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purified products froma fluid m xture by neans of
perm sel ective nmenbrane separ a‘tl on apparatus. Mre
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prfessuoﬂtroﬁlmguehkhalw nbfli sedectey! tfleidssewdthin the apparatus.
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nmean-free-path of non-condensabl e gas nol ecules in the
m xt ur Mettterapey npedeesises ensefitiedot n thée s@paralﬁoﬁhe)f gaseous

AR Ly S PR, AR bt wsuany
srapplidtbcassa tpeessnrec ugradiowt, gltcross a membrane to drive
separations. On the permeate side of the membrane, low pressure
is usually maintained by the use of compressors, vacuum pumps, or
low temperature condensers. On the feed side of the membrane,
the driving force is kept high by using high pressure or high
temperature.

Membranes useful for the separation of gaseous mixtures are
of two very different types: one is microporous while the other is
nonporous. Discovery of the basic laws governing the selectivity for
gases effusing through a microporous membrane is credited to T.
Graham. When the pore size of a microporous membrane is small
compared to the mean-free-path of non-condensable gas molecules
in the mixture, the permeate is enriched in the gas of the lower
molecular weight. Practical and theoretical enrichments achievable
by this technique are very small because the molecular weight
ratios of most gases are not very large and the concomitant



rati os of nobst gases are not very large and the
concomtantsel ectivities are proportional to the
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nunber of separation stages is Deeded to effect an
efficient separation of a given gas froma gaseous

m ¥électvitieyesry . pleporermdlnits MRS hﬂfuzﬁfe %M ayf Ahese ratios.

olely,on mass ratios and not ¢
o ThéTefites %ﬂ%& BREGE: (& P arabian cSapes i predsgl go effect
rreauf@r eﬁﬁCMWer@td’t@@lnC@fabl gieén seasr flonng al i'g%{s@QﬁL@ mixture.
| ven | enent For this,reason this nﬁ
o HOMENE"  Tieaet, i ume Mo 1 6F 3RBardios Blidosaldy on mass
23fatf(m addvnbbrmhemlcmh‘ dififerahoes aohonp ther ieffisiap! dpecies, it is

é@ﬁ*@éﬁdrﬁsf g‘?tgg@ I{illg?q{lﬁé ?%?%561% g@[}rﬁ)%s?tmg isotopes of

caa)lglﬁenl&i@mmnFOhébBedeamn pthis eswithgdawascehosely to enrich
Efhifipu Eﬁe 9ﬁ§510§1*a‘b16‘Q%Htoﬁﬁn@ﬁefo?p%\félgﬁh{é}ﬂts of the

re uirin or, 0S| Pore si ze
n%pgiﬂcr 319918 g f Oglﬁe r Waronll. | n Howgbenudhis method of
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per meatithg HAARAIGUSs Hrembrango| yystemsas rismolesdes. permeate

ThigoughneRet Hadtbrawe! UDwemar ﬁéﬂtﬁ@&tl%ﬁo%c%ﬁe the_nonporous
att ai bIe at i n|s very c
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the mar ph O@e e e&p@m

chal | en g%?or rrrerfrlrggﬁsgs l?g)é, régcslggg&;%:%ﬁepogg trane £as

be¥PA A Qéve%pﬁcﬁg SEPRARAH Ot 1 SHE 0 the largest

sedpplicatedrys refmyvembirendeseclatblogyponBot - exampld)ese®f Lee and
Koros in “Membranes, Synthetic, Applications” published in the
Encyclopedia of Physical Science and Technology, Third Edition,

Volume 9, Academic Press (2002).

Membrane based technology for the production of nitrogen
from air, removal of carbon dioxide from natural gas, and
purification of hydrogen occupy significant shares of the markets
for these processes. Most of the technical challenge for membranes
for these applications has been in developing membrane materials
that can selectively remove the desired component. A number of
patents that have been issued for specific membrane materials,
however little attention has been given to the heat balance around
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primarily because conponents pr@gviously considered for
menbr ane based separations (nitrogen, oxygen, carbon
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rrenbran In order to ree
drmaleep tﬁ%gﬁsqw d must be reheated. In

practi ce this | eads to staged nmenbranes with
i nterst %e }ed}f@ h
st ata?llzggld rtic Ig(‘:jreer‘ltltl ed{1 éiﬁ% par;[ts][lon E’%&e he feed
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ECtlvlapmmg th:?:ukliqlﬁlkiedntginké@%ﬂih tlt?ﬁf b’ﬁ@f@fa@@e%ts%\ﬁnﬁﬁessure As
vo a e conpl exi

£l PRassER: RGO dhesbbtnbiaie, RHAtES oitafansiered from
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bootdegnttiot | regstaldnth ame highhrdrivipg afarceppthealiquid” must be
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| ar %est plicattons
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an article entitled “The Separation Potential of Pervaporation, Part
2: Process Design and Economics” published in Journal of Membrane
Science, vol. 25, pp. 25-54 (1985) that the complexity of multi-
stage pervaporation processes would make commercial application
unfavorable.

There do appear to be cases where pervaporation is efficient
enough to be practiced on an industrial scale. Baker states in a
book entitled “Membrane Technology and Applications” published
by McGraw-Hill (2000) that one of the largest applications of
pervaporation is the dehydration of ethanol. Hendrikus et al.
describe in US Patent Number 4,925,562 a pervaporation
membrane useful for the permeation of several alcohols. Shucker



pervaporation is the dehydration of ethanol. Hendrikus
et al. describe in US Patent Nunber 4,925, 562 a
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several al cohols. Shuckeret al.4describe a nultistage
per vaporati on process in European Patent Appl i cation
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f I i
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e?ﬁgﬁgﬁ@éd {rh 5&”%8111&%?&%%3?]%8 K Rt a(ﬂ%n dpcorporated in
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parsv;@msermoepsgw aased 08d thgmenelvlask erltl@ﬁervwrk focused on
details of the internals of the facﬂltated transport membrane device

and not on how to incorporate them into a process that produced
products that met market specifications.

Some of the most difficult separations in the petrochemical
industry involve the separation of one isomer of an aromatic
compound from another and/or other organic compounds, for
example isomers of xylene and ethylbenzene. The separation and
purification of para-xylene (PX) from mixed xylenes is an energy
and capital intensive process. Industrial processes used today
employ energy-intensive cryogenic separations or capital-intensive
absorbent technology to produce high purity PX. It is widely
recognized that, next to feedstock costs, the purification section is
the most expensive part of the para-xylene production.
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solid permsel ective nenbrane and neans for
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usef ul | t aneoys r,ecovery of, a.ver ur e.
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modules comprising a solid perm-selective membrane and means
for controlling enthalpy of selected fluids within the apparatus.
Apparatus of the invention is particularly useful for simultaneous

25 recovery of a very pure permeate product, and/or a desired non-
permeate stream, from fluid mixtures of two or more compounds
which when subjected to appropriately altered conditions of
temperature and/or pressure exhibit a bubble point.

Advantageously, the membrane modules are disposed in a

30 first product group, a second product group, and at least one
intermediate group. Each module includes first and second zones
separated by a solid perm-selective membrane which under a
suitable differential of a driving force exhibits a permeability of at
least 0.1 Barrer for one of the compounds of the feedstock. Each

35 first zone has at least one inlet and outlet for flow of fluid in contact
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25 208Ul LPe FiBLarh1eARH ARSIt Ee aRACEE EotRSAL Bhthalpy to
maintain the Membrane Efficiency Index of the non-permeate fluid
within a range from about 0.5 to about 1.5.

For the purposes of the present invention, “Membrane

Efficiency Index” (MEI) is defined as a ratio of the difference

30 between the specific enthalpy of the feed stream entering the

membrane device and specific enthalpy of the nonpermeate fluid

effluent to the difference between the specific enthalpy of the feed

~stream and the bubble point specific enthalpy of the nonpermeate
fluid at the nonpermeate product pressure and composition.

35 In another aspect this invention provides a process using
perm-selective membranes in multiple groups for simultaneous
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ent hal py of the nonperneate fluVd effluent to the
di fference between the specific enthal py of the feed
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modules into the first zone of one or more of the intermediate
modules under conditions suitable for permeation;, and (viii)
controlling enthalpy to maintain the Membrane Efficiency Index of
at least one non-permeate fluid within a range from about 0.5 to
about 1.5.
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sui table for perneation, therebg obtaining
non- perneate streans and final perneate product
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Vemtodades Ezmdtmerthy ﬁnsteprotﬂuthenodgh«lﬁy neat mdihtaighed awthln a
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ﬁ?@ a(?gn%ebﬁﬁgﬁﬁgg)o&&g g o about 1.5.

Beneficially, the Menbrane Efficiency Index of the
non- per hBk elnventionr ogontemplatend phodureatmentes ofinda fluid .

th&e’d@i(%ldmfé n%t Qfaﬁ'Rﬂiﬁ € p%”dél%’anwel%é ffal?rgé’sﬂ)fécbaléy a fluid

nodul es ar i nt al thin ran rom
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of feedstackd isee@|S gasdouse. mlxvmre ousnipMsing Janirfore s?lectlvely
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pe‘f“ﬁ?p"%%‘d@m%ﬁ@e At lidul Eom$ SARIHAHITRABGE, . Qpsionally,
Sc ARpATalLs dﬂﬁyxgufgloeéf Cpnmrlaesari@ieanﬁd&rsahlsénbutlon of a

véfzyaree P@Eﬂr@aﬁi liito the PaRReaiel Thabdra! th ¢ rﬁ@@ﬂgﬁ% sweep

neans (ﬂl stribution of a "sweep" stréam.i
pé?’rﬁ? Te¥anbers, but typi caIIy no sweep i s required.

Appar at e i pv tion ar articularly. useful in )
pr ocesAépgg&}t\‘{gr eg? of1 oudlSyi ﬂﬁ’é"@@ﬁlﬁrl dsgful  in
ofpracessas dot dreatment pef aegaﬁwussnmmtunf @dmpm;réﬁt iof a more

a(r?%?or e?]ﬁ/f O? fzﬁ?@lsu n Y k’? S%g@mﬁg?)ﬁ compound, for

i rfxamplen a r@%tdesemomaﬂﬁuylene and/or ethylbenzene.

In yet another aspect, the invention provides integrated .
separation apparatus using perm-selective membranes in multiple
groups for simultaneous recovery of desired non-permeate product
and purified permeate product from fluid mixtures, which
apparatus comprises: a plurality of membrane modules disposed in
a first product group, a second product group, and at least one
intermediate group, each module including first and second zones
separated by a solid perm-selective membrane which under a
suitable differential of a driving force exhibits a permeability of at
least 0.1 Barrer for one of the compounds of the feedstock, each
first zone having at least one inlet and outlet for flow of fluid in
contact with the membrane, and contiguous with the opposite side
thereof a second zone having at least ome outlet for flow of
permeate; means for distributing permeate from the first product
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fromfluid mxtures, which appagatus conprises: a
pI urality of nenbrane nodul es disposed in a first

orartlied BB, fe SFRRD 2O onl P Pl B 7 Sptermediate

an@@hﬂ@&duﬂdﬁéscgééﬁtm$dsmyablesoﬁor dppemeatisel, eanidvaeturning

”EﬂBﬁ é?ig'ggg@e%(’t@g@l:htsg f?é&%;?ﬁéglbr%efrﬁﬁrcﬁ?fé ?fqo‘?ful?s oto inlets of
Ba{:hee Ifsérpb%u%f mﬁéulfénp&ﬁﬂibs dfort ﬂéstrﬁuttsngcmeramﬁte from

fithet 1ﬂm¢nb@tategnﬁ5ddl%§smt@nﬁlé et 2k Qiffén’fé dromore of the

e..nmenbr ane,

flow of, f1ui act
co%qqoéltﬁlo 13 O\%U‘FL i V\a%r sqwlfwgﬁeéﬂltébz%cmd permeation,
zoared hagturging Imtpmﬂe@wl strefaais f Hmofth@ersr&@hq product

t te f the f
o5 ShIbRY O R8P iPES SeabAT ' BRdulssimnd omeans for
t rmnmo]dmgdentlmlpgduoﬁsseledterd cﬂmkis i srithigui tmbl @pp@fatus to
fr 2 MM IR R CLEPE TS0 one non-
prwmeatﬁacﬂméswlﬂﬁang Ifa@gedﬁsnm ahautng. ﬁaéoraémm fr5am

the internedi ate nodules into the first zone of one or

more of Thige ingeabibnPr edlup hrt'i'@éi'}éirg;f YREEal C?W'a?&é’”sseparatlons

SU.I tgﬁ)ge for perneation, and returni n&rnon perne
¥ SOBRAUBAS B DASHGH t@mﬁloémﬁlsoﬂNthh are
thhfﬁnuhr ntedi seipa ratmIUb‘E; ccimtbntﬁ@i@l f@eagentgiehl | 89 fractional

‘ﬂ’??ﬁﬁ@ﬁ"ﬁe' i ifealtys el JhPHAE; BRERNS) couhPonnds are
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byp mwd“::fl‘tﬁh Melgens ﬁlllel(iﬂbﬁfrhéfaﬁfddé{é@d described herein at
cotpbicanl) . Faucd L SRl RERRUbET oand,caRAray costs.  The
prinvessionor dane akyar aimwhtarbusly Ifm“@tl Olpa@ﬁ -xylene purity
¢ SRy éﬁﬁ?ﬁ§§ £ Gy SRS 105 5?1”5 gl iytpawsntwnal
| Paracky fplm‘rfnclauonrermmnesq:fr ocHamngesmmltmd tuitiegn points,
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ener hvent i n can al'so’'s

meetl ep@r oy ((char puaiiog.

For a more complete understanding of the present invention,
reference should now be made to the embodiments illustrated in
greater detail in the accompanying drawing and described below by
way of examples of the invention.

BRIEF DESCRIPTION OF THE DRAWING

The invention is hereinafter described in detail with
reference to the accompanying drawing which is schematic flow
diagram depicting aspects of the membrane separation processes
and apparatus of the present invention for simultaneous recover of
a very pure permeate product and one or more desired non-



requi renments and recover nore para-xylene than
conventional para-xylene purification processes. .
weélavisrng3®dm | ar boiling points, sinple distill aCTmis2008/021546
cost prohibitive nmethod of purif@ing paraxylene fromC
aromatics. For a nore conplete underst andi ng of the
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DR?MWIF SI nvention is hereinafter described in

detai ﬁ Teference to the acconpanyi ng draw ng

which is schematic flow di agram depi cting aspects of
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present invention for S|nultaneous recover of a very
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o DR SEk ro o dlsivings PWW?%H itspmf’mrmgamﬂlt'y and other

nealbammeﬁen@gatsu@eab@@vme&hesd@,g%dt %é@q gn*sh%nay be used

R Jorth (BXEIAOR s oBnABL: o seteamese msrisekacthe form
10 vvhoﬁhaunhdnnogenelouablmemtfﬁaﬁleenta alcoaip@sifd | Yhemfrahe® or an

= Plbbteif SRR sl ShcbilRlegh EERRL Slorate 50l o

acmhdju oy a biquhé layeent | Wrdelysuusablpolmﬁsaﬂﬁelumy silicone and
gt e, AIRMROSEEAS TRIDLAEn 2, G e

may i nc rate a gel, a solid, or aliquid |ayer. )
W del y ﬁ%‘%g’ ynéﬂ§mbf@m§§e sfori comse anin navapatr separation

15 r ultiaboglinreal tsubp siee qg%ﬁh@m et e‘ran S of o types. The first

I Pref membr anes for usé. in va
Eﬁsﬁé N fiifosithontsmntalE, CoRPTivend mpaog&xersdmprt onto
ofW t fhes pethe-selectives layepniissideposetedr ane an  ultra-thin

10 SRS TRy AARSE, MR ber

Od?@lé(élil% i @@%msl&@@vwmﬁtarMbba}m second is an
20 D@Wiﬁfnétﬁdlsﬁ?eﬁ%rhhé pﬁf%fﬁgé]lgcltﬂ#‘!e tﬁﬁgerg@ﬂli%TQﬁn of the

deﬁgzgn ﬁlacgﬁl?gmne is the perm- selectlve layer. Both composite
and asymmetric membranes are known in the art. ~ The form in

which the membranes are used in the invention is not critical.

They may be used, for example, as flat sheets or discs, coated

25 hollow fibers, spiral-wound modules, or any other convenient form.

The driving forces for separation of vapor components by
membrane permeation include, predominately their partial
pressure difference between the first and second sides of the
membrane. The pressure drop across the membrane can be

30 achieved by pressurizing the first zone, by evacuating the second
zone, introducing a sweep stream, or any combination thereof.

The membranes used in each group of modules may be of the
same type or different. Although both wunits may contain
membranes selective to the desired component to be separated, the



asymmetric nmenbrane is the permsel ective |ayer. Both
conposite and asymetric nenbranes are known in the

wanrbes/oEsof orm i n which the nenbranes are usedPCH/USBI®4/021546
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of VPSNor AT © ﬂ%"ﬁ%@ﬂ%&ﬁl@fﬂ%ﬁm@an Campiule type for
tya)epamcwlalr tiheeebrmeipseparatéomt ahnsdi bataeey hynﬁﬁmber of

iR AL B, BESTEBCDF AT TR e o ohe

rdeq;smucarewdmamorsum aspesifig pegpos mﬁnﬂamé)rane material,
Tl S ftb?e Hl%?l BPé%ﬁi’i”ef' 8fe dtpc?ﬂs abérs}ide pressure

fibers,

t %@%@nopwﬁw%@ lt%u‘@ rBengability of an

tycsméml swieept siehad, aRADIasNdUS SR Bddsecals tofoladtdacture.
a number of factors. The princi pal nodul e design

o epeciPloW Hnd" FerBios o RIS, A Syt 3 608 basic
f geometrips.e<9ne éyppetsathwshqbbsmtfeedu desqgneswhum has been
drgfed gﬁ{‘cﬁgﬁf@ééﬂm s@ b?e{th ﬁ#él | B4 cqpt Ir1]‘241|vers% 0Smosis

per mea an op ream and

I.Ona S
hosiems: dbssuctpra %ﬂ@‘ﬂget@r]@OPI—@FI%\ﬁlONfbrbm@lﬁ lofibers is
s tanéd GnYs peessuredebssli C 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,
eg. 100 mm to 200 mm outer diameter, and typically an inner
diameter of about one-half the outer diameter.

A second type of hollow-fiber module is the bore-side feed
type. The fibers in this type of unit are open at both ends, and the
feed fluid is circulated through the bore of the fibers. To minimize
pressure drop inside the fibers, the diameters are usually larger



geonetries. One type is the shell-side feed design,
whi ch has been used in hydrogen separation systens and
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or a closed bundle of fibers igXxontained in a
pressure vessel. The systemis pressurized fromthe
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

Para-xylene is produced or separated from petroleum and
chemical feedstocks as a commodity chemical ultimately used in the
production of polyester fiber and resin. When removed from most
petroleum-derived feedstocks, para-xylene is found in mixturés
with other C8 aromatics; namely: meta-xylene (mX), ortho-xylene
(0X), and ethylbenzene (EB). The three xylene isomers have an
equilibrium ratios of approximately 1:2:1 for PXmXoX, and
depending on the source, ethylbenzene can comprise up to about 20



this basic design have been described, for exanple
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5,352,361 in the name of Parsed3t al., and 5, 470, 469
in the nane of Beckman which are incorporated herein
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{ ene
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spec the T nventi

accord| ng qref ﬁr
@@3%@ tergdc %egs a0 eﬁerm@r@mreveand/or pressure
nmthlblte 4 hiagbbdepofti t@birﬂr@dﬁé@d e'ﬂht(ﬂigh)f c@ﬁdﬁitngl 8. The

crafharey b hs” 1o CECAdsirtal " sidle. ane: ey example
fle)whdng‘elrwh[}l ludﬁntlmtt thiet IMenﬂ:nsaIme Efﬁcaeneyfbdﬁdex of the
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frapgﬁwﬁr&m abouti Yrute aboutwb.Sor Pesmeeatenpo snidhdumivah through

Weshdiiibiegted to appropriately altered conditions of
tenperature and/ or pressure exhl bit a bubble point is

O eI SRRTH, %, RS SRRl "ot available
membrane devices is insufficient to meet the required product
purity and/or product recovery. In such cases, a process using
perm-selective membranes in multiple groups is necessary for
simultaneous recovery of desired non-permeate product and
purified permeate product from fluid mixtures. For example in
accordance with the invention, a plurality of membrane modules
disposed in two or more groups, for example, a first product group
and a second product group, and optionally one or more
intermediate groups.

In the apparatus depicted in the drawing, membrane
modules 20,50 and 80 are disposed according to one aspect of the
invention. A suitable mixture to be separated is supplied from



exchanger such that the Menbrane Efficiency Index of
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industrial uses the pernselectivity of available
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Pump 64 is used to pressurize fluid withdrawn from .
exchanger 60 through conduit 62, and transfer the stream through

25 conduit 66, exchanger 70, and into manifold 74 through conduit
72. In other embodiments of the invention all or a portion of a
mixture to be separated is supplied from source 112 through
conduit 114 and introduced through manifold 74. Nonpermeate
from module 80 is returned to membrane module 50 through

30 conduit 82 and manifold 38. Permeate is withdrawn from
membrane module 80 through conduit 84 and exchanger 90. Heat
exchanger 90 is operated at low temperatures that produce
pressures low enough to generate an adequate driving force for
permeation in membrane module 80. Pump 94 is used to

35 pressurize fluid withdrawn from exchanger 90 through conduit 92,
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heat exchanger 40 and/or the enthalpy of another feed mixture are
adjusted so that the MEI of the nonpermeate fluid from membrane
module 50 is within a range from about 0.5 to about 1.5.

EXAMPLES OF THE INVENTION

The following examples will serve to illustrate certain
specific embodiments of the herein disclosed invention. These
Examples should not, however, be construed as limiting the scope
of the novel invention as there are many variations which may
be made thereon without departing from the spirit of the
disclosed invention, as those of skill in the art will recognize.
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approximately 25 Torr. The maximum operating temperature of

the membranes was limited to be 300°F.

For the purposes of the present invention, the permeability of
gases through membranes is measured in “Barrer”, which is defined
as 1010 [em3 (STP) cm/(cm?2 - sec - cm Hg)] and named after R. M.
Barrer. Membrane permeability is a measure of the ability of a
membrane to permeate a gas. The term “membrane selectivity” is
defined as the ratio of the permeabilities of two gases and is a
measure of the ability of a membrane to separate the two gases.
(For example, see Baker, Richard W., “Membrane Technology and
Applications”, pp. 290-291, McGraw-Hill, New York, 2000).
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The results in Table I show the that as permeate recovery
increased permeate purity decreased. At the same time, more
material passed through the membrane and membrane cooling
increased as membrane area increased. As membrane cooling -
increased, it was necessary to further vaporize the feed in order to
maintain a MEI of one.

This invention demonstrates the integration of pervaporation
and vapor permeation, and shows that heating the feed so that it is
partially vaporized or near its dew point keeps the driving force
high and no limit in recovery is observed. It is more energy
efficient than vapor permeation since it can meet the separation
objectives without heating the feed as much.

At a MEI of one, the nonpermeate exited the membrane
module as a liquid at its bubble point. If the nonpermeate needs to
be pressurized (to be sent for further processing, storage, etc.), then
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300 89 61 1.1 3
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EXAMPLE 3

This example documents effects of heating the membrane

feed so that the nonpermeate is a vapor-liquid mixture.

25 Calculations were again performed with the same membrane areas
employed in Example 1, but in this example the membrane feed
vapor fraction was maintained at 0.3. Para-xylene selectivity of 50,
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t ithadr tvé ngerriliba’eelpr(liduactfI1t18t:0i<1d!;u!lln 96 met fiber-grade para- -
xylene product specifications. At the same time, the membrane
area employed in membrane device 20 was adjusted so that the
para-xylene recovery for the apparatus was 67 percent. The
amount of membrane area in membrane device 50 was chosen to
minimize the size and total duty of heat exchangers 40 and 70.
The enthalpy of streams in conduits 74 and 42 were adjusted so
that the MEI index of the nonpermeate product in conduit 22 was
1. At the same time it was possible to adjust the enthalpy of feed
in conduit 14 so that it was not necessary to employ cooler 10.

Results shown in Table IV indicate that it was indeed possible
to produce a para-xylene product that contained 99.8 percent para-
xylene and simultaneously recover 67 percent of the para-xylene
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percent whi | e sinul taneously produci ng a perneate

product in conduit 96 that net the fiber- grade purity

speci fication of 99.8 percent Pabk Xyl ene. Fresh m xed

xyl ene feed was again introduced only via conduit 14.

A par a- Relsahts fornBreoess s@smg iMixted MyleheaRded and para-Xylene

par axyl ene perneablllty r was enpl oyed in

each nmenbrane nodul e. g‘?ﬁ%ﬁ‘ﬂﬁﬁ #ejngnbrane area in

devi ce 80 was adj ust ed so that the perneate product in

the MEl index of the nonpermnmeate product in conduit 2
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P&eeBVerd’ of 75 percent while simultaneously producing a permeate
product in conduit 96 that met the fiber-grade purity specification
of 99.8 percent para-xylene. :

Fresh mixed xylene feed was again introduced only via
conduit 14. A para-xylene membrane selectivity of 15 and para-
xylene permeability of 0.5 Barrer was employed in each membrane
module. The amount of membrane area in device 80 was adjusted
so that the permeate product in conduit - 96 met the fiber-grade
para-xylene product specifications. At the same time, the
membrane area employed in membrane module 20 was adjusted
so that the para-xylene recovery for the apparatus was 75 percent.
The amount of membrane area in membrane device 50 was chosen
to minimize the size and total duty of heat exchangers 40 and 70.
The enthalpy of streams in conduits 74 and 42 were adjusted so
that the MEI index of the nonpermeate product in conduit 22 was
1. At the same time it was possible to adjust the enthalpy of feed
from source 12 so that it was not necessary to employ cooler 10.
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pr ck in conduit 96 net fiber-grade para-xyl ene
prsg%ﬁflc@ﬁg@?fi cations. At the sane tinme, the nenbrane

area enpl oyed in nenbrane d lﬁ% %O was adj usted so
t hat the para-xyl ene recove?tf'i r'the apparatus was 67

PepPsSitss r .0, | n jce
DR o KR XTRHE" PR S ol TIRLR SRS of 15
heat exchangers 4 0 and 70. The enthal py of streams in
JPeEfidate PHgTd AP wer g ad] ust T n‘wjbrtaHgtArtegc(x'hﬁ%'s ﬂz)
96 Recovery
PX Content (percent Module 20 Module 50 Module 80
(percent by | by weight)
weight)
99.8 75 2420 605 157

EXAMPLE 6

Calculations were performed for this example using a para-
xylene Selectivity of 10 and a para-xylene Permeability of 0.4
Barrer to illustrate the impact of lower membrane selectivity on the
performance of the apparatus shown in the drawing. The amount
of membrane area in device 80 was adjusted so that the permeate
product in conduit 96 met fiber-grade para-xylene product
specifications. At the same time, the membrane area employed in
membrane device 20 was adjusted so that the para-xylene
recovery for the apparatus was 67 percent. The amount of
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f odra4 18 heneenhe Phea-Rgilensysaeetiang sidyigenzene

menbrane i s one that separates on thé basis of size,

whil e the ethyl benzene sel edtgble WEnbrane separates on

the basis of solubility. These two nenbranes can be

us Pdosegsalsing yMixed oXplemed Fead cared giarat XylemebSatextivity of 10
nmodul e. While is shown in the figure as being treated
separately, this streamcould also be recycled to the
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From the above examples, it is obvious to those skilled in the
art that there are many processes where combination of polymer
membranes can be used to make an effective para-xylene process.
The example below is an illustration of combining a membrane
selective for para-xylene and ethylbenzene and a membrane
selective for ethylbenzene. The para-xylene and ethylbenzene
membrane is one that separates on the basis of size, while the
ethylbenzene selective membrane separates on the basis of
solubility. These two membranes can be used separately or
combined into a single membrane module. While is shown in the
figure as being treated separately, this stream could also be
recycled to the isomerization reactor where ethylbenzene
conversion and isomerization are accomplished in the same reactor.



For the purposes of the present invention, the term
"condensabl e” is defined as gases or vapors which when
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tenperature and/or pressure beggne |iquids. For the
purposes of the present invention, the term "menbrane
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suPXaIBpéat mﬁr@gg@n@)arbenbémg Br EBQIPEN; ratyijdmxtures consisting

PrRRREE PRerast.t o neasurably affect macroscopic
properties of an associated conpound or system Were

the freguen ortio r such i npact is .not
cl ear stifst gﬁ‘? ‘Fryp 885t 0Obe B@gapa%%elgrs) ABYERtipRentthe term
pefcamatdnsableivrie. defieed easmgabss ant ivabbys W&ldefwheﬂ 3abjected

moReePhEHRHERP yfofRl é&?@#ﬁ%ﬂ'qﬁﬁﬁﬁsﬁ% tqdifpf onressure

andedomal liguidome are permitted, typically up to about
one percent. Exanples have been presented and

hypot hepgs asya diesel Bf| 'lh@r dﬁfe§éhtbet1fl% ion, the term
com'runl cate certal facet tion. e éCO
of mﬁmbmtse@ﬁrwoaewimedlwef Bedyay e aslétyofof perm-
t heelaptioadekmebednes, Tripoweidcto form! aimeshbiinel deAice.

process using permsel ective nenbranes for

desi 1 od o PHRESCE, 8 (s pﬁe%%?& R, P ifefypinandy " is

cod@linads aswote pthaws abootpfiftys peri- Qe)ltpr oY Substanially" is

f f
Cgﬁ%@hé 25& mﬁﬁ?ﬁ?@g”%ﬂg@%@? fﬂegﬁgg? ebelng present in

al Sushe pTopARILONGNES 60 meRsEFaRY; df /macgc)@@@mepropertles of
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conpri si ng ans r contr ol ent hal p f sel
f | PFQROTNQIh| Ok hell@hpHPRAGS éﬁwoFlQIneC]Gar m§lc1 S g}ﬁe Is to be

Mo adedaal abuult gy ety ipeit cétdopgaonel zones
separated by a solid permsel ective nenbrane which

under %TRe" {ear?rll e"Essentially" is defined as absolutely except that
small variations which have no more than a negligible effect on
macroscopic qualities and final outcome are permitted, typically up -
to about one percent.

Examples have been presented and hypotheses advanced
herein in order to better communicate certain facets of the
invention. The scope of the invention is determined solely by the
scope of the appended claims.
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| east one inlet and outlet for §ow of fluid in
contact with the nmenbrane, and contiguous with the
opposite side thereof a second zone having at |east -

onghattWwERich %gfdtiﬁ%?ﬁs pernmeate; (1-c) introducing the

f eedstream i nt irst zone of one or nore of the
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condensabl e’ v ocess accor
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coppedititns 6f tEﬁﬁ)eﬁfa@ﬁﬁéSa@&Rﬁf rE§Sl]il% ‘é‘)&hm@a‘mﬁﬂﬁb”pomt
the m xt rgpl %{1‘8 nic co ound i ncl udes at | east

i somer 4f @HHS COMPRISIRE oMaans or Controlling
acewtidilpy ©of sdlea:mlS ﬂdldsemﬂhlne thhxhpparéﬁ‘usmaiﬁf"(ﬁle ‘Or more

rrieiBiane o Fach RRtudRlEs GRLPR sefbadfings soparated
ofby;rg:ansoild:oppoqueleoﬁﬂwdenentbnd@nndneh 7und3er a suitable

SE%&E&!@?AIQ B ARGy 5 30k SoEONSTE Ferabilley” o at feast 0.1

@npr ofibe sompounds edf phe nfeadstpelodwach first zone
frm 'af*l @%nlé’éhhﬁ& BhLASESoOr CABW 'o?eﬁm#i( E{Alge%nrtact with

provi nga treamcon‘prlsm%amx /
r@@@ waig h cRREiguOws; ¥tibd the appostei side ythereof a

al §md1 eendiidving &f ldRfmeiciontRtafst AowPoE cate;

exhi bi t ubbl VI di ng appara
conpr i s(ﬁ r&@Clegnf%ﬁfﬁlg @?trﬂaﬂ}%? E? ﬁr%c?@ae of one
flon dsord tdf thd hmodppey ainderarcbmlitions akiitybdd for permeation,

ul 0 fi.4S [
TS B S b Bl e som
gribgpmaedidesnead
(1-d) controlling enthalpy to maintain the Membrane
Efficiency Index of the non-permeate fluid within a range from

about 0.5 to about 1.5.

2. The process according to claim 1 wherein the
feedstream comprises a mixture of liquid and condensable vapor.

3. The process according to claim 1 wherein the
feedstream comprises a mixture of organic compounds.

4, The process according to claim 3 wherein the mixture of
organic compounds includes at least one isomer of an aromatic
compound.

5. The process according to claim 3 wherein the mixture of
organic compounds includes at least one isomer of xylene.
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perneability of at least 0.1 Ba@ger for one of the
conpounds of the feedstock, each first zone having at

| east oge i nirRE e;ﬁ%e@%dc%r&ﬁf@ fthWaih 4 'W'hé'réhﬁt the mixture of

contact with th ont guous wt
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one outlet for flow of perneate; (7-c) introducing the
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portl odbb)tpmw@nngeappatretlis opdiipeising emm@o:hf atfor controlling
o) o
év%é&*ﬂ%&fﬂ{ieﬁ%%?l ot Brpathfyipd' f plurality of
pemm (nx}d egli dispased g whefigser peaduct r groupie a second
e T1rst %?éu ahlra ltnfe%gfm&ll tﬁlt t@;éalﬁneugg% gé&& Omodule
uriél@lud:l@ﬂdl ﬁf&insaféﬂu 6&60@ foWOI}ﬁér mareﬁe t Hesr eBy solid perm-

Ok’a‘e@eé‘ﬂl{ﬂg Iﬁ%&h@fﬁﬂ@%ﬁ cH Ll §r§iu ddbﬂé' dﬂgéll‘giﬁl of 2 driving
pl‘ dUCt eams rom S secog UCh
Wn ts) @apﬁrmeﬁgalht)sno fatt Igasho I3 arssr ¢ QTr @ne of the

t hﬁnﬁp@gnds pbpmtfeem@lcks dathofirfe zbhé HavifBeaPleficone inlet
BT, RS 08! PR PR 00, SRECeibrane, and

erudnat[gxyouso withntle roppositd sidenthetédf ca evecynindene ohaving at

s Bre PP IS LG 20

cl ai m A7welker eilpttadiicingdthe é@@d@ﬁ'rqamsr;mathe fitst ezaie of one

| '&Uhi’o&n@f%@dﬁ@W?)‘rSd}ﬂ@P%od%lesT i1 GARIiABAST Suftdble for

to claim.7 eedstream conpri ses a

ofP 1gnco%@unlagre 0 talnlng perieate anc{n non- permeate

product streams from the first product modules;

(7-d)  distributing the permeate from the first product
modules into the first zone of one or more of the intermediate
modules under conditions suitable for permeation, and thereby
obtaining permeate and non-permeate streams from the
intermediate modules;

(7-e) returning at least a portion of the non-permeate from
the intermediate modules into the first zone of one or more of the
first product modules under conditions suitable for permeation;

(7-f)  distributing the permeate from the second zones of
the intermediate group of modules into the first zones of the second
product group modules under conditions suitable for permeation,
thereby obtaining non-permeate streams and final permeate
product streams from the second product modules;



10. The process according to claim9 wherein the

m xture of organi c conpounds includes at |east one
woes3d an aromati ¢ conpound. . The processPCT/US2004/021546

according to claim9 wherein tipg m xture of organic

conpounds i ncl udes at Ieast one i somer of xylene. 12.

Th tg h
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et hyI benzene%§ bﬁ%égssro%ggg&gglgmgk& eld 5H€I :?m‘f erein  the
edsirens KORHIAMRS Efmlzgtumcp Liqisd @fldt eendensable vapor.
non per neat e BI uid fromthe first produc{ nodul es is

mai nt ai Aed WiRAi nPEOGESEge aCFOFIABoUtO0. 9"1161 abbutwhesein  the
10 17feddiroimcedmmessy di mixtireC bf'di‘g&ﬁld’\’@ onepuhds.

feedstream conpri ses a m xture of Organi c conpounds

that ing¢QudeThatprloeess avrerdmpres dliunx}@ evkercif- tﬁ@emlxture of
process accordi ng,to.clai m17\/\11 in the mxtur%
or GEAHC§ 3 niGIAAES ooh1eash, ne. Tsemeipel an aromatic

pr copgpownt.or ding to claim 18 vvherel n the Menbrane
Efficiency Index of the non-perneate fluid fromthe

f| rst pldducThemuicess iaccondimgaitoadain thiwherainnte mixture of
15 f 81%@598%019 éuhﬂsaﬁﬁ:‘fﬁ ds 2t 189st AneCRYE! OF }{len]e

{tis USFig permse éct’ive nenbranes In mi
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{rORPFEENG FPREGHEES LSRR ZEBRpr  Sea: o
pluraliyy of Tﬁgrfﬁro%egs '5%%8{&” %gdltg' Resigs 7 wlfi‘er]cca'1f13Ehe Membrane

product
Efficiency Index of the non-permeate fluid from the second product

20 modules is maintained within a range from about 0.5 to about 1.5.

14. The process according to claim 13 wherein the
feedstream comprises a mixture of organic compounds that includes
at least one isomer of xylene. '

15. The process according to claim 14 wherein the mixture
25 of organic compounds includes ethylbenzene.

16. The process according to claim 13 wherein the
Membrane Efficiency Index of the non-permeate fluid from the
first product modules is maintained within a range from about 0.5
to about 1.5.

30 | 17. The process according to claim 16 wherein the
feedstream comprises a mixture of organic compounds that includes
at least one isomer of xylene.

18. The process according to claim 17 wherein the mixture
of organic compounds includes ethylbenzene.



group, a second product group, and at |east one
i nternmedi ate group, each nodule including first and

W@ ewsneB3gones separated by a solid perm sel ect POBUS2004/021546

10

16

20

25

30

menbr ane whi ch under a suitabl48differential of a
driving force exhibits a permeability of at least 0.1
Barrer ¥r die ofprobesscomuoondingf toheckdmdstl@ck whkerdin  the

f iy ' inl ¥ t

VSRR, EMdeng)  LEFSL, BF el Mn Rl AU from ¢he
c&Hst chi mpdules opparainsaisiase wHBHeog rangechiom about 0.5
zepdani 1 at | east one outlet for flow of perneate;

nmeans for distributing perneate fromthe first product
nodul es, i nto, the first. zone of one or nore of the

i nter ‘at & no P AHOEr cAPREAtESs sHISiB®| e PEFM-selective
peneriragres aird maileiplenggrouppe forattmal faRBust r 88tovery of

Wl R bR 00 B Blod, bbb, ot from
t filri d ninex toers atvehivhd ap parantso comepfisest zone of one or
ror e o EAREHE e TSR MSHRASh b BBt product
sereups af jasondnpredech groupdacd abdedsésone inteemedodte group,
SBohTHOTTRE A St Y, SRBTR, (BTl  soli
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ndriviagmfetoe Ekhitdtdvid pefnreabiligs bf am 12ASU0.9- Barfer for one
2824he ,Cgmpounds of the feedstock, each first zone having at least
one inlet and outlet for flow of fluid in contact with the membrane,
and contiguous with the opposite side thereof a second zone having
at least one outlet for flow of permeate;
means for distributing permeate from the first product
modules into the first zone of one or more of the intermediate
modules under conditions suitable for permeation, and returning
non-permeate streams from the intermediate modules to inlets of
the first product modules;
means for distributing permeate from the intermediate
modules into the first zone of one or more of the second product -
modules under conditions suitable for permeation, and returning
non-permeate streams from the second product modules to inlets of
the intermediate modules; and |
means for controlling enthalpy of selected fluids within the
apparatus to maintain the Membrane Efficiency Index of at least
one non-permeate fluid within a range from about 0.5 to about 1.5.



