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present invention relates to processes for recovery of

S purified products froma ffluid mxture by nmeans of

permsel ective nenbrane separation apparatus. Mre

par t i SELECTIYE SERARATTION Otre FL UMD PEDRPOBNDE I!Ihﬁ%me A

i nvention conprises a plurality of nmenbrane ul'es

conpri sing a solMEMBRANE SEPARMITVGNREGrEge and neans

for controlling enthal py of sel ected fluids within the
apparatus. 10 Appar atl’PE(fHNi Iﬁl on is

- particularly useful for Sinu ta eous” recovery of a

Ver)r/ré'gi”e é)errreate prqduct, and/or a desired non-
per nedi®e I ipvembianf refates ta uprOaesseswfmr revoeery of
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' usi_ng hi gh re or i gh erat ure
“@i‘é‘? ﬂg ﬁ'éﬁ at Porﬁnﬁm@&é nibtergds conditions = of

tmnpemwtum sidl/oF eprovsury Restiibing BisbBAc popRy.ous whi | e

the other is nonporous. Discovery of the basic |aws

- governi ng the m_@mﬁ% ng t hrough
@ mcroporous M@B‘Méﬁfe aham When

the pore size of a mcroporous menbrane is small
conp¥lesabrane hpreaeesses r asefidt Hopf thensepaﬂ@t%ﬁb'cﬁ‘ %eous

mPRhiey’ Eploy Iuielf B Gals P RAGEREAT DBl Cafualty

aP‘iﬁbP‘{] h@8r ¢& | BEPSSEHEi cgiadient, adidressmblae membitane to drive
sehartibnye Dee: pertiBite BREAYTEHE S dRbZaHE 2 ToWP b sure

Bl g 4% D500t CowressIs2 36T pumps, or

lowcten@mmuﬁe 160fidensers. On the feed side of the membrane,

‘_.the driving force is kept high by uvsing high pressure ‘or high
‘ temperature

Membranes useful for the separation of gaseous mixtures are
of two very different types: ome 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
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2 selectivities are proportional to.the square roots
of these ratios. Therefore, a |large nunber of28February 2007
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separation of a given gas frain a gaseous m xture.
However, because this method of separation relies
selketiyitios mass propartionadndo nitie cdtﬁm;@alrodts‘ fef QH@% ratios. -
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G@ﬂ%@@@ll‘y awsehilt sepﬁra@nms shoul®be attafmahle on of
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se app
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Eneyclopedia oofidPiRysiCslbr Seienc@08idd  Technology, Third Edltlon,
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

35

for these apphcatlons 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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oxygen, carbon di oxi de, nethaBe, hydrogen) are fixed
gases. Such gases do not exist both as a liquid and a

thgor lﬁbnibdﬁh‘éa| ap ﬂr tu8NS  priffari] duspéb&s&? o ¢pliponents
T OB s i o oAt cEonens
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pol ar gases (exanples include H20,.032, H2S, and S02)
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é&%&?@s&gﬁi{?&% dof )hengeﬂmt agaﬁebogﬁéggnﬂel}molecular ,
H@nq{f) erittedter afore! '}eadigS/ ‘iﬁ{&%ﬁ eﬁ& iésg hﬁﬂ large
[Eb%&u? \td]_ﬁi @@iﬂst{qg slt g;ed menbranes with

-interstage reheating. However, Rautenbach and
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Po ent| al
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mn:gs thy oliquih andp keapiHf thé9§é}mtéa@é éﬂ*fqﬁoggéks%%&kéy As

ocesses Wo

t
n@%t CP&FE%%OF% V or 16 bleélefgﬁeife teansfepeed from
the ﬂeedcusethev\permeam vaFIM@le}ﬁ ofSegéfg ﬁﬁfn théolfeed side

t@{%%ﬁ ‘,E&)lgﬁlepg%éf ce ton an ndustr Sﬁ‘iﬂ?ﬂ;ﬂga force. In
|tmttﬁﬂs£ablpslbl |asﬂngh blrw\iln@ afarblbl | tHe200@hid h3hust be

é‘ﬂﬁ Sehydr o] RRSHee R ol ] rbEbd SRemhds et

_mtﬁrsjggpaf aﬂmgberHﬂweY&;,SmManammmht Abbredht state in .
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[of0) h ol

k
2. Process GSIgILCIIC 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 , 962 a pervaporation
membrane useful for the permeatlon of several alcohols Shucker




28 February 2007 WD 2005/023399 PCT/ US2004/ 021546 4
et al. describe a nultistage pervaporation pr @&d&hruary 2007

wo 2Bswopean Patent Application Publication NUSEREIS2004/021546

10

15

20 -

25

30

.35

0457981A1. Pervaporation al appears attractive when
enpl oyed in concert with other separation
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ranes
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wahcatlﬁntEPS)WI&SﬁAdused on details of the internals
of the facilitated transport nenbrane device 25 and

B?é uceE’%*%ﬁl%alﬁﬁ@%ﬁﬁﬁa@i%ét Tl oReRIiEC raghdat across

theomembrane would diupply uthe denangt foroe fo:r pémaneation. This

ansge e shouackative, oS IR BBl o

I SO
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and not on how to incorporate them into a process that produced

products that met market spec1ﬁcatlons

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 expenswe part of the para- xylene productlon
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emﬁﬁgaﬁépﬁfﬁl%a&@ets for controlling enthal py of
selected fluids within the apparat us. Appar at us of

“the invention i SIDMMARY!@F TYIE QWAL ﬁSI rryl{jlhgygﬁ)uz :
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des' ed,P&?’” ARG QhiRICSRREN BYSfbionedis o directed  to
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Apparatus of the invention is particularly useful for simultaneous

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.

30

Advantageously, the membrane modules are disposed in a
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. FEach
first zone has at least one inlet and outlet for flow of fluid in contact
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this invention provides a process using pern
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pernmeate product and a desired non-perneate product
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I 5% hublel 407 oW Gf permeatee (b micoRtging the, Seedstream
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maintain the Membrane Efficiency Index of the non-permeate fluid
within arange 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

betwcen 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 poilnt specific enthalpy of the nonpermeate
fluid at the nonpermeate product_ pressure and composition.

In another aspect this invention provides a process using
perm-selective membranes in multiple groups for simultaneous
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bubbl e poi nt specific enthal py of the nonperneate
fluid at the nonperneate product pressure and
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-~ sifliablie For nertieation hjﬁ&u@gfnmm penmegte and non-
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'd"‘"hr‘%“?{éo e pPRdeafe sﬁf‘(" ¥ 6o ditsh todiict nihodules into thc

pér nea

figst r gongorof eheorar cmom)r efothé hmterhﬁédia% atppodeiéa!

and there

cofiflons T AtABIefor DU, Dhpf IAEESY " Biaiiing, mmeate

%ﬁt ai ni ng pernea e
t'é?ﬂ&ﬁlaﬂéatﬁ)d&tr@am& virom ethe ninteratediatst modules; (v)

renﬁfdﬂl}rlgg ?E ‘l@&;ﬁn P%iﬁ&ﬁt eog ot %fﬁgﬁ' tegl'rt"fﬂ Bt the |
inffi q&ci?mm%i lﬁigt@;h%iﬁm zoncred onere moreabfetlﬁéoﬁrst
prpductamaedule vi | Yoditibn8Y WRE" TBAL Beth ¢ (vi
TR i pifon NSk b UL (1
iitermediate group of modules into the first zomes 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; (vii) returning
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desilnedyetoramstheratagpeciodyié invention provui/es integrated .
separation apparatus using perm-selective membranes in multiple
groups for simultaneous recovery of desired mom-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 ome 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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HaviFed #inibte cobfpletd udef¥inding 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

@ very pure permeate product and one or more desired  non-
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whilh atile mem ranes 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 pressurlzmg 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 units may contain
membranes selective to the desired component to be separated the
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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 usvally have small diameters and thick walls,
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¢g 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
ltype. 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
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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 mixtures
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 PXmX: oX, and
depending on the source, ethylbenzene can comprise up to about 20
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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
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In the apparatus depicted in the drawing, membrane

modules 20,50 and 80 are disposed according to one aspect of the
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invention. A suitable mixture to be separated is supplied from
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‘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
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conduit 82 and mamfold 38. Permeate is withdrawn from
membrane module 80 through conduit 84 and exchanger 90. Heat
exchanger 90 is operated at low temperatures that produce

o pressures low enough to generate an adequate driving force for
 permeation in membrane module 80. Pump 94 is used to

pressurize fluid withdrawn from exchanger 90 through conduit 92,
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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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| 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 10710 fem3 (STP) cm/(cm? - sec - om He)Jand 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
: Appllcatlons” pp. 290-291, McGraw—Hlll 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 aod 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.

30

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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becewfse nenbrﬁne subcooling | owers the
cmbrane Performance with Feed Vapor Fraction of 0.02

Membrane |Permeate PX Permeate PX| MEI Nonpermeate
g Area _Content Recovery Subcooling
(x 10-3 ﬂ2). ' (percent by | (percent by (°F)
_ weight) weight)
300 39 61 - 1.1 3
390 88 67 1.8 24
650 86 77 4.2 50
EXAMPLE 3

feed

so that the nonpermeate

Thls example documents effects of heating the membrane
is a vapor-liquid mixture,

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 select1v1ty of 50
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EXAMPLE 4 Current commercial sources of fiber-grade

para-xyl ene production EMARAY @Ned to neet a
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19%48¢ paraR§lene permeability of 0.5 Barrer was employed in
each membrane module.

et
o

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 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 MEIindex 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.




amount of nenbrane area in nenbrane device 50 was
chosen to nininize the size and total duty of28H&htuary 2007

WO sbeaaer s 40 and 70.  The enthal py of strep@Bukihosnrisie

10

156

25

(perceatabyl B t opgocurfent the pr¢cess shown infth

conduits 74 and 42 were adj ugt ed so 30 that the M
i ndex of the nonperneate product in conduit 22 was 1.

Ab: a ' i ssible.to agjust, the

BRI S ool showHC In G dravuib®, poftifeisudhe st known
ot o Erotdes har Amteltasnt pbefb Anance
p?ﬂ a- x%en@ pr odl?ﬁ:t_g% ﬂchgﬁf'gyﬂe&? WWQ’E#CHHP&OQCS-
35 xyl ene and sinul taneously recover 67 percent of the

par a- xyl ene 28 February 2007 WD 2005/ 023399

PCT/ US2004/ 021546 21 using Tﬂﬂepﬁacess shown in the
drawing. This is the first known ~exanpl e of any

menbr Results ofoesBrddesd 1UsinghREixede c .
requi rements of fiber- raggyﬁg,r a-?(ggéeé%%rai ?lll%a[{qranylene
technol ogies. 5 Table Q}eﬁE t §F¢ Process Usi ng
M xed Xyl ene Feed and para-Xylene Selectivity of 15
::r;‘_‘?_-.ﬁi. R Wuﬁ&rnﬂ Area (x.10-3 jtz) 96
RECOTRR P nt ént (jper cent NtembearROANROW 0 S

ARPCOVERIY Hy by wei ght) wei ht di.8 67)1580

H (MioduleaR0ors Module S0 of Feotie 80
e

:chwgf 'ﬁvE'd a para-xyllene recovery} of 75
C

tdnaaoanic nrodiucing. . a ner ne
(el b 1

s LT T LAY tP
rteerdit -9 thaj' t the fi 5grad pur 1@y

IJI uuut o1 T =4
specification 15 of 99.8 percent para-xylene. Fresh
m xed xyl ene feed was again.introduced only via
conduit 14. A para-xylene nenbrane selectivity of 1.5
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wery’ ' cent 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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EXAMPLE 6

| Calculations were performed for this example using a para-
xylene Selectivity: of 10 and a para-xylene Permeability of 0.4
25 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
30 membrane device 20 was adjusted so that the para-xylene
recovery for the apparatus was 67 percent. The amount of
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(%%W\I/ﬁ% (ﬁ}g thd¥elght) 11 ¢d. in the Jart that thefe are

hcedses where conbination @f polyner nbr anes

can?®8 used to ke an|effa620ve par a- ¥fFeene pfocess4q

20 The exanple belowi1s an Illustratron of conmbinrnga
menbrane selective for Para-xylene and et hyl benzene

and a nenbrane
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 info 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.
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menbr ane separates on the ba?izts of 25 solubility.
These two nenbranes can be uSed separately or

conbi ped ipto a. single n ane nodul.e. Wiile is shown
in thedr fitgﬁr@%@%gﬁnggfﬂé?edp§%tat &nveniion.,s tﬂe term
Snorcondensablel sis defincdcyus! #dpdo fidin ichemRedlZ @ peiroleum

PERIng By s 8, 0 iy, Solalid  bcropolings for

example,y n200gen \0atss/ didkide) BEFLLE2Q8d/ afiktdfes?4onsisting

Iﬁ%ﬂy‘l Jjoses of the present invention, the term
oncondensabl e" is defined as a gas from chem cal or

petroleum_ processing units that is not easily

 condef@edtly qiBposgs faff thexarptesenti t iogationsar tivg  term

“GodedSabRXY 4 defiRd Ik éé{)essoﬁgﬁ%(?ﬁlsi %ﬂfﬁvﬁ@ﬁgﬁs’ubjected

t ese

thereof. .For, th uf poses .
'W@P@Rﬁla@bfnaﬁtﬁgf‘di)lc@ﬂ Hopsr phdampergiues and/oappressure

bevioshe ilgridsubj ected to appropriately altered
‘conditions of tenperature and/or pressure becone

l'i quils. F he purposgs of the present .invention,
the te mﬁl%ne%féﬂ%eﬁeﬁg? “on H’fﬁﬁ%ﬁlg" INYeREpPn et derm

"plembirang separation snbdule’vds ndefinedeas diptonddy tof perm-
SRRV TREBARRCE Widifose o (0fmD 4 A GANC, Bi¥ice. ror o

present 1 nven
t han b%gt fifty per cent. "Substantially" is 15

def | A€8 188 PeRAsesnef the rpresemitcinventiongpredominantly” is
desirregl pPaesgivrei rthaﬂcfméﬂp?ﬁfworﬁe@%éx& "Easpfégx%hﬁauy" is -

da_ fe Macr 0Scopi ¢ .Wl.es 0 an associ at .
8—&?&2‘5@8 BFCW A 1T qiRat riequensy oF bgingppresoit in
stch proportionschsite measatsbly %ﬁéétama@bbdoﬁgg f%ﬁo ies of

egar.ded out twenty per, cent nor e. term
aﬁé@éﬁﬁ‘iﬁ y%%f%l’f&s% n8f SYSUMo| uWhere x gt fremuency or
propditionr ifer i swch Mmphcmai@_ltlﬁt ﬁ@l@&{jt fﬁ_ﬁbstlfanﬂi%?l FOid B be
r ualities an i nal outcone are
rﬁgrl%fe?t gg,al{%i @g{’;ﬂ?& @89 %?ta%&’fmﬁ?re per cent .
Exanpl es have been presented and hypot heses advanced
25 héhej tenmm dEssentiallybets edefineduns cabsolutelyai except that

snflgﬂgtg?gfn%fnqdnlge _vsvlgpigle;ﬂdbv%n tlﬁ% hﬁlo?éo@ﬁal? a ﬁ?ﬁléﬂ’@%ﬁ%@t on
macroscopic qualities and ﬁ¥1a1 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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nmenbranes for sinultaneous mecovery of a perneate
product and a desired non- permeate product from a
fluid mxture of conpounds, which 5 process

Thapw i iding a feedstream conpri sSi ng a
m xture o s(élﬁh})ér?f %re compounds whi ch when subj ect ed
to ap roprlately altered conditions of tenperature

and/ ot pr e8suDEOESESi bittsIag bulprm-selevtivé 1- Membranes for

mmultdnBGuﬂpp@d(ﬁidﬁ oPnPr ga féet . ¢d non-
TR i R S S e

pliQeess coomiprisess separated by a solid permsel ective
ble differential of a

menbrgqg? J%e%ﬂ‘ﬁ%’ fgg‘?;ﬁﬁ%@ouqqmyﬂém&t& imaixture. of two

dri vi

;Ealggﬁ Fﬁmmdéf Wlbﬂlél cwhpnusdbjerted rﬁ) E@ﬁgépﬁ?.:telt}e?ﬂ%red
a e u or
ﬂ'ﬂwﬁofg?ﬁﬂegnpﬁ*’%@ﬁtea%%ﬂﬁ PRl SniBica Bitple point
C&T l.@ Jus Wrewding wpparatus sonmnslnfenieams f@cmtrolhn
enthe ﬁ}avmﬁl%l@*cté@q%ld%”%vﬁ‘ ream A é’%o O F more

intr o ng t
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byui aalsbhdf perpsisehaiti ve m%ﬁﬂ?fa‘il het ﬁ.@icf%ﬂuﬁ gsulta,ble

| d@ﬁ%@fiﬁﬁs W BTG G bl & Jé%n%mtyh ef at least 0.1

mmrr doe oref fafcﬁhenmni SJfof ltRe NRIBUR d@ Eggﬁ'ﬁﬁ}h zZone
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(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 accordlng 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 wherem the mixture of
orgamc compounds includes at least one isomer of xylene.
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" profulPhefONRS fom 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-¢) 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;




the internmedi ate group of nodules into the first zones
of the second 35 product group modul es under 28 February 2007
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non-perneate streans and finaly perneate product
streans fromthe second product nodul es; 28 February
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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

“of organic compounds includes ethylbenzene.

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

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.
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‘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.




