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The present invention relates to processes for recovery of purified
products froma fluid m xture by neans of integrated 5 permsel ective
separations with purified product recovery operations. Mre particularly,
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from a corresponding substituted aromatic compound by catalytic
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The possibility of ut:]mng a liquid-phase instead of vapor-
phase oxidation for the preparation of benzene carboxylic acids was
first indicated by the disclosure m U.S. Patent No. 2,245,528 of the
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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
30 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
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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 '_prdt:esses,r 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-xyleme. 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 emable conversion of ethylbenzene to benzeme and



SUM MARY ~ In broad enbodi nents, the present disclosure is directed to

" integrated processes that conprise separations by neans of one or nore

devi ces using permsel ective nenbranes coupled with recovery of purified
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Accordingly, it is an ob;ect of the invention to overcome one
ot more of the problems described above.

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 xylere isomers. The

- mew 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 liguid mixtures -of aromatic
compounds, even comtaining ethylbenzene as well as the three
xylene isomers.

As will be described in greater detail hereinafter, the present
30  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

35  for recovery of purified products.



fromthe nenbrane device into para-xylene concentration unit to extract
‘therefroma purified product having an enriched content of the para-xyl ene
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product; and 15(C) contacting all or portion of the para-xyl ene-depl eted
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sufficient to produce an isonmerate having an enriched paraxyl ene content
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This disclosure contemplates the treatment of a fluid feedstock,

15 e.g. various type organic materials, especially a fluid mixture 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 present disclosure 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 Cg to Cqg

aromatics trans-alkylation reaction, and/or methylation of benzene

and/or toluene. For example, the present disclosure provides

25 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 an aspect, there is provided a process for recovering para-
30  xylene from a fluid mixture of aromatic compounds including at least
one other isomer of xylene or ethylbenzene, which process comprises:

(A) withdrawing from a perm-selective membrane device a
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20 In one embodiment, the present disclosure provides a process
for recovering para-xylene from a fluid mixture of aromatic
compounds which process comprises: (i) withdrawing from a perm-
selective membrane device a first fluid stream having an enriched
content of para-xylene compared to that of a second effluent stream

25 which streams are derived by selective permeation of at least one
aromatic compound from a fluid mixture of para-xylene with other



perm sel ective separations with recovery of purified products by neans of
fractional crystallization and/or selective sorption. In processes for
recovering a purified xylene froma fluid m xture of aromatic conpounds
according to the present disclosure, concentration 30 operations conprises
a selective sorption purification. Beneficially. the selective sorption
purification utilizes at |east one naturalgand/ or synthetic crystalline
alum nosilicate, Y-type zeolite and/or X-type zeolite. In yet

anot her enbodi nent of processes according to the present 35 disclosure t he
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by sel ective per Peati on o e€as romati c corpound froma fluid

m xture 8f para-xylene with other aromatic compounds; (b) distributing all
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an ngy15 an(h%gfﬁgch%dkél%%n %fon‘%so %(é g’ﬁg‘g’(gﬁéne&%am;eg dﬁpﬁ@ pd‘l'ﬂflo st

stream and REfBjSSE& 'S?etmeé‘%brﬁﬂ?%er‘”h'ﬁ:‘l]ud-l‘" ocRictsuitable ( differmiabcof ng

al | or porti anviaf folve exmibit x\permeatitity o atdesst op 1P erfrisvib idr, DM Haireyr)

 the nenbyane ey n&fstvefngfbf%éu&&ﬁ@seof&g%ﬁsrd&@we@n al yst under

conditionS o atdare, press |C|ent to produce an
i somer at e havi ng agy a t hat of .t he
second stream Depengl%[l on ?(ﬁ b a#lgﬁl ons qu?r g’ﬁreéf E‘ets oM ng
to the reject  stream compnses e 1ylbenzene and a. mixture of xylenes lean

in at least para-xylene, processes of the present disclosure advantageously

20 further comprises; passing at least a= portion - of the reject siream fo
a catalytic conversion process to produce a stream having an
enriched para-xylene content compared io that of the reject stream.
Typicaiiy,‘ the catalylic conversion process - comprises cdntacting-
with a  suitable isomerization catalyst under  conditions of

25 temperature, pressure, and time sufficient to produce an isomerate
comprising an equilibrium mixture of xylenes. The isomerization
catalyst beneficially comprises a zeoliic component and an acidic
inorganic oxide suppoﬁ which has incorporated therewith at Ieast
one component comprising a metal selecited from the group

30 consising 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, palladium and
platinum. Advantageously the fluid. mixture comprises at least a

35 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 Cs to C4p aromatics ftrans-
alkylation, and/or methylation of benzene and/or foluene fo form
the fiuid mixture.



present discl osure provi de a process for recovering para-xylene froma
fluid mxture of aromatic ‘conpounds. conprising: w thdrawing from25 a
menbrane device a first fluid stream having an enriched content of
_para-xyl ene conpared to ‘that' of a second effluent streamwhich streans are
derived froma fluid nmixture of para-xylene with other aromatic conpounds
by permsel ective neans utilizing nenbranes conprising at | east one
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Advantageously, the membrane device utilizes a perm-selective
~ membrane comprising at least one polymenc ‘material selected
from the group -comsisting of polyamides, polyimides, and
poly(amlde)xmlde_s. ‘ : : :

25 Processes in accordance with the present disclosure 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 present disclosure, concentration

30 - 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 embodiment of processes according to the present

g5 disclosure the para-xylene concentration comprises a fractional -
crystallization



30Any pol yneri c nmenbrane-whi ch. under a suitable differential of a driving-
frorce exhibits a perneability and other characteristics suitable for the
. desired separations nmay be used. For exanple, nenbrane devices for
separations according-to the invention maygutilize a plurality of
perm sel ective menbranes which under a 10" suitable differential of a
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consi sti ngofp nes car onates, poly

pol yi m de i ngnuemrighed| pomnienti Mﬂpﬂ@nﬁ dgg:npared to that of first
pol yet hers, pohﬁhﬂﬁr 'aﬁﬂd% thgﬂt oggesmgghe,get ﬁqﬁgjyl fp}ﬂﬁﬁgt_’ and (c)
contacting all or portion of the para-xylene-depleted second stream
withdrawn from the membrane device .with a suitable
isamerization catalyst under conditions of temperature, pressure,
20 .and time sufficient to produce an isomerate havmg an enriched
' para-xylene content compared to that of the second stream. -

Dependmg on the separations required, processes accordmg to the

present dlsclosure prov1de a process for recovenng para—xylene fro:m a

25 & membrane dewce a first flaid stream havmg an enriched content.

«of para-xylene compared- to that of a second effluent siream 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

30 portion of the first stream withdrawn from the ‘membrane. device

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

,produét 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

35 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.



pol y{aryl ene oxi.des) such as poly(phenyl ene oxide) and poiy(xyl ene

oxi de), poly(esteramide-d iisocya nate), pol yurethanes, pol yesters
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e using anal ofefesen@rshowst powube msd Ga;t,@ﬁh@ ealodiments illuStrated m greater

-detail in the accompanying drawing and described below by way of
10 . exa.mples of the disclosure.

BRIEF DESCRIP’IION OF 'H-]E DRAWINGS

- The invention ' is hereinafter -described in detsil with
 reference to the accompanying drawings which are schematic flow
diagrams depicting aspects of the present invention for recovering

15 para-xylenc from a fluid mixture by means -of selective permeation
' of at least ome aromatic compound from a fluid mixture of para-
xylene with other aromatic’ compmmds and concentranon to extract

_purlﬁed product

o FIG. 1 is schematlc drawmg showmg an embodlment of the
20  present invention in which. selective permeation is carried out using
'-perm-selecﬂve. membranes comprising at least ome polymeric
. material to provide a permeate containing stream having. an
enriched content of para—xylene |

| FIG. 2 is schematic. drawing shewmg an embodment of the

25 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

30  Auny polymeric membrane which under a suitable differential
of a driving force exhibits 2 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



pol yi m i dest hat conpri sepol yi m desor pol yet heri m desmade 15 usi ng 6FDA
Advant ageously the hollow fiber polynmer nenbrane is a conposite materi al
conprising an effective skin |l ayer and a porous support. The porous support
material can be the sane or different 20 polynmer as the nmenbrane. Generally
t he porous support is an inexpensive porous polyner.In a conposite holl ow
fi ber polynmer nenbrane the porous support |ayer can be either the inside

| ayer or the outside |layer.Typically the porous support layer is the
inside layer in this enbodi nent and the 4gskin” layer is on the 25outside
of the hollow fiber. Conposite nmenbrane materials are described in
copending U S. patent applications Serial. hbs 09/ 834, 857 and 09/ 834, 808.
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General ly for oces esent 1 nventlon he average pol yner
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(1) incorpopgf €ghds"&hEicBudr PhidbalidhenBE #&NHhSSport rate of each species
through the matrix but also the chemical nature of both the
permeating molecules and the polymer phase itself.

20 Advances in polymeric membranes make them  attractive
candidates for separation of aromatic compounds since they do not
depend on easily poisoned metal complexes 1{o achieve the
separafion. For exampie, several polymeric materials that could
be -used for the separation of a mixture of aromatic compounds are

25 descriped in a recent Patent Application Publication number US
2003/0140789 Al

Suitable polymers useable as either
the membrane material or the porous support include substituted
or unsubstifuted polymers, for example members of the group

30 consisting of polysulfones, polycarbonates, polyamides and
polyimides, including aryl polyamides and aryl polyimides,
polyethers, polyetherimides, polyatherketones, polyethersulfones,
poly(arvlene oxides} such as poly(phenylene oxide} and poly{xylene
oxide), poly(esteramide-dilsocyanate), poiyurethanes, polyesters

35 (including polyarylates), such as polyethylene terephthalate,
poty(alkyl methacrylates), poly({acrylates) and poly{phenylene
ferephthalate), polypyrrotones, polysulfides, polyaliyls,
poly(benzobenzimidazole), polyhydrazides, polyoxadiazoles,
polytriazoles, poly (benzimidazole), polycarbodiimides, and

40 polyphosphazines, and interpoiymers, including block



10 conprising at | east one natural and/or synthetic crystalline

al um nosilicate thereby enhancing the performnce of the nenbrane for the
desired separation. Structures of crystalline abuni-nosilicate are best
identified by their structure type code as assigned by the I ZA Structure
Comm ssion following the rules set 15 up by the | UPAC Comm ssion on

Zeol ite Nonencl ature. Each uni que framewprk topology is designated by a
structure type code consisting of 3 capi thl letters. Advant ageously the
alum nosilicate exhibits a crystalline structure identified by the
followi ng types: AEL, AFQ, AHT, BEA, Ca, DAC, EPI, EUO PER, BED, LAU,
MEL, M\, 20 ineoiwidrs NEShtail®y SEpEati@lF, urfiSL B and EB¥ve sudixaml es
of speci fl C 18 fysherz @bt .w&chngoerrd@rs%dw salt 8 3;5&9 @%@n %@Wll
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ZSM 11 is demtym@ed inoiude S, hagens Nucberas3, 7069y 9. cliGin22 angd deotinded
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the selectivity. 20 The average size of the granules useful in the

present invention,is general I%QI ess than 0.5 mcrons, and less than 0.2

m crons for best T¥BOPEIE STREMEIANG 2 dTRIEEIAS t AATBs BBREITRG bdb weeppending
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
30 4,825,459,

High permeability and seleciivity of hollow fiber membranes,
beneficial for practice of the present invention, depends at least in
part upon confrol of the molecular weight of the polymer material.

35 Control  of moiecular weight is needed to form  holiow fiber
membranes that are not too brittte and exhibit an effective skin
fayer. Generally for processes of the present invention, the average
polymer molecular weight is between about 20,000 and about

40



. the granules and the palyner. Typically, the size is controlled by 25
-synthesis.Prior to nenbrane formation, the. granul es may be treated to
permitinproved bondi ng between the outer surface of the granules and the
pol yner. For exanple, by mxing the sieve in an ethanol/water m xture
contai ning the silane conmpound for a peri %d of time (a few mnutes-up to a
few hours), then recoverlng 30 the treated sieve and washi ng mnth et hanol
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sweep st rea”ﬁraﬁ{%b%t Opbidf ie2desfoRiRdC b UT 3Gt type code
consisting of 3 capital letters. Advantageously the aluminosilicate
exhibits a crystalline structure identified by the following types:
AFEL, AFO, AHT, BEA, CGF, DAC, EPI, EUO, FER, HEU, LAU, MEL MFI,
20 MEFS, MI‘TNESPAKSFF 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, 887-23; $SZ-25, SS8Z-28, 8SZ-32, 88Z-36, NU-87, and silicalite.
Z8M-5 is described in example U.S.Patent Number Re. 29,948 (of
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. Z8M-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 i US, Patent Number 4,585747. SUZ-4 is
80 described in EP Application Number 353,915, SSZ-23 is described
in U.S. Patent Number 4,859,422, SSZ-25 is described in U.S. Patent
Numbers 4,827,667 and 5,202,014, SSZ-28 is described in US.
Patent Number 5,200,377. SSZ-32 is described in US. Patent
Number 5,053,373. S8SZ-36. is described in U.S. Serial Number

35  60/034,252.



Hol | ow-fi ber nmenbrane nodul es are used in two basic geonetries. One type
is the shell-side feed design, which has been used in hydrogen separation
systens and in reverse osnosis 25 systens. In such a nodule, a |loop or a
cl osed bundle of fibers is contained in a pressure vessel. The systemis
pressurized fromthe shell side; perneate passes through the fiber wall
and exits through the open fiber ends. g%s design is easy to nmake and
all ows very | arge nenbrane areas to be déntained in an econoni cal system
30 Because the fiber wall nust support considerable hydrostatic pressure,

the fibers usual hjothave syBkdbidi ama%rss angr t hi s&myablestivee: 9. mkPfbransa t o

200 p. m out tar, .an bo e-hal f
the buter dramgier. @ ' 90*5&*%@ B8 oo B 5
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ends, and t kenthafic f edittafiteui d | Silmalieul as edat hhydgbhobie borystalling hesilica-
fibers. To MbAsER ZMoRIcRR Ulsfevd ORhicRSIHEE tHhenf ldéi‘[e&)dpédh&aﬁh aﬁﬁbﬁfea g68e

usual Iy |argef .t h@B lik}ﬁﬁ % t&?o{' N&t flg?zrs ui\e Feﬁe a;lé,eu%ﬁ;o%{ deyf eed

system and ar SOl ut | on s

capillary fShi 8?gearnéayus%%l 9\“‘19 t |“a el (3leleon gleB’n HPE%EH%
| ow- t o10ediCuysipline Silice Ma?caWISIem"t Mrew@bra:?éntﬁe@t |90*r97@o| Qtherasebn i s

wel | controlglr@ﬂneg}rnbgalirﬁﬂmejgcy@]@demdul es. The feed sol ution passes
directly across the active surface of the menbr ane and no stagnant dead

spaces are produ ThIS far fr mthe shel | -si de feed ul es
in which flow chgﬁﬂ%” 'Qanaﬂft B?e&%si% FH‘E‘PEQ WP hOgudke 0%
15si gni f i camffeeicibat rﬁpﬂtﬂtml a@hizfaﬁﬁeﬁﬁ'msobb’énﬁear@@mﬁﬂa@@l t t Sughoidtinhy

suspended patddifddione ingludes ion t Breifzmgd Swheits osodiameast | potassippedionshese
stagnant areas Jh?adét Lﬂbrrﬁ?’@r%f)i‘a@eéo%!tﬁ‘g &het h‘-‘r‘or'?é?”’%’tﬁﬁe Baf fpind 0

direct the | ow have been t b r
cormon met h 3 4m, cesium, or ~any her selectead excRangegbqe ot ‘flh!s T8h€be

done to adjust the adsorption characieristics of the membrane thus
increasing the selectivity.
20
The average size of the granules useful in the present
invention is generally less than 05 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
25  synthesis. Prior fo membrane formation, the granules may be
treated io permit improved bonding between the outer surface of
the granules and the polymer. For example, by mixing the sieve In
an ethanolwater mixiure containing the sitane compound for a
period of fime (a few minutes up to a few hours), then recovering
30 the freated sieve and washing with ethanol 1o remove excess siiane.

Yet another suitable class of perm-selective membranes

comprise. (i) a polymeric material, and (ii) incorporated therein a

plurality of granuiss comprising borosilicate, silico-

35 aluminophosphate, aluminophesphate, and other zeolite-like

molecular sieves. These zeolite-like molecuiar sieves can have
structures similar to the aluminosilicaie zeolites discussed above.

40



20m ni m zi ng concentration polarization is to direct the feed fl ow nornal
.to the direction of the hollow fibers. This produces a cross- flow nodul e:
with relatively good flow distribution across the fiber surface. Several
menbr ane nodul es may be connected in series, so high feed solution

vel ocities can be used. A nunber of varianl4 on 25 this basic design have
been described, for exanple U S. Patent Nunbers 3,536,611 in the nane of

Fill t al., 5, 2 i t.h
n:alrrel gfePa?sed et gﬁéﬁgngﬁsﬁfﬁoﬁ%gb?ﬁnﬁ Meﬁrﬁﬁ ?ﬁhgcﬁﬁg%ﬁ%egﬁalrggﬂﬁgt '
singl e advanfa$¥DBf Qfoppmqslt?erﬁ»mbr&% sWhiéhaBDmpIysa 08 AN KT AP OEIYS
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napht has and%i% h@@e OF1e r Braiy mn&&)rmeyﬂ) cial When a
pet rol eun§ dembbérjrepdsym@ksls ﬁ@é@ a@%héyiseﬁﬁ -$leLAYRY thiidHat! VAR oA

ot her C8 aronmt nan:el net a- Xyl ene .ene,

et hyl benzene&&H F]r %?é’@%@&éﬂ&r n@ﬁ@hrﬁ@@nm ieh cohin, ad emw Skm eof
‘ |S(r)]rr:3[) of xyﬂweaﬁymdi:ﬁlbl Ithetrebrfaract &s)nﬂal_ecopéﬁhngé]gch% ¥d ' g@{S,
et hyl benzene ' e Tan our ces, 0 aro I CS
may be fed t g IHA 33?%?‘5{‘!5%@%?% E‘H’g]\&@%c 0 ﬂ%ﬁ)tﬂl'ha The
r ef or mer andf@@:ﬂomt whsch eﬂm/enpmﬂmrammem xigede i o ﬁﬁvmlpx*an_{(% y
15 perc lReNZ ylene 1 50 _pe t ta ne and
22 percgﬁ% ort ho- xyI g%e an ary:l&%&gngvgﬁ é’?’ ]tﬁﬁsﬁg f‘lﬁf %}1”%{;”

cyclic hydroe@tsgns hollows, Hherss! espbl’ﬂi Wiﬁitlmdd afiofnbetuci og aamgar aomélene
product fronmcan¢8aiaiefhemm xture is to first pass the C8mixture to a :

. Suitable types of membrane devices include the hollow-fine

- fibers, capillary fibers, spiral-wound, plate-and-frame, and tubular

15 types. The choice of the most switable membrane module type for

a ‘particular membrane separation must balance a number 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

20 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

- geometries. One type is the shell-side feed design, which has been
used in hydrogen separation systems and in reverse OSmosis

256 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

30 Because the fiber wall must support considerable hydrostatic

pressure, the fibers usually have small diameters and thick walls,

¢g 100 um to 200 pm outer diameter, and typically an inner

diameter of about one-half the outer diazmeter.

A second type of hollow-fiber nioduie 1s the bore-side feed
35 type. The fibers in this type of unit are open at both ends, and the



xyl ene colum to renove heavies, for exanple, C8 +hydrocarbons. The three
i sonmers of xylenehave an equilibriumratios of approximately 1:2:1for

para: neta: ortho, and dependi ng on the 15 source, ethyl benzene can conpose
fromO to about 20 percent by weight of a C8 aromatics m xture | eaving
only about 80 to 99 percent xylenes. The overhead streamfromthe xylene
col um, containing predom nantly para-xy| ene, neta-xylene and et hyl benzene
is passed to a perm selective nenbrane vice to obtain a first fluid
stream havi ng an enriched 20content of para-xylene which is thereafter

concentrat e‘?eé?i’fifﬂlé‘c‘éhocg@u é‘iéﬂlshﬂ’bl.l%ﬁattﬁé)nb&%d/(ﬁr 507 8N To  minjmize

Particul arl yuse ar a- xyl eneconcentrati on according to the
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John S. Hansen and WI | i am A. War ani us, U.S 5,498,822 in the nane of
WIlliamDP. Eccli xander., D. . Fr.emu 7 t he

of Paul 1@1 Ki t enk 0888” Pé’rdpﬁkﬁﬂz_aﬁﬁﬁqi é?, é anfﬁliéﬂﬁdn i)%{%g'dﬁan%e%gf
Stuart R MieFhdeson Eed Radl spiutionemesses). @recsiylmrqsm thﬁ epiven sitifase
Paul M Ki t eRjsotigNond@biatits t aRd Mac Fedsem, desd Sbasesd, a184p6&tﬂndea thafhmarre

of Keneth J. Th S Barto b
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xyl ene m xt lﬁhéﬁnﬁiﬁ'@ nmefid ng SRENANt of 358R%- xPIeg’Y\%efi s ﬂﬁ)@’ﬁer WRIGR t heaUseher
xyl ene |150ng@lmmhtcr }t&in@éhiram fi petarizadon exq;m’pbb%m@ar aargy| eddficult fo

CLyat ol 2y 1. A, SRLATAUEGa R BRO ity T AEad i e
are two bi n&%ﬁ‘but@é@ﬁ’% of i thRTR andagname @é?%‘i xy 188 Gret B- xyIrRYRISElR
t he paraxyl eoairyr tdfotiey | evenbrAset he Bpéiiss- Xyl direct dher jesidal fiaw edafer dmedrhe
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20 minimizing concenfration polarization is o direct the ieed flow
normal to the direction of the hollow fibers. This produces a cross-
flow module with relatively good flow Tdistribution across the fiber
surface. Several membrane modules may be connecied in series, so
high feed soiufion velocities can be used. A number of variants on
25 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
5,470,469 in the name of Beckman. The greatest single advantage of
hollow-fiber modules is the ability fo pack a very ljarge membrane
30 areainto a single module.

Sources of xylenes in substantial quantities include certain
virgin and reformed pefroleum naphthas and coke oven light oils.
When removed from typical petroleum-derived feedstocks, para-

35 xylene is found in mixtures with other Cg aromatics; namely: meta-
xyiene, ortho-xyiene, and ethylbenzene. Generally, processes of the
tnvention recover a very pure isomer of xylene from distillate
fractions containing the xylene isomers, ethylbenzene, and paraffins.



10 approaches one of these eutectic binaries depending on the starting
conposition of the mxture. In practice according to the invention,
para-xylene is crystallized so that the binary is only approached but not
reached to avoid contam nating the crystal body with a m xture of
crystals. This represents the eutectic limt to recovering 15 para-xyl ene
by crystallization. The crystallization gﬁet produces a not her |iquor
which is beneficially recycled to the is rization unit where the
conposition of the nother liquor is restored to the approxi mate
concentration of Whie i mdnyal séureesnedfi ¢ Cheedsintaticst omayovbele fed saur ceof
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perm s el eSfhnky IERaNVA§eoRMHdARLERHT | EBRGnProduCct 720,647 in the name of
Horst Gelbe and Karl Schmid, U.S. 3,723,558 in the name of Friedrich
30  Kramer, 5,004,860 in the name of John 8. Hansen and William A.
Waranius, U.S. 5,498,822 in the name of Wiliam 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.S. 6,147,272 in the name of Paul Mikitenko and
35 Stuart R. MacPherson, and U.S. 6,194,609 in the name of Keneth J.
Abrams, Thomas M. Barios and Debra J. Streich.



recovery operatiohs alone will not fully utilize the Cg aromatic

+. f eédst ock. Under these circunstances, in one aspect of the invention,

chem cal conversions such as isonerization are useful. After depleting the
Q aromatic feedstock of the val uabl e para-_xylene isonmer, the depleted
streamis advant ageousl y sent to an isonek?zation unit | n the

| sonerization unit, an- UI l'ibrium xylene isoner ratio is established,

tEereby pr oduci ngFraeti eystaHimation f thab tdkesundesi ) @f(ihfes?ct that
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in the name SRUPO§HIoR Ofs %QJ Bracmqmc dtouthe AnyeRtiogs in

th f T S.
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nane of Rog rris
of dar enceetﬂ“fb\é‘l%tnd'e&ﬁﬁe@og@pﬁv% contammann e crys ody Wlﬂl a
mixture of crystals. This represents the eutectic limit to recovering

15 para-xylene by crystallization. The crystallization wnit produces a
mother liguor which is beneficially recycled to the isomerization
unit where the composition of the mother liquor is restored to the-
approximate concentration of the initial Gy aromatic feedstock to
provide a source of additioaal para-xylene.

20 In a two stage crystallizer, an equilibrium G aromatic feed is
cooled to about negative 35° to about pegative 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

25 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 ligwid containing only about 8§ to about 12

- percent by weight para-xylene. This low para-xylene liquid
contaminates the crystals by about 5 fo about 20 percent,

30 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 liguid is
discharged as reject filtrate. This wet cake is either fully or

‘ partially melted and  recrystallized or washed to remove the

35 contaminants to achieve the required high para-xylene purity.



15 Mele, and U S. 4,899,011 in the nane of Yung F Chu, Charles T. Kresge . -

.and Rene B. LaPiere. Extraction of high purity para-xyl ene product "
froma stream of m xed xylenes and inpurities according to one enbodi ment
of 20 the invention conprises the steps of cooling a feed of m xed xyl enes
and inpurities in at |east one crystallizgy in a fractional
crystallization unit to crystallize out para-xylene fromthe
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processi ng. 3 \ReHigveha f’e@&eg Sﬁ? fn”ﬂié‘qﬁ’?lleﬁ gg?%'fiy%%%%&%b%fta? ion of the

to recover par a-.xyl ene from eamricC
fractional crystasld 230 88sitllid SOIPELAGRIe SO0 ATmat: taiSeaty 220 vary
depending on its source, but the total orthe-xylene and para-xylene
. isomer content will be less than about 45 percent. However, the
20 .integrated perm-selective separations and purified product
recovery operations alone will not fully wutilize the G aromatic
feedstock.  Under _th_ese circumstances, in one aspect of -the
invention, chemical conversions such as isomerization are wseful.
After depleting the (3 aromatic feedstock of the valuable para-
25 xylene isomer, the depleted stream is advantageously sent to an
isomerization unit. In the isomerization wmit, 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

30 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 xylemes. Additionally, the process
includes distillation fowers for removal of components boiling

35 above and below that of the G aromatics, and finally, a section for



rich in para-xylene in a single tenperature crystallization stage at a
tenperature in the range of from about negative 30C to about 15 10C,

wi t hdrawing a slurry conprising para-xylene crystals fromthe single
tenperature crystallization stage; formng a cake of crystals with a
separation nmeans, for exanple a centrifuge separation neans, a filter
and/ or hydrocyclone and washi ng the cake with para-xyl ene. Advantageously
a portion of the reject 20 streamfromth®8 separation nmeans is recycled to
the single tenperature crystallization stage. The washed cake is nelted to

IR ARRAR ot meaﬂfrry'aﬁae RIBOLA] oé\n%aeralﬂ 2B87et  RAGUGY! Behdratiery!

nmet hods of t|o according"to the present I nvehtion
i ncl ude sel e‘Hr\ g Q%at?(}ﬁﬁ %g:g Pr%‘fcﬁﬁ‘gg as | i qui d- phase adsorption

chr omat ogr aphy, or sinul ated noving bed adsorption (SMBA), are descri bed
in, e.g. US Patlepticliper as@uP85 méPods t he n&tf%nﬁ&aEDon@drdleESI&@Ug\‘Hron

and d arenc Q’d holgf 3 7 25513%%9% ganea&()rd]lq atbb %@
B htna tFZ ans f nthenne 0

clrglligssgt andVed Pﬂard W Renf yt? 626506?525%" 3 %96"!‘6?9?n the gﬁ@eof
Richard W Ne@m@pfizatpn72unitp3 qneraige ﬁarrén@lﬁorphlﬂﬁ?%ﬁﬂ@eéndlfb for . exampieul

T. Allem0d 4,3&l, 2atent nNUumbenain®, 868, SRdgen W i mam4, 402A0&33r 0.t IMxagarmdof
Qarence G Gafikokd, o@,o§8fu 9411t ey ﬁﬁ”?hé)fnd%&héﬂ d%(Wd Neugrdai@Rfageor ge
3 Antos, 21U%nq4 251831%?3 8 U8 AB%G%%EmOﬁ‘-e Name of Samue A. Tabak and Roger
A Morrison, U.S. 4,224,141 in the name of Roger A Morrison and Samuel
A. Tabak, U.S. 4,638,105 in the name of Clarence D. Chang and Joseph N
15 Miale, and U.S. 4,899,011 in the name of Yung F Chu, Charles T. Kresge
and Rene B. LaPiere.

Extraction of high purity para-xylene product from a stream

of mixed xylenes and impurities according to one embodiment of

20 the invention comprises the sieps of cooling a feed of mixed xyienes

and impurities in at least one crystalizer in a fractional

crystallization unit to crystaliize out para-xylene from the liquid-

crystal slurry, separafing the liquid component comprising ortho-

xylene and meta-xylene and impurifies from the solid crystal para-

25 xylene in a separation means, e.g. centrifuge, fo obtain high purity

para-xylene.  Advaniageously at ieast a portion of the reject stream

(xylenes and impurities), including melted para-xylene due to work

input andior heat from the environment, is suppied f{o an

isomerization unit where the xylenes are reacted over a cataiyst

30 bed, separating para-xylene and mixed xylenes from impuriiies in a

distilfation stage and refurning the mixed xyienes to the membrane
device and subsequently {he fractional crystallization unit.

in a particularly advantageous aspect of the invention, para-

35 xylene concentrations in the stream from the membrane device for
distribution fo the crystaliization unit, are high enough that eutectic
temperature is not a factor in the operation of the crystaliizers of

the present invention. This is because cooing to the eutectic

temperature is not required to get high para-xylene recovery rates.
40



5Sel ecti vesor ptionoperati onshavet hefol | owi ng characteristics.In order to
. obtain high purity and high recovery, the adsorbent columm isgenerally
divided into a plurality of beds. The product recovery is obtained by
desorbing the C8 aromatics with a solvent, generally toluene or
par a- di et hyl benzene. The 10 desor bent solgﬁpt typically separated fron1the-
desired products by fractional distillation, is recycled internally in the-

operaton' | S aEERSy Rt ESEeRe, oA O0RF ek, o SciRertbngheieh

adsor bent tten be achievedvdnf arsingle sempenatune oftapet &:@cnheeleoﬁmﬁe h1

par o xy! eno CicopRRHAIE O AR yiEne PR T Eryililibe AR R %aaiwmn

of meta- and®er¥plond eppcentrationain theanothendiguayl ene and ort ho- xyl ene
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portion of q)mdnettofsihe?tresbnt invehtions reqaifea st finghay! HiRessine.
concentration is treate n an isonerization step. 30Typically, ltnﬁ

sor bent ggused ‘i n s nvent ion .are nol Jar S|eves
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Cryst a separation means, for example a centrifuge

| separatmn means, a filter and/or hydrocyclone, and washing the
.~ cake with para-xylene. Advantageously a portion of the rsject
20 siream from the separation means is recycl_ed 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

25  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 mame 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. Neuzl and George J. Antos,



Crystalline alumnosilicates which find use as the adsorbent in the
process of the present invention possess relatively well defined pore
structures. The exact type of alumnosilicate is generally referred to by
the particular silica alumna ratio. Faujasites are 10 conmonly represented
as being closely related to the type X and type Y alum nosilicates and are
defined by the varying silica to alumna ratios. Type X is described in

U S. Pat. No. 2,882,244 and type Y is dedtribed in U S. Pat. No.

3,130, 007. 15Adsorbents contenpl ated herein include not only the sodi um

form of the 4&@0%35963 M fhee M’e%lf?%@'by?é{?ﬁ' ine materials contained from

such a zeoli y par conp cenment of the sodiumcations
with other individual cations. Simlarly, the type X zeolite also ion
exchanges and i s 3afetiwepl at edrton use gueraiivrd0adsdiaent pieeess fliowitgs

invention. charactéfistik6COr d@nCergdirt hot hfbtﬁ;"nesi‘ﬂ? igRPt AR KPR  recovery,
para-xyl eneqgpl %rdggr%tefa%!ﬁnﬁpefs' Cﬁﬁé&%ﬁm af 0%ng Hg)anl S Q516 2 0r O Beds.
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m xture. Usef\Mllih i sonesdlventi orgarwrally stisluena ber anyarstdicthlbeniemaer i zdtheon

cat al yst1knajesotiserit hasheski Iiy@d:agyl tsepariibd Sidin Cahal Ylsirik| |pl‘b¥l§l‘[§ald vy t

conpri se an i oxi or S ppcor e as
p PEighg | eg&.wggm 6! AF-RURROT lnltiaRD NS WRCOTRORAN e bk

one netalli re an inorgani ¢ oxide
utilized in F&P ?Uﬁ“ﬁ? the i somerization catalyst, the binder typically
is a porous, adsorptive, high surface area support having a surface area

of from about 25 ARAgtdgecabigut H0QerRtige WHrfyrm lo@efé!iﬂiﬁosls“@ﬁrri@zﬁd out
35rel at'@'%nreEE@&HQﬁé’et%&t@e gRNdiih{ i%n“t'llr@edainn Acan
process of th (Rres L.nvention.Exa urtab 8ers I nC
al uni na, si ﬁei% VET TP a i uﬁ\dﬁ%rphgf]t%ulr&ﬁ %n ar to‘i‘f&l‘b&l@”%ar"ﬁh in
Fuller's earthf, a&@mqt'ﬁek@%@p@‘{ﬂwmfa »ar@ﬂsﬁmtmr eof thaeeolene.  In the
case where the sorbent is selective for the adsorption of meta- and
ortho-xylene, an extract rich in meta-xylene and ortho-xylene and
20 depleted - in para-xylene is rejected to the isomerization zone and a
para-xylene-enriched raffinate is sent to the crystaliization 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 depieted in para-xylene is rejected to the
25 isomerization zone and a para-xylene-enriched extract is sent to the
crystalization zone for recovery of para-xyiene. Beneficially, at
least a portion of a reject stream that contains the lowest para-
ylene concentration is treated in an isomerization step.

30 Typically, the sorbents 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
35 ftetrahedra are intimately connected with each other in an open

three-dimensional  crystalline nestwork. The ietrahedra are cross-

linked by the sharing of oxygen atoms "with spaces between the

tetrahedra occupied by water moiecules prior to partial or total

dehydration of this zeolite. The dehydration results with crystals
40  interlaced with channels having molecular dimensions. Thus, the



Generally binder is a formof alumna, e.g., the crystalline alum nas 40
known as beta, and theta, and nost often gamma al um na. Particularly

useful binders have an apparent bul k density of from 23 about 0.3 We to
about 0.8 We and surface area characteristics such that the average pore
di aneter is about 20 to about 300 Angstrons and the pore volune is about
0.1 cc/g to about 1 cc/g. In an aspect of _the invention, the netallic
conponent of the 5 isomerization catalys@? i s advant ageously selected from
G oup VI of the Periodic Table, particularly the group conprising

mol ybdenum apgstaiimg st anmidogiicaeal | iafe G aanV! Ibfirfe@morent 3 of  tiifecutar
i sonerizati Q,patal yst may exist within the final catalyst as an oxide,

sul fide, £Or as an el enental netal, or as any conbi nation 10 t hereof The
metal | ic”Goup V113 conponent of the isonerization catalyst generally
conpri ses from akdystaliing taturnipoaiicai@spewlbieht fimgd wmeghts othd hadéorbaht in

catal yst, anige f ppsRe3BOWf 2hé O padgurlt InREHtRANt pdiscwei §BhLTQY RRSE d&mdat s
I'n anot her agpectsQfoy e | NVeRLi 0By, the,-[)g%t aldi ¢ lﬁﬁ%%@f‘%{e O{iﬁ Ilf’gﬁtr%gq[gl s,

i sonerizatiaon catda %Jﬁtb i s benefjcrally ecte rom up 3

parti cul ar| ySEHE gr Blp ¥ortPfi HAECEBbaistiCap pI g aimraihodi UrALIFsiRend@m
and iri dPumcornacniy gaptesetitedr @ ckeingandopelyt iralated The fhet atvipec X aund
VI I 1A conponypd of theninssieategatdren efs aldsfihedBbyexisd Wak/md tshRaf i 1al
catal yst as Ainite xiicte, ﬁr&l Bl 9. is0laelSrildky SineTRAL ab,iTed 2 382%4Bhd
conbi nati on thegeof. Ttg)e ip#l c gpg%p conponéent of the™

i somer i zatié % t'?ifj%(f" &QH% a Ieat: ! ‘om about 0.01 to about 2

percent by weight of the final catalyst, and from about 0.05 to about 1.0
per cent 1By wei ghtAdsorbantst coatamhplated25herein | inoiEei zadti opnigpeihat i 86dium

R S A T i g
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oper at i onal SREKENt £3H8NS gavilky apingr tindiyidusdd dations.f | Riselablyd Syt dyme | X
this 30 systzeniitea Bisdr opan gashamgest hangaria- xybremeptesd etfed sikeeam arg
preheat ed bydsbideddbfodaaall His IRBAfok © the desired reaction tenperature
and then passed into an isonerization zone containing
In accordance with the present invention, the para-xylene-
depleted ~ stream is beneficially contacted with an  isomerization
catalyst in an isomerizaiion zone at isomerization conditions
25 sufficient to produce an isomerate comprising an  eguilibrium
xylene mixture. Useful isomerization catalysts can be any suitable
isomerization catalyst known 1o those skiled in the art Such
catalyst will ftypically comprise an acidic inorganic oxide support
which has incorporated at least one metaliic component.
30
Where an inorganic oxide binder is utilized in formation of
the isomerization catalyst, the binder {ypicaly is a porous,
adsorpiive, high surface area support having a surface area of from
about 25 m2ig to about 500 mZ/g, uniform in composition and
35 relatively refractory to the condifions utilized in the isomerization
process of the present invention. Examples of suiiable binders
include alumina, silica, silica-alumina, attapulgus clay, diatomaceous
earth, Fuller's earth, Kkaolin, kieselguhr, and any mixtures thereof.
Generally binder is a form of alumina, e.g., the crystaliine aluminas
40 known as beta, and thela, and most often gamma alumina.
Particularly useful binders have an apparent bulk density of from



a fixed bed of catalyst. The Hi sonerization conversion zone nay be one or
nore separate.reactors with suitable neans therebetween to 35 ensure that
the desired isonerization tenperature is naintained at the entrance to
each zone. Reactants may be contacted with the 24 catalyst in the
upwar d-f | ov, downward-flow, or radial-fl®gfashion. Further, the reactants
may be in liquid phase, vapor phase, or vapor/liquid phase when contacting
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an incr-ease da CRI, PTI OF THE
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di agr am depiVEexEkg final catalatsts asd dromnaboutt2do mbangs$§ packemppyat us

25 of  the. presiehi f@m{i@gw‘%i_ ng permsel ective nmenbranes conprising” at
| east one polymeric material to provide a perneate containing stream

fo'the ;‘én?_“r Ir &2%?@ @% cOF the vavestibh, e, pERAIE Cothbahine sy ©
exanpl e'3 mRt IPE AROT: satilyShi 1% Ay, selectedpiroed Groom VAT Ae
112 into exohetapsr paiaflailyt eqias egrangar aottphbind” ousbhicoNfuttadldd
punp 1?4 NGk odium, ruthenium, and iridium, and in particular nickel and
- .platinum. The metallic Growp VHIA component ,'of the
| 'isqmerization catalyst may exist within the final catalyst as an
20 oxide, sulfide, or as an eclemental metal, or as any combination
thercof. 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.

25 In an isomerization operation according to the invention the
catalyst can be arranged Im 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

30 system, a bydrogen gas and the para-xylene depleted stream are
preheated by suitable ‘heating means to the desired teaction
temperature and then passed into an isomerization zone containing
a fixed bed of catalyst. The isomerization conversion zZone may be
one or more separate reactors with suitable means therebetween to

85 . ensure that the desired isomerization temperature is maintained at
the entrance io cach zone. Reactants may be contacted with the



mani fold 126. An effluent stream at suitable process conditions is -
wi t hdrawn from exchanger 130 through manifold 132 and 35 distributed into
menbr ane devi ce 140 which typically includes a 25 plurality of
perm sel ective pol ynmer nenbranes whereby perneate and non-perneate

m xtures having different conpositions apg derived fromthe feed. A stream
of perneate which is enriched in at |east one 5 conpound of the feed
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a

t hrough condurt 142 mani fol d 166. Advantageously all or a portion of

t he stream 25 de eted t he desi rod ct wi t hdrawn .from t he urlf
e dnet potaver s T8 ASCOEIRREG AL GhS PTCSTEs 1V atign, AR AGHS: ot
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~ xylene crystallization is overcome by enriching the concentration of

15 para-xylene of the crystallization feed. A para-xylene-depleted

‘teject stream is passed to an isomerization zome to re-equilibrate

- the xylene mixture, thereby prodocing additional para-xylene. A

para-xylene-enriched stream withdrawn from the perm-selective

membrane device is passed to a crystallization zone to produce high

20 purity para-xyleme. 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

25 of the present invention wusing perm-selective membranes

comprising at least one polvmeric material to provide a permeate

coptaining stream having an enriched in at least one compound of

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

30 A first feed stream, for example a mixture of the (g aromatic
compounds, is supplied form sowrce 112 into exchanger 130 of
integrated apparatus 11 through condumit 114, pump 124 and

 manifold 126. An effiuent stream at suitable process conditions is
withdrawn from exchanger 130 through manifold 132 and

35  distributed into membrane device 140 which typically includes a



30 establish an eqU|I|br|un1n1xture Anot her reactant, such-as hydrogen,

- may be supplied to section 150 through conduit 152 and excess reactants
and/ or co-products are wi thdrawn from section 150 through conduit 154. A
stream conprising at |east a portion of the conversion products, for
exanpl e an equilibrium35 mxture of ar ogét i ¢ hydrocarbons havi ng about 8
car bon atons |s 26 wthdrawn from section 150 through condU|t 156
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non- per meat ¢ 11§ thmmondmt 3H 4afferent conpositions are der| ved from
the feed. 27

20 A stream of non-permeate which is depleted in at least ome
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 throngh 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 gemnerally include isomerization reactions to thereby

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

36 mixture of aromatic hydrocarbons having about 8§ carbon atoms, 1is




A stream of non-perneate which is enriched in at |east one conpound of the

. feed mxture relative to the perneate, is withdraw form nenbrane device
240 through conduit 242, and transferred through manifold 216 into an
integrated purified 5 product recovery section 260. For exanple where the
first feed streamconprises a mxture of26 he Cg aromatic conpounds and the
non-perneate is enriched in at |east para-xylene, recovery conprises a

par a- xyl eneygen atfr QA %@bﬁoﬂhl%a%iﬁﬁgﬁfﬁq&ﬂgﬁuﬁtllf's'fizesc\fﬁ?e‘i&' th8!

~crystallizatjon and/or selective sorptjon
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par a- xyl enedd V@ an i ABED arfmiem e‘é’ijuhf’{e O d

recover se@bnaﬁltlis%%dﬂmyqrssﬁn@ﬂd rRafEoAA L 7B ol d 258 A

stream of permeate which is depleted in at |east one conpound of the feed
m xture relative to the perneate wi t hdr a nbr.aneg devi ce 240
Chrough condui ¢ - ABATATRYTERArSREPhEd StFn LOm bl ChemHGaL ORY 53D,
and by weanSe@tﬁoﬁotppurmﬂgrS%dﬂtaﬂmhab@muazZ Pbrcaitd fx@llén%58m N an
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t he depl.ete re e conversion sectio
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XCess ug
condur t 254 ORIyt Y SEQALRA b raifbir S WOrOUR, TR AREbho"oambuledt o,
products, fProgsaRpM@saiseduie | iaukate angr mbodiweati of niher dawrantien
havi ng abouleBiGaaben Righife. 11 s A hstadwank' qieﬁsetngﬁp. SQefﬂf ge%hﬁ%du't

256. Where th tream o OI’IVEI‘S.J products is,enrich red

on
conpoun® i nTH ¢ DFaR G a WG tr@é?*bﬁst hcﬁ‘a\/ﬁf‘rtaﬁﬁlfﬁw WV@’% jaf 330,
advant ageoubbyeticiadby ed incteasednbr ahe de a;a-yzyfrmehrommmﬁﬁof

condui t 256%{39&%11”32{11019 lféegizgéo 5028pér1t5aetn ﬁ?ﬂé{%ltdo? taﬁlzatlon feed

decreased by sbout two thirds, and the para»xylene lean reject

stream is decreased by about 20 percent. Thus the para-xylene

20 process using perm-seiective membranes according to the imvention

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 ome polymeric material to emrich 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 imto exchanger 230
30 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

35  different compositions are derived from the feed.



1. A process for recovering para-xylene froma fluid mxture of aromatic -
~.conpounds including at | east one other isomer of Xxylene or ethyl benzene,
whi ch process conprises: 5 (A wnthdramtng froma permsel edi ve nenbrane
device a first fluid stream having an enriched content of para-xylene
conpared to that of a second effluent stream which streams are derived by
sel ective perneation of at |east one aronatic conpound fronta fluid

t f d b
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wi thdrawn from the nenbrane dfwce with a suitable |zat|

under condi (GURBIISES 1 & REASXYINC rucentration wifewhichi a Mantagq:ﬂwsigrce
an i somerat eidimesnﬁra@lmmlatlaij@damm@ﬁ Wdﬁﬂ%@[&cﬁ’@é‘%@ﬁoﬁo Piifigh the

Locess .accordi ng to cl atml wherein t hé nmenbrane

d
Zg\c“oge 3@ ﬁggugt p’ér @@Y%@l \?@IHEHGPQ?(@YO & theergh ceenduit
pol ymeric rrﬂ&dl al Ahgtrigagn adep¥ eir@e;mo{twuﬂgguwl ggg{wg@nwggugﬂ{h and
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urther conpy port e reject.
stream to an ée"? hed, nfe (?gt gﬁyéégtg{} \é@ﬁf@ c xfeé?ﬁé(ef)éoﬁﬁgﬁﬁat i on

processtbo pr oughte andennanifebﬂmara xyl ene cont ent
conpared to that of the reJ ect stream 4. The process according to claim3

wherein the flui o\ ndpebaine SPTRIEERA WISRHY R depleted in at least one

compound of 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

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 withdrawn from the purified

_product recovery section through conduit 262. Advantageously all

or a portion of the depleted stream is transferred imo chemical

25 conversion section 250, for example throﬁgh 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

30 conversion products, for example an equilibrium mixture of

aromatic hydrocarbons having about 8 carbon atoms, is withdrawn

from section 250 throngh conduit 256. Where the stream of

conversion products is enriched in a desired compound in the

permeate, stream  withdrawn  throwgh - conduit 256 is

35 advantageously directed into membrane device 240 through
conduit 256, conduit 2562 and manifold 226.




portion of the isonerate. 355. The process according to claim?2 wherein the
fluid m xture conprises one or nore product of reformng,

hydr o- processi ng, toluene disproportion, a C6 to CLO aromatics
trans-al kyl ati on, and/ or nethylation(ﬁzgnﬁuene and/ or toluene reactions.
29 6. The process according to claimI"wherein the nenbrane device
utilizes a perm selective nenbrane which conprises: (i) a polyneric

mat eri al  hawhnghids abghage nol ecul ar wei ght bet ween 60, 000 and 120, 000
selected fromthe group consisting of 5pol vam des, polyim des, and
copolyners thereof, and (H) incorporated therein a plurality of discrete
conponent s 1CONPAI p&bms abr Heeé\i‘di'ln@ ParaCyyh® teMtd fuld mixtlre bhBroRiafs Esnipoafdsor di ng
to cIa|n11 rane dSW ce u Ives a perm selective nmenbrane

conpri sing' \"85@ %ﬁ?ﬁ%l’%’ﬂ?ﬁ? NS 8 YV P OISV AT RISHS | sti ng of
(3- 10 &ycl odext®i n withdrantgdomcbepetni-sate civiermobmibcdng nevideca frmmmdsnahmhia\vzmm an

average nol ﬁr(l\’éﬂ!ecﬁlgon {cg B&r& X@c%rl:h dPoOtR %Pgsélcgrq %nt sﬁeﬁﬁ t rg:h Ltr %mstap e
pol'ya %t IO0 mges

group consi St ng o am de) 8. The
process ac@arvgd By selestive me@pn otaiéeaﬁtmnaawmamwmgwmmaﬂuacbnmw parges a

15 sel ecti VGeROwg biRg stbfmict dftpotHd |obﬁt§@ngf‘b CaftRR RS unﬁ[ﬁp%ermfsek%egr oup

consisting of natural and/or synthetic e zeolite e zeolite and
al umi nosi | iMEeMRBEARGSiOMPESIAG B‘i”f‘%gec“ﬁéusl\ﬂq'yn@ﬂ?@?t&'wﬁ "H'E?hé’f‘ﬁ’%@ P'@nt'a‘@d"‘fﬂge

processgoac w&ellexhgut b@erhewbﬁﬂy@f Bt lehe omrﬁwﬂ%émaa:@ag eNtBaeh)I6r £ WHRY brizes a
20f racti onal st al I t on The process according to claim?9

wher ei n théﬁwgrJ "3&/? E%ﬁ&%ﬁi"gngleaﬁ further conprises a selective
sorption of at [Bast digbuing 4l engoftivoof theffiraiistiean itbdrawo fropaha-mepbesre and

other ar On%%ilige %?JTBQH—%%& QQﬁc%H?étBﬂ u%nt(f@@gggt tﬁér&@n a %gn'ﬁed product having an
enriched content of the para-xylene compared to that of first stream, and a reject stream as
15 mother liquor product; and
(C) contacting all or portion of the para-xylene-depleted second stream
withdrawn from the membrane device with a suitable isomerization catalyst under conditions of
temperature, pressure, and time sufficient fo produce an isomerate having an enriched para-
xylene content compared to that of the second stream.

20
2. The process according io claim 1 wherein the membrane device utilizes a perm-
selective membrane comprising at least one polymeric material having an average
molecutar weight between 20,000 and 200,000 selected from the group consisting of
polyamides, polyimides, poly(amide)imides and copolymers thereof.

25

3 The process according fo ciaim 1 wherein the reject stream comprises
ethylbenzene; and the process further comprises;
passing at least a portion of the reject stream to an ethylbenzene catalytic
conversion and/or xylene isomerization process to produce a stream having an enriched
30  para-xylens content compared to that of the reject stream.

4. The process according to claim 3 wherein the fluid mixture comprises at least a
portion of the isomeraie.

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

trans-alkylation, and/or methyiation of benzene and/or toluene reactions.



11. The process according to 1 wherein the first fluid stream having an
enri ched content of para-xylene conpared to that of a second effl uent
stream and the second effluent streamare derived froma fluid m xture of
22 percent para-xylene with other aro | ¢ conpounds containing 8 carbon
atons, by permselective neans utili zimra#Qd at | east one polyneric 30nenbrane
mat eri al which exhibits a para-xylene selectivity of 10, and thereby

i ncrease the para-xylene concentration in the first fluid streamto 50

ercent or nore. . . . . -
P 6. The process according to claim 1 wherein the membrane device uiilizes a perm-

selective membrane which comprises: (i} a polymeric material having an average
moiecular weight between 60,000 and 120,000 selected from the group consisting of
5  polvamides, polyimides, and copolymers thereof, and (ii) incorporated therein a piurality of

discrete components comprising at least one cyclodexirin.

7. The process according fo claim 1 wherein the membrane device ufiizes a perm-
selective membrane comprising at least one cyclodextrin selected from the group consisting of -

10 cyciodextrin and j-cyclodexirin, and polymeric material having an average molecuiar weight
between 60,000 and 120,000 seiected from the group consisting of polyamides, polyimides, and
poly(amide)imides.

8. The process according to 1 wherein the para-xylene concenfration comprises a

15 selective sorption step that utiizes at least one member of the group consisting of natural
and/or synthefic Y-type zeolite, X-type zeolite and aluminosilicate which exhibits the MF!
crystaliine structure.

Q. The process according to 1 wherein the para-xylene concentration comprises a
20 fractional crystallization step.

10. The process according to claim 9 wherein the para-xylene concentraﬁon further
comprises a selective sorption of at least paraxylene from a fiuid mixiure of para-xylene and
other aromatic compounds containing 8 carbon atoms.
25
11. The process according io 1 wherein the first fluid stream, having an enriched content of
para-xylene compared to that of a second effiuent stream, and the second effiuent stream are
derived from a fiuid mixture of 22 percent para-xylene with other aromatic compounds
containing 8 carbon atoms, by perm-selective means uiiiizing at least one polymeric
30  membrane material which exhibits a para-xylene selectivity of 10, and thereby increase

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



