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WO 2005/075390 PCT/US2004/022515 PARA-XYLENE PROCESS |
USING PERM SELECTIVE SEPARATIONS TECHNICAL FIELD The

whSs g}# gﬁ/dq%ntlon relates to processes for recovery of purified products
from a fluid mixture by means of integrated 5 perm-selective BEparai 4822515

with purified product recovery operations. More particularly, integrated
processes of the invention comprise separations by means of one or

moye deviges using:. polymeric perm- selectlve membranes coupled with
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10 selective sorption. Processes of the invention are particularly useful for
recovery of a very pure aromaliGEEREC W R BIgoessing aromatic
starting materials, for example, a pure para-xylene pr'oduct from liquid

ixt
r:lx ures’ﬁ{gﬂg ﬁﬂngﬁlﬁg%i:liﬁ@'lﬁzepa #&)I@I&e g aroma cesfS%%YerY of
§ Bfﬁiﬁﬁ nzBFl% $h OB nferd B R Wieh Y IR e s Pl HiBke gTate d
aResap=3aleg BHE witegaratigiffcultywideaugethifidihve pﬁdmomi‘%covexy
Wbpératéd!ﬁy ddeee t@@ﬂhéﬁl'ﬁﬂ? %@@gﬂ%é@%ﬂ%ﬁ%}%&l‘a%ﬁﬁyﬁgmtmn

sﬁ% iy Cld hich in.turn is subse tl

anufacture o g%?/ntﬁgtlclﬁ?@% g?flf éﬁﬁol%sté?%tad%?é isusing
aalysieme wﬁ%ﬂl&c&@l@wmem@mmtm@md oneikld resipeery  of

qmmﬁa@nq)cadmysqyya%ﬂwﬁ@alw st g '%%%9%951%1 5808 and/or

E R e A —,

manu
nf&ﬁ@ﬁ%fﬁr@gfaﬁé@@pmtmmumbmrwh@hhgfncessmg
- partbyrtm\zerﬁﬂrtmgi UhASMIEC 2RSS eRdRpRDIIBEdL{D g]tag - xylene
ation o

m tic com ound b ca’talytl
&?deﬁles to %tg{r[goxy i moiettes 3:1 cRzene as well

A

|I6§JI&¥¥91 ﬁﬂerﬁéqmﬁhbility of utlllzmg a I|qU|d phase instead of
vapor- phase oxidation for the preparation of benzene carboxylic acids
was BACKGROUND OF THE INVENTION

The G aromatics exist as ethylbenzene and three isomers of
xylene (dimethylbenzenes) which are separated only with great
difficulty because they have boiling points which are very close
together.  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. Meta-xylené is used for
the manufacture of insecticides, isophthalic acid or alkyd resins.
Ortho-xylene can be used as material for plasticizers. Benzene di-
and tri-carboxylic acids have wide industrial application including
the manufacture of polyesters, polyamides, and fibers and films.
For commercial manufacture of these products the required source
of high purity benzene di- and tri-carboxylic acids may be obtained
from a corresponding substituted aromatic compound by catalytic
oxidation of methyl moieties to carboxylic acid moieties,
advantageously in a liquid-phase medium. '

The possibility of unhzmg a liquid-phase instead of vapor-
- phase oxidation for the preparation of benzene carboxylic acids was
first indicated by the disclosure in U.S. Patent No. 2,245,528 of the
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first indicated by the disclosure in U.S. Patent No. 2,245,528 of the WO
2005/075390 PCTIUS2004/022515 2 catalysis provided by variable

wialiRReeRtals, especially cobalt, in a liquid-phase of saturated lower

aliphatic acid at elevated temperature and pressures to mai QEF{‘EE%"““/ 022513
liquid phase of the aliphatic acid. Comb#nations of cobalt and manganese
with ﬁitysource 5 of bromine haye become preferred for commercial use, for
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zeolite. Either of these processes can recover paraxylene in high"yields

from aw.@f&agmesbﬁﬁﬁ@&%f %E@é'@sé!@ tr% Hlﬁé&"’% para-xylene

&Sesfé) fhagtional
episie propasarylantilizel eithieim dﬂﬁmﬂv&mgh}f the freezing

Eg %U%%@fe%ﬁby% FABRAZRHR0- Mﬁ@@l%% dBSHEN Tene and para-

H%Qiﬁ%ﬁﬁﬁeﬁéﬁems?ﬁﬁ%” % ebdassel chassdompon

Bropetk osebamolited masenialercito pelestieslyo sefzoste para-xylene

ﬁmthnmxﬂmesar@flalitgstmmrlalm@onwmsmyl%wﬁﬁe is
thr, omer, of the fact that meltin
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dlffere%ttgrtho lene has a
ither of these processes can recover paraxylene in hIgh

‘yields from available mixtures of (; aromatics. However, they
involve reprocessing large amounts of the resulting filtrate from
the crystallization process or the raffinate from the adsorption
process.” These streams are depleted in paraxylene and contain

- relatively high proportions ~of ethylbenzene, ortho-xylene, and
- meta-xylene. Furthermore, these streams are typically subjected to

further. processing downstream of the crystallization or adsorption
process. |

Crystallization methods have been used in commercial

‘processes to separate para-xylene from aromatic starting materials

containing ethylbenzene as well as the three xylene isomers. Use is
made of the fact that melting point temperatures of the individual
isomers of xylene are significantly different. Ortho-xylene has a
freezing point of negative 25.2°C, meta-xylene has a freezing point
of negative 47.9°Cand para-xylene has a freezing point of 13.3°C,
However, conventional crystallization methods can be used to make
para-xylene with a purity of 99.8 percent by weight only with
great expense.
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freezing point of negative 25.2C, meta-xylene has a freezing point of
negative 47.9C and para-xylene has a freezing point of 13.3C. However,
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2005/075390 PCT/US2004/022515 3 Ctystallization processes to recover

para-xylene from a mixture of Cg aromatics requires cooling a feed
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PRt 531% Aedbiscbleuqd that the
myﬁn@mewmmn@e@mmm@h dn@ghﬁromslatmayltmm;mmuon of .
@thgibenzene in the remaining mother liguor. As the eutectic
temperature decreases, the concentration of para-xylene in the
outlet stream also decreases, increasing the para-xylene recovery.
Given a mixture of xylenes with relative ratio of para-xylene :
meta-xylene : ortho-xylene : ethylbenzene of about 2:4:2:1, at
temperatures within about 3° to 6°C of the eutectic temperature
the para-xylene recovery is limited to about 70 percent.

~ Typically a reject stream depleted in para-xylene, but
containing .relatively high proportions of ethylbenzene, ortho-
xylene, and meta-xylene from the crystallization process or the

" adsorption processes, are treated in an isomerization process which

is used to increase the proportion of para-xylene in para-xylens
depleted streams. The para-xylene depleted stream can be
contacted with an isomerization catalyst under appropriate
temperature and pressure which results in the conversion of soms
of the ortho-xylene and meta-xylene to para-xyleme. It is also

- usually desirable to convert some of the ethylbenzene to prevent it

from building up to high concentrations. Known catalysts are
selected to enable conversion of ethylbenzene to benzene and
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aVvery pure aromatlc isomer "has now
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Accordingly, it is an object of the invention to overcome ome
or more of the problems described above

A new approach to recovery of a very pute aromatic isomer
has now been found when processing aromatic starting materials,
for example, a puré para-xylene product from liquid mixtures
containing ethylbenzene as well as the three xyleme isomers. The
new approach beneficially provides a process for recovering para-
xylene having a purity of at least 99.5 percent by weight, and
advantageously 99.8 percent from liguid mixtures -of aromatic
compounds, even containing ethylbenzene as well as the three
xXylene isomiers.

As will be described in greater detail hereinafter, the present
invention provides processes for recovery of purified products from
a fluid mixture by means of an integrated fractional crystallization
and perm-selective membrane separation apparatus. Integrated
apparatus of the invention comprises a fractional crystallization
unit coupled to one or more devices using polymeric membranes
for recovery of purified products.
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for example, a pure para-xylene product from liquid mixtures containing
ethylbenzene as. well as the three xylene isomers. The new approach
beneficially provides a process for recovering para 25 xylene having a
purity of at least 99.5 percent by weight, and advantageously 99.8
percent from liquid mixtures of aromatic compounds, even containing
ethylbenzene as well as the three xylene isomers. As will be described in
greater detail hereinafter, the present 30 invention provides processes for
recovery dhpueifiechpnegdctorfrarmoatiiiteatintaraisihndams preducing high
intpgrate difeaatinpidcey taltimatiol” @inak- priatiselertitarmendranring  para-
se%a ation ap a{atus Integrate a%Piratus of the inventign comprises ﬁ I
¥ 9}y 8 ich
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pofyyeseiemesnibeanteresBaol rsvash et o dfivd fooocsta mesrens a
need for a cost effective method of producing high purity para-xylene from
a Cg aromatic mixtusd daivbiiy gakal ke hb] vitierdXyBxe, ortho-xylene
and ethylbenzene which overcomes the aforementioned eutectic limit for
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starting materials, foy example, a very pute para-xylene product. .
di%ﬁ@ﬁﬁé'%e?grpé% lﬁ&pf&f&%ﬁquééﬂfi%‘ﬁ? oWz}(‘ﬁBidj‘f%S%?é‘é%, arpmatic
vartrsi yp enatgarats nfae dangd pegiaityapluid 145 sixplesofproduct.

compounds of petroleum origin. In general, the fluid feedstock is a liquid

mixture camerigineiadnesetraiesiiveintpaipiaakiethempenentancdha esguid

permeable co n P IS erej .

paﬁéﬁﬁﬁ%&%ﬁinﬁmdﬁﬁﬁé QLmA! ?{fﬂ_é‘i‘iﬁlg, ESPELTally a fluid
mixturé of compounds of petroleum origin. In general, the fluid
feedstock is a liquid mixture comprising a more selectively

permeable component and a less permeable component.

Processes of the disclosures herein are particularly useful in
processes for treatment of a mixture comprised of one or more
products from reforming reactions, catalytic cracking reactions,
hydro-processing reactions, para-selective toluene disproportion, a
Cg to Cqo aromatics trans-alkylation reaction, and/or methylation of
benzene and/or toluene. For example, there is provided integrated
separation processes for recovering para-xylene from a fluid mixture
comprising para-xylene and at least one other isomer of xylene,
ethylbenzene or mixtures thereof.

In one embodiment, there is provided a process for recovering
para-xylene from a fluid mixture of aromatic compounds which
process comprises: (i) withdrawing from a perm-selective
membrane device a first fluid stream having an enriched content of
para-xylene compared to that of a second effluent stream which
streams are derived by selective permeation of at least one aromatic
compound from a fluid mixture of para-xylene with other



processes for treatment of a mixture comprised of one or more 20
products from reforming reactions, catalytic cracking reactions,
hydro-processing reactions, para-selective toluene disproportion, a C6 to
C10 aromatics trans-alkylation reaction, and/or methylation of benzene
and/or toluene. For example, there ig provided integrated separation
processes for recovering para-xylene from a fluid mixture 25 comprising
para-xylene and at least one other isomer of xylene, ethylbenzene or

ardi oS SRGse kAR ong-embeAimeatidlare IS Aro\wehaBmress fAhe first
i recoverlr_é% ara—xyl%ne frogf}}éa f_IU|d r’g@yre of a(r]oemé%tlc comgound%v_vxhl%hne
SUOROLesYEBMANLES: ([PRth mﬁwj 2 BErm LR &ive S0 mefibrans -
corpansation st il steearfiEfhg fieeplieRbd BonftiRdparisdiche having
- an campiehed todbatarfta sdcahd efflaemixyteram whithasedarts ateaderivedfirst

stréyrelectiyg pesmeainof aideashonaaamatic campadadiiropaadligdene.

mixture of para-xylene with qgther 6 a ic C ds;.and.(J -
AR SR s MG SHIRKS SR et b selecive
megaEas R pRASAHICash OB RAIYMEHR BARTAL therefrom a purified

~ product having an enriched content of the para-xylene compared to that
of figinsteeameandeaireieclisirfrm lqandust legstaarayiaaiic compound
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Bakdefon stigiie shiéese thialiodbmetisivhgyleree exbthiplbereremeability of at
least 7.5 x 10-19 m2 Is Pa (i.e., 0.1 Barrer) for at least one of the isomers

of xylene or ethylbepzene. Wher ifi - ' '

e o e R
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a catalytic conversion process to produce a stream having an
enriched para-xylene content compared to that of the reject stream.
Typically, the catalytic conversion process comprises contacting
with a suitable . isomerization catalyst under conditions of
temperature, pressure, and fime sufficient to produce an isomerate
comprising an equilibrium mixture of xylenes. The isomerization
catalyst beneficially comprises a =zeolitic component and 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 VIB and Group VIIA
of the Periodic Table of the Elements. Typically the isomerization
catalysts comprise least one component comprising a metal selected
from the group consisting of molybdenum, nickel, paliadium and
platinum., Advantageously the fluid mixture comprises at least a
portion of the isomerate. Also at least a portion of the isomerate
can be admixed with suitable products of reforming, hydro-
processing, toluene disproportion, a Cg to Cqg aromatics ftrans-
alkylation, andfor methylation of benzene and/or toluene to form
the fluid mixture.



enriched para-xylene content compared to that of the reject stream.
Typically, 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. The iso%erization catalyst beneficially
comprises a zeolitic component and an acidic inorganic oxide support
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20 In one embodiment, the membrane device utilizes a perm-
selective membrane which comprises: (i) a polymeric material, and
(ii) embedded therein a plurality of granules comprising at least one
natural and/or synthetic crystalline aluminosilicate.
Advantageously, a perm-selective membrane comprises: a polymeric

25 material and granules of an aluminosilicate which exhibits the MFI
crystalline structure.

In another embodiment, the membrane device utilizes a perm-

selective membrane which comprises: (i) a polymeric material, and

(ii) incorporated therein a plurality of discrete components

30 comprising at least one cyclodextrin. Advantageously, a perm-

selective membrane comprises: a polymeric material and a plurality

of discrete components comprising B-cyclodextrin or y-
cyclodextrin.

Membrane devices, particularly useful for purification of
35 substituted aromatic compounds, utilize a perm-selective



15 ( B) distributing all or portion of the first stream withdrawn from the
membrane device into para-xylene concentration unit to extract therefrom
a purified product having an enriched content of the para-xylene
compared to that of first stream, and eject stream lean in at least
para-xylene. 20 In one embodiment, t &membrane device utilizes a penn-
selective membrane which comprises: (|) a polymeric material, and (ii)
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In yet another embodiment, the para-xylene concentration
comprises a fractional crystallization
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aromatic compounds according to the disclosures herein, concentration
operations comprises a selective sorption purification. Beneficially, the
selective sorption purification utilizes at least one 15 natural and/or
synthetic crystalline aluminosilicate, Y-type zeolite and/or X-type zeolite.
In yet another embodiment, the para-xylene concentration comprises a
fractional crystallization 8 step. Beneficially, such para-xylene
concentration further comprises a selective sorption of at least

pa@epyl@Berfafmialllyljcgmihtpm@fxp&fﬁe(ymeemthdmrfardnmttmmprises
compoyngd ?v%og %8&&%30{}:6@10 as)l l%ﬂ@rfﬁﬂ]ﬁ“s?mg?@'%‘?ﬁme of

there Is prov ocess for recoyering para-xylene from a fluid
iR BY étndpc UrRieTes rfémepfél)l%o?%ﬁﬁﬂ“f% § carbon

peatmsalective membrane device a first fluid stream having an enriched
content of para-xylene, compared, to that of a second efflye aéstream

which stréBnfs BREUIHE GRS RIS B it ER iR BidRdeasPEpess for
armamtwe&mgmwaix&'t&nea firgich naixtlunel ohperargytednaroitiahtheompounds

Wlt dr fé} o e(ﬁ’l?ggréﬂngg}levme% partlﬁgl%n@%gggﬁtrg%nggﬁne
eSO s T
pac@zrﬁoaymhé@ohh@“areﬂ  teaotdirst Bveai sirahmrejdockrearacags are

mqieﬁwstw @tﬂ@eﬁw@qﬁfﬁimt&wa@mgﬁma@ Sidhmberavivipeend
ﬁreted S oad str #thdrawn f om thetrge bra%%O%V{?g with

(%}’I% FS é |£%R6 Ca% )}%?{ﬁ‘]éé/r %%% Itions O mpera ure C%llf’n Ounds
antPrrESEtHeteng (ol b OB S Ba B TR AH R 20 Hdiaen from the

parasrienmeodieniceonp egdcathatiohthecegrand siream uilepandingract
a, |
ol SR P &%?@2%%%2%%?%&% s e

of ébaﬁm.e%mﬁma% Frisigt SIS RITaANG ROFISEhhaBIHRS mother
deliigaer fipsbtluict saadnt dlavingt act 2 exlliche pocntenbdf ther pagdexglene-
cogad dosthiahpl sesithdrawn from the membrane device with a
suitable isomerization catalyst under conditions of temperature,
pressure, and time sufficient to produce an isomerate having an
enriched para-xylene content compared to that of the second stream.

Depending on the separations required, processes according to
the disclosures herein provide a process for recovering para-xylene
from a fluild mixture of aromatic compounds comprising:
withdrawing from a membrane device a first fluid stream having an
enriched content of para-xylene compared to that of a second
effluent stream which streams are derived from a fluid mixture of
para-xylene with other aromatic compounds by perm-selective
means utilizing membranes comprising at least one polymeric
material; distributing all or portion of the first stream withdrawn
from the membrane device into para-xylene concentration unit to
extract therefrom a purified product having an enriched content of
the para-xylene compared to that of first stream, and a reject stream
as mother liquor product; and contacting all or portion of the reject
stream with a suitable isomerization catalyst under conditions of
temperature, pressure, and time sufficient to
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effluent stream which streams are derived from a fluid mixture of
para-xylene with other aromatic compounds by perm-selective means
utilizing membranes comprising at least one polymeric material;
distributing all or portion of the first strﬁam withdrawn 30 from the
membrane device into para-xylene co Rentration unit to extract therefrom
a purified product having an enriched content of the para-xylene
Cqﬁﬁ@dt&d:toamatierbﬁretmea‘mv&mg aarejeehsirbad asmaeotiéetiguoontent
prgg @]‘ﬁ? Gtingpll oF rttlgtqég{ﬁpe reject stream with a suitable

isome zatlon catalyst under dltlons of 35 temperature pressure, and

time sufficient to 8a_ produ somerateh an en

para-xyl %ﬂtgﬁf B8R ire%l?ofthlast gF (t)he rejec réamggﬁt‘ggﬁﬁgzovermg
AsPRAE; ¥ @@ﬁ?sfﬁ%méeﬂla%mé&}él fof’ eacr&mﬁﬁg HARRNEAE FOMRIRIRE:
mixture of ar(qmptwﬁhmmumt@ doomprisingiembAandthdeandag dranrst  fluid
m@ﬂ]&t %%{Zé%&ﬂ%@?@mé}%'ﬂ | §D1%E tfé%fé%‘ﬁ PARId to that
para-xy red to that of a uent str C e
arg%érl%%o gt rﬁﬁ?ﬁt’@ owgéccﬁeﬁie&nﬁ&gre e Wi Pr tn a'huid
aromhstieeonfpddnpsreontansir BYeaisb v atBnE sy @éﬂﬁl@%&m@pounds

meangaitiiaing 20 mebimangsesmpiisingatteast erteveolynens mateizing
W%&n@%ﬂ@?”@&i@i@ib g Paa- Yyiepe éﬁ!?C% 1 Rlct anthibergbYwhich

Increas € para- ne C centra oninth

urd to 5
pelﬁé%‘ﬁ’t tEtﬁ’oLHﬁr& ?‘ﬁ%rtﬁ? ‘“’Sﬂﬁb Eﬁrétit ?%&%%%by
15ifrareate thembransdetice Meraligria @bnc’érﬂtaﬂarduﬁtf@am to 50
exﬁgfééﬁe@frﬁ@@ -purified product having an enriched content of the

para-xylene fg}‘%@g‘?ﬂﬁﬁﬁ% le'fﬁl %?tgﬁ 3P HAG SFEAW \IRhdrawn

ontact ortion of the rgtect stream

maother liqu an
willfoBp it %Srﬁ@ﬁ?& @P@aﬁé@?’éﬁ’ﬁn&g@cmﬂl %‘?‘ateﬁ‘fﬁe?‘i Falisiasuis to
anelx timet siifficiénoo producBeth sardecitdasing an @nrr@rtmlp@miem of

xylgReraaishiiepRRyRpiRdaairtae gk ai@asam, and a reject stream
as mother liquor product; and
(C) contacting all or portion of the reject stream with
isomerization catalyst under conditions of temperature, pressure, and
time sufficient to produce an isomerate having an enriched para-
xylene content compared to that of the reject stream.
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WO 2005/075390 PCT/US2003/022515 9 This invention is particularly
useful towards separations involving organic compounds, in particular

waopopmensgis which are difficult to separate by conventional mgang;s /@292515
fractional distillation alone. Typically, th@se include organic compoun _
are 5 chemically related as for example Substituted aromatic compounds

of simil rba er. For amore lete_ undeyrstandin the
present inventi %Vgrlg&e) B sﬂéﬁrb"ﬁgw n’rﬁg‘f[) ﬁ%@dmﬁ@tﬂ@mtmﬂs
iliviekeing grgampd@t@mmc&;cdmpaaytmglﬂmmgmpdmmmwm:h are

belrdil 1Qavayepfauteres obtsvanaiodl BRIERPESERIPION-Q5ional

Tﬁ&@%ﬁé@&ﬁ%@“@% vﬁﬁem Hi’éfji crlbed in dit%gunds are

dickgmiealispicobatedpestdor s t&ubemmmdr erometicg ¢bmpounds
paRskylaae frarhadluigimpstye by means of selective permeation of at

least one aromatic compound from a. fluid mixture of para- xylene with

other ar C & t purified praduct.

G, 1 1 b d%?%b B B B s b SR dention,
irhRIRTERSH \/\ﬁh@l‘i‘ kb aaWe R ﬁ*ue@bbedmgnts illustrated in
pgreatetediveimémthanssccnmprisirip gt hasyime palndkiieribaitristlew by

p{ggjﬁ%ﬁm 18 Cop@Ring v, r&pavmg an enriched content of

para-xylene. F i is sc ematlc awmg showing an embodiment of the

25 present inventi ) Wm@t using
| material to

perch-selective m

enrich t gar ﬁont t rm |n|
?[EGERFI& DF%?%éRﬁI?’R'I}ION %% A éilgﬂ"‘g‘{ﬁeer?c m%?ﬂk%%%i&a ic §£?“% with
felifetBntidy G4 NRAY ﬁ%@%sp ﬂ?a ¢ flow
cd}aagmnsudgpicmg aspects of the present invention for recovering
para-xylene from a fluid mixture by means of selective permeation
of at least one aromatic compound from a fluid mixture of para-
xylene with other aromatic compounds; and concentranon to extract

purified product.

FIG. 1 is schematic drawing showing an embodiment of the
present invention in which selective perineation is carried out using
perm-~selective membranes comprising at least ome polymeric
material to provide a permeate contaiping stream having . an
enriched content of para-xylene.

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

GENERAL DESCRIPTION

Any polymeric membrane which under a suitable differential
of a driving force exhibits a permeability and other characteristics
suitable for the desired separations may be used.  For example,
membrane devices for separations according to the invention may
utilize a plurality of perm-selective membranes which under a



suitable for the desired separations may be used. For example,
membrane devices for separations according to the invention may utilize
a plurality of perm-selective membranes which under a 10 suitable
differential of a driving force exhibit a permeability of at least 7.5 x 10-19
m2 Is Pa (i.e., 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 membranei§r an asymmetric membrane which,
for example may incorporate a gel, a solid, or a liquid layer. Membranes
useful for the separation of to C8 aromatics in accordance with the

.. invention include_polymeric membrane, systems. |n such membrane
Swt?ﬁ%&ﬁ&fﬁv@@&ﬁ&%@m&%fa&rh'fm@ﬁﬁmﬁaﬂﬁéﬁgaﬁ A PRIAE
M2 o8rd38 tﬁeepo@rﬁeﬁ@rfﬁé}n%rfg, ifste Ao g lgeaeisarateine or
ethyibenaalifferefibdabld thegndiffanistyary salkebilig vithin Wie andwibeorneous
mermiathe, Notconipakies melebutaesize afluesypathet tamsporbrate ovbath for
exaspisiesytiioogvtaeermajek bulciigodthe kheiiegnature of both the

permeating molecules and the polymer phase itself. Advances in

PolynaeicIREgbrangs Make them alliactive rangidalgs fe 598%3%%9“ in
m

aromatic comiPr%)undﬁjsmce atrr}]\(?é/n‘tjo no degltatad on e% '%8 E|Csone metal

acedgance o on’ " Indlude | polyimer embrane
complexes to achieve the. separation. For éxample, 'several polymeri

syst Fo gL r% S I % h

YStRterials thatiild BETEER S (UGB ratiBP X @Skt E IS SmaRroud

the confipRliRERNSre describEiNg a reBEATPAIGR Ap@ftasn PUbBRcatigiplymeric
membraber USeaos/0 1aoiregies Satablsiyaiers udeablécastbithedliffaesnces
of nhembrdiffeshateriarod theohdriits swjiitbort inbkidershbtituted roatrix. Not
onhunsestitvisidquedrmelse fohexample thembarsspbihergteuprcansiptingeties
throRglysutfnesyRphcarpppategsgolyamidesrand cRPIYIRYbGe ingludipgiaryl he
perrHBLWQ'Hﬁﬁe@f‘u@e@%%%ﬂﬁﬁne?%%@be{%e%?'yethe,“m'des’
polyetherketones, polyethersulfones, poly(arylene oxides) such as
oly(phenylene oxide d poly(xylene oxide), ,
goéég"&@?éﬁﬂide”aiisoégg’ﬁﬂ%ﬁgéglﬂﬁgmﬁ?ﬁ% poljidigrs them  attractive
candidates for separation of aromatic compounds since they do not
depend on easily poisoned metal complexes to achieve the
separation. For example, several polymeric materials that could
be used for the separation of a mixture of aromatic compounds are
described in a recent Patent Application Publication number US
2003/0140789 A1
. Suitable polymers useable as gither
the membrane material or the porous support include substituted
or unsubstituted polymers, for example members of the group

consisting of polysulfones, polycarbonates, polyamides and
polyimides, including aryl polyamides and aryl polyimides,
polyethers, polyetherimides, polyetherketones, polyethersulfones,
poly(arylene oxides) such as poly(phenylene oxide) and poly{xylene
oxide), poly(esteramide-diisocyanate), polyurethanes, polyesters
(including polyarylates), such as polyethylene terephthalate,
poly(alkyl methacrylates), poly(acrylates) and poly(phenylene
terephthalate), polypyrrolones, polysulfides, polyaliyls,
poly(benzobenzimidazole), polyhydrazides, polyoxadiazoles,
polytriazoles, poly (benzimidazole), polycarbodiimides, and

polyphosphazines, and interpolymers, including block



(including polyarylates), such as polyethylene terephthalate, poly(alkyl
methacrylates), poly(acrylates) and poly(phenylene terephthalate),
polypyrrolones, polysulfides, polyallyls, poly(benzobenzimidazole),
polyhydrazides, polyoxadiazoles, polytriazoles, poly (benzimidazole),
polycarbodiimides, and polyphosphazines, and interpolymers, including
block 11 interpolymers containing fgpeating units from the above such as
terpolymers of acrylonitrile-vinyl bromide-sodium salt of para-
sulfophenylmethallyl ethers; and grafts and blends containing any of the
; ing. Tyni Sti -providing sulstituted, poly. inc
ol LR i A e
a%g oups; oweréijlé OXY groups; monocycﬁc gldy' wer-acyl rBLps KAt
sulfgg) Xm%".“ﬁ §ifers HeReticiafty seﬂﬂ?msth‘emlovﬁﬁf&%e 8%or @ny
of  HBSrestHEIATENtion incilYRGRAIyimTHESt B MisheripTieigging  substituted
polyipéffethigdufioneialagepdly sutebnegsincilusinggpolythliptése  and  bromine;
hydrppyletherimiges, aridweolysulfityes madeipsing doalegs ob@ERA.  groups;
mon&eytictilarbryisefubarer pobimidegihatsomaiige pelyimigre.or  Polymers
bendiRigRNerRgas madanesingofibA- msbraniagaausiidbe Rgllowiber, ogent
inveRRMer mempeane isg, fomposite fgﬁ;y@ﬂ%gﬂm@@,“g b8BT ihes
and Iayeéﬁpgu?&g)rgus Slilrp(ﬂggﬁghe porqu: slgggort matergaﬁta t es_,amed
or diiferen ﬁymer, asthe membrape’ enerally tI’?@’bS LS Sort is 4f
polysyl RPERisive 8rob’§'88lyrﬂ@?.k?ﬁ% QQFm §R@"holIow'?'f’ﬁ‘féhl‘zk!G}S}?’hel"SemI are
polyifidaprant e pdrBIPEEBportRaYENiSEShe éither PRYREIGERIGES or thwde
using Gk layer. Typically the porous support layer is the inside layer in this
embodiment and the "skin" layer is on the outside of the hollow fiber.
Coxdpesiteymersiyranghgnataiilevare deseribgbipnsepengiatidRepatant 4
compPRtCatiaRERerabNas N8B 3485 eABENE/834iR08 PP ARl that porous
suppdiRCUSSeRLOmpasiLe MPRIRANASRAXRAME Use: RRIELIMIMOS! dittarent

pofyrfjita?r%éssg'the membrane. Generally the porous support is an

inexpensive porous polymer. In a composite hollow fiber polymer
membrane the porous support layer can be either the inside layer
or the outside layer. Typically the porous support layer is the

inside fayer in this embodiment and the "skin" layer is on the
outside of the hollow fiber,

Composite membrane materials are described in  copending
U.S. patent applications Serial. Nos. 09/834,857 and 09/834,808. A Patent that
discusses composite membranes is example U.S. Patent Number
4,925,459,

High permeability and selectivity of hollow fiber membranes,
beneficial for practice of the present invention, depends at least in
part upon control of the molecular weight of the polymer material.
Control  of molecular weight is needed to form  hollow fiber
membranes that are not too brittle and exhibit an effective skin
layer. Generally for processes of the present invention, the average
polymer molecular weight is between about 20,000 and about



High permeability and selectivity of hollow fiber membranes, beneficial for
practice of the present invention, depends at least in . part upon-control of
the molecular weight of the polymer material. Control of molecular weight
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exhibit an effective skin layer. Generall)t[ &)r processes of the present
invention, the average polymer molecular weight is between about 20,000

a0 lh R 80l L Aol 000, ana

éﬂdﬁﬂﬁesﬂé@ﬂodﬂ@eéﬁww abﬁtiwmoabéut b&6,000 and
apove..per W \/
in"ord %ﬁ&%@/e@ AT ﬁﬁé}?ﬁ ?ﬁ rEﬁi’é‘?wgtH i’cﬁ%sno‘ffﬁ i@t ove the
pantanglymsentblannlemdasscelofthe pmsl@rmmn/emnom:siarclass athieve a
PRRAYSAISF R MRAPHIERS e ERMRIP s (W RoFyFRRgic material, and

(i) incorporated therein a plurality of granules 10 comprising at least one

o T SRR AR SR o

Iif Peﬂﬁ%’fﬁ@&ﬂﬁé’é@a?@ T8 NP sPmprsere (e akymeric
ammmﬂed aydhdiijAisrocpoeatedmibensifolevind drgligies 6t ranules

u A 01'@531:53' n 0 I ureg Haiqu

Ecﬁﬁ ork o%tgy des %%fedéﬁegﬁgfmc;%%a?%e co&ﬁﬁﬂ%nswtﬁg o% line
ERG ?&Eﬁ/an 8@8 Ly t@%@?ﬁﬂ%mc exﬁﬁﬁéﬁgﬁ}%ﬁﬁlhn@ the

smmba'muﬁen thehaltsivedhgsppasatival., ARRrédtlr&EAfCCHystalline

 DienfiltbsHiE S Bl 544t LidnMBledVBy 4R %’c%ﬂu&E Reode as

TR T P TSRS, omnissicw follouingsthasymies set
2gMmbys theMEPAS| Compsissian; o5 Zealigs Nas eeiaames JZaah, unique
Wa&iew&@hcaﬁs@m@%'sdemgféw exyMPie WipuCRIES NYFRe code
Fg%nzs%s%d'g S of 3 capital letters. Advantageously the aluminosilicate
exhibits a crystalline structure identified by the following types:
AEL, AFO, AHT, BEA, CGF, DAC, EPI, EUO, FER, HEU, LAU, MEL, MFL

MFS, MTT, NES, PAR, SFF, STF, STI, TER, and TON,

Examples of specific useful zeolites include but are not limited
to ZSM-5, ZSM-11, ZSM-22, ZSM-23, ZSM-35, ZSM-48, ZSM-57, SUZ-
4, S8Z-23; SSZ-25, 887Z-28, SSZ-32, S8Z-36, NU-87, and silicalite.
ZSM-5 is described in example US. Patent Number Re. 29,948 (of
‘original U.S. Patent Number 3,702,886). ZSM-11 is described in U.S.
Patent Number 3,709,979. ZSM-22 is described in US. Patent
Number 4,556,477. ZSM-23 is described in U.S. Patent Number
4,076,842, ZSM-35 is described in U.S. Patent Number 4,016,245,
Z3M-48 is described in U.S. Patent Number 4,585,747. SUZ-4 is
described in EP Application Number 353,915. S8Z-23 is described
in U.S. Patent Number 4,859,422, SSZ-25 is described in U.S. Patent
Numbers 4,827,667 and 5,202,014. SSZ-28 is described in US.
Patent Number 5,200,377. SS8Z-32 is described in U.S. Patent
Number 5,053,373, SS8Z-36. is described in U.S. Serial Number
60/034,252.



25 original U.S. Patent Number 3,702,886). ZSM-11 is described in U.S.
Patent Number 3,709,979. ZSM-22 is described in U.S. Patent Number
4,556,477. ZSM-23 is described in U.S. Patent Number 4,076,842.
ZSM-35 is described in U.S. Patent Number 4,016,245. ZSM-48 is
described in U.S. Patent Number 4,585,747. SUZ-4 is 30 described in EP
Application Number 353,915. SSZ-23 is described in U.S. Patent Number
4,859,422. SSZ-25 is described in Lj% Patent Numbers 4,827,667 and
5,202,014. SSZ-28 is described in U.S. Patent Number 5,200,377.
SSZA8otisdescribgthinel.S. Batent Nuohber .p@H3 8A8cIBSZ-36 nembranes
corfgssabediin W.S.poaiabhtimbenc3it0/@3d,252) 13nAnehetsyitaplerein  a
pludags of ermesgliagtive MespiyALERS corﬁprlsqe&ta pIyBeriGmatarial, ang/or
n@'a@Eﬁ i) ngpREated th%rﬂt;gﬁtep'ure"tyé)f IRRREHERIEP A AiEes! Aifta-
n urao:fl {r s nthetlc %all Silicalite |s a @{droghob éggall % (see

SljiCa- CU ar Sl ve W |C?] aS een
NI

1,524)75%€F0sEkt dh A detdiled'd §38§smﬁ‘§ffuss"°” of
S“‘Cs‘fﬂié%\llt@%y% foRAfin the glﬁcI@ﬁS%h%aht%‘“AaNéw HydidpWoblitydrophobic
C*’Y@ﬁ@@fﬂ|ﬁéif§ﬁl|N&3M@Nz@u%ﬁ%y@8mmu?@1v&7'B?ﬁ@@e%ﬂ@ﬂ&?@f@ﬁﬁersefu!
gransifaingramdeslenayyoetdddatarcyclodextrin. Cation modification of the
crystalline structure can be used to affect the separation characteristics of

the mABRrapRFREmGALIN rﬂ?@lflga}gqasm@ud,%tﬁuréxceéﬂg%évh%%d to
affe?f?d"tﬁ% ors‘é%té"}%?*b'ﬁ] 'Bﬂﬁré&g}%ﬁ&ldw € r‘%ﬂ@rﬁ%ﬁg\!‘(&h Othgh@{]s cation

al’l%g“l calcium, ceswm or an er selected exchange

moglﬁcaﬂ?n canbe doné to ae jUSta he adsorert‘ia’onS ara%teﬁ ticR% (S%’ﬁéum lons
n rﬁgﬁ]brﬁm%g ifdi2asifl 81 Selcdiity. Gf‘ﬂ@ravé‘?aﬁe s?k'@tbf tRe  barium,
calgiuiRuI S TIEEII BT tHRBr ifFPRIGH isyehananaiiss tRan d.8is can be
dongicréns adividledbehaddB e phincrorehfsebieststietltof Simllensiabrane  thus
incrieeditey ek dsaigictiyibptween the granules and the polymer. Typically, the

size is controlled by synthesis. Prior to membrane formation, the granules
mayRe average size of the granules useful in the present
invention is generally less than 0.5 microns, and less than 0.2

microns for best results. Smaller size facilitates bonding between
the granules and the polymer. Typically, the size is controlled by
synthesis.  Prior to membrane formation, the granules may be

treated to permit improved bonding between the outer surface of
the granules and the polymer. For example, by mixing the sieve in
an ethanol/water mixture containing the silane compound for a
period of time (a few minutes up to a few hours), then recovering
the treated sieve and washing with ethanol to remove excess silane.

Yet another suitable ciass of perm-selective  membranes
comprise: (i) a polymeric material, and (ii) incorporated therein a
plurality of granules comprising borosilicate, silico-
aluminophosphate, aluminophosphate, and other zeolite-like
molecular  sieves. These zeolite-like molecular sieves can have
structures similar to the aluminosilicate zeolites discussed above.



treated to permit improved bonding between the outer surface of the
granules and the polymer. For example, by mixing the sieve in an

__ethanol/water mixture containing the silane compound for a period of time

Wi

10 -

15

20

%Gt s up to a few hours), then recovering the treateRSi@setand22515
washing with ethanol to remove excess dithne. Yet another suitable class
of perm-selective membranes comprise: (i) a polymeric material, and (ii)
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o e SRRt Gtporous

sieves. These zeoli
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pmmisemﬁn/amfgm Songiobilesurdmbraneseaier HRAALPA when a
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rLlﬂhaerﬁpymﬂﬂuse}nﬁmﬂmwmse|mvep"6ﬁ§@-fb?éié’éﬁmf BsREl  Both
Cc IC RS Kin.o e

e§ﬁr§§t§%€r1n% 43 s t 1§éﬂ§gr1mﬁise ective %ayer liﬁ &%ﬁ&@%rﬂft The
%’ﬁ% E%ﬁg ﬂ’é‘s %Rﬁémﬁ&hé@rt used réamthevHivension is not
n@rthuahes Sheysenay the invssdionfir nexatnpitcalsT rtmaldessusad. discs,
fesadaPihandia! SiEpée o disptr10¥BHIRIO AR SPI koY other

other convenient form. Suitable types of m

modules. or
dg\ﬂ@é@ﬁ'}a %e}‘mmlow fine fibers, capillary fibers, spiral-wound,
plate- ang rame, and tubular 15 ty%es The choice of the most suitable

membr @mﬁg&féfo@ peonbEanse deriaessapsimdsn thesthollow-fine
bﬁhsrsg,eiloaplitbmgofﬁmyssgh%bﬂ?@mﬂm s Hﬁd@ﬁweﬁr& tubular
I | |
ggrlal s%%b ty ir?%%%re@%g §ﬁ {&iﬁg %B§ LRR& 2B §u§3pe for
lﬂ#@éntr’@tﬁiﬁ DHae, a6 aatiRicomBst pehalaatgtty f snmber of
factors The principal module design parameters that enter into the
decision are limitation to specific types of membrane material,
suitability for high-pressure operation, permeate-side pressure
drop, concentration polarization fouling control, permeability of an
optional sweep stream, and last but not least costs of manufacture,

Hollow-fiber membrane modules are used in two basic

- goometries. Oune type is the shell-side feed design, which has been
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used in hydrogen separation systems and in reverse OSmOsis
systems. In such a module, a loop or a closed bundle of fibers is
contained in a pressure vessel. The system is pressurized from the
shell side; permeate passes through the fiber wall and exits through
the open fiber ends. This design is easy to make and allows very
large membrane areas to be contained in an economical systein.
Because the fiber wall must support considerable hydrostatic
pressure, the fibers usually have small diameters and thick walls,
eg 100 pum fo 200 pm outer diameter, and typically an inner
diameter of about one-half the outer diameter.

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



optional sweep stream, and last but not least costs of manufacture.
Hollow-fiber membrane modules are used in two basic geometries. One
type is the shell-side feed design, which has been used in hydrogen
separation systems and in reverse osmosis 25 systems. In such a
module, a loop or a closed bundle of fibers is contained in a pressure
vessel. The system is pressurized from the shell side; permeate passes
through the fiber wall and exits thrdigh the open fiber ends. This design
is easy to make and allows very large membrane areas to be contained in
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normal to the direction of the holiow ﬂbers. This produces a cross-
flow wmodule with relatively good flow distribution across the fiber
surface.  Several membrane modules may be connected in series, so
high feed solution velocities can be used. A number of variants on
this basic design have been described, for example UZS. Patent
Numbers 3,636,611 in the name of Filip et al, 5,169,530 in the
name of Sticker et al., 5352,361 in the name of Parsed et al., and
5,470,469 in the name of Beckman. The greatest single advantage of
hollow-fiber modules is the ability to pack a very large membrane
area into a single module.

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



normal to the direction of the hollow fibers. This produces a cross- flow
module with relatively good flow distribution across the fiber surface.
Several membrane modules may be connected in series, so high feed
solution velocities can be used. A number of variants on this basic design
have been described, for example U.S. Patent Numbers 3,536,611 in the
name of Fillip et al., 5,169,530 in the name of Sticker et al., 5,352,361 in
the name of Parsed et al., and 5,478,469 in the name of Beckman. The
greatest single advantage of hollow-fiber modules is the ability to pack a
veryvaige neanpranguaces intd a Sigglearanckiies Sowees oxylRres 8 the
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ethylbenzene, and paraffins. 16 While many sources of C8 aromatics

may_be fed to the process, in a typical C8 fraction from a naphtha
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content para- xye e which is” thereafter concentrated by fractional

Crystali:zatlon and/or sorption.

Particularly useful methods of para-xylene concentration
according to the present invention include fractional crystallization.
Suitable fractional crystallization units operate in manors described
in, for example, U.S. Patent Numbers 3,177,265 in the name of
Gerard C. Lammers, U.S. 3,462,509 in the name of Thorpe Dresser,
Stanley Ohiswager and Robert Edison, U.S. 3,720,647 in the name of
Horst Gelbe and Karl Schmid, U.S. 3,723,558 in the name of Friedrich
Kramer, 5,004,860 in the name of John S. Hansen and Wiliam A.
Waranius, U.S. 5,498,822 in the name of William D. Eccli and Alexander
D. S. Fremuth, U.S. 5,866,740 in the name of Paul Mikitenko and Gerard
Paul Hotier, U.S. 6,111,161 in the name of Stuart R. MacPherson and
Paul Mikitenko, U.8. 6,147,272 in the name of Paul Mikitenko and
Stuart R. MacPherson, and U.S. 6,194,609 in the name of Kensth J.
Abrams, Thomas M. Bartos and Debra J. Sireich.



selective membrane device to obtain a first fluid stream having an
enriched content of para-xylene which is thereafter concentrated by

wiiagiopalswrystallization and/or sorption. Particularly useful %ﬁggo%azzsm
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para-xylene concentration according to the present invention inclu
fractional crystallization. Suitable fractiohd| crystallization units operate in
manors described in, for example U.S. Patent Numbers 3,177,265 in the
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provide a source of additional para-xylene.
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In a two stage crystallizer, an equilibrium (3 aromatic feed is
cooled to about negative 35° to about negative 40° Cand mixed with
second stage filtrate and then crystallized in a number of
crystallizers in series, each crystallizer cooling the feed further, the
‘coldest of which runs typically at about negative 62° to about 68° C
The sturry solids and liquor, i.e. mother liquor, are separated by
centrifuge. In the first stage, the solids become a wet cake with
voids filled by the liquid containing only about 8 to about 12
percent by weight para-xylene, This low para-xylene ligquid
contaminates the crystals by about 5 to about 20 percent,
depending on the drying efficiency of the liquid-solid separation
means and prevents the para-xylene concentration from achieving
the required 99.5+ percent purity. The remaining liquid is
discharged as reject filtrate. This wet cake is either folly or
partially melted and recrystallized or washed to remove the
contaminants to achieve the required high para-xylene purity.
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WAt on of the initial C8 aromatic feedstock to prowde%fj
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15 para-xylene by crystallization. The crystallization unit produces a

mother liquor which is beneficially recycled to the isomerization unit

where the composition of the mother liquor is restored to the approximate
5 R0HP22515

additional para-xylene. 20 In a two stagq grystallizer, an equilibrium Cg

aromatic feed is cooled to about negative 35 to about negative 40 Cand

~ mixed Witheseeend étageditrate ensctadlisastatigeding Rupeerpioduct and
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negative 18 up to about 5 C
The composition of a suitable Cy aromatic stream will vary

depending on its source, but the total ortho-xylene and para-xylene

~isomer content will be less than about 45 percent. However, the

integrated perm-selective separations and purified product
recovery operations alone will not fully wutilize the C§ aromatic
feedstock.  Under these circumstances, in one aspect of the’
invention, chemical conversions such as isomerization are useful.
After depleting the (3 aromatic feedstock of the valuable para-
xylene isomer, the depleted stream is advantageously sent to an
isomerization unit. In the isomerization wunit, an equilibrium xylene
isomer ratio is established, thereby producing the desired isomers
from. the undesirable ones.

There are two generally useful processes for the production of
para-xylene from a mixture of Gy aromatics. Each process includes

a catalyst section containing one or more catalysts for conversion of

a portion of ethylbenzene to benzene, or other products and a
catalyst for isomerization of xylenes. Additionally, the process

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



and thus requires and processes a much smaller stream than the first

stage and thus requires much less refrigeration. The second stage cake

voids are filled with liquid that is already rich in para-xylene, typically

about 60 to about 75 percent 15 by weight and thus washing the crystals

with product Para-xylene can achieve a feed purity in the order of 99.8

para-xylene. The composition of ai itable C aromatic stream will vary

.depending on its source, but the total ortho-xylene and para-xylene

Jisomer content will be less than about 45 percent. However, the 20
purifiaipate PPErmIGERMENVe separftonshaia-pyiemed proerleet recasepyelly  at
puribpecigeter AemeSRiB nerdei bylliveitd. C aromatic feedstock. Under

these circumstances, in one aspect of the invention, chemical
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U'Sar?ﬂ;\%’ eNEPARG Fsetef PPIEEEsdS fPRh BB EIMSS p&ra-KyAaae and
Davithrfila Higtite &-8 afbtbki®S7EdthiprceammcridddordcdtalyBtasketvisae,
U.S cértafhimgBomadol) Bofe2S@ 9 Stinfohe arareesivhIdmaupbAiohadiak and Roger
A Mehydbenzdiie td Bedzbte, ior tibenpmoslustisRegea SaMbysist and Samuel
A. Teoalerigagon: @38/ ryesnAdditioaaly dhepieerss DNAiegdisilalionph N

MiallOWsHia fQ semoNebef compene ke hRiling %@gwe@mﬂ RelQdhat okihg ge
and @g{g@qﬂ(ﬁ,iw finally, a section for 19 purification and recovery of the

para-xylene product, generally at purities greater than 99.8 percent by
%i%gt. Particularly useful methods of chemical conversions for

w
proctHEaOHPBr pfifiddPhraltiiibhe RREBFNIRIR tHEQsESkniTMlenfionstream
of Abigde cHADES is@M@riZafv bty leneeordintblio isenferizmbadiment of
the dpeestécin reanurssdsscifisedstepr ekanwolingu 5. RRatbnoNunikeds xylenes
and 3,868 tias theinamabf Weaser 0.ddeag angstallizer in  a  fractional
crystallization unit to crystallize out para-xylene from the liquid-
crystal  slurry, separating the liquid component comprising ortho-
xylene and meta-xylene and impurities from the solid crystal para-
xylene in a separation means, e.g., centrifuge, to obtain high purity
para-xylene.  Advantageously at least a portion of the reject stream
(xylenes and impurities), including melted para-xylene due to work
input  and/or heat from the environment, is supplied to an
isomerization unit where the xylenes are reacted over a catalyst
bed, separating para-xylene and mixed xylenes from impurities in a
distillation stage and returning the mixed xylenes to the membrane
device and subsequently the fractional crystallization unit.

In a particularly advantageous aspect of the invention, para-
xylene concenirations in the stream from the membrane device for
distribution to the crystallization unit, are high enough that eutectic
temperature is not a factor in the operation of the crystallizers of
the present invention. This is because cocling to the eutectic
temperature is not required to get high para-xylene recovery rates.
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David H. Olson, U.S. 4,101,597 in the name of Lloyd L. Breckenridge,
U.S. 4,218,573 and U.S 4,236,996 in the name of Samuel A. Tabak and
gﬂ% orrison, U.S. 4,224,141 in the name of Roger A V\[/)L

mglfﬂéﬁ Tabak, U.S. 4,638,105 in the name of Clarence %ﬁ% 2{%2515
Joseph N Miale, and U.S. 4,899,011 in #& name of Yung F Chu, Charles
T. Kres e and Rene B. LaPiere. Extraction of high purity para-xylene
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_pre ent |nvent|on S is becaus COO O t e eutectlc ﬁﬁl erature is

e&a RYEE b%rg§ 8 |Iec ¢tage at a
mmmzms Bagsiciefl %béwé puﬁg/a@m 1e3@ote about
mle@wtmmmbvmg bg adiuemed mmﬁmﬁg NMRRINKE SIROCROSBE from

Ry fparm@smz@%;%ﬁmo PS8R0 Mo cake of

erne oncen ra 1on € motne

‘ crys als with a separation means, or example a cenfrifuge

- separation means, a filter and/or hydrocyclone, and washing the
cake with para-xylene. Advantageously a portion of the reject
stream from the separation means is recycled to the single
temperature crystallization stage. The washed cake is melted to
form purified para-xylene product. |

Another class of particularly useful methods of para-xylene
concenfration according to the present invention include selective
sorption methods, such as liquid-phase adsorption chromatography,
or simulated moving bed adsorption (SMBA), are described in, e.g.
U.S. Patent Numbers 2,985,589 in the name of Donald B Broughton
-and Clarence G. Gerhold, 3,732,325 in the name of Joe M. Pharis,
Donald B Broughton and Robert F Zabransky, 3,706,812 in the name
of Armand J. deRosset and Richard W. Neuzil, 3,626,020 and
3,696,107 in the name of Richard W, Neusil, 3,729,523 in the name
of Philip Grandio, Jr. and Paul T. Allen, 4,381,419 in the name of
Roger Wylie, 4,402,832 in the name of Clarence G. Gerhold,
14,886,929 in the name of Richard W. Neuzil and George J. Antos,



5 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 produce 99.8 percent
para-xylene purity. Thus para-xylene product of the present invention
requires no further processing. 10 . Where the invention includes a single
stage crystallization to recover par%xylene from a stream rich in
para-xylene, operation of the fractional crystallization unit comprises:
contacting the stream rich in para-xylene in a single temperature

and dngtfIPB8tibhtkeagarae &f tkihipdaftivéfin the range of from about negative
30C to about 15 10C; withdrawing a slurry comprising para-xylene crystals
frofeldnetisingle tesopstiature crysieliindion stageidesming argake offoliowing

chaeiastivdth a sepatatien meanspiairexample aGeRTHEE SeBRAraaBovery,

the MERMRpElIEEANAAT RydrogucianaAndiashingHae gake, wiy %mo beds.
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fractigoaldirtisld! aliepresisnt irkeylien ininieread¥ective  2Bssorptitfietietrsaduct

recosigek eRcligaid-phase adsorption chromatography, or simulated moving
bed adsorption (SMBA), are described in, e.g. U.S. Patent Numbers

2,985/08%ih\esRaMe; of R9said Beowgiian apd/alRisncr G.&eiée!d.out
in  3at88rd3nds th%vﬂﬂmetﬂ&me%rﬁm's Rppgld gnBrOHSQJ)‘PBe%‘Pd Reert i

A T x

fArman .

d"ﬁg%%g n the name 0 ﬁﬁ&ngrd @ m
eng%eﬁbq 6%%'&.0 r. BAGPHAE Allely  the
033@1 3@'1@&:%9 thegﬂ%@tof'sRéﬁ’é?%e ar4d§%39¢ﬁqr@fﬁam@foﬂmfa- and
orthepadence GaGerRsigck, 86D29Nn thestanidesiRichadd WrtNeuyleasd. and
deplgledrgénd. pantasyXnandss,8381060 irithethamsofmdotmtidpnSwiftae and a
parsdSefntvesoopéan opdiiatitns Ravedne followithe  crystallization zone for
recovery of para-xylene. In the case where the sorbent is selective
for the adsorption of para-xylene, a raffinate rich in meta-xylene
and ortho-xylene and depleted in para-xylene is rejected to the
isomerization zone and a para-xylene-enriched exiract is sent to the
crystallization zone for recovery of para-xylene. Beneficially, at
least a portion of a reject stream that contains the lowest para-
ylene concentration is treated in an isomerization step. '

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



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 C8 aromatics with a solvent,

generally toluene or para-diethylbenzene. The desorbent solvent,

typically separated from the desired products by fractional distillation, is

recycled internally in the purified pr. guct recovery section.

Advantageously, a selective sorptlon operation is carried out in

accordance with the invention using an adsorbent that is selective for the
crysiliBeptionldrinogilieaate atirthefigiene wiahethe alternative, molecular
sieveslective for the adsorption of para-xylene. In the case where the sorbent

is selective for the adsorption of meta- and ortho-xylene, an extract rich in

metayatenecangd arissiteneand iepletrdin pasa-xgennds reiReiedi in
the trﬁr&%@n@t'%éow@%@ pRgmEnescasiched raflinall is ment teéhﬁed

ore,gy%t@dtzcﬁpé)é] zone-!f b reggggy q%Bgra 6¥|erb%|lﬂn%%ﬁ W gre enera!iy
fesor(?er{t IS %efecﬁa rtp pdsorption o &Par? >%Ien<iI Ea e ric are

e heta- xyleney ang orthex CILé %aepl ¢ Par? 9Iene i ?é' 88t
Cowwoﬁﬁﬁﬁm%n@%n&)ﬁf%rag&ﬁ?&é- et deralitSs §¥H?to¥hea”d
typecry¥talfeNuRCEHicaiRY re@bVenptd peﬁ‘ﬁf%ﬁénebBen@ﬁaa}{?"}ﬂﬂQeaﬁhﬁa to
alurpirtioratiba. rejetyperedmithatdestibied the |6hW@st Pata- Mlene2, 882,244 and
typecnselasatibaddrireafedat. adsBmMmatZdion step. Typically, the sorbents

used in processes of the present invention are molecular sieves that can

COmpEsRRALY thesRaiialaRRA SyaiRgtiC M@Qs”ﬁéﬁe%ﬁt)‘?ryﬁl@lm@odfum

forn?lum'n%é!'cq en@%ﬁgd @Gtth m onJﬁ t%?%lg Wntai dwed
adsor ent in aluminosilicat e st s In w umlna
OMLiick c\tetra%ed?g jﬁg intiMatdld 'Egﬁ gIied WW &h otRRPFPEIFBhe the

sodiipfbe SRRSO 1Qﬁfne'HQ{WBH@ Th@f&%em}@%os@%k@@%y

zeokie sRifithg Box SRS WiRSpdses peNesepiated tefihedte as  an

adsoiksupistbbgspateihisdraaitisrprior to partial or total dehydration of this
zeolite. The dehydration results with crystals interlaced with channels

having esiecsdacdimengionshEhupr®nt  invention, the para-xyiene-
depleted stream is beneficially contacted with an  isomerization
catalyst in an isomerization zone at isomerization conditions
sufficient to produce an isomerate comprising an  equilibrium
Xylene mixture. Useful isomerization catalysts can be any suitable
isomerization catalyst known to those skilled in the art Such
catalyst will typically comprise an acidic inorganic oxide support
which has incorporated at least one metallic component.

Where an inorganic oxide binder is utilized in formation of
the isomerization catalyst, the binder typically is & porous,
adsorptive, high surface area support having a surface area of from
about 25 m2/g to about 500 m</g, uniform in composition and
relatively refractory to the conditions utllized in the isomerization
process of the present invention. Examples of suitable binders
include alumina, silica, silica-alumina, attapulgus clay, diatomaceous
earth, Fuller's earth, kaolin, kieselguhr, and any mixtures thereof.
Generally binder is a form of alumina, e.g., the crystailine aluminas
known as beta, and theta, and most often gamma alumina.
Particularly useful binders have an apparent bulk density of from
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22 crystalline aluminosilicates are often referred to as molecular sieves.
Crystalline aluminosilicates which find use as the adsorbent in the
GER:9 the present invention possess relatively well defined gjore
uctlﬁresJLOThe exact type of aluminosilicate is generally refdifdd 7 /022515
the particular silica alumina ratio. Faujasi®s are commonly represented

as being closely related to the type X and type Y aluminosilicates and are
et @%gé@rymg ahierto GRingrecratnsd TypefXde dersaibel ardbBristics
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SR < lal¥S ani A4 BRFR RO o slesiogndspmnGroup VI of
dbeorBancutal hicyrganti culariyn tre gy ewngeisiaied SigHBdenum
is@NnediGi ntactpglwi er c in merization
z%% g@?ﬁ%aﬂor%ndiﬁ%@ﬁci?ﬁp t%B r,c?gglgg‘%n %%Ir&nﬁg alggn? of the
' e i

ﬁ%ﬁgﬁétéﬂ%qﬁm% xPié¥e kS istherfaabn catelysts as an

exids; asylfideabler iasmanzaebeinantybt knata o tosgsslafied ibdaghination
‘ c j ic i idic i ' ide suppokt .
Hertt %@’%ﬁ‘%&lglg | g{%ﬁa@ﬁﬁﬁd@ﬁ@aﬁmﬁ gﬁmﬁenzatlon

which h sincogp onent.
FOVBVAE SHRE Bl e MRS RARURSF d idonhoukicicaenasnt by
‘Weighteofifbrfinad satalyst, suxbrfiiom mbostriade alboguYercent by

heaipg@ iy fBes aredtgrom about 25 m2/g to about 500 m2/g, uniform

in composition and relatively refractory to the conditions utilized in the

' i;omerhgmbuhm@etﬂ@ﬁr&;fniﬂvmﬂm,Eﬁ@@ﬁiﬁﬁﬁlﬁe‘i@{ﬂﬁponent of
- BRdes NG 'LAR; : a,;silicas t C
Eiagtjo%%ceous‘ Eg#p@ﬁ}ggg,eé%%%ﬁ@ g% elgga%[ihgfk,qg d?ﬁ%ﬁ?ﬁ)}& VIIIA

mg;é& particularly the group ‘comprising cobalt, palladium,
thodium, ruthenium, and iridium, and in particular nickel and
platinum. The metallic Group VIIIA component of the
isomerization catalyst may exist within the final catalyst as an
oxide, sulfide, or as an elemental metal, or as any combination
thereof. The metallic Group VIIIA component of the isomerization
catalyst generally comprises from about 0.01 to about 2 percent by
weight of the final catalyst, and from about 0.05 to sbout 1.0
percent by weight for best results.

In an isomerization operation according to the invention the
catalyst can be arranged in a fixed-bed system, a moving bed
system, a fluidized bed system, or in a batch-type operation. In
view of the danger of catalyst attrition loss and of operational
advantages, generally it is used in a fixed-bed system. In this
system, a hydrogen gas and the para-xylene depleted stream are
preheated by suitable "heating means to the desired ieaction
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



Generally binder is a form of alumina, e.g., the crystalline aluminas
known as beta, and theta, and most often gamma alumina. Particularly
useful binders have an apparent bulk density of from WO 2005/075390
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- catalyst may exist within the final catalyst as an oxide, su

area characteristics such that the averagg pore diameter is about 20 to
about 300 Angstroms and the pore volume is about 0.1 cc/g to about |
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sulfide, or as an elemental metal, or as any combination thereof. The
metallidmrmmvﬂmcemd)ﬂgrthef mmanmﬂmmta&dWemﬂwmon of
qRRPY %?ﬁi?!@ﬁ@%ﬁ%éﬂ al&%"éé’nPerBe’gQé'sé’ﬁe' ﬁ@ ﬂn selective
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ntb fo
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daf&wm dawmunmfg@@mmwemam%mm@mmgtbedcememmnon of
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- the xylene mixture, thereby  producing additional para-xylene. A

para-xylene-enriched stream withdrawn from the perm-selective
membrane device is passed to a crystallization zone to produce high
purity para-xylene. The result is an increase in the overall para-
xylene recovery '

- DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to Figure 1 which is schematic flow diagram
depicting preferred aspects of an integrated process and apparatus
of the present invention using perm-selective membranes
comprising at least one polymeric material to provide a permeate

~ containing stream having an enriched in at least one compound of

the feed mixture relative to the non-permeate, for example para-
xylene.

A first feed stream, for example a mixture of the (3 aromatic
compounds, is supplied form souwrce 112 into exchanger 130 of
integrated apparatus 11 through conduit 114, pump 124 and
manifold 126. An effluent stream at suitable process conditions is

‘withdrawn from exchanger 130 through manifold 132 and

distributed into membrane device 140 which typically includes a



advantages, generally it is used in a fixed-bed system. In this 30 system, a
hydrogen gas and the para-xylene depleted stream are preheated by

Wf‘)u%%?)g 13?8‘“”9 means to the desired reaction temperature and then
0

passed to an isomerization zone containing a fixed bed of EAHYS00r22515
isomerization conversion zone may be 3fle or more separate reactors
with suitable means therebetween to 35 ensure that the desired
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PCT/US2004/022515 24 ,catalyst in the upward-fl ownward-flow,
r &glv o(%v Qﬁiéﬁ%ﬁéﬁ%r, the reactants may be in liquid phase, vapor
phase, or vapor/liquid phase when contacting the catalyst. Suitable
isomeriZatiSH €81t Ohshetgate mpehithesis £urishgd ofitoratadeast one
Obtnphend 6QTCHHIt fepidatiiarmie a fﬂéf miﬁéf“tﬁ t%ﬁ%géﬁéﬁfpgi‘meate, is
P r a r 0 .
Hd o SAGIIR T R A Uraitahocaniniso1 44, and
drABsiREred, ARRIrdgednbesyatsdariphrifins rapsadueim stwoN @ $: 1section
td é_lﬁoumﬁmgind exishéifl graurly zitlg sp@@ﬁd‘t@i@citxt@f&b?&ﬁ@i@f- '1188, and
3 r-q IR accordance e present invention, at least a portign”
% eﬁﬁga}l }e%é%?g}ﬁlc:%ndgé S%Maé%tobtﬂg §ﬁﬂl2f?e&i6§f e the first
oSG B, . ORRRANRS o UKEHE Ce A cBE o RF Ao mpounds
m&taﬂwtimmmﬂ‘t @Oﬁ%’? bxzﬁﬁ}jé&ingiﬁeatoqgﬁfgtr_a' Lgf-ﬁ lene, recovery
- ) izatign. fe ra-xylene-depleted reje
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kkzes tﬁé@@ﬁ%@ﬁﬁﬂ@%ﬂ@ﬁal and/openelective sorption. Purified
pedugienis-enithdrhstreafronithckemy oy WecHem-$@etifonsh conduit

TgHoreiR eade PRSIRALE 2 AUz HONF0R° IR BIAC N i drawn

E&r_it ra—x&gﬁ# sult Is an increase In t ara-
8%&% B [ONt OF THE PREFERRED EMBODIMENTS
Referring to Figure 1 which is schematic flow diagram

| alternative or supplemental stream, enriched in at least
para-xylene, is optionally supplied from source 112a into manifold

116 through conduit 114a.

A stream of non-permeate which is depleted in at least one
compound of the feed mixture relative to the permeate, is
withdrawn form membrane device 140, and transferred imto an

~ integrated chemical conversion section 150 through conduit 142

and manifold 166. Advantageously all or a portion of the siream
depleted in the desired product withdrawn from the purified
product recovery section through conduit 162 is also transferred
into section 150, for example through conduit 162, conduit 162a
and manifold 166. Chemical conversions of at least a portion of the
stream  generally include isommerization reactions to thereby
establish an equilibrium mixture.  Another reactant, such as
hydrogen, may be supplied to section 150 through conduit 152
and excess reactants and/or co-products are withdrawn from
section 150 through conduit 154. A stream comprising at least 2
portion of the conversion products, for example an equilibrinm
mixture of aromatic hydrocarbons having about 8§ carbon atoms, 1is
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~depicting preferred aspects of an integrated process and apparatus 25 of

the present invention using perm-selective membranes comprising at least
menc material to provide a permeate containing stream havm%)2
2515

W%%Ogr{n’{: &l in at least one compound of the feed mixture ref&/E M
- non-permeate, for example para- xylen2630 A first feed stream, for

example a mixture of the Q aromatic compounds, is supplied form source
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from the fee stréeam of permeate

fferent compdsitions are derived

"~ whichi |s enrlchedl at least.one our;%softhe feed, mixture relative
to the riond % W&?ﬁ%ﬁ PR e quécfﬁoganversmn :

mmmnaﬂﬂan@mf@msntoamweg?ate@gmmﬁ ppadaetrgbemery in - an

sepuilibrisanhamioixencbandth 14 contei E@a@@ﬁﬂ&ﬁd%ﬁ?bunds Due
man Id 1 6b ns of %1 &149 For example where the fi 0 feed
s it FIEFHE O GOBRARILER, oI G RS tallization,

b@weﬁm’,uswmmw h peﬁass@m@wbn&emam;a abevicegsracovery of

Y 80 Ofbflm'c ALENagRAY &Pstﬁé‘:t@ﬂabercent

stalllz t,lon and or se so nfled ithdrawn

FemBOSTIER, Wassi 9@15’ QBR R RETRRR oA AdBG e prputer
PROGESIL A WA WSER viRh &Wo@ﬂccﬁm@ﬁﬂmm amé‘nthwauwenuon
deprilstednial Figare ehrickedrinanbesh adexitneuiimptionati-selective
HERIBLAHY™ Suich 11ERdRiedraniold, AP Lyreugh COM%&&% of 10,
beneficially increased  the  para-xyleme  concentration of
crystallization feed to 50 percent. Amount of crystallization feed
decreased by about two thirds, and the para-xylene lean reject
stream is decreased by about 20 percent. Thus the para-xylene
process using perm-selective membranes according to the invention
provides an economically significant increase in yield of purified

- para-xylene,

- Referring to Figwe 2 which is schematic flow diagram
depicting preferred aspects of an integrated process and apparatus
22 of the present invention wusing perm-selective membranes
comprising at least one polymeric material to enrich the para-
xylene content of the non-permeate containing stream.

A first feed stream, for example a mixture of the (3 aromatic
compounds, is supplied form source 212 into exchanger 230
through conduit 214, pump 224 and manifold 226. An effluent
stream at suitable process conditions is withdrawn from exchanger
230 through manifold 232 and distributed into membrane device
240 which typically includes a plurality of perm-selective polymer
membranes whereby permeate and non-permeate mixtures having
different compositions are derived from the feed.
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20 A stream of non-permeate which is depleted in at least one compound
of the feed mixture relative to the permeate, is withdrawn form membrane

W(g%égﬁ”ﬂsfgb and transferred into an integrated chemical conversion

section 150 through conduit 142 and manifold 166. Advanta&ggﬂﬁfﬁg‘ﬁ%ﬁﬂs
a portion of. the stream 25 depleted in tB§ desired product withdrawn from
the purified product recovery section through conduit 162 is also |

transferfedstirtame b mah6p tamesateplehiohoirwmgditHed. sanduileast one
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Srcariper meaks; is WO 20a810Fd39mP CalUIeas/0pasasadenihdrassovery
e peRian 115_955‘5‘1_‘3@161%!dHB&@@HWQ&@&“WF%B@CW&JP&%!}SW
praducts | _enr.lcheg mad%ﬁred compougg In the permeate, stream "=~ " "
RS RS Lo AL BB BB SR Srtveasption.  Purified
meadiraheisiovid d2awmrodipms rendwien6 seotiduit 2560 aiba oapbifobbn duit
12644 Paa-HEARCTIENFEEl A THD NRERACHAMET #iiilkawn
typically. contains, about, 22 percent, -xylene in_an” equilibrium

Bhe 69 &Oﬁé@é)‘f@?ﬁ&ﬁ XdesUptonaliymasupplemental
sireain dFomositiorcdu2iaryeattictiod, 10 fvieast, pﬁh@k&jﬂlene,gis also

Gliyesseparation c arg-, Bop:

%WEF@? e %ﬂé g %if?é&ﬁ%ﬁ%?gﬁc?%%%%%%5%§won
%eﬁgrtl : Qﬁé%p‘éﬂné%}?é f ﬁr&ﬁ%‘inﬁ@iﬁ ?tgsémulate one
embodiment of the invention depicted in Figure 1. A membrane device

using pArnsiEBRiveh PeERAED e Whidalexibideppetadylimeat least ome
soagpvimdf 16f the feed mixture relative to the permeate, is

withdrawn form membrane device 240 through conduit 244, and
transferred through exchanger 246 conduit 248, and by means of
pump 254 through conduit 266 and manifold 258 into an
integrated chemical .conversion section 250. A stream depleted in
the desired para-xyleme product is withdrawn from the purified
product recovery section through conduit 262. Advantageously all
or a portion of the depleted stream is transferred into chemical
conversion section 250, for example through conduit 262a and
manifold 254. Another reactant, such as hydrogen, may be
supplied to section 250 through conduit 252 and excess reactants
and/or co-products are withdrawn from section 250 through
conduit 254. A stream comprising at least a portion of the
conversion products, for example an equilibrium mixture of
aromatic hydrocarbons having about 8 carbon atoms, is withdrawn
from section 250 through conduit 256. Where the stream of
conversion products is enriched in a desired compound in the
permeate, stream  withdrawn  through conduit 256 s
advantageously directed into membrane device 240  through
conduit 256, conduit 236a and manifold 226.



beneficially increased the para-xylene concentration of crystallization feed
to 50 percent. Amount of crystallization feed decreased by about two
thirds, and the para-xylene lean reject stream is decreased by about 20
percent. Thus the para-xylene 20 pt8cess using perm-selective
membranes according to the invention provides an economically
significant increase in yield of purified para-xylene. Referring to Figure 2
which-is schematic flow diagram depicting preferred aspects of an
integrated process and apparatus 25 22 of the present invention using
perm-selective membranes comprising at least one polymeric material to
That whicBnEGisthepara xylene content of the non-permeate containing stream. A
first feed stream, for example a mixture of the 1 aromatic compounds, is
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at least pARsi@d-Rroduct is withdrawn

2. The process according to ciaim 1 wherein the membrane device utilizes a perm-
selective membrane comprising at Jeast one poly(amide)imide material having an average
molecular weight between 20,000 and 200,000.

3. The process according to claim 2 wherein the membrane device utilizes a

plurality of perm-selective membranes.

4. The process according to claim 1 wherein the reject stream comprises

ethylbenzens; and the process further comprises;
passing at least a portion of the reject stream to a catalytic conversion process io
produce a stream having an enriched para-xylene content compared to that of the reject

stream.



through conduit 262 and manifold 258. Optionally a supplemental stream
from source 212a, enriched in at least para-xylene, is also transferred into
an integrated purified product recovery section 15 260 through conduit
214a and manifold 258. A stream 85 permeate which is depleted in at least
one compound of the feed mixturé€ relative to the permeate, is withdrawn
form membrane device 240 through conduit 244, and transferred through
exchanger 246 conduit 248, and by means of 20 pump 254 through
conduit 266 and manifold 258 into an integrated chemical conversion
section 250. A stream depleted in the desired para-xylene product is

5. with@rewndress thecputifiedo etiuct4edosmeiy Secfloid thiduthomlifegbleast a
nortion of thdy@tageausly all or a portion of the depleted stream is transferred into

chemical 25 conversion section 250, for example through conduit 262a

and manifold 254. Another reactant, such as hydrogen, may be supplied

to section 250 through conduit 252 and excess reactants and/or
co-products are withdrawn from section 250 é[?rou h . conduit 254, ,{A :

5. strealP FSRIFRIATIRTEAES HBifon %QFﬁ{S‘% EIRVEIRIBRpPEUEsErS @ Perm-
selective nestatnple anequttibgusn inaxturesofy desieetic Bydroekfbondshiavirgragistieshaving
an averagSAIDAR APMSids withdrawmfiam seetion 250 through conduit 256. Where

the stream of conversion products is enriched in a desired compound in
the permeate, stream withdrawn through conduit 256 is 35
advantageously directed into membrane device 240 through conduit 2 5
6, conduit 2 5 6 a. and manifold 2 2 6. 28 That which is claimed is: 1. A
process for recovering para-xylene from a fluid mixture of aromatic
compounds including at least one other isomer of xylene or ethylbenzene
which process comprises: (1-A) withdrawing from a perm-selective
membrane device a first fluid stream having an enriched content of
para-xylene compared to that of a second effluent stream which streams
are derived by selective permeation of at least one aromatic compound

- from a fluid mixture of para-xylene with other aromatic compounds
containing 8 carbon atoms, utilizing perm-selective



membranes comprising homogeneous polymeric materials which under a

differential of driving force exhibit a permeability of at least 0.75 x

10-18m2/sPa(i.e., 0.1 Barrer) for at least one of the isomers of xylene or

ethylbenzene; and (1-B) distributj)rbg all or portion of the first stream

withdrawn from the membrane device into para-xylene concentration unit

to extract therefrom a purified product having an enriched content of the

para-xylene compared to that of first stream, and a reject stream lean in

at least para-xylene. 2. The process according to claim 1 wherein the

membrane device utilizes a perm- selective membrane comprising at least

7. ong pehyereide)imiddimatenaihavingeapalkzapempsibedlariarighizes a perm-

selactive mQ%WEEé‘ 30%991@@%@QQ&%&%%W@@@@@W@& toglaug consisting of

w

vherein the membrane devii:e untllizes %1 Pl%ali% of %e£@é§elgc%%? cular weight
B-cyclodextfife A 4r¥S!8 SFHE pROCe B8 HREEFIIRE B Bl T vherain the reject g
hetween 50SIEamCORpRlERsekttigib dnreties aivd BheopritEssfuptlss BEiRprizalyimides, and
poly(amid e)‘ﬂﬂﬁ@?.g at least a pprtion of the re_ject stream to a catalytic conversion
process to produce a stream having an enriched para-xylene content
compared to that of the reject 2am, 2 Fhe.pro [ ;

8 claitha Ritéren et ﬁjmg gr%égﬁgmgriigég‘?gﬂés%a%%t%%%%f?e%ﬁeebﬁahm
comprises fseginsiate SBIPTRE proRdaa!atitarding RFelARe TR HESHEMB SAESIS NG of
natural and@RdgenLilizesppematiseikative methbrantaompdsiitatt Wesish enéibits the MF!

ali s&?ﬁ“z:ltoorleextrin and pcly(amide)imide material having an average molecular
crystatine elglﬁt between 60,000 and 120,000. 30 7. The process according to
claim 1 wherein the membrane e.vice1 utiIFesan pﬁrm sg}gg}gi 'gnrge%%% ation

9 compRsMIGESRaREENE BYcIRISET st Fom the'group consisting o

comprises £3rayidodextyiiadiimyecysieriextrin, and polymeric material having an
‘ average molecular weight between 60,000 and 120,000 selected from the

10. 9rodRCoRBISINGRbROGRBIdRSNPOlgimttes|ratie: paty(ayEde)uondestr8tion further

. The pracess according,to claim. 1 wherei ara-xy tion
comorses S SR T DR R oo e

other aromtie rOBEWHBIISIMY BNhaRAERANEIRTSynthetic Y-type zeolite, X-type
~ zeolite and aluminosilicate which exhibits the MFI crystalline structure.



9. The process according to claim | wherein the para-xylene concentration
comprises a fractional crystallization step. 10. The process according to
claim 9 wherein the para-xylene concentration further- comprises a
selective sorption of at least para-xylene from a fluid mixture of
para-xylene and other aromatic compounds containing 8 carbon atoms.
31 11. A process for recovering pdra-xylene from a fluid mixture of
aromatic compounds comprising: (23-A) withdrawing from a membrane
device a first fluid stream having an enriched content of para-xylene
compared to that of a second effluent stream which streams are derived
from a fluid mixture of 22 percent para-xylene with other aromatic
11.compprgs cmtaining ycpsbomddom &ty petoidseleictivehseamstititizingounds
com membranes comprlsmg at least one polymeric material which membrane
prising:
exhibit a para-xylene selectivity of 10, and thereby increase the p
(2354 W EERBGH0Bh In RS R RuRP Lire ain 1o 50 R e Rt B *h?é%g (%% pyriched
content of distribyiing atinupapedtitntiodithbefisstcstrd afi veith dtssamfrdnciharemnsoremderived
from a ﬂulgeﬁﬁ'&ﬁ)r@t& @@%M@ﬁeﬁa@mr@mw@Iﬁ&%ﬁ%ﬁ@%ﬁg&@u@dw&ﬁginmg 8

roduct havm an enrlchedy(gl ntent of the para-xylene, com[pare

carbon atofs Y, RRBLAT S S SRET LA ACTIBRBE Tt ErORGEL e (9. Egymerc
material w@ohmmfg@nmxbm@rpefah@/l@]emﬁéwmwftmsém‘eihmi@waewﬁthe para-

xylene con@@ﬁi@éteéﬁwtﬂﬁﬁﬁs@?ttﬁﬁfﬂ%&ww awe&s@élﬁt anshdirge sufficient to proguce
(S ving an_ enrncne xylene ntent.compar to
o e 15 R M e e I AR R Rl Yovie
into para- W@&areo@@mﬁr@é@@ o & ?ﬁkﬁ?@tdﬂﬁﬂ%@ﬁrérﬁ%f@mﬁﬁ@d%&w an enﬂched
content of GRalytic 6leakingrmpaciio s tHaldOIOSessiNganeactges: siaransaleaidiber liquor
gluene disproportion, a C6 to C10 aromatics trans-alkylation reaction,

and/or methylation of benzene and/or toluene.
(23-C) contacting all or portion of the reject stream with isomerization catalyst under

product; alji

conditions of temperature, pressure, and time sufficient to produce an isomerate having an
enriched para-xylene content compared to that of the reject stream.

12. The process according to claim 1 wherein the fluid mixture comprises one or
more products from reforming reactions, catalytic cracking reactions, hydro-processing
reactions, para-selective toluene disproportion, a C6 to C10 aromatics frans-alkylation reaction,
and/or methylation of benzene and/or {oluene.



