes which comprise a microporous
support, onto which the perm-selective layer is deposited as an
ultra-thin coating. Another useful class is asymmetric membrane
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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types. The choice of the nost suitabl e nenbrane nodul e
type for a particular nmenbrane separation nust bal ance

wa2vdntssd of factors. The principal nodul e desP@nusS2004/022514

paranmeters that enter into thegdecision are limtation
to specific types of menbrane material, suitability

arop, SOERE TS OpaR&H Ao eraLes St IR llow-fine
Dﬁltiéilfs:gcé pilharef ﬁg;ers;ptspmaiilweunép Iﬂialteamd-&nainieasanguwbular
1sboq T 2fols” PR RRoHREL ttatlf, PR ragG MR Bype for
tdhepattetulasi dunetebxhntes sgparatmn:h mhust bbalanesedai mumber of
2%%@&%6“1}1&%9@1?1&1&1 ﬁYﬂlﬁ@dﬁ %ﬁﬁg‘%"g légg%ng?r into the
Jemsm sanies lagatationedto nspecpiies &ypes ve smembmane material,
Sytft Ao it pfcﬁssfﬁghz?@leﬁm t bperdiftd, Spéﬁneraeérmabe pressure

sses thr t he ber wal | d exits thro
SRR onreiadonTpolaeatigh fATE Cantrdtn Bigability of an
abptivsalv swedpastieangrand nkastibed snotoldust coostsiofad abm faoture.
econoni cal system Because the fi ber vvaII nmust support

cons! SR AN, P R AUl "Sud R BTHRB  basic

2peometnes.erOue dypeeis thedshe) subﬁ | y:edn eﬁ@@s whighethas been

T R, S AT pEOb g o
fSBEﬁéﬁgsl n Tnpsach ;albén@ ulgi bﬁ}rog Zwseg gpgggiﬁﬁams of fipers is
té@nﬁa‘?ﬁé’d finuh Pregseid desééledm gySient hfs Pﬁé@uﬂzémeﬁom the

L
HETsides RPmepls bser fﬁ‘ﬁrgug@"&eﬂi‘ﬁ)‘ well gd et through
filee obehefibensends.n This dbsign- $3 dasy etol makeeandndllaws very

g@gg ﬁwgﬁﬁg%ﬁ% éd 8[;1? S‘R)&QF@ 11-1[1:1?121? eg:g)n‘f)ﬁhcﬁfj system.

pBecmpm athieonfibend walle st svppott umppsecb@ﬁabée gdrydrostatic

%ﬂ%sﬁ?‘% THe flgg%%fgﬁy %@'%ﬁ#ﬂ a&ieﬁﬁet V‘gﬂd thick walls,
s%gtjtl% héHllsgt@s QIQ%r leém yOHWogam%eﬁctm Q(HIPQEX g inner

t darietdr afaboundone-1rl fghansurdeadianaces are
produced. This is far fromthe case in shell-side feed

modul e e% #‘%(%m%c@ ﬁgﬂ Q‘?lﬂl{é‘} ?ﬁ‘gdﬁ{eaqga@fe &Hcﬁ"éssme feed

bet we cau concentr
ptylpﬁrl ﬂ:'hﬁ tibeps clmiém tyaeeoﬂumﬁ @metowavai. bothm;nds "and the

S ﬂ%aéﬁé&l‘&'té%etlﬁ%h r e Bdi% Bﬁetﬁesﬁbb‘fd OnTb Sninimize
easily tr ed,.int agna éeas | eadi ng t

| PYRSSES| r@p inside ers te lameters are usually larger
than those of the fine f1bers used in the shell-side feed system and
are generally made by solution spinning. These so-called capillary
fibers are used in ultra-filtration, pervaporation, and some low- to

medium-pressure gas applications.

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



fouling of the nenbrane. Baffles to direct the feed
fl ow have been tried, but are not widely used. A nore
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is to direct the feed flow no | to the direction of
the hollow fibers. This produté€s a crossfl ow nodul e

wth relatively godflowdl tribution acr eft g
fa\tmd su%ﬂ}acélls &I PREiBHLAE MBAIFES &1 eed solution is
e fie yg%d;e% ose0. ﬁhghaﬁ?e%éﬁé ,Utle@linge! 961 iteversible

er o ts,.on tﬁ&‘fe@ﬁ’a;\lﬁﬁﬁ’ei’é‘%e been

m@@ﬁ th@s@ﬁn& ang.o B
f’tﬁf&ﬁ Bk :Cairgt hﬁoﬁ‘awﬁfdtéi I fy Fiddd.p gAsgiiore 5,cb09md30 imethod of
e nahe O | C [ e a a
el e concanitasiln o potertzaions I8 td AReloff Focd flow
vhbrhabre thec directiane of like ciolloy fibees.enThisepehdiloes tas cross-

DG et Sy CRAGENY h%“%aﬁe‘?’”‘i?&?ﬂm jon geross the fiber

|m1g?acmer&meare anembranse anednls Senmalheecosagetf‘éls 1y series, so
Igﬁlngéeaflng T’M?éﬁa% oRitieaah beegsddic! Adﬁuﬁﬂféraldf variants on

VI _gt 6$11Cs n;)@ygetl{gcggiw naﬂgécfgas and co @i& Patent

aNLﬂfi‘ﬁel%' |3 §86 ,6CCA ithet ngaie CMCRHQ) |ét al/\be511690i)3,03dm the

OSBRSS Yol B BARIS o PS8 amd

ng1eFxibenen thet hamey| (ﬁwBeckmaretwwcme regen encorporated herein

Gﬁfefqafgt%%g@ Oc%?@?silzﬁlgso centifet 'ry’; ; Tihe! gf’e#t%g’g Véhofb Y@vintage of

choﬂmwnfﬂ@ert neodylesnis ithormhitity etthpasknacyery dage membrane
Dgfﬁflﬁﬂa,sa ﬂgieenﬁ'@@ﬂ Jesources of aromatics may be fed
to

e procesS, in a typical Qfraction froma naphtha
refornmer and ar

I CS r.ecov nit the xtur
cont ai AGUEGSS p@(i@q;s 18 ggggéﬁﬂ@t Y HUALE 1n§lélde certain
D@h“g‘i‘ﬂtaﬁ@f@fb}‘hﬁlﬁb éi@o]mfmenhthas(yhmhecalmi @zn light oils,

peréefs}ya%fﬁgpﬁﬁ&ﬂ%ﬁﬁpaﬁﬁ%%ﬁﬁ% Apefioilgnd LOCO(ight

egatpbycleorail)rethen ofrepnovedi ngom péypicay| mrplmcderlved
f FOsst0Ek & OfBFa SyTenbur & | fodrd f iihst nﬂﬁﬁ@rdshev@th other G

m xture to a xyl ene colum_ to re ve heavi es,

eREMBALCSQ Halﬁ?bf ocEriansylente ORI XYIERE, <2 qghyghgnzene
h%&ﬂlﬁqwbbéﬁsids"bf theé Qﬁv@ﬁﬁl@@!’ @écmlela/ verg: puferisomer of

P mgn?@%t gﬁﬁt ilgﬁ% A q%%qga%gyﬂﬁﬁfmﬁ Ve xylene isomers,

petieglitenzene, and paraffins.

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

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

xylene column to remove heavies, for example, G3 + hydrocarbons.
The three isomers of xylene have an equilibrium ratios of



by weight of a Q aromatics m xture | eaving only about
80 to 99 percent xylenes. The overhead streamfromthe

wagosoes3sol umm, cont ai ni ng predom nant |y par a- RgT/@a®04/022514
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net a- xyl ene and et hyl benzene %is passed to a
perm sel ective nmenbrane devicé to obtain a first fI UI d

stream havi ng an enrj ched content yl.ene
iapproxiaxteby ﬂ&iviﬁ%dpaﬁ%m?t@t@ﬁﬁ @(u depen 011 the

Og‘ogg n't %:t H&ltzéﬁéy};&ﬁ‘%drﬂp@s)@fﬁ’orgc @bbdtnllytb Gbdie 20 percent
Weiglto eh & A ARAlics Rstr oferdBhE, oRly A 30 to 99

Bmﬂc%n@pﬁ yidrresi N Theooveresad | bigdaim, ﬁfam ¢hanpylene column

Q?H ﬁﬁt&%nt 4%@%33?%%?5?@0%3% )é‘p%ﬁl ¢har gﬁ?/@oﬁgum‘%

Ee,th&Qbé'AZemcn mepa:ssmd m zBapﬁnmm lpetivel pagjpabrane dev1ce to

Epﬂ%g%g%ﬁlr%} tﬁ/\ﬁldcr:]% re | nco r.at egh}?%(ﬁngo tl *F meta-

r@bﬂén@’élldh 'ighere @Irl@lwveﬂ@dst ated above in brief,
purified neta-xylene recovery one enbodi ment of the

' nVemP@ftwLﬂaPI Ql@éﬁulf aicthodsr of Immfletiame'daenyléﬁe) meTovery

AU iéith&ﬁ PR citotuletidit iREfule G orgtion using a
aﬂﬂm ptadzorbendi tSuItabbe mpurmﬁedconmuasxygelqu aeeover  units

SRTE it oG bbby Tho P FOLaRGIe (3, Phtent Numbers
tméﬂﬁﬂ%ehrectheveia;madgﬁrﬁon ald 3. IBEIDaghWIE,né 336;%92 in the

@ﬁtrga' V\px‘ﬂlé{&'llong?ﬁﬁﬁhﬁ’/ emRi thBY name of Santi
onen e mxture é ei’ eafte recoveri I'?

PEAL m%nmet@ By, @24 . in nthen dnammg o @f ngﬁm'&‘n innen and
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si mul at ed I'ng adsorbent bed counter current

i %Wis?%'ﬂfew 'sui tabl e operation conprises the. steps

20

25

30

35

of: (i) maintaining net fluid flow through a col unm of

adsor bast statedh abowvg andbrief} iparifiedi ehetrokyhene orecaivesy one
g e

f o dim ety ?gftfrilé‘ﬁ?lv'% elrdéh négﬁ‘gc%% £ §@1§él‘&rﬂﬂ*g meta-xylene

cﬁﬂ@m gatfeed winixtueg ni pEMPIHABE oﬁ'—ﬁl@ heX¥Hlgm:ispmers  and

”@tﬁylﬁ'eﬁi'z@ﬁear‘vvﬁfb‘-’tprgfd@%szmn pfiske copltaeting t fa@ adrerption
dsorbent .|l ocated between an II’} and without

SEoRIHOR 23BN SODORHSAG, DHoRRe ISE g
raﬂfylbehzene,t putitlst aramdsorbenbwesmprisigouadanijtabie type Y

ISR Shet by ) sdTBERYEIY 'AofoRIY the CAldtAkylene isomer to the
substantial exclusion of the remaining components of the mixture
and thereafter 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 column, the zone defined by the
adsorbent located between an  input stream at an upstream



zone i medi ately upstream fromthe adsorption zone,
the purification zone defined by the adsorbent | ocated
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boundary of the purification z ne and the feed input
stream at a downstream bounda g of the purification
zone; (iv) maintaining a desorptigon zone imredi atelign at g

wndamyi f afmthee BOAG f 388t i 8n ’élat?heoﬂﬁélﬂr pSIIGH
Wn@ﬁféa@ﬁdbbhnﬂfa@ aggofhlee Monk O Q@ e tn HiitubANea a purlflcatlon

d bent t t b d :
e anmmrdiaely acvp%%aaf‘”s S5 AT DoUAGHEN R e, the
qﬂmﬁ@ammf die Z(insfenedvbypathm rmlstolnbeﬁéedioa:atedummeen an

it BB 9, 00T AR R R0 Py iiacon
tzomes andt dm ifabd esmpufs istrcant a’nea rdamnsﬁmgm: %@Méaﬂt}s of the
SR R DopRiaaLia 4 eyt e TmrgeRiately
tiestreany nitom ctbep pueHi igatipn7one e etaIpiioipnzone defined
(l‘cfy )theaﬁahaﬁband?éeét'@anberwe@h' 3 degafmtaringuﬁrm@am at an

I ng p0| nt (i f erent rom-t

Pepsrani haIndAT oh theigobep e i s Ac uoUBs SivAl at a
COOHistREnt dARfddaly ol thie S@bﬂ@er@)ﬂ a:s‘smglethe feed mixture

| ene f thé ad th
oL R A ol LT B CERAENpZ et che
tfeleckmi mmmmmmfemesnfetaﬁxymm deothet |substm1tea,1 exglusion

(@ﬁ%eﬁaﬂhﬁﬁb doc%nql\s{ﬁg d| r e r(%ﬁ)\gmﬁtrﬁobgmh@f aQSOfbent in

fthei cacsiosptiion tZomeacanst leﬂtdfzﬂd‘hlélg ha f%ﬁmatﬁpmutput stream
SE6 g?isu?% d@ﬁé'f@hﬁnﬁ t&gp%oﬁ bRehts dasat bey ad%tbtlon zone;

S{N‘ rac to ef f ect boili

F cpasses 5 on (GiAteral o Babith it cierage boiling point

pswiskiahtialyof difffer@mt rfrom otha:tutofamher deéd namixtarg pimto said
0 |

5 g, e ARt S, BHEE 8 cpigcement

zebihe anam-aylaueofrbamthena sedentain dhepdés;@rstxmlb zone; (vii)

Sﬁﬁﬂ{(ﬁ"a agléﬁsfﬁﬁcfr tmsﬁéﬁrﬁ %ﬁiﬁh@ﬂﬂgg ﬁtfe remalnlng

| east Iene wth

pﬁ?m@}leéw% erailCAPEAeRn: 2P et RO pelDengétigically
ah&Véﬁém tilerolpdh ofly beskumnd/ofr ddsorbbhy! anormtdewnstream

adsehon; w@ﬁbaﬁ%%%%f dnetud FEw, i dRE AR Hone the feed
eiﬂplitb%mmm agafbimabe edutpuhesmwmendﬁ:sorbent input stream,
and extract output stream to effect 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 to separate meta-xylene from a mixture

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

alkylaromatic hydrocarbons and/or Go 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



10

20

25

30

35

the nmeta-xylene is preferentially rejected. As the
m xturecontacts the Beta zeolite, neta-xylene is

wa@avosioesssani th the fluid fl ow and thereby recoveerUSInom2514

the m xture. Otho-xylene, ?gxyl ene, and, if
present, ethylbenzene, are adSorbed by the Beta
zeolite, hindering.their flow through the_ adsorbent

acmntaaasr ébs Bete zelteamaetarxyhenadlsnearaiad | with the fluid flow
i | e ﬁﬂ ared Red! ool omiRfe. deson% RYRAUSt para-

on 0 , the adsorb
RIcBEar Bihe Lhireseittic SORpIRFHe, | 4 cadsosbed by the Beta
UgddMte h@ﬁé@ﬁﬁgn théik uflowt throaghneh@trlddibeaconteti@feby are

contin use. uabl e co oduct s, .
p%qwr?;?&ne? TOR o gtﬁaﬁ?@@eﬁﬁl I§)erec0\]7)'<1.‘]|r¥ef(‘ilégro?gﬁ(?tlf}exylene 13
ct&smmed a§ he dtesredeptoductanyt feui operapahl.e @ptlonally, the

iR “edrid Vﬁgﬁ&eﬂﬂﬁ% B "f%@?ﬁ%@ dPRLAE Beta zeolite

ummgne desorbent xfluid tof ragenesate athe Zeakitsdfor Typutinued use.

TR | SO ST het e gl
IIiﬁC@rV@&PdoﬁéﬁnZélﬂ desoraaie afhee @agenthlé avictlpich capable
| f WBhRIwink¥Y sMectﬁeiynad%rBéd nidecfeom @he adsorbent.

il ié s 9ShHles B, Fhpkid” e “Bertlbure of

zdhehesanth\berzengnge of silica to aI um na rati os.

Suitable silica to alumna ratios for Beta zeolite

i nclu b 0 |

b| - ﬁfyfgmoﬁé% ?Hbléi’e 1§°a ?\‘vf’l tek]%g\%nb ite Ghost tsf?}‘ﬁc‘%ure is
iSed hbpelbes SEraLSre femaBissiy |Qfdﬂles Tatermational Zeolite

'A%E@éihﬁbng hdéreshe FSdeP BIRASIAS Méict hIW. iNIVedisaD), D. H. and

FRberubar. bhoA e, ohZePBL Sefichit b, ath {VISea edition;

gEtfstiﬁéﬂ dNewf York eto96r p 6R-3et Roxmiseo€ theyBeta aeolites have a
al C

B, BEOTEE 1 AR BB 130 By s for

bBdta aeolitd mmnladedﬁmnylalgnneﬂo tohabeair 20€U| aBy nisée of suitable
ﬁﬁﬁﬁﬂg: ﬁlft%ﬁ%‘i‘de@{:ta %g{ih{é"ecai’lpmé Y ﬁ)?fé - vatjous shapes

genera bed is a pre
nstEeh, an;h&plsqzr@g; adindersi Ay btraegukeer igsamakes: i Jer, pppposes of

.eﬂﬁm’iﬁveﬂﬂ@ ?@Eﬁglneg'\“é%@r of 18403%0d iZeolite Béf@ éi{n range

o it A2 i ors, B GPOREAD (i Hodiser. b

V\hl | e providing greater detail regarding the sinulated
nmovi ngOpedationie fdre reavectty, obwmeeta-xylenei neay ebetas a batch

process or a continuous process. Suitable modes of operations
including: fixed bed, swing bed, moving bed, and simulated moving
bed. The particular mode chosen is dependent upon 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



the separation of para-xylene fromat |east one other
xyl ene i sonmer where the adsorbent is a sodium

wez@bhangged Y zeolite or a sodi unexchanged Y zebPCT/82004/022514
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further exchanged with a G ou B or Goup VIII
el ement, such as nickel or co?p r to, for exanple

preferentially adsorb ta-xylene in preference t
pexehangede Y ZeRiatet i&é&f@l F’%b@@g§§eé"’1§écérg}ﬁﬂﬁptﬁ3t% Group
HWQI“ i @Ibﬂdélﬁt,a shehl aaed ﬂi@kélng-@gd coppRier tocuferentexample
ow, par a- ene recover, systemand a
pRF&f |eé‘lt’r?j¥36eﬁ§éﬁ d%@@ﬁéﬁﬁe?s L cRiRferangs [0 Paia-xylene.
ﬁﬂcﬁvet%ag@@lufslyam prdoessesti xtacoedinpyi tg atheel amvemtign use a
[ r axyl en n g f i cai _
g G MhE - coubFr-BUH AL TG Parp-yylene recover
usystermagnd pipase-diethylbemzenerydgseabent tonrecp@r high purity
p _ [ r [ ran O -
aE%§? AR 08, A TESE, TiEre Raklife " AAalvel] Migh para
XYregiGadend mai ntain the vapor phase, generally
pressures are in a range from about 69 kPag (10 psiQ)

tOt ﬁbgmhefiﬁlﬂfﬁ@_ﬂtigﬁo &Shwtﬁ-fﬁldﬂamﬁngy Betaf lzd_eolitet may be
et na 0] uririe ar a- ene recover a [:

C RaFds dmt” tindart | wibtn s roofiRR) " TIBCHR 'dh vapor
cphasel bperdtions, Seinperhtufasadni ﬂxeatran%qsoﬁlﬁd)matajbont 120° C
unl t e , . .
TR AGRES 08, ISR SHEsher 3 MIAIRLE,  aintain

L sherevapo3, plares (geriaratlye prassunss Aorile anraigsediom about 69
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& G el e PO

name of Frjedrich Kr r, 5,004, 860 i.p the nane .of
John S PaTHcgdAEn SRl MigiRdSwal AitiBeds pabegAsne, recovery
L%@c@ﬁﬁ‘hgoﬁ% \ﬂélé |7ﬁ>18%l§1_eﬁt t Enadntiem difn@}l)mifeli nﬁaﬁti&lals.crystallizati on.
f 1N .2 nme_ of i .
cSuiAplea fiaHomnalrorsBral gt sy BBkole” b SRR Yesoribed
Min PHer sexampde PAUIS. NPatienenRbumbets 7 3227265 him rfhge name of
e(3n9 Ry \';/?rfeDhir%éﬁfE“' %P?,%grpﬁ Dresser,
partesleyan@hispager amd ( Robert §W>§%@9£§&ﬂ£o%t@8 name of
hﬂ@i{sﬂl f!ﬁélﬁ@feﬁfde@ﬁliS‘chklhﬁl,f 3eM2 35688y .inFthet hane) of Friedrich
crystalll at akes aqvapt C 2112
R SRS T RS Tl BF AR X, Hifsgf dnd "William A
paVarayiusnes 49882Rein themarhe of AWillvaym edeEcelvapds Alexander
a r | Z ' 3 I a ene
T RS0 e AP S PG, gud Gorad.
aul 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.

Fractional crystallization that takes advantage of the fact that
for most xylene mixtures the melting point of para-xylene is higher
than the other xyleme isomers and crystallizes first. For example,
para-xylene crystallizes at 13.3°C, meta-xylene at negative 47.9°C
and ortho-xylene negative 25.2°C. In the physical system of the
three xylene isomers, there are two binary eutectics of importance,



and ortho-xyl ene negative 25.20C. In the physical
systemof the three xylene isoners, there are two
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par a- xyl ene/ net a- xyl ene and t?g
par a- xyl ene/ ort ho- xyl ene. e para-xylene is
crystallized fromthe mxture therermlnlngﬁpmxture
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entEREigR ot e, LR the AToMALTG frodiOfh Jo' brovide a

ng,mh@@ of adﬂi/ﬁ(t)ﬁﬂ ipagasxylenkeri es, each crystallizer
cooling the feed further, the coldest of which runs

typi Catﬂ &o asgn%é 61‘3/8?&111‘2& 626 Egﬁﬂ%ﬁ 158G, BiBmatic feed is

slurry s I ds iquor, are
sepeledt &l ahmttemegatwge 35°G tte abewt Beg@;eyet A8°Coands mixed

stR%E Mirhte/ %EHS fiidd edrPiatiiged | f:ﬂ“z@' number  of

b&EHEsR

cont ai onI about Lce

oGS ﬁ’r@%@ Mr¥eaet.osn fﬁﬁﬁﬁ@rw ing dbe feath sfleder, the
t bel dest sifalhidly raho uly 5cet1 ahroab o0 de§acmt 626€aenalbmt 68°C

SRR RGN ——

coem:lmrﬂurgatl oItm ftherrfmsﬂnsmfge;gthmesolmuhe@dm &wet cake with
fgﬁsgg fgﬂ{e‘q Qh H; We't %'gggal'nhﬂg“ %pgi %péﬁpa'sg%é 4Bout 12
ppercedt] y mmg@@qmrmxybmm |i zddidr msmarzgylene liquid
fsaﬂta%nfﬂh%gonﬂ@“ B talst Obgchasa@t t he f&qubbﬁf B®h percent,

ra- xyl ene pu staere CI‘% IZGS

tdepending solh eprdéuubs gHICIENEY ¢ -sqlids sgparation
tﬁfba&‘l%cgﬁd Pf@@@n‘ifsefwélpaﬁa bdyrl@he @@ﬁc@ﬂtréﬁbnt ifeom  Aehieving
S

sultin

l's uor. s
17aguid TR St SERRb T ERE cr y o Fhe o 1EinkTR liguid s
tdesolsm:ged as reject filtrate. ThlS wet cake 1is either fully or

‘.parually 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 controlled 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



step, the remaining liquid is recycled filtrate. A
controll ed anount of the recycle filtrate is used to
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slurry solids loading in the cjystallizer.
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cidependingces ity sowres, dupethe ¢otal herthaveylenen and para-xylene
c heal I S$HAN$H S ' i &t i u

AT eﬁeﬁ@ﬁ*ﬁ VHRC b 58 Dl SR 35, PRy FRibver, the
VHEEIREE bar aﬁgmeﬁelercotéwﬁr | SEPRY A Set cindy rpified  product
adeeovemyeoopeyatsens aboren wskbnaot zEdlyonutihize . the (hearomatic
I $ONer.i z tionguait, ﬁn equi i brium xyl ene i somner ra&iof h
| TORdstgfk; she ndeh o tRESP o CUFRBHYLLRS qlsi PBY | g of the
f moventienyndesnicdl! eonvessionisesackar as tisongaﬁmtfaibhy are useful.
u S rcut j p y ' -
f?gffrtnéila %éjgltéﬁr:n}eog{eo G %?oﬂfa‘ff@c%'ggﬁtdgk 8f AhtY \ilfable para

process 1 ncl ude

‘ 1 omat | cs. |
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difedrh ! {1a8 e dsorwle baesr enoval of conponents boiling
above and bel ow that of the aromatics, and finally, a

sectio [ rificatj n 0 f.t .
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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 components boiling
above and below that of the Cg aromatics, and finally, a section for
purification and recovery of the para-xylene product, generally at

purities greater than 99.8 percent by weight.

Particularly useful methods of chemical 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 Werner O. Haag and



i nvention include catalytic isonerization of xylenes.
Suitable isonerization units operate in nmanors
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3,856,871 in the name of %rn§7o Haag andDavid H.
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Hﬂﬁ’aﬂﬁ

because coo Ic te
¢ digisecanh sybReRg fi@ﬂ@naﬂp@avgﬁa\ﬂlzap@@ unit.

Benefl cially, para-xylene purity of at |east 99.5

per centinby peitddulaaly *mimﬁageedm aspecti ofithe invention, para-

| STIShE. Bhic i AORS GRSy st SR AR SRERPIARY Rlice o

pahatmbu’am (t«»rthen«tnyatalérzartmn hnntmaneehlgh queugh that eutectic
temperature is not a factor in the operation of the crystallizers of
the present invention. This is because cooling to the eufectic
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
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as toluene, is needed toproduq; 99. 8 percent
par a- xyI ene purity. Thus para- §/I ene product of the
pre a |n§§ tion requires no .further groces,ﬂl
WREPEUCFe enPRESCH c Palias A e8fngPBridyage 1hus para-xylene

cpyetalkt i gfatlicopreseniedoventipar ﬁe(}Wﬂr@Q end famirers Pf@@é@smg
rich in para-xylene, operation of the fractiona

LA TAVRERS 0, SRLCoAOIP B AR B C3bafbrion 1o

cl’?@dmelf ipaaarsylenadeonm asstreamerishuie panatd enangypearftion of
f g ﬁaeﬂbnaﬁgélysﬁu%%&f Qi Olbmtfes. %ﬂagﬁwg e stream

urry conpris para- xyl ene cry rom-i
t Bighe AT~y %Iml&émgiﬂ wmperatugentrgstal mwrbfstage at a

C t ¥t I%tﬂ’réhlﬂ P ARl gg%ﬁﬁ%@ﬁ abeht ey g@dﬁea 30°C to about

C@L | u aratlon ans, a filter and i

hylrGe o SHIFTY (G RHEHIS PRTAAYACRS | eRgstals from

Adry@ntsﬁﬁgleuscbmpemmtrbo rm?f stdlhigatieme cétages eﬁmﬁmgm dheake of
e

|on ans S rec d to the single tenmpera

oFRERGHS uitRond s shpiaTalin Waiag o s TeXHRPLGq & o Contrifuge
fse mtuoﬁl BUCIEY, aaxﬁllmne amddduchydfooydlence! asd wfashing the
aéé%%d.%gﬂ ﬁat‘%éfsﬂr«ggi A fleBRRE N ‘édﬁottiﬁﬁﬁﬁfighe reject
sétigamn fretthodke sslmara‘@om cuicanghatse wwyolgdi da the single
CF&&%&E&%@@“M@}@?&L& bﬁ‘ g&iﬁov"ﬂ% bedsBES O éofk melted to

, are Pat ent Nu
oy, puuified (rany Qﬁ @& B Brought on and

CI arence G Cerhold, 3,732,325 in the nane of Joe M '
Pharl s Aitothard cBagsr otﬁgpmttmﬂadyRamlful Fnéthodsél para-xylene

SrSR8v e, ' MshDRaRAe Sl CBihehy ABRRRREN Nftlude  selective

oﬁomuaarme&ho@u:suph s thu sphase ta@mam@nofchmnmat@grap Y,
Gb?@ih?ulaié ﬁmhfigulb ed: adsbftiont @J{B@@P 8 H@@cﬂ%ﬁ in, e.g.

o BoPate 4 ﬁ%gﬁfﬁﬁﬁnélhihw@mgr@ °B Broughton

?aﬂdG@me (Zn\nG@BholdndB 5’3229256&% lthe:]hammrdﬁ Jo& M. Pharis,
ch at e e
BBl B et Ph i B o0 ERARARIE 0 B2 in the name
opﬁr #Armand halvedeRessetl Imdng{lchmrcthrlNeunh 3626,020 and
t d h

20006, 7P dh e, Bafle MERIGhEALW, HRASE 8IP20 503 3. the name
opfpRlidip Grandio, IJr. 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,
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 (g aromatics
with a solvent, generally toluene or para-diethylbenzene. The
desorbent solvent, typically separated from the desired products by
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separated fromthe desired proglgcts byfract| onal
distillation, is recycled |nternally in the purified

C Pt ono A EIAGRE dslboy TP PORRIEY Vi Bad RS product

tIIeCOVEﬁjntsemlllolBI ng an adsorbent that is selective for
the adsorption of neta-xylene and ortho-xylene or, in
t he al tkdmantmom:éy,eca sekecttiore tsheptidnoopterationf ipararried out

b Rt %?ﬂmeta alr%"b@}t?‘ﬂ% R

r isehedtiverdon-thel @ onlmtaonrp dngia-sydenadand ppethedxylene or, in
p r a

%ﬁ@r@xéy erll{e’éensr%{l L d K L;i{ggtdéﬁ,@ﬁ‘ﬁ%bﬁ Uf?‘axﬁd‘l&?l@ﬁg In the
CIC8¢ avhbvethensorantr i selaciie yobet saadssu;pté% of jeta- and
t *&ﬁ*tl@@l%@rl\éﬁ@f ad R tPRitbeith iig l’ﬁ%teﬁ‘-@éyléﬁef andt Betho-xylene and

Et '<§ g)gaq%&lééleigqegw‘}cg% t@egl’}\egtlré'gn}quatlon zone and a
pqraaxxybafmw@rl@]w@tmffinatbhfs seinty ithetcrystabizationd zone for

t t
C/SEDRY RHALSVTORT, T 16,9 §iCks, 0 Hoghont s sclctive
pefthei adsprption efspata-polenen afra me;%cmht ieaneta-xylene
Uhald ChaLRpldme éx?dveab})%axnheparmeﬁbr ﬁlh'ﬁéjebfed to the

treated. In, an I soner I, zat

on st I
sdrbBREratian AR ARe -4 g doryIie-SHELEed TeR/BAG, msent to the
mﬁlhzuh@n siopiee ot hﬁéc@m"ryccxrﬁo plass-pdiehet heBeneﬁc1a11y, at

e R hofiBet chtiggh h@f’dé;eésgﬁqﬂsyiéﬁt. SRest para-

f orylene esneentastionbintraateduttean alsomerezitionastepcage.
structures in which alumna and silica tetrahedra are
i nti matlpicebynethedsarbentsachsest st proegsseperof the present

t %‘?f‘énﬂ'o Eolgﬁgeéﬁ%gt gt:}e‘%e tﬁﬁt VahK comtlsrisé! Bé‘ﬂhe dché‘ natural

ar e cross aring o Xygen ons
sswat 6 t ARMEeHHEates: occu& %\mee aluinosilicate

m?irﬁ;‘bli'ﬁ éswd ob tm@apfe@ntorlﬁmaiomefmdrwe s ain adsorbent
this dehératlo stas
I

Z(%@ P Ctir 11 ina.and silica
| dnghideSealdinosieale citin. St nl Whisl iRt Bis
Thesraliddracrarst dhtimeatedlyundomomictéd anath aeaclofother in an open

S bl SR e S, e crom
loxs sther  shaging e 6€ noxy git nttosas pwdtlesspaces between the
r%ﬁtdﬁ’éﬂﬂé vsdduped! B9d water molecules prior to partial or total
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

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
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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closely related to the type X Zfd type Y
aI um nosilicates and are defl d by the vary| ng silica

alupmna ratio Ty Xi,s de crlbe
za i Fatig. | YOS deserieda s UG Satpo. ReB85.244 and
3yp20, 0P7 jghideycaiteed ndar porsit %theﬁ% n 3)3130609178n9s&nch are

th Adsarbent 2d "
PA eryﬁ o SRR BPIT FRLRSRE v 7ol i e

Dol | 1 SUspHEh G TRREed: Befidh) i‘t‘eﬂﬁgﬁi hgf" gt sodium
statiunofC dhé ayp h ew Y lzeoliber butndilso dorgls talblﬂieohﬂﬁaterlals contained
S
S@% Sush B 2sofBy ByaTRCtEE BhoBoniel RAIOERAAL of the
t$odivimveations. with ather dadcwelldmai hcathengr &dmmitarly, the type X
benepgm a \ *ig%pt%g;?péﬁlﬁ@e%ﬁﬁ sg@?§§§{ﬁg€1d c£9%l ugef' as an
%@i’beéﬁr@ﬂ)ﬁ%ﬁsl oh th@néﬂﬁ@nﬁlgﬂnerl zation conditions :

Suffl cjent to produce an_.isonerate co si ng
equi | i BFiasRorgreRe With uthe Rissenf FISGHL Bt then para-xylene-

C@é etells stegarhe Bnheneticidlle icoamstedatwith cad aliysherization

: %‘ﬁ Joah § Borifizafioht °rflis  abi eBReALAGhpor ponditions

whifftcient itac gmoclugeedamt 1$@@©ratmecamm11$mg an equilibrium
e%xxﬁﬂ‘@re @ﬁﬂ”%&ﬁ@h‘iaﬁéhd%a?é ?@?sr daﬁh%' %r%e&ltable

OTITHtIOH of the i1sonerization ca

perRaratiog scasal¥ss knawh, Soi eosen silled; figedhay a5 Such
swta Pyt h;am rtg i’czﬂ f@@ﬁl iwa & 4dig® ah@ygaﬁ% n&kid® support

Piaa U@Sym%%%%%?@ %tofqaﬁnt' dhss AIRBIE SiPPRents
Eﬂin{of@@’f%tﬁ 3 HhePeRfE hufle IGARECRE Uil fe "t Wormation of

sthiei casathenizatiomt tcapallygtis theay binden ortgrpe@nl!;y eaist ha porous,

%‘i Cﬁ@ftf"/ﬁﬁg}gﬁﬁ% g%é Iesgﬁ{,;ﬂ#@rhaﬂﬂ% ?né’ul‘fhéé Uér%ﬁ of from

v i e ) @bioNds SRAOW? e, BERi£OTEIn A KomposiHan and
”i‘b‘lhu%‘l? Nr &R FEFO UtH‘ thid cBﬁﬂiﬂléﬂé aﬁﬂllfizéé eiri”th@' pEherization
have an a pglr ent density of a@g tgé? bind
tBrOfAssSt Od. e‘g/l%"{':es(ﬁ%’é SIBWPH@Qnare t i spitable binders
sinchudéd adlunimay vsitiege silicaatiimined, eattapub@@s/tclﬁﬁ tltatomaceous
2Bfith, PAESLAAT 226" %i8RRuNP! YRt 'y Miknfled thereor
Generally binder is a form of alumina, e.g., the crystalline alummas
known as beta, and theta, and most often gamma alumina.

Particularly useful binders have an apparent bulk denmsity of
from about 0.3 glcc to about 0.8 g/cc and surface area
characteristics such that the average pore diameter is abdut 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 Group VIB
of the Periodic Table, particularly the group comprising
molybdenum and tungsten. The metallic Group VIIIA component
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about 1 cc/g. In an aspect of the invention, the

netal lic conponent of the isonerization catalyst, is
wadwanrsgeously sel ected from G oup VIB of theP®rUSTIC/G22514

Tabl e, particularly the group npri si ng nol ybdenum

and tungsten. The netallic G VI A conponent of the

i sonerization catal yst may exist within the final

caf hy stsomeriratiendeatalyst imay exishswathisl éhenfinal catalyst as

3%“9' [ sraey cﬁOH?' éif‘téleﬁléﬂ’cﬁl efetallner "RE Ay Eombmatlon

conpohen meri zati én cataly

g@maaﬂ ymﬁne@éﬁm GronRb U GromPpongBb D 1tbepé$caaﬁrlzatlon
t‘a‘i’yw eﬁferélm? EbRAri gert ﬁdtﬁt abédd 01 4® abest 12 Rrcent by

about erce best .results

a@ﬁégh S thechnal atalyst ang fora et vigbabAul of Defeent by
ht Zot iyt cdsalisest, 1S beneficially selected from

Group VII1A netals, particularly the group conprising

cobal t In paldthdr uapediodf the muentivnmthandetallidi component of

%i&@wﬁ%rka%%oﬁﬁiﬁﬁ@ if REnBLSIANY a1l Hdh, Gfoww vIITA

neetabs st particularbne thealgroapal womprisg oxdobalt, palladium,

0 | epeint al
i, Rty S L off, e ikl an
cBifunem: of tihe i geeallieat (FRUPat &i A geppongnt  of the
Cmmﬁeﬁzaubho f@zﬁbbjdét Qm@iz te@uﬁbowichn th@elﬂnaby culgst as an

of t cat al r abo o_abou
015, sultida,, rapdhhn; Femsngal SBfeL " of ol afly *dombination
i thereoifz aflhenmmteliae | Gnowe OHAAN g;dmpohent rmfethe esomkeization

Ceﬁﬁi!léét{) g%ﬁ%r?{igaéb %Izé 1 ?rz(ﬂgf %5@6& QP?I SébstaBHht 3 , percent by

gg{elag typé mrﬁnaloncatalyat; cands fro@ @b@g ©p5 1o about 1.0

gg%@%é&ﬁt b9t Wél%h@'fof Qsest dudfs, oper at i onal advant ages,

ly“it i3 used in a fixed-bed system In this
syst enln aah i9oAGE iz A6 aopefdteo@aa@cmﬁgetaiethbeimfbnuon the

dtséﬁeq?xa Gt POn A ENG  of ahe LRI, ASRIR homgiing bed

T spstent Z&tlfhndzmth bexht sy steny arflmadbgech{typeatoqieya;mon In
%WEWﬁm%%%W%ﬂWW
ea uantag@t, geactaldyr dtl issused i #nta dixedrped asystem.s In this

rbBRneP4s20A8 tife Ene Rﬁéﬁfe’%@ﬂssﬁ‘é)im are
:%yy\éﬁgé& Efla a?\pﬁ'@g efnik:tn;;g’mtg W%e desued 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 liquid 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



fashion. Further, the reactants may be in liquid
phase, vapor phase, or vapor/liquid phase when
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condi ti ons include tenperaturedf?%i n a range of from
about 0 C. to about 600 C, but"Typically are in a

ra e of .from about t 0 ,ahaut 500 ress
ar 3% af rixpge Olﬂtrﬁté’o@l!houi t% Mﬁergshyaﬁ?gen to
d@@bhwb@ﬁemoieammeof)ffrémpratwmuo 21t goabbont 305:1, and a

e dro en to o) i at | -
R T T R AN
space vel oc:|ty of about 0.5 hr 1 to about 30 hr 1.
DESCRI PTI ONGSURIPREDEREEEIBORBHERRE B BODEMENTS
Figure 1 which is schematic fl ow di agram depi cting
pref er Refersipgctto oFigamei nk egvhichd isr tadeegnatia  flow  diagram
r i t
é’;[ié:lj% ﬁefe??e@ §§)ﬁé§ss C@f’ﬁpﬁﬁl gft:]é i‘éﬂt&? Dprocess and apparatus
ribvei ¢ present al m‘@eqta@n. délSngaerEﬁHﬂeSQ]&%W%l nflembranes
ﬁ}éﬁﬁiﬁ%ﬁ% Y RAsENE Rslyledt heaskiadneo C‘iﬁ*ﬁiﬁiaédaoﬁermeate

xture r.e atlvetoth n-p a
ORI | S prEn dIavng, Ra; Srtieheds Mol 16t - heppgund of
mbe ieedoinixtard) wlatimei to cthe‘pnmdpermsaaw,odomeeb(ampdm meta-
s)gui?c‘ﬁ 112 into exchanger 120 of integrated apparatus
il %’ugh conduit 114, punp 116 and manifold 118. An

effl uent

t t t ahl dj t
W ¢ hlr AT SR ERGr 100G RAIEgR aNtHTe, OF Ahe,a aromatic
Imﬁp&&ﬁ&@ I ﬁ@ﬁr@daw@nﬁe&bﬁﬁcéﬂ?mhﬁmtmmﬁge&f 120 of

des ura el ecti,ve
mga%%gmsp@w 4 P RBF Gl GRD BT L ¥ w116 and
hadridort fIf 8enAncefiflasnt i stosam et deuitatsle fprooessheeonmuons is

A f
P B3EhBR R D  SPATESro 1AD T Bleficatondp 122 and
vdidttitamted anto rmrmnhrmdedevmelacﬁﬂhmgh typically iscludes a
6
1%*2“’%?5;5‘3%%5%%12 61%8@3% &’Oﬁﬁler ﬁf’?g'g%‘g %né’u%!‘rgﬂz”ﬁermeate
xgonnpefmﬁdvérynmfﬁﬁn h&ongnr difderenihecompgsitions are
D(?é{rﬁﬁé@ ﬂréfrF'ﬂhécﬁ%‘él in at |east para- xyI ene, recovery
e

a paraxylene utilizes fractl onal crystallization

o e o S S WA o8, B GHALRE atdonst para-
1601 ¢ (m@intwentwme h-peraiesten deplithdchwn foren membrane
Pa&Lice f’gﬁ RN cofiatid 1Y 4'BxEhaiE 8213 &Y b6RGuit 138, and,
by means of pump 162, through conduit 164 into an integrated

purified para-xylene recovery section 160 through. Where the
permeate is enriched in at least para-xylene, recovery of a para-
xylene utilizes fractional crystallization and/or selective sorption.
Purified para-xylene product is withdrawn from para-xylene
recovery section 160 through conduit 166. A stream depleted in
the para-xylene product is withdrawn from para-xylene recovery
section through conduit 168. Advantageously all or a portion of
the streams depleted in the para-xylene and/or meta-xylene
product is also transferred into the chemical conversion section
150.
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section through conduit 168. Advantageously all or a
portion of the streans depleted in the para-xyl ene

warasorsset a- xyl ene product is al so transferreBICT/nSm04/022514

the chem cal conversion secti 150 . A stream of
non- perneate which is depleted n at Ieast par axyl ene
relative to th(eg;permsate IS W

devi ce/\S$fgeant giﬁolédh%'im?ai%zw lﬁr rﬁqgast para-

%%1refg'e$0kd@ﬁtﬁ%fttor Qh@\ét rem@afel Offly M@thdﬂaw% ef@fml emembrane
rises a mxtur

%Y@ﬁaﬂi%ac ﬁf) mﬁeiﬁx ﬁ@ﬁne%?@s esrrgﬁrllgmdpurlfled

pradudteastorvety- x&d:twmz Iv-lld):oony eyample, onshere the first feed
ﬁl@ SERTs Al f HASPUFELICHE/CL B ANIEE O and the

Xyl rom e a Xy
vpesmeatei ois leifrichedugin catduleasti4Gneta-xylemen recovery

5B Tp ATEC Ry P TR SOESRRLSil orii
anredai xy beas: aredueanﬂs:omltahdﬁmnpaﬁranwmf@ xmlene recovery
%fépqonal wvﬁf oI VRN #99/ A sfrbhi] RRARREd [ both meta

section

rom net rec
taﬂcbuwa:maene HTQQUCténl:S Wlaﬁémwnegrqmt@ ayxylene recovery
'ﬁ&ﬂd@tt@_ﬁ‘oﬁghawnhﬁﬁ?@ P48 f i £dstpEMEUGont iGN g ¥>ara -xylene in

ti.on 160 Advant usly all,or a ti i he
AduiRbu it SRS hoen. STk SHEVIREZEnY i dpsionally
pvathidtawvins filcan metwskylend inecovehg deetronalthrough conduit
rs 0, r
EILLHA TPRRIIE0 nhor ACTPB G reotigle |purified
slrf@&mfgéﬂéﬁﬁﬂﬂy saetiandd 6Qoneri zati on reactions to
thereby establish an equilibriumm xture. Another

flggt?{ ﬁ?{)dvmco g@alst ‘i%l@%ina poavidee ofltheltstq:téam@ depléted in the
an excess ct.an
SiaouiLLe RBAUt RAIAP SR DLROPER 180N, B Ferred into
qzbnidwhemﬁzﬁtl cénverseem smtpmnfl s1 64 ,aforl eaampdepdrnough conduit
Cc
of 4F . THGHBAET oBEGELGLRS  aF AR % bl | oP U trcam
agenerally includeaisonianizateon| seaatsons htougerebyidestablish an
(ﬁ H%ﬁfrﬁ‘ Iﬂ"i%tﬁlter ea@n?%h&f’ "x‘é?c%éu?ﬂ“ 8 ‘h%t ﬁg’d%ogen may be

n one, or nore

vapl to yastign donl LhTomgd | %Qﬁbnf geala | XCeSss Teactants
daﬁa%ﬁd ¢ Zﬁoﬂﬁ@’@s’ ange dayi@Rlrh%th t Hromghseaisti 1 5166 through
ngn uit 1?% An%?féa%d clolrsnprlsmg 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 150 through conduit 156. Where the stream of
conversion products is enriched in one or more desired compound,
the stream withdrawn through conduit 156 is advantageously
directed into membrane device 130 through conduit 156, conduit

156a and manifold 118.

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

w@araxsBene in an equilibriumadm xture wth peiEUSLINE022514

aromati ¢ conmpounds. Due to forgmtion of a eutectic
conposition during crystallization, however, w thout a

Oﬁ éga }S}}gﬁ% X’?Baggﬁc o@%%rgglrl% eﬁﬁi}‘éﬁ ?{[irgmf %‘ﬁ] tzr?‘e percent

2comgrosétioncisnesttictet josabeut G parcent.abdmt Agpen computer

t
SPifkn dnd L Sl SRR S e mention
Flgprcted. 1 Figigeade ddvimembyiong #9viceeluseng vperm-selective

R ¥thdrgnehi Whl@nh' Ekh?bf@s bag a- parach 1@1% eckélectivi§f of 10,
18 %ﬁnef ci al 15%; ased t he ‘para- Y ene

saehicially on rr al | theat | diresBylene 5o pepeMration  of

AgBysthllfzatisy stedd ltéaSOO cteatt. depipesnt 6F capstallizaton feed

}Eiggéés&?qg@; i‘b‘gﬂr%"‘%e&%ﬁl ea"‘ﬂﬁn{;e quépégé giaT9}1gnéean reject

pstrea&s mdegrwenl} eabidute 2enpeweas. acthusli the tpzara-xylene

| oot Bhis) pRE CJ?V? e@%%éﬁ% AREPid §8he invention

t préviglese an wieoohmisalyhesigni ccatntomdr@@mrmagpeldt |Qfgpur1 fied

g{-g_ q.,n%spects of an integrated process and
gpara us 12 of the present invention using

Defmsﬂe%hﬁﬂg "EB”'CFl @"Mhéhnglsatsd]ﬁiﬁ&tléneﬂow d1agram

BRI PR STIS & PSR ) 8y GURETAS] HOCPRRGnd apparatus

sieaof ther pmsrmitle mvefntimmemn hepam@lectlve membranes
Q | C

SOy, 3, TR O PEMACHEC SuRtaAl o RAEROe para-

exylmtcosrte@tamfathesnpnaperemmé@ ceeniadmidng istreams

wi t hdrawn from exchanger 220 through conduit 222 and
di stri Butiest ife¢d steedmantordexanspla3n miktiret wbithel Cy aromatic

| ud I ity aqf | ect
S, ok bbbl oRETE SR ST, exgbaeer 220
hdwmglﬂléémdwmtz tdnpusnp @66 aradlananeidldr @8 heAn effluent

| Sy R SGRIRE ABRRRS SHRIAHN, &5 WApERahGl Hoh!’ Xochanger

wztm réhmouighr roomeluitt h2 2d avidc ehsﬁmbutacb uiptoc ameonhirane device

—1

'para 0 Jopick AT Incitsnd WBNEHER! SEpaRHfisel &live polymer

pdrapgsewherehyi pﬁémqaieaandeagn peFaoaje epuxtures having
dlfferent ‘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 260.
Where the non-permeate is enriched in at least para-xylene,
recovery operations advantageously utilize fractional crystallization
and/or selective sorption. Purified para-xylene product is
withdrawn from recovery section 260 through conduit 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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recovery operations advantageously utilize fractional
crystallization and/or selective sorption. Purified

WwW@aranxisBene product is wthdrawn from recover pCHESINOMR2514

260 through conduit 266. A st ;ﬁim depleted in the
par a- xyl ene product is wthdr from par a- xyl ene
' cqQnduit 268. Advant ageously

recovery sectiop through

erao'xygea@rtamcd}Oéf mﬁgaéﬁf lengs Ri@éﬂl@tedsnrransferred into the

tdrRpaical XEbﬁO@rsﬁBﬂ/ Sécti®h 22 89 ene product is

transferred into the chem cal conver si on sectl on 250.

A stre e tewh dplet t eat

par ax grqagpatq vESTRR erlﬁeg?ﬁ qu r lfAst para-

lenaar‘eblreamee devihee n230 ehnngb qsnwmhdra% ﬁnfh membrane
er t ex an

aieﬁ%% 20, VorfEne %@%ﬂ%?% g comiCl Wahsfeited othrough
axchgngead 2306a-and ecan m&o@é& tubyi pacans of pump 241,
e e flrs C e

%}‘Bﬁéﬂg 881?3%{% V‘%&gr oir%{} Icér{: Infe g‘?%te?f g?eff?ﬁ Qggegﬂes ?gcovery

|S§Cﬁlﬁﬂ| P at deramag@@aslyyl e\ﬁberc-v ectboer rst feed stream

tisoss advaixtageoust ythet I (3 zasosritEst lc\omp&iﬂds oand the
Pur| i ed neta- x@b@ grod i S withdrawn from
RSTHGICe S PRHEHERy iBett GRS ADCIARBIEE . JREOY ET 4@Derations
/hcwarrﬁageftﬁml tetctﬂuze@@dleeﬁt/e &bt?ﬁ@nandeffi’ed(yiﬁtﬁ xylene

(0] SIS I awn on1net ne recove
Buditich” s aﬂgﬁl@am. St T ve, | TPl ection 240
cthno'aghl condant 34 6ne A steehriix deplae(mit in drdtho melaenyglene and

ecov e¥ S ec%ﬁ%cﬁﬁ r ou gﬁﬂlé%‘&gamﬁo%lo ﬁ@ﬁt Qyi(é/ﬁee "Yecovery
t&eﬁﬁgne%/h@@ught eonduitn2 gt adptipaaldy 9| etr@ap"u r¢antatning para-

Qiyfléﬂétmf %‘El‘i’ﬂﬁ{thré eqtitp rbr%ﬁa xﬁ%@ntaﬁwey% fl‘b‘en%né can be
wa t&e stre%qzlo ig eted in the met. eﬁﬂﬁ th h
H Pat a-HOMe n A5 EY EERE o FECAVEY t PEF Pé‘rr nt othroug
tdmdm*emzdlz g:tanvlersramfseemdonnﬁSOanfomwga}améé Ipara xylene
t t
PBHEN FEGHUe e er SR FE0 LG o o

i sonerjzation reactions to thereby establish an
equi | iddvamtageousl, alherrepordast ehthe sireams depleted in the

hﬁéf@%@%%iz@?#gﬁgiggﬁka%%’kn% -’iﬁ@ﬁu@f‘s 278 aRooH@hsferred into

C SS reacta or Co
1he éil@rﬂapawqmeﬁrﬁg%tmﬁl%gs f» daGrexamats (hiopgh gonduit
SMSam @ah gc@mvémens aofoatt ileastofa tpoetioansdr thonstream

pée% rgf@ {0882 TR Gtk | BRS¢ lﬂflgrecgy establish an
equilibrium mlxture. 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 one or more desired compound,
the strearm withdrawn through conduit 256 is advantageously
directed into membrane device 230 through conduit 256, conduit

256a and manifold 218. |



aromati ¢ hydrocarbons having about 8 carbon atons, is
W t hdrawn from section 250 through conduit 256 . Were
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or nore desired conpound, the 3gream w thdrawn through
conduit 256 is advantageously directed into nmenbrane
devi ce 230 through conduit 256, conduit 256a and

8. T is clained is: 1. A process
?ﬂfh{lﬁ ng{]/é# ré?‘r@lnimi<§$|ene in adm xtures with other Q
aromatic conpounds whi ch process conprises: (1-A)
wi t hdr hwi ngAf maecaspeforn recovyering meeta-aydeneviine admixtures
fitht dthet Csirannaticaronth N kied ?Q@é{'ﬁ%oﬁipnses

nmet axyl ene conpared to that of a seco | uent
stream(lhAoh st r Bdbkdeawing: ifje@ by fareetselective membrane

REBRL IOt Auid e§ﬁ‘eaﬁi‘eh@vﬁigmaﬁ' 611? ”ébﬂt'éﬁf” of meta-
fluid mxture c in rretax ?ﬁ one or %o

GoHeneh oMo Jabah T ArecoalngLRERt | HueRRy Whiclpstreams
paret iderivedt oy fserlectmerpammatttmwﬁ atr daasthe)ne (g aromatic

SRR B gL ’?tui% %&%@afﬁﬁéibh@p%xf‘éﬂé’ "aild one or

emore hetheroarematist comporndi- apidene conpared to that
of fir ream e Stre n
CI-E51 " eam dRIRiEEh CClll SoF SREMIBAN b the, first stream

met a- Xy process accor to claiml

| m&@wwnefmm. gheri sain r%ﬁpdpg&e rﬂat% matareylene decovery
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| gperatone Qbheéxtré@ﬂmth&feﬁwhﬁn% purifidienzroduet havmg an

SRR, (GBTHE R She Mo TOTAT r?eéi"é%%md"@ ity of first

rrméumeamrwremcmgstaeameaean qnenmhymylreme mat eri al .
4. The process according to claim3 wherein the

Toror arts WA PE iRk RelRit bl i@ TAErEG ' U fluid
dmiivtuRp feomoprisesi bietaaxpltemeanndi @y beasat oneasther zusomer of
Bfﬂ%ﬁbéféthﬁbegﬁéﬁg &t iXtub &€ thepgBrs of xylene or

nze

process according to cl ai m 1

V\herel t he t ax ne recaqve ration,co
si mul afed ng&g é‘(ﬁér%“é’?ﬂ %lb‘é& Bﬁ't“@r Iowhegg nf evanembrane
S&@shem u@llzﬁseappenﬁs&l@@cwailm@mbrm@mmpmmgl a least one

(()elynn"i it mz'ft rial.

4, The 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 meta-
xylene recovery operation comprises a simulated moving adsorbent
bed counter current flow system.

6. The process according to claim 1 wherein the meta-
xylene recovery operation comprises contacting at adsorption
conditions the first stream with an adsorbent comprising a type Y

~ zeolite containing sodium at the exchangeable cationic sites,
“selectively adsorbing therein meta-xylene to the substantial

exclusion of the remaining components of the first stream thereby
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exchangeabl e cationic sites, sgbectively adsor bi ng
therein neta-xylene to the subStantial exclusion of

the remaini ng. conpgonents of the fir stream . . .

¢ RaBiig oArPeiscH rereatn s aihnfhereaioior Baeqegring  high-purity
r asepaekiyhendi gh-purity neta-xylene. 7. The process

according to claim6 wherein the netaxyl ene recovery

oper at i7on iﬂ"hbuctjgmebs aCecprldihgt rt:.eatrclzlatig:]I t Bevaldaw]b iberthe meta-
cont ai nin sqr be - XY e e .
LA TRRRUER T nE B R STk afece S8y B treating the
t hdsefbemt asontdining eadsahedt mata-xgletike pritcess desorbent
a i A0 [ i tﬁi%’t'ﬁ]‘-e

oper_a?il onc§1§pﬁt€i@e?00 aregﬁeliéiﬁggggi nt a{&ﬂef]tgé‘%‘ﬁ%wfrom as a

adlind peXFAC §HE@ens i ncl ude a tenperature within the

range qQf fr about 20 Ctodabout 250 .C agd I a.
pressufe wi tHen RINCESHNnGECHKIIPL P aPnoebeisin thy meta-

aRgnd0Pepoveary 9.operationocss sfurticer dichgrictecizwdn th that the

(S Poptlbh " Eppftins THoLRRS 4 dbsBher 265 JyRBiA' & Yange of

cfirorar abont p2@t e€'sta abpubdds6° aCst avdmat oappradsnge awvithin the
eqad L i b ' ol S
ag%hoé%i %%ﬂltg%ﬂncﬁw é ?%q%hﬂ%?g?ttﬁegb%%%r% §§ Fg’pas si ng

at least a portion of the rej g,ct streanit_o a cat I.yilic

xyl ene i somdhiez afiTeResy o ASsOTeuISH  dQucelaimst Gapyhich — further

cCeBRihS5ag an equilibriummxture of xylenes. 11. The

process according to claim 10.v\he‘r‘3\(§¢n t he cat gl ytic
|

conver PASHNGr odbsslashpd sRATTLMH the wigjech “stream  to an
sethpleniaenecatayition cehwbisidnunsivicesondot 'modugé a stream
tenperature, pressyse. angd .ti S icient to produce

af O R @ﬂc%ﬂﬂmbmb‘gaﬁnécaﬁﬁ iog%mt%gxt ure of

xyl enes. 12. The process according to c|laim1l wherein

the i sdferi 23 opregess ysacaosding sdo aelaimi di¢ which further

I B 'tgﬁs.oxi de support which has incorporated

t her ‘at | eagt ane co onentf . .
passing at least a portion of the reject stream to a catalytic

xylene isomerization process to produce a stream comprising an
- equilibrium mixture of xylenes.

11. The process according to claim 10 wherein the catalytic
conversion process comprises contacting with a suitable
isomerization catalyst under conditions of temperature, pressure,
and time sufficient to produce an isomerate comprising an
equilibrium mixture of xylenes.

12. The process according to claim 11 wherein the
isomerization catalyst comprises an acidic inorganic oxide support
which has incorporated therewith at least one component
comprising a metal selected from the group consisting of  the
transition elements in group 6b and group 8 of the Periodic Table of
the Elements.



conprising a netal selected fromthe group consisting
of the transition elenents in group 6b and group 8 of

wo b@sBesssodi ¢ Tabl e of the El enents. 13. The prBCEES2004/022514
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according to claim1l wherein gte fluid m xture

conprises at |least a portion of the |sorrerate 14. The

proce ac rdln to claim the | ene
recovZ‘rS?ir tc;@?%tp %ntﬂqc%él %C? grgin the fluid
shigarevwcomprised worleast at ettlan aﬂsshze utsomlemedl tions
exhibits the ability to effect the adsorption of the

par a- xMeneledpod;d'Bs adcending 1o etlairanck twherbin the meta-

;%%lgnéy lrﬁ@&‘ge oﬂeﬁéﬁ 8ht SomhprRLS gﬂlt%ttglpﬁﬁgr rﬂh%y first stream

rocess*accor

wiitheai aéﬁ-;orbcmﬁr sbat atsads\oréptmnnsgndttt«ane ehibis the ability
>6>h'e?fe’c§ tﬁhe 8o txéﬁaldﬂ fige S wﬁtﬁewl%ﬂet ' hh&e@rtﬁblxlaﬂene in

erRTS e ot i, maxsy B vl oHireadter oTeg@vering  high-

ﬁﬁlﬁty(ylheﬂ&xy’man&he process according to claim15
erein the netaxyl ene recovery operatl on further

(Z:gglp |r|t fﬁ%t thé&%én gg?ﬁf@g&ﬁe Cﬁﬁfgya oré’g erein

padsorbyg lnens and abuntineyilecatet vehishr @nlnblta thei BEA crystalhne

g h 0

e%%ﬁ ftlre B 132@& 151 tﬁé‘eﬂﬁ roegé%s ifo;rﬁ'{“hg ggfég? flféergdsorptlon of
@wepaga-amlﬁn@ padaoxt,h@ﬁy eecoubpyeﬁqr@ma sadhe gneta-xylene.
extract therefroma purified para-xyl ene co-product

and a 1@ eCl"hétpﬁ%Bsslécc'o"ﬂﬁn?f %eﬁalﬁfc%dkﬁ@eﬂe@n the meta-
claim16 wherein is sel.ected fromthe

n
e RSN YRS AL O, CHETI Ao kOBRETISERY o
conbi rtadntaotlngeraofdesbﬁfbeﬂihe withceas ty eorBetwy keolite in the

W“@E{%% 0% ol AP %@%&ﬁs@es&m ortho-
eneetharefrenhyasr o fhids exma:ch, pepaeatengethan syhenes from the

Ie%te ad@- The process according to claim 18

Bi‘ts rilsi ng]r contact | ng sqffl orbent V\/l%g f
type fr1bggmg e a1, of hPOorHoBe R HhehseRaLatekgxylenes a into
ppar-xylene, rgcbheryxyb emu?g@lme@ hzktze@ﬁemgefa’éfrgﬁhfa purified
processq accordi m erein the desorbent is
s@?@cﬁg&g]ﬁ? o tmg)(fét% o$§?1§t | n@tf&a‘?‘i ‘ol uene,
benzene, and a conbi nation thereof. . )

The process according to claim 16 wherein the

desorbent is selected from the group consisting of toluene, benzene,

and a combination thereof.

18. The process according to claim 14 wherein the first
stream further comprises ethylbenzene which is adsorbed by the
type Beta zeolite in the hydrogen form in preference to the meta-
xylene.

19. The process according to claim 18 further comprising
contacting a desorbent with the type Beta zeolite in the to desorb
the adsorbed para-xylene, ortho-xylene, and ethylbenzene.
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21. The process according to claim 16 which further
conprises; passing at |east a portion of the reject

watesan3so a catal ytic ethyl benzene conver si onpemdsmn4/022514

xyl ene isonerization process 89 produce a stream
havi ng an enriched para-xyl ene content conpared to

t hat th j ea .- The, pr qgG aggor diing. .;

to cl gOm 1.9%% gﬁg)ct% %ge f%?%%}rrll gt uF(g _%;@i sgg og‘}eﬁl%re in  the
eserpentiustsedectast dromnthe igranppconsistingy oftieluene, benzene,
C:ii'nglpraoé’@l'if{)gﬂﬁtioﬁ thé@dp o aromatics transal kyl ati on,

and/ or net hy

ation of benzene and/or tol uene

reactions. 23. The process agcording to clajm1 .. ,
wher ei?n{]-t hjh%ntﬁré?ﬁgs%e\?i%@r‘%@& i 3@s GAaigd, ﬁiénelﬂi‘%me further
reumpaizeswhi ch conprises: (i) a polynmeric naterial,
and (ii) 1ncorpqgrated ther.ein lurality Lscrete .
comornAsstis b P& g BOR(ighs of s’ Bt siaath B Seatalytic
Bthybbenrsse aconvedi signt oaxd Hm tyldmsr eisomérzationr grocess to

i utili pe ective ne .whi ¢ '
3%%%&5;& (éflse{f‘ ol !}ﬁgfc’fé rréﬂer?lgﬁ?ﬁéﬁd P%Pé%len‘e content
iooappoedttedth aie péithe arepeair atie@mof di screte
conmponents conprising at |east one 10-ring or nedium
pore SZe CTHS! Brocdd AtTHbRf | ko AbRin? 1 WEeRGifCefR fluid
according to claim1l wherelin the nengbrane devi.ce .

d
UDIX{UIEs GOTBRTHCSe| @G i OB MROkS aREOUHFE Aoffforuing, hydro-
(procasgpinlgy mtolwemat dispdopoation|i id Cpcty pOj@tadmatics trans-

RS B B B ST St ReRBRR! Shatof 8Pk Wactions

crystalline structure. 26. The process according to

cl ai m23 wheFle rprocessreadeoadingi¢oidaint 1 whereia the membrane
el.eg¢tLye a i S easti~pn ccoas (3

RS Vb bEtARY A BERIEPARARY  MeipPine *aRticR Comprises: () 2

dolysnetiai aeaterel, yiamddddi 93991(@%64@% rﬁ%@gl,n a- plurality of

R¥isypstRTERD oPen fsatyhigrésingPat Yéadtasnt esyclodextrin.
pol ypyrrol one, pol yurethane and copol yners thereof. 27.

dovi bedhn 1 THEPEtsS AeFafld g clafihr LishBEs iy B Hembrane
alevieesutidizes pal permi-sekemtive amembeanedwhioh comprises: (i) a
SO CALS FHARE' 8 160 SGEorBOHHED BErehSa pluralty of
rBSeTelpl csnpaBcpsy acomstting at least one 10-ring or medium
pore size crystalline aluminosilicate. :

25. The process according to claim 1 wherein the membrane
device utilizes a perm-selective membrane which comprises: (i) a
polymeric material, and (ii) incorporated therein a plurality of
discrete components comprising at least one aluminosilicate that
exhibits the MFI crystalline structure.

26. 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.



as high-purity co-products fromfluid adm xture with
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device a first fluid stream hall\ﬁ ng an enriched content
of netaxyl ene conpared to that" of a second effl uent
streamwhich streans are d |ved sel e

cti
per neaton bhe Professs ACSHEdng Ag ?1‘18 éo@@ﬁﬁﬂl thgmgmbrane

fﬂe*vréerruﬂizw a:mfn-%emmrveeqnemganen ddmpyisengfat least one
nor e omat |

' d; 128-
)(;f;gfr}ﬁﬁﬁgl nén%ﬁerlaér ﬁslr??t&ﬁ{ o?frf’me f ngé)un m ons1§t?mg of

vwpohdimides! rpotyihedesnbndnp oﬂgeéamﬁde)lmdm a- xyl ene

recovery operation to extract therefroma purified

Conpar 88 T oA ReE Ty JECOTREY o PIGHRE il B0 xylene
| anhigh-ParEyx e ERED BﬁQS(i:‘g)tg ik ¢ MG wigh  other Gy
pﬁf&ﬁﬁﬁgoéoﬁﬁg)uﬁﬂgo%gﬁ ﬁ@%s?téﬁﬁﬁ}i’geﬁhdr awn from

ra- xylene*recovery
operat (WA extwithdrameing r drom par iparedrseloeizve membrane

L@% f'ﬂﬁﬂi il hg%ﬂ%‘eaﬂaéﬂrﬂie@”ecd‘iﬁ@ﬁﬁr o meta-
p?%

t stream an t stream 29
caermraa thatc pdi %sggomeﬁgﬁﬁenhesm%%wmﬁ streams
r aovaenvede byt |se]redtmet hpermaaions e of datstleaﬁutoneg @& laromatic

P EoBare ffam; AL EL e 28nbafie) aaﬁiercﬁﬁﬁ&ﬁﬂf% mixture
eaf xytena ladednerorampue | forthdr @rotatic heoinpg uard
enr i Chfﬁ} ‘ﬁ’);t emdl‘%&égﬁ%ﬂgt HIKY P”g)orﬁgn Toe Hié’c?ﬁﬁ stream

accord clarm elrn t araxy ene recovery
dEaenafiodt othe veeHbbRendevige 1810 medaprpicass Tecovery

zt@eefaﬁtiqﬁlgl tztg @x@taf@t3Qh‘di%fﬁbﬁ1t t e pahgféd Ve r@tdrumgl dinving an
one . nat u ana/ o e

criBclie (oniplh obahe; clesiasy e PottaP o kS ifaig of first

ts:t_rleam natd avegeel sticams éézm:tmvmeﬁmxy]:m sameg

tirliz

to 285 merﬁsmpktfﬁ% é@t OF!;!?S or ﬁ{éc%re%ﬁﬁ effluent

to cla
ustmamsmthdwm feami t the 3membéapeod&x§cacé@ﬁcmwa -xylene

(fd 6§>e 68! fb leher 26 %ﬁbfé’ﬁ‘o‘iﬁf B Pﬁﬂﬁé@%oduct having
ut| um nosi || cate whic de
an ennch content of the para-xy ene compare to that of first

stream, and a reject stream.

29. The process according to claim 28 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.

30. The process according to claim 28 wherein the para-
xylene recovery comprises a selective sorption step.

31. The process according to claim 30 wherein the selective
sorption step utilizes at least one natural and/or synthetic
crystalline aluminosilicate.



crystalline structure. 35. The process according to
claim 28 wherein the paraxyl ene recovery conprises a

wo cashrsaal crystallization step. 36. The pr oCEBSEHUS2004/022514
accordi ng to clai m35 whereingtjhe paraxyl ene recovery
further conprises a selective sorption of at |east

ouner St omal 1€ ke dsEoRUH.HE, a0, BTl selective

sorption step uullzes a - -type zeolite.

33. The process according to claim 30 wherein the selective
sorption step utilizes a X-type zeolite.

5 34. The process according to claim 30 wherein the selective
sorption step utilizes an aluminosilicate which exhibits the MFI
crystalline structure.

35. The process according to claim 28 wherein the para-
xylene recovery comprises a fractional crystallization step.

10 36. The process according to claim 35 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.



