1 PARR-XYLENE PROCESS USING PERM SELECTIVE SEPARATIONS
TECHNICAL FIELD The present invention relates to processes for
recovery of purified products from a fluid mixture by means of integrated
5 perm-selective separations with purified.product recovery operations.
More particularly, integrated processes of the invention comprise
separations bg means of one or more devices using polymeric
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means of fractional crystallization and/or 10 selective sorption. Processes
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mostitke gareevamiensoustynressiquid-phase medium. The possibility of
utilizing a liquid-phase instead of vapor- phase oxidation for the

15 preparation of benzenemACORFIOERS ORTHESH ESRIHRY the
disclosure in U.S. Patent No. 2,245,528 of the 2 catalysis provided by

 variable VElen G raetatsatisneeirist P enzene 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
20 acid which In turn is subsequently employed in the manufacture of
various synthetic fibers, such as polyester. Meta-xylene 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
25 the manufacture of polyesters, polyamides, and fibers and films,
Fm_‘ 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,

30- advantageously in a liquid-phase medium.

The possibility of utilizing a liquid-phase instead of vapor-
phase oxidation for the preparation of benzene carboxylic acids was
first indicated by the disclosure in U.S. Patent No. 2,245,528 of the



liquid-phase of saturated lower aliphatic acid at elevated temperature and

pressures to maintain the liquid phase of the aliphatic acid. Combinations
of cobalt and manganese with a source 5 of bromine have become
preferred for commercial use, for examplg, see U.S. patent No 2,833,816.
A key element in obtaining benzene di- and tri-carboxylic acids having
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par rom a
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-xyleme from aromatic starting materials
- containing ethylbenzene as well as the three xylene isomers. Use is
made of the fact that melting point temperatures of the individual
isomers of xylene are significantly different. Ortho-xylene has a
freezing point of negative 25.2°C, meta-xylene has a freezing point
of negative 47.9°C and para-xylene has a freezing point of 13.3°C,
However, conventional crystallization methods can be used to make
para-xylene with a purity of 99.8 percent by weight only with
great expense.



mixture of Q aromatics requires cooling a feed stream, for example an .
equilibrium mixture of isomers from reformate and/or xylene isomerization
processes. Because ifs melting point is much higher 5 than that of other Q
aromatics, para-xylene crystals are readily formed in a crystallizer after
refrigeration of the feed solution. Feed mixtures of refinery aromatic
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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.

25 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-xylene

80 depleted streams. The para-xylene depleted stream can be
contacted with an isomerization catalyst under appropriate
temperature and pressure which results in the conversion of some
of the ortho-xylene and meta-xylene to para-xylene. It is also
- usually desirable to convert some of the ethylbenzene to prevent it

35  from building up to high concentrations. Known catalysts are
selected to enable conversion of ethylbenzene to benzeme and



ethane via hydro dealkylation, and/or Q isomerization to an, equilibrium
mixture of xylenes. Processes for making para-xylene therefore included
combinations of isomerization with fractional crystallization and/or 5

adsorption separation. The disadvantage fvith such combinations is that,
despite improvements in catalyst performance isomerization technology
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20 A new approach to recovery of a very pure 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 xylene isomers. The

- new approach beneficially provides a process for recovering para-

25 xylene havmg 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 inveation 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

35 for recovery of purified products,



There is a need for a cost effective method of producing high purity

para-xylene from a b aromatic mixture containing para- xylene,

meta-xylene, " ortho-xylene and ethylbenzene which overcomes the
aforementioned eutectic limit for crystallizdtion. 5 SUMMARY OF THE
INVENTION In broad aspect, the present invention is directed to
integraged’ﬁl@t@s&e@ mdofoprEGGﬁpEf%Oﬁwbym%obfrﬁMumg high
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example, a very pure para-xylene product. This invention coritemplates

5the treatment of a fluid’ WS’E. i ic materials,
especially a fluid mixture of compounds of petroleum origin. In general,

the fluid feed is a liquid mixtyre comprising a.more selectively _
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pré{}/ﬁ §’§b?§(?e§y%$qg vering para-xylene from a fluid mixture of
aromatic compounds which 30 process comprises: (i) withdrawing from a
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" permeable component and a less permeable component.

Processes of the ‘invemtion are particularly useful in
20 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
G to G aromatics trans-alkylation reaction, and/or methylation ,of
benzene and/or toluene. For example, the invention provides
25 integrated separation processes for Fecovering para-xylene from a
fluid mixture comprising para-xylene and at least one other isomer

. of xylene, ethylbenzene or mixtures thereof,

~ In one aspect, the invention provides a process for recovering
para-xylene from a fluid mixture of aromatic compounds which

30 process comprises: (i) withdrawing from a perm-selective
membrane device a first fluid stream having an enriched content of
para-xylene compared to that of a second effluent stream which
streams are derived by selective permeation of at least one
aromatic compound from a fluid mixture of para-xylene with other
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stream withdrawn from the membrane device into para-xylene 5

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 lean in at least para-xylene. Advantageously, the

membrane device utilizes a perm-selective membrane comprising at least

one polymeric material. 10 Where the de§ired purified product is an

aromatic compound having 8 carbon atoms, the membrane device

utilizes a plurality of perm-selective membranes which under a suitable
difeperatil ofcamiringSorcendxhibijt adietnibetibiity aif avleagortibx 16f1%he  first
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9resa8eoNsitiBgtAk thedraRsEion, RIGMGN R HYISHELY1B and Group

VIIIA of the Periodic Table of the Elements. Typlcally the isomerization
catalysts E@%ﬁ {%rlse least one component comprising a metal selected

from the cMEERy RATRIRERRAUNS nRIREI, FallAgRIFRAndrafitiiuAnd  the
Adgigfhgebaaly theompdsaktethythaprises atlehsta 36ixarsonodf tdenes lean

isomeraite. |Ads0 atpl@rmkwwnomiﬁd@@wmﬁfatﬂﬁanihﬁeﬂﬂﬁhxe@d'w@'ﬁtageousiy
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enfic e para-xylene content compared to that of the reject stream.

Typically, the catalytic conversion process comprises coniacting
with a suitable isomerization catalyst under conditions of
temperature, pressure, and time 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 ftransition elements in Group VIB and Group VHIA
of the Periodic Tabie of the Elements. Typically the isomerization
catalysis 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 frans-

alkylation, and/or methylation of benzene andior toluene to form
the fluid mixture.
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In one aspect of the invention, the membrane device utilizes a
perm-selective membrane which comprises: (i) a polymeric material, and
(i) embedded therein a plurality of granules comprising at least one
natural and/or synthetic crystalline 5 alumiposilicate. Advantageously, a
perm-selective membrane comprises: a polymeric material and granules

of an alumnegikcal [ [e? I talli turg. In v
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WEaY I&C%% W%%Mﬁgﬁéﬁ%gé@a%mides, polyimides,
poly(amide)imides, polyaramides arylates, polytriazoles, 20 .
polypyrro one?%gmth@ﬁpeeg%d %mé@ﬁ‘%ﬁ’é’éf afbsgbuane device
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concentration operdtions 30 comprises a-selective sorption purification.

Beneficially, the selectiye sorption purificgtion utilizeg at least one natural
and/or swﬁ%ﬁg%ﬂ%m %‘Q%‘Pﬁmh&%iﬁ ALy plsedBhite Bfa/aratifypetion of

zeHRks iwia dinotAEPBIsSEL t of gonpesaslsccordingze theanvessinn-38lective
thenearebxilese conspHEATioN SPMBHSES BIACHONhFYRIRIZNNS selected
from the group consisting of polyamides, polyimides,
poly(amide)imides, polyaramides, polyarylates,  polytriazoles,
polypyirolone, polyurethane and  copolymers thereof.
Advantageously, the membrane device utilizes a perm-selective
‘membrane comprising at least one polymeric material selected
from the group consisting of polyamides, polyimides, and
poly(amide)imides.

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

In yet another aspect of processes according to the invention
the para-xylene comcentration comprises a fractional crystallization
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step. Beneficially such 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. 5
In a particularly useful aspect the inventiog provides a process for
recovering para-xylene from a quid mixture of aromatic compounds’
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r pre re n icient to pro somerate
e aR R ot AL seras FHTuPhE Wk which
str&ﬁﬁﬁﬁ@%péﬁﬁln @ﬁ‘t sepirafcheciévirepepieatisus acforsindeast one
theairaatin @@mmmr@@@ﬁs @ﬂﬁﬁ@vﬁimﬁaﬁyﬁﬁf@ seﬂze,glé lugith other
ro wmg rom. 25 a
é%ra%{é%de%iﬁam& l’.ud ‘2{&%’;\[}%‘%]\?2’ gﬁ.{éﬂ{lofef the first
FATEAEh e WAHRGEASIR, HAMRf e coperehiane s é@ézmmmms,tmmsxyiene |
ar&daué;:;iﬂrgumﬁ m&ﬁmtemmamymamﬂmom&ﬁmpﬁﬁduct having
CORPOLHSRUP LRSI e (HE PR ﬁ IR 2br first
least one pol r|c maIerl Istributin 0 £t
str&HFARn mgﬁﬁﬂ% ;’r% Ierf.%-‘"0 uct and (c)
cowcatacting uﬁilt 0] epm‘émnh a’éﬁtﬂngmpafmg@epmdmﬂmmg smoond siream
engenadcoRient akg pa@gyleﬁfeﬁmgd todgﬁggf flr%ﬁﬁear% a’?hitable
a reject stream as mo%hle quor roduct dcont all or ortion o
v 0108 MR R ALt SRES  SPRBANe Gl apLrnRgarare, bressure,
coftidiofHns tmbacaetite, fmeggg@canmmemmm thaviigcamn enmhed
isomgtaRylavie o tiaficketnpared to that of the second stream.

Depending on the separations required, processes according to
the invention provide a process for reécovering para-xylene from a
fluid mixture of aromatic compounds comprising: withdrawing from
- amembrane device a first fluid stream having an enriched content
of para-xylene compared- to that of a second effiuent stream which
streams are derived from a fluid mixture of para-xylene with other
aromatic compounds by perm-selective means utilizing membranes
comprising at least one polymeric material; distributing -all or
portion of the first stream withdrawn from the membrane device
- into para-xylene concentration unit to extract therefrom a purified
product having an enriched content of the para-xylene compared to
that of first stream, and a reject stream as mother liquor -product;
and contacting all or portion of the reject stream with a suitable
isomerization catalyst under conditions of temperature, pressure,
and time sufficient to produce an isomerate having an enriched
para-xylene content compared to that of the reject stream.



para-xylene content compared to that of the reject stream. 9 This
invention is particularly useful towards separations involving organic
compounds, in particular compounds which are difficult to separate by
conventional means such as fractional distillation alone. Typically, these
include organic compounds are 5 chemically related as for example

substltutem&oniﬁu%ﬁ%nouws ﬁfﬁeﬁﬁfrfffb%ii%@b%&%oul d Qé‘g:varauons

cori'u tg understandlng of the present inve rence s
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pre@ﬁﬁtﬁhﬂéﬁtﬂﬁi‘hﬂﬁeﬂlﬂ&bﬂg 15 para-xylene from a fluid mixture by
means of selective permeation of at least one aromatic compound from a.
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perBReatRh (etalkidn mmﬁm@gcmm@m@dm@mw by

10 leastaynePelyaneptemotetin tinweidera permeate containing stream
‘having. an enriched content of Para-xylene. FIG. 2 is schematic drawing

showing an embodiBRTEF HRS2RAVEION gjlzeﬂtmgﬁw gRlective
v

permeatlon is carried out usmg perm- -selective membranes comprlsmg at

least one Fhtyminicentiverial iv ehdchihefpara-xisueibedenisf tdétail ~with
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perm selective membranes which under a
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_purlﬁed product

5

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

_ FIG. 2 is schematic drawing showing an embodiment of the

25  present invention in which selective permeation is carried out using -
perm-selective membranes comprising at least one polymeric
material to enrich the para-xylene content of the non-permeate
containing stream.

GENERAL DESCRIPTION

30 Any polymeric membrane which under a suitable differential
of a driving force exhibits a permeability and other characteristics
suitable for the desired separations may be used.  For example,
membrane devices for separations according to the invention may
_utilize a plurality of perm-selective membranes which under a
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10 suitable differential of a driving force exhibit a permeability of at least
7.5x10-19 5 m2 /s 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 membrane or an asymmetric
membrane which, for example may incorporate a gel, a solid, or a liquid
layer. 10 Membranes useful for the separation of to C8 aromatics in
accordance with the invention include pojgmeric membrane systems. In
such membrane systems, molecules permeate through the membrane.
During permeation across the polymeric membrane different molecules

e iR Liido s diirenencoladiinel siifveiigns %@h@ggw 5 x 10-19
within ‘/Qefﬂ‘ée’g% ﬁ“aéﬁ’r‘reﬁmfo?” dl%%%th C“&"f” @N@F‘sce %iene or

nalisppi e oT e el trsarf%a{ﬁ%eg ol o sgenec

na ur ermeatlng molectles a

AdVEMREETR: pély?ﬁ@?%&%n&%fﬁ‘@é%%l@%ﬁ&n%ﬂ&ﬁﬁiém Q?ﬁﬂ?}%[?élefd?’ ich, for
SePSRERIA BRI BIFRIRCTHMBAM AR siide ey gyiAdRY&Epend on easily
poisoned metal complexes to achieve the separation. For example,
several pdymissoasatersiuthaforoutbe besepeddfibsithecsephratiog ofseomatics  in
mixieedrar@matigigompenads are@figascrioadiikia receatyn@ant  membrane
Apﬂﬁ@ﬁﬁn PUbt'?Fat&'&ﬁ‘UWM%@OWQQWSWE%H\@IG&WQ%@S through
le 45, ifaes e membraa materialap g porous,sHport NglLde ooy e
ed oru ubstltuted'o ers, for exam e rs ofg'%e grdl%) y
30”8%?? s@fﬁg of%% gﬂﬁoﬁ@ge g[ éart%%atggpﬁg"i\ﬁ gr: (;% anHj erences
poRfimiek, u%ﬁﬂ‘ﬁ’iw yarﬂ%%lyém%@%nd"gwppoﬁ fnidBEMBEIPEth&Ratrix.  Not
po%méﬁ?ﬁﬁje@%ﬁﬁﬁéﬁﬁerﬁ@ﬁ)néﬁ“@@%th@%uI?@i@@oﬁolﬁ@yléﬁeeam species
oxttiexyguchtas polygdisenylarie oxigle) dihvé polsiiryteral oxigleye of both  the
poh aatextmitesthaneganalehepolyyrathphaseiglygsters 35 (including
polyarylates), such as polyethylene terephthaiate, poly(alkyl

methacryk@&@éhceely(amy'awﬁ{éqgeo'ymaﬁm«@n@s terephiBalalgler,  attractive
P J@é?%? 'fBP'y§é§égS§off°'%?”y éb%ﬁ EHE'O'% Q). they do not
es, pol F\IaZOES gé) rlaz S, po {)en2|m| Zole thieve  the

%%% Wifties S8l 20 gAY ohdDREL, 2k
ch’l? ﬁt{ exampe several poiymenc materiafs that could
be used for the separatton of a mixture of aromatic compounds are
described in a recent Patent Application Publication number US
2003/0140789 AT
: Suitable polymers useable as gither
the membrane material or the porous support inciude substituted
or unsubsfituted polymers, for example members of the group

consisiing of polysulfones, polycarbonates, polyamides and
polyimides, inciuding aryl polyamides and aryl polyimides,
poiyethers, polyetherimides, polyetherketones, polyethersulfones,
poly(aryiene oxides) such as poly{phenylene oxide) and poiy{xylene
oxide), poly(esteramide-diisocyanate}, polyurethanes, polyesiers
(including polyarylates), such as polyethylene terephthalate,
poly(alkyl methacrylaies), poly(acrylates) and poiy(phenylene
{erephthalate), polypyrrolones, polysulfides, poiyallyls,
poly(benzobenzimidazole), polyhydrazides, polyoxadiazoles,
polytriazoles, poly (benzimidazole}, polycarbodiimides, and

polyphosphazines, and interpolymers, including block
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11 interpolymers containing repeating units from the above such as

terpolymers of acrylonitrile-vinyl bromide-sodium salt of
para-sulfophenylmethallyl 5 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; honocyclic aryl; lower acyl

groups and the like. Polymers 10 beneficially useful in the hollow fiber
membranes for the present invention include polyimides, poyletherimides,
polptafmaiineses cantk pongsuliepesitingludimitpolyiondestne  above such as
poigethirineicesf, 2argcopdiyisuiinyesroathzusin anNedogs phekRlfophenyimethallyl
Pastisederly usetil@re polyigitdes thatggemprise pahddides Okontaining any
pobfethaigniderfagefglS Usino R AJKRIGREENRY BB TOCE bsiuted
PORSRARLREMPYANGS %a%ﬁ%?ﬁs' S {aterial CCHHBHrSl;eng. agl SHeclive skin bromine;
Iayherﬁ%gg a porous, suppart. [he por L:['s Sl(%por ma éla can e} € same .
or ditterent 20 PolyRter as e memBrane. GERERRIy the?¥6Pous C“JE?B%H is roups,
anMRBRPEASve BBfous B¥I§meraf'a cORYBSte RObw fider pllfner  Polymers
méRbeiRRHNe pSRIUS stippdheiaybplem bdilaherieaibranesayéer ortlire  present
outBigaligyer. Typitay the polpusidepport lppgiekb¢hienitsde laysolirethissulfones
ensratlimepbiysdifbeeiskin” laydndéngn thep@imitkide of thevhellaminess, and
Corapesifefeemhiane maiatialaastogescabedrmaopending dibSanatedieful are
apRUAARRRSsSEripaNOS BRBASSS 7 poRiANAR 808 A Tgﬁﬁr’%&é&rﬂ%g% made

diq%\ﬁ posite membranes is example U.S. Paten
4,925,459. High permeability and selectivity of hollow fiber membranes,
beneficial for practice of the Fresent invention, depends at least in part

upon conftOYBREREREINCUIAPSveigiR!Mhe BBRmePRIiRSRI. SBROM@BEC! s a

mdieBapifeigheis imedeanmerising hAbwdlfrativRensbiandsybat arginoz  porous

tosbpptetand éRbibitenousfestivpsitinniajeiaGermralbefotiprocasses of  different

thepphgsent imgentien, theavetage polykeeenalecular weighiis betweeR is  an

abpid@i0angabodt 4blner.  In a composite holiow fiber polymer
membrane the porous support layer can be either . the inside layer
or the outside I[ayer. Typically the porous support layer is the
inside layer 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 1o form holiow fiber
membranes that are not too brittle and exhibit an effective skin
layer, Generally for processes of the present invention, the average
polymer molecuiar weight is between about 20,000 and about



200,000, typically-between about 40,000 and about 160,000, and
depending upon the separation desired between about 60,000 and about
120,000 for best results. It is thought that the molecular weight of the
polymer should be above, perhaps well above, the 5 entanglement
molecular of the polymer in order to achiéve a material that has high
strength and is not brittle, Particularly suitable in processes of the present

invekbA0a m&@@hbehﬁtﬁ’é}@&n@bﬂﬂhﬂgsﬁgmmnﬂ cabquisel §3,£00, and
polﬂ@penmeupb@nﬂael)sepmﬁ@i@ddbﬁ%alféﬁ@é&h%@fé&#'%%bo and

d/ t llin ilicat
fﬁeﬁéﬁ (¥ ani.@‘azbt%%g A s e o o R bl iy molecular
sepHRigBA Ghﬁ:r@@l}fm@rstéhﬁ@ éluhﬁanabw@ge pmhepmdw&lﬁed&{we the

5the51ﬁt5 }@5 chafig Si t UGLMr missi
foII%1 ﬂ‘g ﬁﬁ?lema ﬁﬁll@? r?jef?quc Comm Prlo.cjrilij 0 eollte{%"‘S Athieve a
NoMmén ﬁ%ﬁcﬁ%#ﬂé& #/5 Fiated by a

structure t#pe code ﬂi’t?nSIStm of 3 capltal Ietters Advantageously the
aluminosifici CEkHbT sSEHAIME e RERRFESaObtHhed RResrfoiowration is a
typekassABE pRE@ - ST BEN 10QRDPAE:E RIFIOCHIBP: 1ktEU([}/hUpolymer1c

M%a%ﬂaizo WIS M7 Tidls 5&%&3?':'%11@;5118% ﬁﬁ%{%q%g Oé#\‘/l _granules

Examg es.of eC|f|c efuI zeolites include but are not

10 7P 22a Sifast 4G 341 8, 3iog7, Sppthetwsyorystalline
ssalmm_ssahea&sztharsbg-3ae&mmd sﬁheahtpefﬁkhfaﬁce of the
desgidpgBrfmxampletheS. RaleaINWRREF R0 048] EFﬁai?{en A ngstaume

Patent Number 3,702,88 SM;11 istescyibed.in.U.S. ,
TGOS e e Do dORASEIo0 N, (RGoSTGERER? FYPe code s
zsmn@éeh}rlﬁémlrfzpssnazemmrﬂmm@mﬁoﬂm |ﬁne rules set

16 desgiitgd i s WA@@MHMGEO%Z '\Mﬁdéﬁﬁﬁ?ﬂp FathSunique

in EP A pllcatlon

umber 4,585.7/47. SUZ-4.is 30 descri
Num%w %g%@%yls d%sc?l%%%tg‘g %’é’terﬂ Nﬁ?ﬁB%F‘K%SQtXPQ code
Smﬁlm%édGRMS dettars. Nupﬁd@m@amiyarﬂxs mwiﬂosﬂwate

ssaxaﬁsbﬁﬂesc@y@tm&ﬁ ﬁﬁ%ﬁmw@g&ﬁﬁm% g types:
?E’ﬁ Z%% iﬁﬁc ri IJEE
e’rlE !I Kum igefrif %/gﬁp e&ﬁ@;ﬁﬁ 8 E{‘Ae& L MII
20 MF T, 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, SSZ-23; $SZ-25, SSZ-28, 8SZ-32, $S7-36, NU-87, and silicalite.
ZSM-5 is described in example US. Patent Number Re. 29,948 (of
25 original U.S. Patent Number 3,702,886). ZSM-11 is described in US.
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,
ZSM-48 is described in US. Patent Number 4585747, SUZA is
30 described in EP Application Number 353,915. SSZ-23 is described
in US. Patent Number 4,859,422, SS87-25 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. SSZ-32 is described in U.S. Patent
Number 5,053,373, 88Z-36. is described in US. Serial Number

35 60/034,252,
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Another suitable class of perm-selective membranes comprise: (i) a
polymeric material, and (ii) incorporated therein a 5 plurality of granules
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 fd@nd in the article "Silicalite, A
New Hydrophobic 10 Crystalline Silica Molecular Sieve"; Nature, Vol. 271,

ane%-E?’1%%&(1)%?2‘;rcl:§ﬁﬂéfb@an;’lﬂ‘é§a§@y 'Q%Lf'de Zc;fé/ﬁmg@@gﬁr\]recat'o'?nembranes
e RO o L N L S R
indlRLon Sich:H80NFore SOTANTERpotRsiurlt s indHE sulidiE  andior
arddpelied WithaRer ionsRERR bdfium?@ caltitrAPEEBiGm, evatgjine  silica-
otR@pee|ebieteeehasifasblembishTHIgtalPBen dolvelragfistahe patented (see
addomlien chdliatiéristicstof thgrosembetineathius incheasiatptiesl  discussion of
seftltility. 2dalhebavefagedsizie ofttiee gramides "Skdalita the preisent Hydrophobic
inverdeningsnerniydessidogia micsans and lessthaan).g 1eonstr useful
be@téﬁ@ggsm%mﬁgﬁh@zaegﬁqgla%tﬁﬁp_ondmg between the granules and

thé polymer. Typically, thesize is controlled by 25 synthesis. Prior to

membrane formation, the granules may be treated to permit improved

bondin r%%’&ﬁ@enr’i‘r?g’éﬁ?ég’gurﬁcet _?_tr?éygﬁiﬁﬁlﬂ@s éfféﬁﬁg%ol‘%ﬁ]er%@orused fo
exafiesle, B mBSRE R Bie R 25IPEdlSR ol AfatdPeni AR REEIning Beh  cation
silamrdisaipsuninfdedespeitl opxpheTadevwWhiate SOt a felv Inetaspium ions
them reibeveritigicB0¢he #reatetplevecandwibshiotpevith ietmnad tohremamve barium,
exceksusianessighanethemguitsthls clasis cibperaxceiegibebwenbrangss can be
cogniseidl) adabtments matssialiond thadnsamaraied tereiz a pbidine thus
of g{&gg@ﬁ&g{gg@ﬁgﬁM{OSlhcate, silico 35 aluminophosphate,
aluminophosphate, and other zeolite-like molecular sieves. These

zeolite-like molecular sieves can hf’;\ve structures similar to the

aluminosilitite Z46i78E distt&sePabdVe. AP YeTseftiPBHLs Jf  the  present
meRYSRHNSS 1. s8paraabh elfBdditdits i microns, and less than 02

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

treated o 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 {o remove excess silane.

Yet another -suitabie class of perm-selective  membranes
comprise: (i) a polymeric material, and (i) incorporated therein a
plurality of granuies comprising borosilicate, silico-
aluminophosphate, aluminophosphate, and other zeolite-like
molecuiar sieves. These zeolite-like molecular sieves can have
structures similar o the aluminosilicate zeolites discussed above,
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a type of composite membranes which comprise a microporous support,
onto which the perm-selective layer is deposited as an ultra-thin coating.
Composite membranes are beneficial when a 5 rubbery polymer is used
as the perm-selective material. Another ugeful class is asymmetric
membrane in which a thin, dense skin of the asymmetric membrane is the
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'rev@@@‘(ﬁmests fograystems. In such a module, a loop or a closed bundle

of fibers is contained in a pressure vessel. The system is pressurized from
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20  drep, concentration polarization fouling control, permeability of an

25

30

35

optional sweep stream, and last but not least costs of manufacture.

Hollow-fiber membrane modules are used i two basic
- geometries. One type is the shell-side feed design, which has been
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 system.
- Because the fiber wall must support considerable hydrostatic
pressure, the fibers usually have small diameters and thick walls,
¢.g 100 pm to 200 pm outer diameter, and typically an inner
diameter of about one-half the outer diameter.

A second type of hollow-fiber mbdule 18 the bore-side feed
type. The fibers in this type of unit are open at both ends, and the
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pressure drop inside the fibers, the diameters are usually larger 5 than
those of the fine fibers 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. 10 Concentration polarization is well controlled in
bore-side feed modules. The feed solutith passes directly across the
active surface of the membrane, and no stagnant dead spaces are

pr\%%ldceﬁ{] EhI% ISC %,[Jiré{ghthﬁ\ Intﬁléellf% f%?d dHlﬁ?@ﬁ‘én Wh‘t%] minimize

ow ch anne t aregs betwe rs, which cause 1
SHIREHEE colthudaR Do B atbR T Roblaits. MEIHER: S Svobugly 'arger
Qﬁéndéﬁsﬁarﬁ%ulﬁté nﬁ%}&erfihqﬁe fesaflsonitidhas shedisidpiaaginsystem  and
thew strgrmat nreasdeading woitrkeersipiionging offiesmestdatied capillary
Baﬂﬂ@%to ghigectuiedfead flawrhavediren thirdvasbRiRoROt widely dsae. Aow- to
goqﬁm ?él'l%jsoip?ﬁg zmg concentration polarization is to
direct t

ow normal to t |rection of the hollow fibers. This
produces a cross- flow module with relatively good flow distribution across
the fiber (RfARERrEERerPARERBISAe rifod1Ed m&pHEEBANeRedipre-side  feed
semes uses. highl feedfsetlitionivitotitiessan baigsdly. Aconostbethefl \ariavets surface

onu?5tHes hasieegsign haye heestdgraribedetar exgaeple Wre. Patalted.  This
'\'H’é“b 3#&:@1 61¢hin thgname,of Billip. Sf‘d%' Ereje%g 5%%6‘&1@? NAMGAlch  flow

Sticker 5,352,361 In the name of Pars ta an

m Beiocditon, TSN Dhos Lo o T igpch  cause
mé&ﬁﬂl;@?é‘ihe aﬁﬂﬁﬁﬁfﬂf@ﬁ%avé’@)@&l@é*%mb%ﬁ lestBareadffio a Sttt
maestald, Souksrs obxglemedein syastantatquamities includbsceriaén visgintion s

angbrgiprmedeitoleum napkibas apgigake ovaiedght adsdWento  irreversible

regaauRd oM PIcRlRREIRUM-deriyeokieqdsigeks, naw ?fgé&’ l80%V'S have been
fmgﬁnd in mleures with other Cﬁ%@[romatlg namely: meta- xylene,

orthe XerRLé arfd th)'/‘l?)enze Gel&r: ,proceséggrSf thE U8Rt Sthod  of
reCOVENENEry fRABGEBIHRALICHT xR FBTR Wistilfate tractihigsicorifnindeed  flow
thesyietie isortters, ditbgiloenzehehand phoaffirfiher8. Whileisngnpdmases cross-

of kgvaromatige maythe fetbtp/ihe peaess, filvd typisal@dractiondsem te  fiber

naphhadeforgel @8 membrane modules may be connected in series, so
high feed solulion 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 Filip et al, 5189530 in the
name of Siicker et al., 5352361 in the name of Parsed et al, and
5,470,469 in the name of Beckman. The greaiest single advantage of
hollow-fiber modules is the abilily 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 oiis.
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 distillate
fractions containing the xylene isomers, ethylbenzene, and paraffins.
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5 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. 10 For example, one method of producing a

para-xylene product from a Cg aromatic mixture is to first pass the C8

mixture to a xylene column to remove h&évies, for example, C8 +

hydrocarbons. The three isomers of xylene have an equilibrium ratios of
approximygtaly 1:3iadpr payarsesta: @fth@gmdac#@ﬁ@ﬁ@m piathe do sace o  the

etBY&%%Qée”qua%co pag fr gg&Ht 20 pgroept By edﬁﬂk%ht ALRGE:  and
out

aromatics' mixture Ie ving only to 99 percent xy es. The
oVRBatCSreaffoRYRithe ¥Yibne thElummbsbitainisgnBGomaRpIeXimately 15

pararxglene atmiasttene an@2thylieera®ne isgrassdent® a M- salestive meta-
mﬁm@ﬁéne dpwice @Obtﬁé‘r@eﬁfSt forgh siigramdiavingean &arghgd 2@mounts  of
Lﬂg@d'af égpgn\gry ,,;gée[r @#}ﬁr ﬁgncentrated by fractional
rt

cryst %lzatlon and/or sorpt useful methods of para-xylene
concentration according to the present invention include fractional

crystalliz&86n. e28MRlfablefactistiBperysthiliPa8dHaints Bpepateylene product
méRdis dedefibedarPmAtiexdrivieray 5. patefisliupdserstBeL 76265 Riiee to a
naxyiené GetardrC.tbamamnerse UG28id62, 560 |a>¢hm;mlame£‘@f Thorpaydrocarbons.

D , | d tE u. th
gy (T8 Y %‘5@" o S| c“} O 5% Gt gr s
R R B R oo 2 04 850 FHBMSTLOS Sonn S hmrGBAPS o the

WiRASR. RIBMRRISE0SS. GROEIPRSthe Rfhe Bf Viflliahao! Eaen &pdcent by
AI%ﬁ%r o). & FremutAransticsgemixire teaviige GMbauAbMdtenRS to 99

sl o dotieReUobe hddd 18k dmihedtameohSibiast Bolumn, containing

U e
e Sl e oﬁe;ég&%%ﬁ%ﬁ%%é%@% g2 perr
of ?&Fﬁgﬂﬁ% A e a0 SR M T e
Frefe chistaranenatat tkishadsanthgesaftele mepesatmeroty fractional
xylawetaliziaiies el fmekorgtpoint of para-xylene is higher than the other

xylene isomers and crystallizes first. For example, para-xylene

crystalllz%ﬁg&ﬁﬁi measpy Ienerﬁétﬂggetlve 34 79GR4 0fNR-XYI80G, centration

negative,25.2C In ep hysical system
gcc rding yresensty mventlon inciude fractional crystallization.

Suitabie fractional crystallization wunits operate in manors described
in, for exampie, U.8. Patent Numbers 3,177,265 in the name of
Gerard C. Lammers, US. 3,462,509 in the name of Thorpe Dresser,
Staniey Ohiswager and Robert Edison, U.S. 3720647 in the name of
Morst Gelbe and Karl Schmid, U.S. 3,723,558 in the name of Friedrich
Kramer, 5,004,880 in the name of John 8. Hansen and William A,
Waranius, U.S. 5498822 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 Hoftier, U.S. 6,111,161 in the name of Stuart R. MacPherson and
Paul Mikitenko, U.S. 6,147,272 in the name of Paul Mikitenke and
Stuart R. MacPherson, and U.S. 6,194608 in the name of Keneth J.
Abrams, Thomas M. Bartos and Debra J. Sireich,



the three xylene isomers, there are two binary eutectics of importance,
the para-xylene/meta-xylene and the para- xylene/ortho-xylene. As the
para-xylene is crystallized from the mixture, the remaining mixture
(mother liquor) composition 10 approacheppne of these eutectic binaries
depending on the starting composition of the mixture. In practice

aCCOFdIngF@dBﬁGM@%@j’Btﬂﬁﬁaﬂdﬁi‘eﬂfaﬁ&ﬁl?é‘é,z%‘ﬁ?ﬁﬁ'ﬂéeééh%?'ﬂ?éy fact that

\(/)vrlltI 6};}}3 mlngqfﬁfecr%/s@{% $B§ ?%/l%glﬂél Mtl rﬂﬁ"ﬁ@ bmg higher

XH8nE Erﬁéﬂ%ﬂtﬁﬂmm&r%sélhzafsﬁah]meprdﬁmfes Hor example,
qulﬁfall@njﬁlew@IChd@*Qﬁaﬁimll)t/hrgﬁclyclgige@e 'ﬁ?@?ﬁr gl‘@ﬁ‘eunﬁt negative
position of,the mother,li or a imate
concentr 81010 {ﬁ‘@$ roﬂ?ﬁ?ct} g§c@? ?é pﬁb\’%‘% Q&Fﬁ?’ ofSystem of
adéhn éahm% xynéh%ezomﬂmﬁva,std@@mystmercm ebmmumemecucs of
aral @ﬂ@gﬂ;@ co to Lo gati d _
mix i ond ?%j ?B% Eéﬁ?ﬁ%%ﬁtﬁ %}éﬂ%&#};ea num er (():Fﬁ% para
crys Rélne% @&lgg 8%8 %afﬁ’zeerle%ﬂnﬁx et fiHtH d from the
colitBr aihich@ins eIpidting: abnmthnvéxﬁ@theaboht;ﬁ&@ chﬁhgggsnmn
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the first sta ds bec me a tcake |th VOI
con éér% gﬁﬁ}%bg Q&y@ eI'HBVenUOﬂ
Iov@ﬁéﬁa&&/’ ||q&|@r¥@m&madtemhﬂla§/sthls Hymbrwt $stcoabpuapProached

Delmﬂtrﬁﬁdﬁwlﬁ@a]g 3] th@&ﬂ'r@cﬁiﬂﬂﬁ'ﬂﬁﬁﬂﬁ eﬂi%“'@ 'éﬂl body with a

Ay e concentra
@vmg t%%%%Qﬁ%egg % puntg/ r&ﬁ%ﬁiﬁﬁg hﬁf&{j fg recovering
dlsﬁﬁé?ggd’]a@r% riEsstaliation cakBhe cametalinzat garmaiy rpebdaices a
andvetigstalligador whitiedito teneficihti$s cenjatahanss thaclieYgerization

th%ﬁﬁ‘ﬂ“%ﬂ?e‘i‘kghtﬂér%&% B&%ﬁyo&ﬁtﬁﬁh%ﬁ&%ﬁ @g&f C%%ngze%s to the.

o At d§f‘)’%%%&%” O i ks Joptock 1o

liggnoigi denaitagede TOf adedipianatylparasrygiaaeake goes to the wash
5 step, the remaining liquid is recycled filtrate. A controlled amount

In a two stage crystallizer, an equilibrium Cy 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 slurry solids and liquor, ie. 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 liquid
contaminates the crystals by about 5 to about 20 percent,
depending on the drying efficiency of the liquid-solid separation
means and prevents the para-xylene concentration from achieving
the required 99.5+ percent purity. The remaining liquid is
discharged as reject filtrate. This wet cake is either fully or
partially melted and recrystallized or washed to remove the
contaminants to achieve the required high para-xylene purity.
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of the recycle filtrate is used to dilute the first stage product in order to
control the slurry solids loading in the crystallizer. Typical centrifuges
separate a slurry mixture containing no more than 35 to 45 percent by
weight solids. The second stage crystallizef, operates 10 in range of
temperature from about negative 18 up t out 5 C and thus requires
and processes a mlﬁl aller stream than the first stage and thus

?ﬁ}ures rghtafor ST stabtndetadbe afasoigtpge mratduct and
ligatie tane-xydang rlﬁWpé]mxwemnd/pm@eab@gyﬁ@tqﬁWE out of

7 157tpys W th t it
SSB%% The 9‘%@% l&ﬁﬁ‘?i Q% e or ero 9 parﬁa?%@g e. liquor s

para ec leve
B%hﬁ}g?@ ﬁg‘&u Iéj“g’r RS vSkls e9kecpensing odhe wash
|ts§0mcthburemmmgrthqmdens aedmwxmtﬁomermlwll amount

bedethiap-ahers @%ﬁ?@”&s"‘ﬁé’\éﬂ’ CENgiPd) t%ﬁratﬁé% Selecweduct in

duct recoyer opera 10Ns aI

arations and purified pr
L0 B SantFal Eeb SESR . Soldsr a@enaréunabeamgtanm Typical
asp@irmﬁt@esmegtum‘atehamhmry?rmeﬁm @@%ﬂﬁﬁﬁ nlﬁil'ﬁ&@@ an 35 to
u e | e valua
Xﬁﬁ;e g&rﬁgﬂ Eﬁe‘? 3%% ?Eto‘ﬂ ﬁg&%‘a c’l‘f@iﬁﬁ%%ﬁ )g%%n?%szﬁfrzer operates

m IS advantageou

isdth&AP4ton REAEBRSerE HRN hrbSgaBrHunhSYy vne itsahont 5° C
raginds ébnat)nsaqmmerembrpmucm&se aemadhsgma&mfr%éﬁﬁl than the

E?‘?ﬁéﬂ%ﬁ%?”%%l?ﬁ‘%%ﬁﬁ%%%&% S5 YRR ot o
Conversilr SEsdiBs é%i?s@ﬁsé%%ta DoEnd P i ofdud that is
artt e achya i Roits BaraT3atlen of el IxdabiontlG0te mboass 75 percent
md:i}adwsadgmﬂaamti tmmsmsnnagva;hg wm@@%aﬁg 19§é&bf Péfta-xylene
Z%:éovery ofo'g?lg%eaﬂr:ﬁ% q#e produ C%E:tlggener pﬁé@s)@%'ig&%atlho;n
oo L e B L B SR e it vary
préggﬁpdlng 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 Cy 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 unit, an equilibrium xylene
isomer ratio is established, thereby producing the desired isomers
from the undesirable ones.

There are two generally usefal processes for the production of
para-xylene from a mixture of (g aromatics. Fach 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 components boiling
above and below that of the Cy aromatics, and finally, a section for
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invention include catalytic isomerization of xylenes. Suitable isomerization
units operate in manors described in, for example, 10 U.S. Patent
Numbers 3,856,871 in the name of Werner O. Haag and 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 Roger A Morrison,
U.S. 4,224,141 in the name of Roger A M@rrison and Samuel A. Tabak,
U.S. 4,638,105 in the name of Clarence D. Chang and Joseph N 15 Miale,

! 99, [ Y F
e o SIS B, ey
stream 0 e|xe(~% xy%enes’ aﬁgrﬁﬁpun ed cording to one embodiment of

20 the inyention comprises the steps of cooling a feed of mixed xylenes
and impurBRISHRHY leadtSsid! crysnatbedsn a Pactiothenvppliallizamygreisns  for

to BFQStEIiga outParaxyldies fronparne-Xyeice crystedsiding, separatititethe present
ligtigezdioponeéntiodemprisiagigitho- Xgtenerarudioneta-uf/lenegydntbimpuritieSuitable
frogutherzaliberysiatparagsraidenenn aeRRAliieaReDas €6, for example,
CeQtfugRalroDINMBOR PYTBEEREFA- XNk AQYANAGROYGALICRS! 34zag and
ggﬁmffllheéﬁ’é%ﬂt Vi’tﬂ‘?é‘.r_?ldr(,)f)él?, rar?g ﬁ%‘gﬁ%}?ﬁ% '%ﬁ:ﬁ%ﬁlte@mckenridge,
B R e
ca&lﬁ?g@%ﬂd, s(gnef{ét%ﬁia SarakylBfRe @TEmRle B 99RnAs HomsRip Atk Samuel
in & dighfltion StafEahd §uﬂmﬁ@tﬁérﬁﬁx@a fjrspagaolhCheiabrae Joseph N
delieean@nsubsequb Rty (e fractibranermstadiizitiog UnitChua Paditesaly Kresge
adeadtBgeeUs. aspeetof the invention, para- 35 xylene concentrations in

the stream from the membrane device for distribution to the crystallization

e SO R R T o o

co%igg.to the eutectic teméje[ﬁuels not r qqu et hi p reaﬁeéiﬁrgent of

recovery rates. 40°20 Benaficia ,Sf)%?g-x?/{eer%’%mﬂy%f g%%’as_?q@gf%m xylenes

pefl¥ht by WeidiPSan Be adlievdddita siRBf terfiyéfatizerstade beBauskactional

of HENRYIFAEBACeMPlitionof paiiafigae iPthe chastadenteedam thihe  liquid-

highypi@ta-x§heme coaeeataitign inttree midgbét liguomponent  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, s supplied to an
isomerization unit where the xylenes are reacted over a catalyst
bed, separating para-xylene and mixed xyienes from impurities in a
distilation stage and returning the mixed xylenes to the membrane
device and subsequently the fractional crystallization unit.

In a vparicularly advantageous aspect of the invention, para-
Xylene concenfrations 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 s because cooling to the eutectic
temperature is not required to get high para-xyiene recovery rates.



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 proglgc]t of the present invention
requires no further processing. 10°. Wher€ the invention includes a single

ation to recpver para xylene stre ch in |
R B A o & hitceut by weigh
coﬁfét:t #rhiereedn mransmk-xmn@ﬁrawmrestagmebmmse of the high

crm&mﬁg%ﬂt aﬁmﬁﬂ@wée ﬁxthﬁéaf&?éraiﬁ%ﬁb%d‘e&i‘&vﬁh high
ﬁ?-ft abo t 15 10C; % wrng as rry cQ rrs(i‘%] a-xylene crystals
fro S S & BURR A, Fbﬁ%%%% ﬁfb‘a cake of

crystals Wrth a separation means, for example a centrifuge separation
5 means, aﬁtéﬁ’@n@:@ﬁ?ﬁr@@yc@ﬁel’é’ﬁ@%ﬁiﬁ@&ﬂ@%k@ wittgle temperature

pamagdeneryﬁsdaﬁma;eoclabr a gephoyof e wigsh 20ugieam 6&@" theara-xylene
m c t atyre Zati
R Y R i 1
’EI‘*? &ss 01 BartRGEEtse RARc péﬂ}fi@l'ene cbhusntpacarxylene
acmuﬂng;toaﬁélJprqmeSuMeummmeraqamw 25 fomiier petedsing,

such as liquid-phase adsorption chromatography, or simulated moving
10 bed adsowméSM@Ain%@%ﬁ“bﬁélﬁd&g a Ymghat
ggar%%{g% 'Bic:\fs'%ll ation to

in th f Id
53%3@?%.”&%%3&%@??&%’%1 S AHERBo AN EB BATOY ERER GRGRation of

aﬁﬁ@MGSHMSWHT@am 3ot Amommmsedemmmmg the stream
R'@‘E@id]ﬂ/ Pty o920, 82 G agd 69@1:&%73%{%?6‘ Bﬁ Gh'tage at a

Neusil, 3.729.,523] nt name of rand
) é%lﬂ'%fﬁﬁars i 358 9# ahal tﬂ@%%%@of?’é%& to about
15 cralrfén’e‘emt@érn@mg % Bory tﬁ@nmmmgermmymnezmysﬁals from

Geadige sinfliosedl paith fu3 €9, W9 éndteavom of 1abe; D rawiling a cake of

Se%% aor%yﬁﬁ opaerag]g %}% ve the following ﬁg)aracterlstl In"ord

to 6 arn]hrgh purity and 8 Nery MxEusotiint S5/HM %g&eﬁﬂ@mmg&

diVIGBaTAS0R pACARSef Be terhél et Fardiesy ddatainadoywashing the

. desakiingviite Giieromaliese. Advantageously a portion of the reject
20 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
concentration according to the present invention include selective

26 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

30 of Armand J. deRosset and Richard W. Neuzil, 3,626,020 and
3,696,107 in the name of Richard W. Neusil, 3,729,523 in the name

of Philip Grandio, Jr. and Paul T. Allen, 4,381,419 in the name of
Roger Wylie, 4,402,832 in the name of Clarence G. Gerhold,
4,886,929 in the name of Richard W. Neuzil and George J. Antos,
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with a solvent, generally toluene or para-diethylbenzene. The 10
desorbent solvent, typically separated from the desired products by
fractional distillation, is recycled internally in the purified product recovery
section. Advantageously, a selective sorption operation is carried out 15
in accordance with the invention using an adsorbent that is selective for
the adsorption of meta-xylene and orthoZylene or, in the alternative,
selective for the adsorption of para-xylene. In the case where the sorbent

is §ﬁ!je§t!g@fgggﬁﬁ lsapHayof sstes iﬁqrtho-xylene, an extract rich in

meta-xylene and ortho-xylene and 20 depleted in para-xylene is rejected

to the iso§1ier§ation zone and a para-xylene-enriched raffinate is sent to ,
the crystafie&tid zone F8FPIC%bvery SPBEHSSiene. 1AM case WRere thiollowing

sofPafGedsliSive 1 the'd8koriStioRBREarabigilenBlEtyafiarde fvaln recovery,
mt&-xydeerbentl rtlexyleite andangiiited tHyided-xifitneds meljeetitst toof  beds.
thd 25 isproduzatioaczereyans a pataingtenesgnridhsotisixyacthie seDgto aromatics
thevitrystallizatinragne Jeneegyeryailipasa-xyenep Bergigigibeaiaeast  The
2 RREKBA!A IIREIrCaRitIM, COBLYRARIBE OGS PHE- YiRRGed products by
copseniasion iciieaiel In a0 1SABRZRon eRaiD TYPIOA. M6urseq product
so;:%gg\sg usseedcf% processes of the present invention are molecular sieves

that can (%mprlse both the natural and synthetic aluminosilicates. A

crystalline aluminosificate encompassed by the present invention for use

as an ad&shRiHRIREKR-IEs afumfifeniide GRJEIRFUCtORSSataRNiclE carried  out
aliin@esiaanss 35 witkahdbig aravenitiely ¢onpected widteadfeotherthat  is
in selepar tHeee-dimersiongitargstalfinametwoyleriEne dettahedina-atgene or, in
crase- ligkeddwie shaigof yygencatamsvifiopPases BEHQERMRE  In the
tetgaledrgiaeupicd byonisl molegiiesipEorte PAdIalRIMAlon of mete- and
qegﬁfﬂ@;@@ﬁé,th'ﬁ&e%gﬁra@e gﬁnydriﬁt'oﬂ'lr&g%?evﬁ'éh C%%also%%-xytene and
mtgrlaf:et\e&/\nt[g ch%rgn_exl GElnae\/lng m%%cclilfle%{ d me%| |onEs. Thus, the g
crys?g fine alumirfujosﬁicé' €s are ofter{ refetretPto BE miSRUGE2 _@veé@e ana  a
Crh3AMCIRIFMIT S A WIAIE fifd 7&0hs tRe d0orsbritallizgtion  zone for
proBEUSHY thef pRAENIIREhtion IPodBEssarsativeleh| efirearbent is  selective

for the adsorption of para-xylene, a raffinate rich in  meta-xylene
and ortho-xylene and depieted in para-xylene is rejected to the
isomerization zone and a para-xylene-enriched exiract is sent to the
crystaliization zone for recovery of para-xylene. Beneficially, at
least a portion of a reject stream that contains the lowest para-
ylene concentration is freated in an isomerization step.

Typically, the sorbents used in processes of the present
invention are molecular sieves that can comprise both the natural
and synthetic aluminosilicaies. A crystalline aluminosiiicate
encompassed by the present invention for use as an adsorbent
includes aluminosilicate cage sfructures in  which alumina and silica
tetrahedra are infimately connected with each other in an open
three-dimensional  crystalline  network. The tetrahedra are cross-
linked by the sharing of oxygen aftoms with spaces between the
tetrahedra occupied by water molecules prior to partial or iotal
dehydration of this zeolite. The dehydration results with crystals
interiaced with channels having molecutar dimensions. Thus, the
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pore structures. The exact type of aluminosilicate is generally referred to
by the particular silica alumina ratio. Faujasites are 10 commonly
represented as being closely related to the type X and type Y
aluminosilicates and are defined by the varying silica to alumina ratios.
Type X is described in U.S. Pat, No. 2,882,244 and type Y is described in
U.S. Pat. No. 3,130,007. 15 Adsorbents 2&ntemplated herein include not
only the sodium form of the type Y zeolite but also crystalline materials

cogrippgthdromasuehindaRAia by pagtial efgpmpleletepiacement gf the oo iar
sogditgcations with other individual cations. Similarly, the type X zeolite

also ion exchanges and is contemplated for use as an 20 adsorbent

process %1: thiEsFJ_venti n. In accordance with the present invention, the _
para-xylends E’I‘&te @W@Qﬂ?'iiécﬁ@ﬁefi&falﬁf'coﬂfﬁjcte‘éeﬁliﬂﬁﬁn the adsorbent in

isdhferiPEictPcatlydhm afressifkrinuRsHigBnerasrRRReriakitrely well defined
coP@fiionSECHiERient tol produaan idypreratef corlpnisingiicade uilibriugenerally
xyfefesnerixtuie. Ugefuhisonparizailan caiidystsalamba ansuitableFaujasites  are
Isamenzetion cepabsiiean a0 thepg skileddry thestitesusd ca@lysimdl X  and
typigally QOMpiinaRsLAciics NOIAANIGAXIde SHRRQT Eﬁ’/h'cﬁllgasvagyin sifica to
neARATRe fatbeast $0BINSlale TRt 30 WRETREP MOI9Dig) 244 an
o?({ggebwgeé IS &Fggg;nlrﬂjfglrrpagq\? 0 t{ﬁ %%?erlza lon catalyst, thé _

binter typlca?ly IS @ porous, adsa &l\;’e, Qg urface area support having

a surface area of from about 25 m2/g to about 500 m2/g, uniform in

composittiPamEns reRANERREIRE oS Re doAMGONsNAlizetin tHe  sodium
isdaigtizatorthgrodeee offthezprdtentintertion. Exgstpleseof suitabds contained
biriders inchide aluraiitsilicay silipartaumine, aitapplgus Claylacement  of  the
diaieganeoustiensth, witilersieathidaatitakie@igons, gAY IXIWeS type X
theeasie Gemssallyohindegdan i ofumina, £9 B ERUERIINE oo a5 an
algyg&?é 40 5%%%33%‘%@?11%%&9@&’ and most often'gamma alumina.

[ a% eful bin

Particularly us ers have an apparent bulk density of from 23 about
0.3 g/cc té)babout 0.8 glee and surface area characteristics such that the

average pbre WEMERISE abbif 2018 abBiBBR ANGSIFIAS and e Rire-xylene-
VO %?ﬁ%daboﬁir@%c/g%o abigficiadly. 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 suitabie
iIsomerization catalyst known o 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 utiized in formation of
the  isomerization cataiyst, the binder typically is a 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
relafively refractory to the conditions utiized 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, kieseiguhr, and any mixtures thereof,
Generally binder is a form of alumina, e.g., the crystalline aluminas
kKnown as beta, and theta, and most offten gamma alumina.
Particularly useful binders have an apparent bulk density of from
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In an aspect of the invention, the metallic component of the 5
isomerization catalyst, is advantageously selected from Group VI of the
Periodic Table, particularly the group comprising molybdenum and
tungsten. The metallic Group VIIIA compengent of the isomerization
catalyst may exist within the final catalyst as an oxide, sulfide, or as an

| | (T I
e %%ﬁia ﬂi'B“‘—t /el 36 AR W@“y&t ge§1§ |(|) r%itgg%? r%ggg{:%ensucs

e isomerization cat
‘Jé?a ﬁ?ﬂ%l or BB Sve PG f ﬂ%@ﬁﬂﬁl@éta@stahﬁdﬁroﬁﬁ)attoutabmlt 300
ab&ﬂ@ﬁ@ﬁ&nﬁhﬂ tisgpofus beshuaseltss Whanaheiaeaet @f fisout 1 co/g.

invention, the metallic component of 15 the isomerization Catalyst, is

beneficially edfREHo dﬁ@ﬁpmwmnt*%'smrmhmmgmmﬂem of the
coinpriserizatioalt, mttgmqmzsrh@dmmta’ 1G0T GOl s ST T VI of
PaftisUBEAiSHEL 18! g%uac I Ic Grou§) VIIA Coggé)&%rﬁ]%ué)denu;

isomerization cata yst y exist wi theﬁh

JPA8YRT emehts mBtstadligs aﬁi}‘@mblﬁgﬂéﬂ thecanpdinent of the
mesaimmm;nmgéadzalyplbnanhyf tt@ct@@mﬂfiﬁﬁi@n tﬁ@tayﬁr‘?@‘?'&ﬁﬁw as an
COQ, e a nt ht of the fin

g‘%&&ﬁ S%Hmaél O%i[lc}d ; tol%gt%é% pe éﬁﬁ/ gWeléﬁt ipegombination
t}r/@ %% o BpPati ¥R c@@ﬂm@uﬁtﬁe ol eifidoni $wamerization
cacalgtdmargwméhgemmplﬂxed fedidy bR 010V A6GubYBlF Befcent by

fl?‘fat%“’%? A R R %%m&?@d3§3¥cent by

| us@'&]i %ﬁéﬁ A i‘i$ In this 30 system, a hydrogen gas and the

para xylegne d reheated by suitable heating means to
ESII%% f‘ég%!tlﬁé% %%@a?éfe AR d’tﬂgﬁtbgé %?0 gieiadbersamponent of
dRaTE Q&e@ﬁ&@d’étﬁataheﬂaﬁt@@&pnadam&ams@mup VIIIA
zcmeﬁahy beyavtieglarigre sﬁm@ratgl@a torg e MOk
thﬁ&%%gg)nﬁ&ﬁ RSy gr $& ?ed |sm%%?n tem raturd & alladium,
0.ea llile Re RAHe ctgipkel and

at the ntran’ce

majntain
’ ﬁa’i anunL. cataly ﬁlth@‘m o@rMnWXH%w sompakimy  of the

faktoncHuation thatehaantaumpy ogist liguidiinesehy 2B AN S Ralyst as an
7ox1de 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 about 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 rfeaction
temperature and then passed into an isomerization zone containing
a fixed bed of catalyst. The isomerization conversion zone may be
one oOr more separate reactors with suitable meang therebetween to
ensure that the desired isomerization temperature 1s maintained at
the entrance to each zone. Reactants may be contacted with the
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or vapor/liquid phase when contacting the catalyst. Suitable isomerization
conditions include temperatures in a 5 range of from about OC to about
600C, but typically are in a range of from about 350C to about 500C,
pressures are in a range of from about %&Z 100, atmospheres, but
typically are in a range of from about 2 bout 30 atmospheres, a
hydr gen to hydrgcarbon mole,rafio of from about 0.5:] to about 15:1,

it %ur@leio %Wé‘\f/@rgiﬁ%f a&m@?ﬂf QWout 95 hi#digl-flow
acfaslrianceﬁumhbe plt@rremwﬁmm majedse aipdiguidf phase, vapor phase,
s AR RIEE R RS SeHa e e LB (e brane

A va ageo sly, the eutectic limit of para- xylene rystalllzatlon IS

overcomﬁmmciﬂmm@@mtrméﬁparmﬂ@ae téiperatures in a
t sse tqQ
|so?‘i;$%nza |on one @’?ﬁeqﬁbra lF 8@5@% %&% produ%?n% fange

addfitiea pahowy ehe03Cpiva 39faHe cﬁ‘ed ﬁf@émm&dmnmm range of

thﬁ@ﬁfﬂkb@iﬁcwewnqmbra@mﬁmﬁwﬁepasm taypiewdigllizatonzongangs of

oveg)%ﬁ)gaﬁ;zaIili ?sg%pr%gél/%?; yﬁﬁﬁ%ﬁ o il—?fg(ﬁéggé @gydmcmbon

HERRingbeutiglre: 1v¢ﬁmﬁb§‘é&h@ﬁﬁucm daliid hourly

-d@@wengl@f@mydoﬁabotﬁtot}am ntedracedtpsacesd dnerdpparatus 25 of

the present invention using perm-selective membranes comprising at least

one polyfReye BAEHH L0 RIRNIARE PREBEAIS iAYURMING Sé'ie?éﬁﬁaﬁ'ﬁ%mon of
agﬁnrlched in at least one.c g:pound of the feed %ére rfgatlve tot

ndRePHERRY I R S RNS 2. 45 PHSHedQrdl Rerm-selective
emembxamﬁxu;ﬁ@vwme Qxﬁdy‘ﬁaﬁ&g@@lﬂ#hmdﬁ}@s sapghstcfommsbuet para-

1@&1%6 sehanaerZiidonl iRtea/aied mRPBR t@@ﬁ%ﬁh\ﬂg%@%@%éﬁ&amm of
%ﬂfﬁo%ﬂé‘”?v.mf By lﬁn%%’%%%%irfi R o A $4ihes dgpteted
disgiBtkedtrRaheinbRASEdvite 850 WRIACHBREMRINZRRR @ 2Be-equilibrate
plegelity plene mrdginetye thbrebymemiiaoasgvhiridini penhepieaandlene. A
NLPEr PRI AL S BAVIRG AL e ARAPARIP AR the perm-selective
membrane device is passed to a crystallization zone to produce high
purity para-xyleme. The result is an increase i the overall para-

xylene recovery

- DESCRIPTION OF THE PREFERRED FMBODIMENTS

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 polvmeric 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 G aromatic
compounds, is supplied form source 112 into exchanger 130 of
integrated apparatus 11 through conduit 114, pump 124 and
manifold 126. An effluent stream at suitable process conditions is
withdrawn from exchanger 130 through manifold 132 and
distributed into membrane device 140 which typically includes a



derived from the feed. A stream of permeate which is enriched in at least -
one 5 compound of the feed. mixture relative to the non-permeate, is
withdrawn form membrane device 140 through conduit 144, and
transferred into an integrated purified proglgct recovery section 160
through exchanger 146 conduit 148, conduit 168, and manifold 116 by

m%ﬁ&?&lit@“'ﬁf’ é&@éﬁﬁ@@'ﬁ)ﬂ%é’ﬂeﬁf é;} é‘ﬁjss“’v?ﬁ@l‘e Y, permeate

ISES a m|x ure 0 aromatic com ou € permea

eoqﬁ%tl?gggilsg 3 -X u;g ov pr| ééngl‘gg,ta SRaRBositions are
coﬂ@é?ﬁ%iloﬁ?(lmltfhﬁlcfﬁ&élvantageously utilizes fractional crystallization
and/or selective sorption. Purified product is withdrawn from recovery

section 180 gteush cglﬁd Erlﬁé’iﬁé AgteeR OpPIIRE FhiIe dgsirgd leqst one
nta

pr h 162, [ternative.or suppleme
S st%gﬁr;b@nl\rel{c m Ieas %ﬁﬁe Fse%?jﬁafr?all %u%fﬁeé‘%r&ermeate is
sola dn % ihdormnimRmbremer ﬁmdmmhmughsmmﬂmt 144, and

notraues fegae] wiito ISaﬂeﬁiﬂ@Qer&'e%ﬁﬁﬁeﬁo Ve By section

%and A "?%3&’% e e 480 oo s?éﬁ%% o 1568, and

64 byameaiiniedipuse> AdvhBtadéon siyan plea piréon the first
10 th@eadeaﬁemﬂeplemnpmbe chesmﬁmdumﬁlliil@ra@y deoniacieubbespounds

proguct n uit 16 so transferred . into
a%%n o Igga%?l%le R%%ﬁ%%w ﬂﬁhltﬁ%@ XHRhe, recovery

mé"ﬁiffél}}lféé @hﬁﬁﬁ@ammrmwﬁmm peiiorwdticte aﬁmntageousiy

gatmtalt;s ifchctédsatnerizaitiiedcto @ﬂ@lﬁ‘i‘re@ié&ﬁﬁéa élrlﬁed

. g@ W fl%%gtafg gg.ﬁn; ?rﬁd e Su condmt
15 t%féééi”cé G A f&e?.'éah%%«fé’sé%h cﬁtﬁadmvsmm withdrawn

strféﬁnu@hnpuﬂdmhtleﬁazt a portion of the conversion products, for
example an equilibrium 35 mixture of aromatic hydrocarbons having about

8 carbon/atoiE.csnfti vethelr fﬁ%@}f@fﬂ@l %éﬁiﬁuggﬁqeﬂ% 180 at ieast
O?ﬂ&fﬁ %eﬂr@alﬁ %p‘i%ﬂffﬁ}oglﬁgﬁfw £ ﬁ'g?rilcgggr@eaf T3 %0 manifold
1 through conduit 114a. . |

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 device 140, and transferred into an
integrated chemical conversion section 150 through conduit 142

. and manifold 166. Advantageously all or a portion of the stream

25 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 16 2, conduit 162a
and manifold 166. Chemical conversions of at least a portion of the
stream generally include isomerization reactions to thereby

30 establish an equilibrivm mixture.  Apother reactant, snch as
~hydrogen, may be supplied (o section 150 through conduit 152
and excess reactants and/or co-products are withdrawn from
section 150 through conduit 154. A stream comprising at least a
portion of the conversion products, for example an equilibrium

36 mixture of aromatic hydrocatbons having about 8 carbon atoms, Is
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the permeate, stream withdrawn through conduit 156 is advantageously
directed into membrane device 140 through 5 conduit 156, conduit 156a
and manifold 126. A para-xylene enriched stream from the chemical

conversion section typically contains abgut 22 percent para-xylene in an

'equmbrlum admixture with the other C aromatic compounds. Due to

.fowﬁtamﬁ S S e e Where the

a perm-se ectlve separa ion device

SAGABF 65 SONVCLAPBUBEPYGithd Deidehed annapéesmds compound in
re&i&ctegé@mbm 65 paiegnt. Amﬂﬁhd@mputﬁ:ﬁraﬁgiamd@ﬁiﬂ%d 1956 is

di i ion d
&lfaane%%é%?éq usi ZPBECE erlec toﬁeﬁeﬁ% hﬁ)‘fsga through
sondihd Sfectngut 105 ﬁaneﬁﬁdllmﬂméabédhﬁépara -xylene

concentratlon of crystallization feed to 50 percent. Amount of

crystall|zAtlpaﬂ&e@k&me3§$ibmeab@ﬂt®dmthﬂdﬁnaﬂﬂeﬂﬂlmw|e@@nversmn

X @%F@zﬁlf | PATRI by t%% Qérgh tp§ Xyleng, in an
%%é‘m R RS ”%ﬁé%gm S aéﬁéammémg
paca -xftveneatieierrsl) qu&aavhldmm obititatic tawis] gr%fystalhzanon

e pec { us_25 22
otihg oot SR E R e ré)éffe%i‘#é’ﬁ%"éﬁs?s. ggpvew of
|ea§e'aﬁ§5ﬁla'9 PRodet aafg ShiiciP@rcaiita RyIERE Bl thenel2 percent
nmnmﬁm?MCmmmlmw@m #bivat fesd p@ﬁ@mﬂorﬁ&a computer
I | | P Ic nt
o %z%géoﬁ?ﬁ%ﬁfmﬁi%fﬁ#mp %m%*n.f%f%% fvention
ﬁf f]éam lﬁﬁf&m o’gei@ ¥p TG alsagmperm-selective
emmn@efm-ao twizighh n@dﬁbn&szean@awmmmto sebediizity of 10,
dgyder fRd@IWhich fireiealksincludgiea plusality. QkieHB-SeleNERAYMESn  of

| Eﬁé‘%ﬁ%@%‘g %ﬁ“é“er L B A RAR s A & ylization. feod

asste niatbrudn e diiiedseasinthe ﬁtﬁnmamd}cylnmeetaan reject

m@t&fﬁ@ﬂﬁlaﬁw@d@r@@s@éﬂbya@a@t 20 percent. Thus the para-xylene
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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 G aromatic
compounds, is supplied form source 212 into exchanger 230
through conduit 214, pump 224 and manifold 226. An effluent
stream at switable 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.



5

withdrawn form membrane device 240 through conduit 242, and
transferred through manifold 216 into an integrated purified 5 product
recovery section 260. For example where the first feed stream comprises
a mixture of the Q aromatic compounds and the non-permeate is
enriched in at least para-xylene, recoveryzgomprises a para-xylene
concentration unit which advantageously utilizes fractional crystallization

and/or se@cﬁ?@@ﬁ%pﬁnﬂﬁ@rﬁ@ﬂ@@%ﬁ@dlﬁth&h/itiﬂjr@midtwd renogéryeast one
sectmpeantirough thedufed4. Misttea® depipiaddn the d?g'@ed ermeate,  is

duat is.withd t duj 262 ifold 258. Optic
SR R, OB U A Hoe: ohaduierea2, and
is AANIFERERSretIFRY & inksapateddourRddiprantet reeovinjegetied 1Burified
26pitbthugh recovigy1 dreticimandiold 25%rAStRap]of RABRAIN st feed

is deriaiad %ﬂ}!ﬁ?ﬁs‘)’lﬁ hPERRAs NgoHe %%{%eé%%ﬁéﬁ}t j,and the
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permeate; is withdrawn form membrane dev roug

anBORaRSEMEA Firough EREHeRREr 21 coHduileass, aparayxydens of A®covery
pﬁnqu&i__ shsougipaoayl 266 aodﬁn@ﬂli?@t?&? iﬁiﬁ_@rﬁlﬂgﬂr?&ﬂgmntageousiy
chem _ ) .stream eted in the desire . o
T SRR SR Sopign.  Purified
se WodgnEsHdRRRaD . Hamanisspveryalsastiopodilotimough conduit
dePiéid streaptisdmnsiepbetinio thentienl desave HPIRRSIOR20ithdrawn
for, e uit 2623 an ni 254. Another reactant,
-su%ﬁfgg%gi%%%%glgge gis%%ﬁ% é%l %O?éit%%%%gg ndufupplemental
andtESREL SFOR AR Condl 812, BB & ciwinidlgnst fparsecyben250is  also
thinagisfeaneldit Rit6. Mtrﬁﬂeg?qtmisiﬂﬁtg;Mt@mﬂ?@ oF %30y section
Cco Bﬁ‘#ﬁ’ £X ibri [ of aromatic

hyg\réc‘)ag:\r ons a\?r\%ngfg%%u?? caagb%%&actl(#rin@mﬁq]hgg%n from section

250 through conduit 256. Where the stream_of ponﬁion products is

enriched 1 £ 38 d EOnRSTRE Wi Theats, SoPAGISH R least one
thieRigPesRduit 266 a5 &vbntayedule dimetet veto memibrenepderieate,  is

246 tthdeglw nofokiii Zidenbentlelt ddvice aPd VRKBINE 2 SoRflult' ¥4 4, and

WHIGHHSIEAE ditrough 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-xylene 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 is
advantageously directed into membrane device 240 through
conduit 256, conduit 256a and manifold 226,




10

15

20

25

30

35

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: 5 (A) withdrawing from a perm-selective

membrane device a first fluid stream haging 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

FQIR ﬁlt?fﬁ'?dsrﬁé{ﬁ'legbsf para- xylene with other aromatic compounds

containing 8 carbon atoms, utilizing perm-selective membranes
COMPrigiNg-QRIROBREHS Y ARG Bt EdASRIg hrikige A sliffestntishPbunds
crving 49 oree exhipll apernsahiily of ahisas G:I0 X 0Ag M2 I Pa.
(1.e. b arrerf?or alleast one of the Isomers o Xylene S é:t%yﬁl%en énes;'

(B) distfButindHIf@HFe ftrim DI skietiveragmblene dexerafishiul stream having an
reiola bentélt WariaigIaRs soyiase e angeny atendiefiunexisastwhrraiiesms are
athUéS%f&Qﬂ&%*b%Y&% 3 o‘?Qﬂggﬁ%&OQB%@CWS%%EIT@#Q%%O@?@@ para-

to that of first stream, and a reject stream as 15 m r liquor pro ‘
aNIENE B AREt AEPEAS SBIRRYRTST tHAIFEIRG.-RyraRe Gt HikeiRg nRprm-selective

strembrandthoinanmsing rhmtimanemkgrgﬁm@vimetwﬂl& atsthtaloke a differential of driving
isqraeAR ApeAtRANSHYRFSH EQRWHANS B RIMREEAHIE, HHEBSHLS) f@lpgt least one

time sufficient to isomerate having an enriched para- xylene

roduce an )
R BRI aF e tB3 R VBN ond stream. 20 2. The process
accordifi@) to ctsitiblting eltedn phdionerhteafinstduvien uilfidezva fenmthe membrane
SEIORHVALDBARRLRA L OHRREINIAHAL IR TS QRELOINNSIM B RIEHS BRAYNY Rfting an
ANIRRd con gﬁfgﬁgewa}%m petween 29,000,and, 200,000 selected rom e as
group consisting o rg’o yar¥1|des, 0 ylmlé%s, pcﬂy(amldeﬁlmia%s ahd
cHpBIgMmieHstRErdsT: 288, The process according to claim 1 wherein the
reject sfam eontiags atthylbengenesantktheapiagras-Hophesd second stream

(:ﬁ?ﬁnﬂ‘?ﬁ% %Blgﬁ‘g‘ &3/188 %Wa%gxﬁg&éﬁég%teﬁyﬁ%mcg? & under conditions of

et yﬁ)enzene catalytic conversion and/or Xylene iIsomerization process to
DROCRAEEHEtRERRT IR e 1 EHTERRIdC PR RS, 36 ferractap feaving o (Sarsked para-
toyibed cirifzatrejecistetnhad offihe prooessi@aparding to claim 3 wherein

the fluid mixture comprises at least a portion of the isomerate. 35 5. The
process accordins?%to claim 2 wherein the fluid mixture comprises one or

nfore plOGRPEITR ASHRING AY GBI rbXEELHIY 18I ISP @D it bHize T Perm-
te<iErvaransatirener aspsnatieigtioh ieast/ongn ethytetionroétosslzbadrandforaverage
[ohdRRRIELARIIGS bfeln THEODE0ERSS286 GRS Il aHghl M @FBI tBhsisting of
MemBIAAS deyice dllizes s ReIm: seleclive membrang which comprises:
(i‘faypg‘yméﬁc a&erlalpﬁgvmga average Poly '
3. The process according to claim 1 wherein the reject stream comprises
sthylbenzene; and the process further comprises;

passing at least a porilion of the reject stream to an ethylbenzene catalytic
conversion and/or xylene isomerization process o produce a stream having an enriched

para-xylene content compared to that of the reject stream.

4. The process according fo claim 3 wherein the fluid mixture comprises at least a

portion of the isomerate.

8. The process according to claim 2 wherein the fluid mixture comprises one or more
product of reforming, hydro-processing, toluene disproportion, a Cs to Cyy aromatics

trans-alkylation, and/or methylation of benzene and/or toluene reactions.
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molecular weight between 60,000 and 120,000 selected from the group

consisting of 5 polvamides, polyimides, and copolymers thereof, and (ii)

incorporated therein a plurality of discrete components comprising at

least one cyclodextrin. 7. The process agcording to claim 1 wherein the

membrane device utilizes a perm- selective membrane comprising at least

one cyclodextrin selected from the group consisting of (3- 10 cyclodextrin

and 7Acyclodexthn, and polymeric material having an average molecular

vieight BEENEEPEED BUOdNE tP2Ea000 sdeisdtirometerane s\ iemstiuag aferm-

mﬂw&n@eﬁemﬁﬁ@idﬂﬁ%ﬁn&nﬂﬂlyﬂ@mmeﬁ”ﬁ@@ﬁ&e&cTMStQﬁQPQﬁSing an average
rdi rein -X enfratign.comprises a 15 .

e T e AT Sl onssng o

o SRstiAgSo PR INAT SaARHGTeRg hRBicIe e Fublite nsetppated Birreiadcpiurality of

adisenetosthcaisenth chneréifgits HwiMid wgrysdalttne. structure. 9. The

process according to 1 wherein the para-xylene concentration comprises

a_20 fractional crystallization step. 10. The process according to claim 9

wherein e SraERy AT UBAIB MDA 1iPRTRR KEnmskang derisgfiizes a perm-

ssriptiva némblaastopanising e hedt one eyfluteinix itecel pana thy lpoapaekisting of B-

0 &%@&%‘ %Hg %%%%%e%ﬁ%{%ﬁlﬁg ﬁg}%%%{] r%%@sar?gé;a%y}%ciieﬁgar weight

process according to 1 tream, having an enriched
cRRitERN G0 PER 28, IR Frls iR i PP SeeeiFineAf pRyrnysesapg!yisides. and
tinehdercakiiediisient stream are derived from a fluid mixture of 22 percent
para-xylene with other aromatic compounds containing 8 carbon atoms,

by perm-selective means utilizing at least one polymeric 30 membrane
r{%/ateriaﬂ}\ﬂqi%'iﬁ’%@)?ﬁitﬁ?§°§dﬁ%ﬁé9xj;|éﬂ??@?e‘@ﬁ/ﬁﬁrﬁﬂ'ﬁf‘%ﬁ&r{%}‘mn comprises a
irsclecdive siptiparsieryletaidzexahieatioonm teriiest diufte reanteosBOng of natural
PRHERNQHIMBEE Y -type zeolite, X-type zeolite and aluminosilicate which exhibiis the MFI

crystalline structure.

9. The process according to 1 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 paraxylene from a fluid mixture of para-xylene and

other aromatic compounds containing 8 carbon atoms.

11. The process according to 1 wherein the first fluid stream, having an enriched content of
para-xylene compared to that of a second effluent siream, and the second effluent stream are
derived from a fluid mixture of 22 percent para-xylene with other aromatic compounds
containing 8 carbon atoms, by perm-selective means utilizing at ieast one polymeric
membrane material which exhibits a para-xylene selectivity of 10, and thereby increase

the para-xylene concentration in the first fluid stream to 50 percent or more.



