-1- DYNAM C MEMBRANE WAFER ASSEMBLY AND METHOD FI ELD
OF THE I NVENTI ON [0001] This invention relates to an
weappEriatirs and process for separation of ar onmaPCTAISEGaNB7329
a feed stream More particularly, but not by way of
limtation, this invention relates to an apparatus and
process for separation of aromatics from gasolines,
napht has, diesel fuels, etc., with the separation
occurring via a nenbrane nenber. BACKGROUND OF THE
I NVENTI ON [ 0002] Menbrane based separation processes
such as reverse osnosis, perl\faporati on and
perstraction are conventional (i.e., well-known). The
pervaporation process is a techni que of separation of
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vacuum and the |iquid conponents passing through
gasblm@esnmiphtharg diazel fiels; etegweith the seharatiap occypirtageviaadnembrane
condensed in a condenser. [0003] In a pervaporation
membeess, a desired feed conponent, e.g., the aromatic
conponent, of a mxed liquid feed is preferentially
di ssolved into the nmenbrane film For menbranes

BATHEROVND OF MEEIRVERFTONPONENt , the desired
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[0002] Membrane based separation processes such as reverse 0smosis,
pervaporation and perstraction are conventional (i.e., well-known). The
pervaporation process is a technique of separation of liquid mixtures. A low-pressure
vacuum is maintained on one side of the membrane media to provide a low energy
approach to vaponzmg liquid materials. The vaporization temperature of these liquid
materials under vacuum conditions is lower than the temperature needed at elevated
pressures. The liquid mixtures to be separated are conducted onto an upstream side of
a membrane, which is essentially impervious to some of the liquid components but
will permit selective passage of other components in a controlled manner. The
downstream side of the membrane is usually exposed to a vacuum and the liquid
components passing through the membrane can be removed in the vapor phase and

condensed in a condenser.

[0003] In apervaporation process, a desired feed component, e.g., the aromatic
component, of a mixed liquid feed is preferentially dissolved into the membrane film.

For membranes selective for the desired component, the desired component is



preferentially adsorbed by the nmenbrane. A nenbrane is
exposed at one side to a streamof the mxture and a
woacsayi7s applied to the nmenbrane at the oppoBCTAISsi0d@37329

so that the |iquid conpound adsorbed m grates through
t he menbrane via the well known sol ution-diffusion
mechani sm Accordingly, the desired conponent passes
t hrough the nmenbrane and is renoved as vapor fromits
downst ream si de, thereby providing roomfor the
addi ti onal adsorption of the desired conponent on the
upstream si de of the menbrapg. A concentration
gradient driving force is therefore established to
sel ectively pass the desired conmponents through the
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ranes. For 1 nstance, in U'S. Patent

estabIR08d BPdeleqiely passaherdediredrenyrmantstthoighshe pembren¢ from
conprised of a stack of basic units between a pair of

theawdtrpamisite tosheldewnsiseam siflge seni - per neabl e nmenbr anes
are held by spacers and a support. Heat transfer fluid
is conducted via an inlet, conduit system heating
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pervaporati on processes e used di'screte
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I nt erconnection of these equipnent devices for
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formed by depositing a polymer on a porous support layer, which is a fine dispersion

or suspension and not a solid mass.

[0005] Amoﬁg the conventional apparatus used with the pervaporation techniques
are membranes used with spiral-wound and plate frames. For instance, in U.S. Patent
No. 3,398,091 covering a membrane separation using a cell comprised of a stack of
basic units between a pair of end plates is disclosed. The semi-permeable membranes
are held by spacers and a support. Heat transfer fluid is conducted via an inlet,

conduit system, heating compartments and across heat transfer sheets.

[0006] Prior art pervaporation processes have used discrete equipment steps to
achieve the desired separation. Interconnection of these equipment devices for large

flow rate applications is expensive. Also, the prior art spiral-wound elements are



expensive and difficult to manufacture for high
tenperature services. The mpjority of commercia
wepirsadsvmund el ement designs are limted to tReET/US2004/037329
100- 120 degree tenperature range. To achieve
separations of gasolines, naphthas, diesel fuels and
hi gher boiling hydrocarbons usually higher
tenperatures are needed in excess of 120 C. There
therefore is a need for an apparatus and process to
apply pervaporation of fluids to hydrocarbon
materials, especially those gsed as transportation
fuels, to achi eve separation of specific nolecul ar
types in an econonical and efficient fashion. SUVMARY
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waf er assenbly (also referred to herein as a
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adsorption nedia selective tor adsorption of the
desired conponent. Such nenbranes are conpatible with
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sel ective for the adsorption of aromatic species.
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membrane comprises polymer selective for permeation of a desired component or

species in a feed stream across the membrane in response to a pressure gradient,
concentration gradient, etc., and a layer of adsorption media selective for adsorption
of the desired component. Such membranes are compatible with pervaporation and
perstraction separation. In a preferred embodiment, the adsorption media is selective
for the adsorption of aromatic species. Suitable adsorption media selective for
aromatics adsorption include those selected from the group consisting of activated

carbon, molecular sieves, zeolites, silica gels, alumina, etc.

[0008]  Thin film polymer membrane geometry is conventional and comprises a
first (or "upstream") side and a second (or "downstream") side, the first and second

sides being continuously joined along their perimeter to form a thin member. The



waf er conprises a perineter region for sealing the

menbrane perineter against fluid flow and, optionally,
wabtods@asit7oone ri b for supporting a side of theraemse@re37329

away fromthe nenbrane's perinmeter. For circular or

semcircular wafers, for exanple, a rib would conprise

(a) first and second ends attached to the wafer's

perimeter region and (b) at | east one side |ocated

al ong a chord spanni ng between the perineter

attachnments. The rib(s) can support the upstream side

of the nenbrane, the downst+leam side, or both the

upstream and downstream sides. In an enbodi nent, one

or nore distribution weirs are used in the wafer
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propéttigss mechaaiznbstifingsp 06 prevent membrane flexure, a weave smooth and
fine enough to prevent membrane intrusion into the screen, and sufficient heat transfer
capability to provide a source of heating across the membrane. As is known,
increased membrane temperature leads to increased membrane permeation. A wafer
assembly may contain a membrane support fabric positioned, preferably, on the
upstream side of the membrane. In an embodiment, a rib member may be solid or
have a bore therethrough. The method includes allowing a fluid to enter the bore of
the rib member and heating the feed stream as the feedstream is being conducted
through the wafer assembly. When a plurality of wafer assemblies are used, all or

fewer than all of the wafer assemblies can contain such weirs, screens, support

fabrics, and rib members, alone and in combination.



fabrics, and rib nenbers, alone and in conbination.-5-

[0009] In a preferred enbodinent, the thin film
woabosmas17oenbr ane i s nounted on a nmenbrane SuppaTiUS2004/037329

fabric such as Tefl on, polyester, nylon, Nonex,

Kevlar, etc., and further conprises (i) a porous

nmetal lic and/ or porous ceram c support nmateri al

abutting the menbrane support fabric and (ii) a mesh

screen, which nmay be used al one or in conbination.

Ceram c support material is preferred and, in the nost

preferred enbodi nent, is sel&cted fromthe group

consi sting of Cordierite, Al um num oxide, Zirconium

Oxide, Miullite, Porcelain, Stealite and Silicon
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ort are us erneate Si ne - 1s
scréempi cally in contact with the optional screen and
support. The retentate side of the nenbrane is
preferably supported on heated ribs in the rrenbrane

(00F8D. 110 P GHeH s e e AERISE G B4% PR 1D Support of
polgﬁfeﬁg%étgﬁaﬁ SR A TBEL B¢ TS membrane/ support subassembly
preferably is in contact with a first side of a thin metallic screen, such as a stainless
steel screen. The perimeter of the membrane/support is held taut against the screen by
applying radial tension towards the perimeter of the membrane and then, without
releasing the tension, applying a compression force at the perimeter with an O-ring,
for example, to hold the perimeter in position and the membrane taut. When the
optional screen and support are used, the permeate side of the membrane is typically
in contact with the optional screen and support. The retentate side of the membrane is

preferably supported on heated ribs in the membrane assembly in order to heat the

membrane isothermally.

[0011]  In another embodiment, there is provided a method for separating desired
components from a liquid feed stream, and particularly for separating aromatic

hydrocarbons from a liquid feedstream comprising aromatic and non-aromatic



conponents froma liquid feed stream and particularly
for separating aromatic hydrocarbons froma |iquid
woeendgsieam conpri sing aromati ¢ and non- ar omat PCTA/5$2004/037329
hydr ocar bons. The net hod conpri ses conducting the feed
streaminto a retentate zone within a first wafer
assenbly conprising the retentate zone and a perneate
zone, with a dynam c nenbrane situated therebetween.
The dynam c¢ nenbrane conprises a |ayer of adsorption
medi a sel ective for aromatics adsorption in contact
and a pol yner nenbrane. The-gadsorption nmedia can be in
the formof a powder, and the | ayer of adsorption
medi a can be a porous |ayer. The | ayer of adsorption
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For exanple, suctioning can be used to provide a
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and fiRe@RIveBhEdRESIhI TR RRIRREam components are regulated to cause a
desired component present in the feed stream, such as the aromatic component, to
adsorb onto the layer of adsorption media and then permeate through the membrane
from the upstream side to the downstream side of the membrane. For example,
suctioning can be used to provide a pressure of less than atmospheric pressure on the
permeate side of the membrane. When the retentate side is at a higher pressure, a
differential pressure is established across the membrane, leading to permeation across
the membrane from upstream to downstream. Feedstream pressurization and
permeate suctioning can be used to provide the pressure gradient, either alone or in
combination. When feedstream pressurization is used, the feedstream may be in the
vapor, liquid, or liquid-vapor regions of the feedstream phase diagram. When
suctioning is used to provide a lower pressure in the permeate zone, the downstream

side of the membrane produces a permeate vapor into the permeate zone, which can



perneate suctioning can be used to provide the
pressure gradient, either alone or in conbination.
wrers/segadst r eam pressuri zation i s used, the feeudasSem®ans7329
may be in the vapor, liquid, or |iquid-vapor regions
of the feedstream phase di agram Wen suctioning is
used to provide a | ower pressure in the perneate zone,
t he downstream si de of the nmenbrane produces a
per meat e vapor into the perneate zone, which can-7- be
condensed into liquid perneate. Accordingly, the |ayer
of adsorption nedia is in fluid (including gaseous)
contact with the perneate zone. The perneate in the
perneate zone may be in the vapor state, and may be
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assenbly to a second wafer assenbly arranged in a
parallel fluid-flow configuration with the first wafer
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second wafer assembly, and process conditions are regulated to cause a second

desired feed stream component, that may be the same as the first desired feed stream
component, from an upstream end of a second thin film polymer membrane, to the
membrane downstream side, and into a second permeate zone. A second permeate,
that may be the same as the first permeate, can be conducted away from the second
permeate zone. All or a portion of second permeate conducted awasf from the second
permeate zone can be combined with all or a portion of first permeate conducted
away from the first permeate zone. A permeate stream is created that permeates

through the second thin film polymer membrane, and into the permeate zone.

[0013] When two or more wafer assemblies are employed in parallel for feed
stream separation a differential pressure can be established across the wafer

assemblies to provide a driver for membrane permeation. In such cases, he permeate



permeate zone can be conbined with all or a portion of
first perneate conducted away fromthe first perneate
woeans/497per nreate streamis created that per neRCEAS2004/037329

t hrough the second thin film polynmer nenbrane, and
into the perneate zone. [0013] Wen two or nore wafer
assenblies are enployed in parallel for feed stream
separation a differential pressure can be established
across the wafer assenblies to provide a driver for
menbr ane perneation. In such cases, he perneate-8-
streamfromthe plurality of _gvafer assenblies can be
produced by a suction driving force via the conmon
central outlet tube. Vacuum punping, vacuum ejecti ng,

d e er te vapors suitable for. ..
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rim The second wafer is opératively attache%'vvith t he
first wafer, with the second wafer having a first side

a _second side and an outer rim The first wafer
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includes a first, second and third wafer. The first wafer has a first and second side

along with an outer rim. The second wafer is operatively attached with the first wafer,
with the second wafer having a first side and a second side and an outer rim. The first
wafer and second wafer form a first cavity area. The third wafer is operatively
attached with the second wafer, with the third wafer having a first side and a second
side and an outer rim, and wherein the second wafer and the third wafer form a
second cavity area. The first and third wafers may contain underflow distribution

weirs. The second wafer contains a permeate zone.

[0015]  The apparatus further comprises a first and a second dynamic membrane
member, where a membrane member comprises an independently selected dynamic
thin film polymer membrane mounted on a membrane support fabric such as Teflon,

polyester, nylon, Nomex, Kevlar, etc., and optionally, (i) a porous metallic and/or



side and an outer rim and wherein the second wafer

and the third wafer forma second cavity area. The
woiomsto4autd t hird wafers may contai n underfl ow PCT/US2004/037329

di stribution weirs. The second wafer contains a

perneate zone. [0015] The apparatus further conprises

a first and a second dynam c nenbrane nenber, where a

menbr ane nenber conprises an i ndependently sel ected

dynam c thin film pol ymer nmenbrane nounted on a

menbr ane support fabric such as Teflon, polyester,

nyl on, Nomex, Kevlar, etc.,-9nd optionally, (i) a

porous netallic and/or-9- porous ceram c support

mat eri al abutting the nmenbrane support fabric and (ii)
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preferred and, in the nost preferred enbodi nent, is at
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forn$ed thegeigosi ti oned within a groove on the second wafer.
[0017] O her enbodi nents of seal neans nay be used.
For instance, the seal means may conprise a first

Qring fitted out .the outer rimjn a oave, on.th
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: means” conpri'ses
posifibhéd"@5thin a groove on the second wafer.

[0017]  Other embodiments of seal means may be used. For instance, the seal
means may comprise a first O-ring fitted about the outer rim in a groove on the first
wafer, and a cooperating second O-ring fitted about the outer rim in a groove on the
second wafer. In another embodiment, the seal means comprises double O-rings
fitted about the outer rim in a pair of grooves on the first wafer and a cooperating pair
of double O-rings fitted about the outer rim in a pair of grooves on the second wafer.
In yet another embodiment, the seal means for the second and third wafers comprises
a first O-ring fitted about the outer rim in a groove on the second wafer, and a
cooperating second O-ring fitted about the outer rim in a groove on the third wafer. In
still yet another embodiment, the seal means comprises double O-rings fitted about
the outer rim in a pair of grooves on the second wafer and a cooperating pair of

double O-rings fitted about the outer rim in a pair of grooves on the third wafer.



fitted about the outer rimin a pair of grooves on the
first wafer and a cooperating pair of double O rings
woitdsadoiabout the outer rimin a pair of grooveeTws2M0he37329
second wafer. In yet another enbodi nent, the seal
means for the second and third wafers conprises a
first Oring fitted about the outer rimin a groove on
the second wafer, and a cooperating second Oring
fitted about the outer rimin a groove on the third
wafer. In still yet another enbodi ment, the seal neans
conpri ses double Orings fitlled about the outer rimin
a pair of grooves on the second wafer and a
cooperating pair of double Orings fitted about the
outer rimin a pair of grooves on the third wafer.-10-
[0018] The apparatus may include a first feed tube
[00@8F po st dpparatghmbi indludesd fives ffesd abe dispoyed thirdligh the first wafer
first feed tube delivering a feed streamto the wafer

asserabbndvith the first fged prherdedivering b de¢dstrpagptssihe wafenaggambly. A
he fi f | i t.h the first

frshFgas [0 BroBRRrOH S St sshembl vokt eAse

P e RE T ol ShrBRaRl Brfacat o T e BBk Fope ity it

wafeeasseehbaf er assenbly that contains a fourth, fifth,
and sixth wafer. The fourth wafer has a first side and
a second side. The fifth wafer is operatively attached

ith the fourth fer, wiwth the fifth wafer having a
[Oﬂﬂ?f st 3% ghemRodmeshdhe ApRArats JUTihl GONRPTISeE attaAgfann second

walf e ol AEEE, 518 DAL Yo e

first\@fiebnd ta_'%@ccﬁi&éi&e."\@fl@ ﬁfﬂi&)\’éf@ﬂisﬁ)ﬁekdtﬁiebs hEeheaYvith the fourth
si de, and wh i fth h

erein the f waf’er and the sixt

wafenfveith fler fifth waberhavinga first sateend aldeeofid sidehammho/hstem the
waf er may contain underfl ow distribution weirs. [0020]

fourth svafesatihiby fHih wator fewap thisd sawty agas thibesuth srafenise

Ope?%f‘}%ﬁiﬁ%f??? Ry el B ERR Ge: i e e BRGE duaa
secéﬂc?ﬁﬂn%,r@d \%{ﬁ%gl‘”@% gfqlgﬁ?ﬁ%ﬁ% e?sgfr;]glewéﬁ? ?55h Wab&th cavity area.

asse
The fourth and sixth wafer may contain underflow distribution weirs.

second i

[0020]  The assembly further comprises a redistribution tube disposed through the
first and second wafer assembly, for conducting at least a portion of the retentate from
the first wafer assembly to the second wafer assembly. Third and fourth membrane

members are mounted within the third and fourth cavity, respectively.

[0021]  Additionally, in the preferred embodiment, the first and second wafer
assembly is arranged in tandem thereby forming an assembly in a cylindrical
geometry. The geometry is not limited to a circular cylinder geometry. Cylindrical
forms based on semicircular, triangular, rectangular, and regular and irregular

polygon cross sections may also be employed. The tandem wafer assemblies can then



menbers are nmounted within the third and fourth
cavity, respectively. [0021] Additionally, in the
wonedsaused enbodi ment, the first and second waPem/US2004/037329
assenbly is arranged in tandem thereby form ng an
assenbly in a cylindrical geonetry. The geonetry is
not limted to a circular cylinder geonetry.
Cylindrical forms based on semicircular, triangular,
rectangul ar, and regular and irregul ar polygon cross
sections may al so be enpl oyed. The tandem wafer
assenblies can then-11- be anranged in a series of
tandem waf er assenblies. The nunber of tandem wafer
assenblies arranged in the series depends on design

| terdi.a _suc 1LY a.1:L.00 Adyan es_and
be Sl B oS3Fies 8P bl ARE R Ras BF BB R RE Yot
&1B1iBOAY AR eldCin TRETSETRE Aepe R orPeS B¢ it AR RAEN labhcity.
assnowlbe dfﬂggcussed. [002§ V\hiol e not. w ghi ng&%%@%gw\é&ghg(gty
by any theory or nodel, it is believed that it is
advant ageous to caonfigure the wafer assenblies in a

[0043L | Axdventagsn ami] kaures) @gﬂ@tc}yyla_{mgmqgﬁbrag@ vs_/afer assembly and the
ol R e B it RSB vatl eSO dRchE8T e

pervaporation of fluids is occurring. Such a geonetry

woul d be advant ageous because (1) that the entire
[0023}s eniWilé actwishaigtedeiduhidbyearsi thebs dirasdell & iybslisled that it
. (2) the assenbly can be close-coupled to a vacuum
is adyantegaous to confagura thepwafsy assenlidsdn @ naodilghtwagon wheel"

oo Bt 61 ROBE ST WA Bkl i rons inclose

profiFfiR &t GRORRE Rrb AP ST B poRRRYRERLY Rul qogugine

SuchGl gsuindthewdaldband 288 ad Bétfﬁu_ls@}{/l@rthét’ﬁthé eMfifd ABEMDLy is
dependi ng on the perneate material "and operating

contaemetl witbnsa ginglepressuneutssel, (2)dpe asseablyran bapbose-coupled to a

pressure yersus operating pressure, etc). [0024] Wile
VacHyR SYSISH (?gg-tV@%@nm tBypehicye efughly lagegrﬁs conpact s

[ t. i n fer ass |.y. provi des
cauftgiehe e, BEC df it RO pERErERSTRE B st
enhances the overall pervaporation of fluids. In the pervaporation of fluids, the heat
load across the membrane separation layer is a variable depending on the permeate
material and operating conditions (volume, heat of vaporization, vapor pressure

versus operating pressure, etc).

[0024]  While not wishing to be bound by any theory or model, it is also believed
that the instant wafer assembly provides controllable re-heat flexibility, in a zone-by-
zone sequence that is close coupled to the membrane surface where the pervaporation
is occurring, e.g., by heating the wafer ribs. This creates a more isothermal system,
where the effective penneation'temperature can be more precisely controlled. The
bulk phase molecular concentrations are also more uniformly controlled which
enhances the overall separation performance. The preferred embodiment to achieve

this isothermal performance is to use steam as the heating fluid. As the various zones



sequence that is close coupled to the nmenbrane surface
where the pervaporation is occurring, e.g., by heating
woOheoswa$ep ribs. This creates a nore isother naPCIHSR@®AN37329
where the effective perneation tenperature can be nore
preci sely controll ed. The bul k phase nol ecul ar
concentrations are also nmore uniformy controlled
whi ch enhances the overall separation performance. The
preferred enbodi nent to achieve this isotherm
performance is to use steamas the heating fluid. As
the various zones-12- in thd2renbrane system array
require heat, steamcan rapidly condense locally to
provide rapid heating of the nmenbrane and perneate.
inthg%}ﬁe'ﬂx brARE Sy Héminty rghirdRsatSH6din 2an SAaR ccﬁfdehmOcany to
ue stack gas is used as t he pref erred heat
prowiidi rapid reating exfitioslinemirand drel pertegtes 1 ows through t he
waf er assenblies via the ribs and provide the
necessary heat |nput to the systen1 In an enbodi nent,

10038) " it BReA R 35 it aflsth wafeSRER TR il os the

e, TPAPERONLRL B e el U vate

assembREIPahe ridd dhd pedidde thedicedysapnheat &mdlth@die $yrseemaf Bi an
consi derations and the design of the fins will al so

embodioremtcat 23tesntivel water abseenldylymani sexpenting epid tulptkar design with
simlar tot deS| n tat m xer .el epent
or Wiheutsxsa? gli‘fidi tartﬁt mauhranG Wafers d?fﬂswof the finned

tub%: %gﬁﬁ%ﬂ%ﬁﬁha agg ada {gdl 46 nhid ateﬂdcﬁhtfl n{L gﬁwtﬂ/ﬂ%m and

e pre sture ‘sl

hea% %ﬁ%ﬁcéﬂf&l&é}ﬂﬁ&ﬁ%ﬂd 1y design SEHRCANYWilY alY asvehtiodgte

hydrodynam ¢ static zones. [0026] The cylindrical
additor inydeddynants eotnidersticnst sidat to ﬂnerdesngnalf static mixer elements.
consi stent w th, pl anh dul.ar e scal
gl

Intb;smremdlmenb@ﬁiéﬁmal 1xig Bedi g5 favorgly influence

the ik bl Eﬂ@/gﬁgt“l?@ee%tgﬁspifggﬁéﬁ ge 3}%"@* e BEayEeRg o

enh%hE@ﬂgx ARl Q@le@ﬁv Y lavSidiRsh (ﬁ‘édﬁ‘farﬁféas@icezdﬁes as mal |

sl ze devi ce woul be onboar autonobi | e fuel
separ ati on devi ces.

[0026]  The cylindrical tandem wafer assemblies set forth herein are consistent
with plant modular equipment scales typically found in the petrochemical industry.
The cylindrical tandem wafer assemblies, which resemble a "wagon wheel" geometry
are scalable and can be made in either large or small sizes. As an example of a small

size device would be onboard automobile fuie] separation devices.

[0027] In an embodiment, the dynamic thin film polymer membrane comprises a
thin film polymer membrane and a thin film adsorption material in contact with the
upstream side of the membrane, which may be in the form of a finely dispersed
powder, bonded to a subsequent layer or a material that has been finely dispersed and
cross-linked to form a porous layer within the membrane film. Techniques such as

thin film coating, controlled pyrolisis, thermal treating, plasma coating, etc, can be



[0027] In an enbodi ment, the dynamc thin fil m polyner
menbrane conprises a thin film polynmer nenbrane and a
woOhoos/ok917n adsorption material in contact w t hPCiaIS2004/037329
upstream si de of the nenbrane, which may be in the
formof a finely dispersed powder, bonded to a
subsequent | ayer or a material that has been finely
di spersed and cross-linked to forma porous | ayer
within the menbrane film Techniques such as thin film
coating, controlled pyrolisis, thermal treating,
pl asma coating, etc, can be-183- used to achieve this
functionality. The adsorptive |ayer enhances the |oca
concentration gradient of the target nol ecul es. The

thi J | . fil
usegdh Achieh MRS RS CTHEEROATe s oAttt locel. .
corlc@Bfatidd Safent BEtHeANBIE thol RYUAY STHMBIEAMR hHeBehtiRid
tar get ' ecul e"s concentration gradi ent (pressure
megtbaaliechitim art tooth selectiee forrhe tirpe domporabtorcpesiep an tiei foed
performance. In one of the preferred enbodi nents, the
straani. n1 ke Jayerads perows sy stemsallasvs the targeiipplesulgrsgippeentration

onsjsting of .activated, carho lecul ar A
ez {esir P B Bt Bitiliog B B RiBlon gerprmance.
In d?li’ridfi &ﬁﬁéﬁef&q&? ER®BHAneft Ghe (R #8h dddo@Rat Reklected from the

enmbodi nent, pressure and tenperature sw ng process
grobfRbhsitingalagivatid@irben snélbarlandievesaredites) siitaigels, alumina or

connection with the adsorption nedia. In a pressure
othengamgmersial]y availablsadsorheasis, etsdi a sees a high pressure

and | ow pressure (vacuun) gradient. In the

hi gh- pressure zone, the target nolecules are attracted

o . .
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and@iabiRatioisahBreok, dantbetisel @ Sodiectibe withitheradsetptiongheéttia. Ina
BRI EF DESCRI PTI ON OF THE DRAW NGS [0029] FIGURE is a

prepars pring mede,ithevadsorptien friedst sess  dughwplessure [and 3ofv-pressure
FIGURE B.is a side elevation view of the first wafer
(vagyur) gyarienf.Aln fr@gggl]l-pw@y@@% - t@gﬁ@@k@&i@%@@ ed to the

me&fa ftrohrrei ﬂflé btk RHd %haggfﬁg ke Ealrgeﬁﬁolécules migrate to the low-

pressure zone, they desorb into bulk fluid phase on the low-pressure side.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIGURE 1A is a perspective view of the first outer wafer.

[0030] FIGURE IB is a side elevation view of the first wafer of FIGURE 1A.

[0031] FIGURE 1C is a perspective view of the first outer wafer of FIGURE 1A

from the opposite plane.

[0032] FIGURE 2A is a perspective view of the internal wafer.



fromthe opposite plane. [0032] FIGURE 2A is a

perspective view of the internal wafer.-14- [0033]
WOLGIREIZB i s a side el evation view of the intecnals2004/037329

waf er of FIGURE 2A. [0034] FIGURE 2C is a :

cross-sectional view of the internal wafer of FIGURE

2A taken fromline 2C-2C. [0035] FIGURE 3Ais a

perspective view of the second outer wafer. [0036]

FIGURE 3B is a side elevation view of the second outer

waf er of FIGURE 3A. [0037] FIGURE 3 is a perspective

view of the first outer waf&f of FIGURE fromthe

opposite plane. [0038] FIGURE 4 is an expl oded side

el evation view of the two wafer assenblies. [0039]
O A ol R el LB EICURE 2.

enbodi ment of the nenbrane nenber. [0040] FIGURE 5B is

an expl oded side el evation view of the two wafer
[0034 s e HIGLERES e 15 3 eross-exational view=0fi the internebwafiet of FIGURE 2A

endodi.ne the nmenbrane nenber. [0041] FIGURE 5 is
takeﬁ%&ﬂi‘ﬂﬁ?lbéggf the flow through the second enbodi nent
seen in FIGURE 5B. [0042] FIGURE 6 is a plan view of

two internal wafers in tandem-15- [0043] FIGURE 7A is

[0035] sCITIFUIRE 3A thea perepedtiveviow e secand 8MicyR LEr.
assenblies arranged I1n series. [0044] FIGURE 7B is a

schematic front view of one of the tandem wafer
semil | en in FIGURE 7A. [0045] FIGURE 8 is a
[0030E J@é‘f@% 8% Yele plevaiion Wisrer! th seiand @icryaies g§FIGURE
3A.1N

[0037] FIGURE 3C is a perspective view of the first outer wafer of FIGURE 1A
from the opposite plane.

[0038] FIGURE 4 is an exploded side elevation view of the two wafer assemblies.

[0039] FIGURE 5A is an exploded side elevation view of the two wafer

assemblies seen in FIGURE 4 detailing one embodiment of the membrane member.

[0040] FIGURE 5B is an exploded side elevation view of the two wafer
assemblies seen in FIGURE 4 detailing a second embodiment of the membrane

member.

[0041] FIGURE 5C is a schematic of the flow through the second embodiment
seen in FIGURE 5B.

[0042] FIGURE 6 is a plan view of two internal wafers in tandem.



series along with the tubing nenbers. [0046] FI GURE 9
is a partial cut away view of the tandem wafer
wagseadizes seen in FI GURE 8. [0047] FI GURE 10PCS/UB2004/037329
cross-sectional view taken fromline 10-10 in FI GURE 6
of the preferred enbodi nent of the flow pattern
t hrough tandem waf er assenblies. [0048] FI GURE A
showsa first enbodi mrent of a seal nenber for the wafer
assenbly. [0049] FIGURE 1 B showsa second enbodi nent
of a seal nmenber for the wafer assenbly. [0050] FI GURE
shows a third enbodi nent offsa seal nenber for the
waf er assenbly.-16- DETAI LED DESCRI PTI ON OF THE
| NVENTI ON [ 0051] The invention relates to dynamc
nmb r b . er
10043 PR 7B is 33501 g B0 R P flangei iR
asserBBh&OA Lo dfih 98fidsi qui d feedstreanms. [0052] As
di scussed, a nenbrane wafer assenbly conprises a
dynam c thin filmpolynmer nenbrane (i.e., the
nbrane) and .a frame (i , .the wafer) for supporting

e (i.e., .
[0044]ne  EHEIRE 7Bds ¢ ehemmatiairamievigii of onenfhe ndem water
litt] e as j wi th nmenbrane perneation. The
assena%%rﬁegntnﬁﬁ@wlém ymer menbrane conprises a | ayer
of adsorbent selective for adsorption of a feed stream

conmponent or species and pol yner selective for
[004Fjer nEAGURE B8fis & perspentiveddsi rof daraieap ondntassembliscremged in
. response to a pressure gradi ent, concentration
seriegyaleng avith theitabingaogserpol yrer used in a thin firm
pol ymer menbrane within a wafer assenbly should be
sel ective for perneation of a desired feedstream

[00461CTPEAGORE $CLb& ki cR@way view of the tandem wafer assemblies seen
in FIGURE 8.

[0047] FIGURE 10 is a cross-sectional view taken from line 10-10 in FIGURE 6

of the preferred embodiment of the flow pattern through tandem wafer assemblies.

[0048] FIGURE 11A shows a first embodiment of a seal member for the wafer

assembly.

[0049] FIGURE 11B shows a second embodiment of a seal member for the wafer

assembly.

[0050] FIGURE 11C shows a third embodiment of a seal member for the wafer

assembly.



desired to perneate different feedstream conponents
across individual wafer assenblies in an arrangenent
woRo0mne9op nore such assenblies, the wafer asseabilisem4/037329
can contain nmenbranes conprising i ndependently
sel ected polyners. Additionally, in one of the
preferred enbodinents, the polyner nenbrane is
i ndependently sel ected from pol ymers useful for
sel ective perneation of aromatic species. Wen a
second pol ynmer nenbrane is used, its polyner can be
i ndependently sel ected. M xl@res of polymers can be
used in the nmenbranes. The term"polyner"” is to be
used in the general sense of nacronol ecul ar, and
DETATLER DESCRIPION OF THRIN VERNELONOPO! yners,
—terpolyners, prepolymers, and oligoners.-17- [0054]
Exanpl es of polymers suitable for aromatic /
[0051dn- aFberirtvientior pelatas todgnamhic| inguituas wefer asseontsiesaandibe use
found_ in the follow ng Unifed States patents: Uq?. .
of sy wafer asspmblissdorIRpPaFting qssitgd APesagsAT Gomaqnents from liquid
| yester copolyners, U S. patent 4,946,594 covering
1hm%ﬁﬁ%§?inked copol yners of aliphatic polyester diols
and di anhydride, U S. patent 5,093,003 covering
hal ogenat ed pol yuret hanes, U.S. patent 5,550, 199
[00532)ver Asdistussedxa dentbrases afdredéasblyrdompmies a dynamic thin film
pol yi m de-al | phati c pol yester copolyners, U S,  patent .
polymgguembmnedies thegngabyane) aad mﬂm&e@ the waden) der supporting
opol.yners, U.S. .patent..5,098 570 erin | ti-block
the G DOLTHBT S LS RIS e G e e bW gnembrane
i a i t de
per e Rl R PR AR e Y REER T B
adsdrbdiiSchitive deidsoptionl ofadeed sttedre cortponanias shecies and
separations of aromatics fromsaturates, U S. patent
polya@zgleriige forparmegtion ghthg samsrdesired sampenewsirspecies in
pol yur ea/ ur et han nbr anes.and their use for the
respOBEBIOA PSS SEt btk S SOR FRiA GRS cs, U S
pat ent 4,837,054 covering thin film conposite nenbrane
prepared by deposition froma solution, U S. patent
[0053] 86 Ipigthes QY& innOthiid fiin fpolymermeafirite Wi &M@ fer assembly

prepared by suspension déposition, U S. patent .
should be selective for permeation of a desired feedstream component. Should it be

desired to permeate different feedstream components across individual wafer
assemblies in an arrangement of one or more such assemblies, the wafer assemblies
can contain membranes comprising independently selected polymers. Additionally,
in one of the preferred embodiments, the polymer membrane is imdependently
selected from polymers useful for selective permeation of aromatic species. When a
second polymer membrane is used, its polymer can be independently selected.
Mixtures of polymers can be used in the membranes. The term "polymer" is to be
used in the general sense of macromolecular, and includes, for example,

homopolymers, copolymers, terpolymers, prepolymers, and oligomers.



4,879, 044 covering highly aromatic ani sotropic

pol yur ea/ ur et hane nenbranes and their use for the
weeparsi’on of aromatics from non-aromatics, UPSI/US2004/037329

pat ent 4,914,064 covering highly aromatic

pol yur ea/ ur et hane nenbranes and their use for the

separation of aromatics fromnon-aromatics, U S.

patent 4,921,61 covering thin film conposite nenbrane

prepared by deposition froma solution, U S. patent

4,929, 357 covering Isocyanurate crossllnked

polyurethane menbr anes and lfeir use for the

separation of aromatics from non-aromatics, U S.

pat ent 4, 983, 338 covering isocyanerate crosslinked

[0054) ¥ UE%H@'[@ JTHONRBR SuRsle tHeAromsie /eh-drbfatic separat1ons of
separation of aromatics from non-aromatics, U. S

liquichhgditocs;b086 cab be dawet inrthe fdilawmgllhut&drﬁtatas q:atamimﬁj‘ Snpatent

re ared by suspensi on, deposi ti on,
@4 ernERAY Iige )@@ﬁhatw@ Iesier Cfop@brraeﬁqut$ mqt@é {946,594

Covgﬂgé ﬁroe*&ﬁ ooaenes s ISR ORI s
patdrk % 093900%(5'&/% g%ﬁf@gh z)ol}JﬂrgthaH&t ens c;Eathﬁgj %199 covering

covering menbra m’a multi-bl'o

diepxidhs bmsﬂgal@d/ssteaﬁreﬂlpdﬂmﬁu@er-ahphatmqsolyémﬂco@ml}enaem S.

with a conpatible second prepolyner and its use in

patess B9 3 Trenvering popnide alipiugig mmswwepply@lm| YiShpaieht

N A R e L
e B SHET5J RORA L e P

its sk g beprativilsy UES. pageift SOM09c6sEdViehitig giodydoavbdratehinifibignes for
chai n 'extended wth a conpati bl e second prepol yner

separhhomﬂemrﬁaranmtmﬁem sedvrafasobh Kupatént 4, 8258@773100venng highly

arations, pat ent 5, 055, 632 h|
arora'eﬁo ?@?@%‘F@Pléﬂjﬁé)ﬁ%e%%b%én aRianes ARd Hsi yss Or”ﬁ@e separation of

arorgg{fcgsrn)?&glolﬂ)gg&f%?c d:/gﬁs Hé{eﬁ{‘hg,ﬁﬁ‘? Ogﬁg:@{ahﬁg thittfifm composite

merHBﬁa?ﬁHg BéaéEb ABSosTRAPBRES séliifloh, NG, phfedt AfS6l B28 covering
separ tiron of” aromatics from non- aromatlcs S

thinfdhrecdmpoiembbramvrepargd bycsusp?amronad@osltm.su Sugeadent
4,879,044 covering highly aromatic anisotropic polyurea/urethane membranes and

their use for the separation of aromatics from non-aromatics, U.S. patent 4,914,064
covering highly aromatic polyurea/urethane membranes and their use for the
separation of aromatics from non-aromatics, U.S. patent 4,921,611 covering thin film
composite membrane prepared by deposition from a solution, U.S. patent 4,929,357
covering Isocyanurate crosslinked polyurethane membranes and their use for the
separation of aromatics from non-aromatics, U.S. patent 4,983,338 covering
isocyanerate crosslinked polyurethane membranes and their use for the separation of
aromatics from non-aromatics, U.S. patent 5,030,355 covering thin film composite
membrane prepared by suspension deposition, U.S. patent 5,039,417 covering
membrane made from a multi-block polymer comprising and imide or amide-acid

prepolymer chain extended with a compatible second prepolymer and its use in



pol yur et hane nmenbranes and their use for the
separation of aromatics from nonaromatics, U S. patent
w6 20864992 covering nulti-block pol ynmer conpri BCHESo004/037329
ester prepolymer, chain extended with a conpatible
second prepol yner, the nenbrane nade therefromand its
use in separations, U S. patent 5,098,570 covering
mul ti - bl ock pol ynmer conprising a urea prepolyner chain
extended with a conpati bl e second prepol yner, the
menbrane nade therefromand its use in separations,
U S. patent 5,130,017 coverdlBg nul ti-bl ock pol yner
conprising a first am de acid prepolynmer, chain
extended with a conpati bl e second prepol yner, the

sep R O SRS a1 Eh e fetife MhAZRT) R block

pol@aspEdraprigng an exheslidonepeépuipmer ctde eliended it H@ompatible
epoxy w th pol yester chain extended with a conpatible

secarsbprepolymegy@ing isruse ti sepasatiomsnl . Srpatent 5&3&42&ncamngtmultl-
blogk Baien COmPB e R PiHOUB PRI FES VIR Gorpegible
secén(%f v%‘%w@ﬂﬁ the Qﬁ‘é@f)fc?ﬂgg?a&é tﬁfg@%ﬁ?&ﬁc{ﬁ%{}g@mt s%ﬁ?ratlons U.S.

al ogéena yur et hanes
pate"ht 528,005 céeh 'i'ﬁulﬁ?ﬁlblél@f) ey Riptie (ﬁ'”ﬁkst pre Polymer made
crossl i nked rre ranes therefrom for arorratl c/saturate

by cospzinalp] epoxy wdﬂsdlapane,lmlaﬂrgextﬁndbﬂsNﬂ}zﬁ compatibteysecond
unsat ur at ed poI yesters agg crossl i nked nenbr.anes

prepo st thgdtest ra%wdp shayghromand ikaisgan sepprationss U.S. patent

5,050 bl it R T R S ARG e frcs

sep a&éﬁb&%f aﬂdn%ﬂc@%t(ﬁﬁhoﬁ 2Ra S LLOMRHERS, 068, YOO EHRH rRcthighly

car bonat e nenbranes for ar ormt i c/'sat ur at es separ ation,

arorhiatic pplgussalurbthahe nigbraoseadideiralsy af ﬂieadeparmmhrcﬁ‘rwsmatlcs
for aromatic/saturates segar ations, U S. patent
frorg pons mmgetl@b&é& mjelgtai Urabee cwﬁrw@sls@%@naﬁate crosslinked

I k h f
poliERans RERbriS El@fya? for; i, ¢ Senar@orb%ii agpmagics §om agn-

aroxﬁfon%; gﬂ% Sﬁbﬁiﬁ 9@% E8voth rﬁ?ll%lcs ?6@?& drl QYhEStising on ester

PRl A Koy, e e
made therefrom and its use in separations, U.S. patent 5,098,570 covering multi-block
polymer comprising a urea prepolymer chain extended with a compatible second
prepolymer, the membrane made therefrom and its use in separations, U.S. patent
5,130,017 covering multi-block polymer comprising a first amide acid prepolymer,
chain extended with a compatible second prepolymer, the membrane made therefrom
and its use in separations, U.S. patent 5,221,481 covering multi-block polymer
comprising an ester prepolymer, made by combining epoxy with polyester chain
extended with a compatible second prepolymer, the membrane made therefrom and
its use for separations, U.S. patent 5,290,452 covering crosslinked polyester amide
membranes and their use for organic separations, U.S. patent 5,028, 685 covering

halogenated polyurethanes, U.S. patent 5,128,439 covering saturated polyesters and

crosslinked membranes therefrom for aromatic/saturate separations, U.S. patent



extraction, U S patent 5,107,059 covering iso/nornal
paraffin separation by nenbrane extraction. O her
weuddsasdopol yners i nclude polyacrylonitrile (PEMdS2004/037329

and pol ysul fone("PS"). In an enbodi nent, PVA and PS

menbr anes are supported on a non-woven pol ynmer

support, such as porous polyester. Thin (e.g., 0.01

m croneter to 10 microneter) polyner |ayers can be

used to enhance selectivity. For exanple, thin layers

of polyvinyl alcohol ("PVA"), polydinethylsiloxane

("PDVM5"), and cellul ose esters can be used. [0055] A

dynam ¢ pol yner nenbrane waf er assenbly conprises- a

dynam ¢ pol yner nenbrane and at | east one wafer. The

wafer will now be described in ternms of particul ar
5,138,@2hoeieringt unseiraied pglyesiersandsarpsslinked mashbraneserefsom for

womal P e T s S I e phor

oS B S XA ALY 4.0

coveri%y@%ﬁﬁia‘l&t@ Eaﬂb%nét@tmérﬁbﬂaheé fbrfdr&‘rhbﬁc/%é’turd‘t@s” SepafAidnOUES.

can be enployed in a wafer assenbly. Wile t he

patent Wléco%sccs/iemvg pnolyaryietegaenmbrarry:s dér srontaitic/sstwates separations,
be under stood that qthe

sh ou
Us. p@tymi M?? ,886 cg@m& $ﬁt‘§§teélr%) ¥ehterapnd cress pibranes

therefifi i arompacy Bt ies SERe RER 1L SaPe B Sl Sl 0B Rg bR 21
unsatwét%dagr | néteféoc{n)ﬂ%wssﬁhﬁéc? nREBrhARSthERR I féiscﬁ*gmatlcs/ saturates

g nowto Fig. IA a perspective view of

separafion,q0. Sopheht HA02058 @oveding ﬁl&ﬁnﬁ;ﬁr&fé’ﬁﬁepbﬂdonmnfm‘tﬁhne
outer wafer 2a is general ly a semicircular solid
extractinmiié s, pamaet 5.10%05 gomnnmﬁ@/mocmnl paratfimsepamtion®Bul ar

e exlracdiyy CHieRTEbgeoDTagnHr HOE popasrHon iR P AR
and poiy'fsg}f%ng@—" 113 aﬂféfﬁ@ééufn\énf’ P@R%@B?%imeﬁﬂﬂéﬁé%%ﬁ %£poﬁed on

anc acerrent teners suc

a non-%{f@ﬂ\@olyﬁlier@uppdlﬁ, suchay perotipollyeatce. Miin 6@\0.01nmidrdmeter
figure. "The sem circular outer edge 4 contains a first

to 10 mictemetat) polymer layerstcap bearsed ¢m exladnse selectivity. For example,
thin layers of polyvinyl alcohol ("PVA"), polydimethylsiloxane ("PDMS"), and

cellulose esters can be used.

[0055] A dynamic polymer membrane wafer assembly comprises a dynamic
polymer membrane and at least one wafer. The wafer will now be described in terms
of particular embodiments relating to the separation of aromatics from a liquid feed
containing aromatic and non-aromatic components., as shown in the figures. It should

be noted that the invention is not limited to such embodiments.

[0056] A wafer suitable for use in an embodiment is set forth in figure 1A. More
than one wafer can be employed in a wafer assembly. While the wafer is shown in
the geometry of a thin semicircular cylinder, it should be understood that other

cylindrical geometries are suitable; for example, cylinder having a cross sections such



referred to as the apex) of the wafer 2a. The
indentation is configured to receive a tubul ar nenber,
weaodaaer’d bed bel ow. [0057] The wafer 2a al so eomuaRowg/ 037329
a first corner indentation 14 and a second corner
i ndentation 16, with the corner indentations 14, 6
being configured to al so receive tubular nenbers. The
radi al surface contains a first side indentation and a
second side indentation 20, along with a center
i ndentation 22, which is configured to receive and be
operatively associated w thag tubul ar nenber. The
functions of the tubular nmenbers are different and
will be nore fully set below As discussed, the wafer

as o GuliR Srifng et o ARRNAE Feeutit polFa el ML phBOHALSE

sectitideiahltewsel! Reférfing l’lbwqug E1Al fa pé&@ﬁ@dt%e%é’\@rcff {i@Wfirst outer
weir 26 and underfl ow weir he weirs 26, are

wafea?swill powj lecdésoribed. WEhe fiist loutelr mfen Itemfgeneraﬁigtat senmicwéular

the feed streamas wll be nore fully set out bel ow
solidmemgry JhedirsBotrswaky &on@msrﬁese@,wu@war awtes gdgrof thayextends

o 5, B8 AR e TETHBT AR i
v By (E5EBlE, B o frylS 100 ot s

such a&@:rewmre-rﬁm@abvwhmhtahenmaahmﬂthmﬁ el @her to
| i ke conponents. Thus, the radial surface 6 I's shown
semigixsmlpruger adge 4 eoaéainse fissiéndentation 1222t the cbop pexdion (also

refefifd 165 ey dien) oo Rl 2o e Hilehtafion 12U SoRt e gn réceive 2

mblﬁglrﬁgmﬁg?,asafgpm ﬁfb% Jdng to Fig. 1C a perspectlve

View o st ou er wafer of Fig. fromthe
opposite plane is shown. Fig. depicts the back wall
24. [0059] Referring nowto Fig. 2A, a perspective
[0057] ew 'Biie waeriZatadsonedntains e dirg4mrnér ihdendatidre 14 esd nisbeshd corner

indoagyighil B8O GOBEF ARIALCH Yo 68 DEE B ESHORsisceive
bl FhEMBERU SR Bl Face X nthifSa G s?&elﬂdelgtaégn 18 and a second
side indentation 20, along with a center indentation 22, which is configured to receive
and be operatively associated with a tubular member. The functions of the tubular
members are different and will be more fully set below. As discussed, the wafer 2a
has a solid back wall 24. In other words, the wafer 2a is in the form of a plate. The
back wall 24 has two underflow weirs that traverse it, namely underflow weir 26 and
underflow weir 28. The weirs 26, 28 are raised projections that will alter the flow
pattern of the feed stream as will be more fully set out below. The weirs 26, 28 also
add to the structural support of the wafer 2a. For larger diameter systems, additional

ribs and indentations for tubular members can be provided.

[0058] Fig. 1B is a side elevation view of the first wafer 2a of Fig. 1A. It should
be noted that like numbers appearing in the various figures refer to like components.

Thus, the radial surface 6 is shown along with the indentations 14, 18, 22, 20, and 16.



for placenment of fastener neans such as screws, or

O-ring grooves, which are not shown in this figure.
woheosilaeonal wafer 34a has a first rib nmenber pd0/Uanw4837329

second rib nmenber 42. The ribs 40, 2 have bored hol es

44, 6 there through. The bored holes 44, 6 will allow

a hot nedia, such as steam to flow through the ribs

t hereby heating the contents of the wafer assenbly, as

will be nore fully set forth bel ow For |arger

di aneter systens, additional ribs and indentations for

tubul ar nenbers can be provigied. [0060] The interna

waf er 34a has a top indentation 48, at the apex, for

pl acenment of a tubular nenber. The outer rim 36a

. ds.ta the radially flat surface 5Q _The radial |
Figg { alsoiiets (ot B a5 HE0GS 19 Ttb2CBATAE24-n b shovrare the

. r ' ntat i 54. i tional l.y a
redirigio e 306 P8 M6l (oo Blle V0P orthcirt
outendiafirdfiFg. BB fioi tCoppdeie plng i e, FRdet &lpi@s tf0back

i s shown vvlgth the aperture gz there thro%gh. Q#I?é ac
wall@der nal wafer 34a does not contain a wall, but

i nstead has open areas. Therefore, the nuneral s 64,

66, and 68 seen in Fig. 2A represent open areas which

(0051 - 3 et o REL 785 2 Defepeciind Rt BRaenl Wager 34a will
nmié g@ Qﬂa%cr_ﬂ%ﬁ. %ﬁ%rﬁéﬂ%ﬂ@ﬂﬂé Ry %g(gﬁiva&@h% %@hm%%@fapd has an

a of Fig. now be descri reference to

upper gute? Bim Bba thiat dias bontained tharvitirawseh Sfenisess basiasithedpening 38,
with the a&ert ure 62. The outer rimcontains the upper
for plasement af astepar medns sushiaswerews, or Ouring geodes, whith are not

T A I (IR CHTY S
i BB 2 B S s A4PRER BT 356 bore

hol¥du4, eld wilksllew Mot iledie sdfad sals, (oW thfbugBdHE rib3 glAereby

and fourth | edge 74b. [0062] Referring now to Fig
heating ghesgradents of theewatsr assembdycasnsillooe moreniiflbr set forth below. For

larger diameter systems, additional ribs and indentations for tubular members can be

provided.

[0060]  The internal wafer 34a has a top indentation 48, at the apex, for placement
of a tubular member. The outer rim 36a extends to the radially flat surface 50. The
radially flat surface 50 will have a first corner indentation 52 and a second corner
indentation 54; additionally a first side indentation 56 and a second side indentation
58 is included. The center indentation 60 is shown with the aperture 62 there through.
The intemal wafer 34a does not contain a wall, but instead has open areas. Therefore,
the numerals 64, 66, and 68 seen in Fig. 2A represent open areas which correspond to
the permeate zone. The internal wafer 34a has a first ledge 72a and a second ledge

74a.



76a. In the preferred enbodi nent, the second outer
waf er 76a is generally the sane structurally as the
woiosto4oab er waf er 2a. Thus, second outer waf ePCT@E2004/037329
contains a semcircular outer edge 78 that extends to
the radial surface 80. The sem circul ar outer edge 78
and radial surface 80 contains a rim82, with the rim
82 having a plurality of openings, for instance as
seen at 84, for placenent of fasteners such as screws,
or may contain Oring grooves which are not shown in
this figure. The semcirculap. outer edge 78 contains a
first indentation 86 at the top portion (also referred
to as the apex) of the wafer 76a. The indentation 86

0068, o Rhe %fﬁeg@\ge\%gﬁﬁi&%‘éf?ﬁg_ IS RBI R P 0 B efowill R be
s TR 5,3 5egnet e Bl v

the hpéraire 62! 'Bie dtetefiihalon@inStheangetrifehiefide 36aAAA the lower rim
indentation 90, with the corner indentations 88, 0O

surfhes BGb and frhguein dotloried swfaces dba; 8 6buhilll servenasniseling stiiaces as
radi al surface 80 cogt ai ns first sjde jndentation, 92

Wﬂl&??gdf’écéb_%‘bﬁbg@ﬁ@é deigddisiowi &1 sgan aFign g CulPPReT B HERFe 362
teads g ARt lelge 22@8%@é%%&@ff?%%”%ﬁ%ﬁ?%‘f"’e&éﬂﬁﬂ@?ﬁﬁ%@.@g" Rds to
thu%%h\%%@%?ﬁ%l%&%%g |Sg :g ?ﬁg f\g?m 01?8;31 |Iolnate.

The back wall 98 has two underflow weirs that traverse

it, nanely underflow weir 100 and underflow weir 102.
[0062]e wRefasringpowioXigr 3As aPEHEEGHVE] VaeW iof Hae sgeand wufer wafer

Teapdp Sha prefotecb i Batiing ofit sebi st PACS 35 Rgsdetgliyfie same
stru?%?%ﬁe}?a§ R QH.pa 5\5, S%Eo%cf‘@uﬁé@%fer?%- confins a

dianeter systens, I'tion ribs an

semii¢ifdraditenedgders thubesteddsenberslisanrthee #0.0Thdgdmicircular
[0065] Fig. 3Bis a side elevation view of the first

outeraiige 78aadandial surfdia 80contwinea risa R with the ke 8 hpeing 2
plmggmgwgﬁpgt%&%ssse& %{J gf,sfo{ S{a%gmtegt (l)f’ t%gteners such as

screws, or may contain O-ring grooves which are not shown in this figure. The

semicircular outer edge 78 contains a first indentation 86 at the top portion (also
referred to as the apex) of the wafer 76a. The indentation 86 is configured to receive
a tubular member, as will be more fully set forth below. The functions of the tubular

members are different and will be more fully set forth below.

[0063] The wafer 76a also contains a first corner indentation 88 and a second
corner indentation 90, with the corner indentations 88, 90 being configured to also
receive tubular members. The radial surface 80 contains a first side indentation 92
and a second side indentation 94, along with a center indentation 96, which is

configured to receive and be operatively associated with a tubular member.



the radial surface 80 is shown along wth the
i ndentations 88, 94, 96, 92, and 90. The indentation
wO20d3ag91@9r edi stri buti on aperture 104. The i ndearas2mm037329
94 has redistribution aperture 105. Fig.3Cis a
perspective view of the second outer wafer of Fig. 3A
fromthe opposite plane, with this view depicting the
solid back wall 98 as well as supports 99a and 99b.
[0066] Referring nowto Fig. 4, an expl oded side
el evation view of the first wafer assenbly 106 in
tandemwi th a second wafer-28ssenbly 108 will now be
described. As seen in Fig. 4, the wafer assenbly 106
consists of the first outer wafer 2a, the first

[ooaﬁgpgfg%@%mg hzisoazsdﬂlfebddcgkhv?{u? ?g Webler 307ds, HkEwa fe;%g is in

e nenber e second outer

the foi®a of Alplste. Thedbek wal SV Ws\twoRleBlGw WeifsitBaf trdvikse it, namely
outer wafer, menbrane nenber, internal wafer, nenbr ane

undeniwmwelaﬂwao ahénndérowuweir IRAf dihe weirss H¥), 1162 aee ressesd
t hat e ut waf er [ f the reinforced
projecjipms t aftgr ffﬁwa%ﬁm 0% zhesfenea éfre«'fumsw@tbeolﬁ@@er fully set
t I h ' '
forth b%?(“yw?i@er%@al%d 162 Blsoia3 et surborfo R dter 76a.
For 18%%f Hﬁ'rﬂetéios@steﬂibu fdditibRalSRssOa ﬂYﬁ&@tﬁu@l%ssﬁﬂJ@ﬁWulQaO&embers can
consi sts of first outer-24- wafer 2b, the first
be proeidedane msnber 14, the internal wafer 34b, the second

menbr ane nenber 16, and the second outer wafer 76b.
According to the teachings of the present invention,

100651, 4 1 e BEREY P 8 LB 1B 3R noted
earliélrgl k fgﬁv\fﬁﬁ %:a@ggx?gﬁ the Va{q ?@ﬁkm%sﬁ’ ?6 jike/ c@x&géﬁélﬁg"sThus

er asse t oget

the rddigltsanec 836G showhy alohgtvﬂtli ﬂreqndént@tﬁxﬁm 8&; 931796 192, wad @0. The
2a and screw 17c fits throu en| ng 17d in wafer 76a

indeniption 82 bpea a@diﬁg'bu@@h amm%@m hetindentatggred4 basiredistribution
th . 34a and 76 f ast ened t oget het..
perthsoRY) T B4 pEBis Tk BIh U $EORT Bit PERAR uiEoHA from
the opptSsifePIAETWAI s AERUEPidti the solid back wall 98 as well as supports
99a and 99b.

[0066] Referring now to Fig. 4, an exploded side elevation view of the first wafer
assembly 106 in tandem with a second wafer assembly 108 will now be described.
As seen in Fig. 4, the wafer assembly 106 consists of the first outer wafer 2a, the first
membrane member 110, the internal wafer 34a, the second membrane member 112,
and then the second outer wafer 76a. Thus, a wafer assembly consists of the first
outer wafer, membrane member, internal wafer, membrane member and then the
outer wafer. It should be noted that the first outer wafer 2a is of the reinforced type,

which is thicker and is structurally stronger than wafer 76a.

[0067] Asshown in Fig. 4, a second wafer assembly 108 is in tandem with the first

wafer assembly 106. Thus, the second wafer assembly 108 consists of the first outer



seen in Fig. 4 detailing one enbodi nent of the
menbrane nenber. Fig. 5A depicts the preferred
weonhisdugent of the pol yneric nmenbrane waf er as®gemisg004/037329
In this preferred enbodi nent, the nmenbrane nmenber 110
that conprises a feed spacer screen 120a, a gasket
122a, a thin fil mnmenbrane 124a and a sintered netal
menber 126a. The sintered netal nenber 126a is
typically attached to menber 34a by el ectron beam
wel ding. OGher fornms of attachment common to those
skilled in the art are al sg,f easible. The member 126a
may [al so] be constructed of a porous netallic or
porous ceram c support material. The porous support

wafc Bkt et B RIREARGIPEpOOA i HHemabyiAbs 30b, BorHcent
merrBYRBIERBY B8, PSS BRI OARr DBF SABGOBR R cachings
of th8 prERA inCeAMEH, lqh@hksx VRS As§§h61y"m@4s @%@r@%@lﬁa tn

sCreen materials are suitable. "For e

tandéid Ga tlomgecbad ekifai aseeimblyol08Marfoimn tikuden anderGeserhblics.
under the nanme DYNAPCRE. Various grades of DYNAPCRE
may be used from grade TWW 80 to BWM 80. DYNAPORE

0] 25 R i o R B B e,
For iish&, @?rewe i ﬁabﬁ@ 'ffﬁ%gg%l G?Ql\ﬁ‘ﬁ t 1%%\»7%?&% 3 serew 117c fits
0 e

materral's can be use Sealing. Viton gas
throvghadpeatigel 7dim vauBp Mba withsidopamltifg opBeingk N1 2é/2470RL whfer 34a
is comrercially available from Mott Corporation under
so thatwaleana, Sdatandddamee fstensditegdther. dynam ¢ nmenbr anes
have been di scussed. [0071] The second nenbrane nenber
2 conprises a feed spacer screen 128a, a gasket 130a,

t high fd S| .
ooedy "5 54 RERNA 20008 N SHE T g bt
seen PP ARRAEiBAR oRY eRIDBEIAETR STEREMGBAEhiImeRAtee! F§$ 578 d&icts

attachnment common to those skilled in the art are also
the pfefaved bmbodhrentefiter pdigdwricayerabemetveafar assembdy. In this

metal |.i c_or porous ceramc sup;laort mat eri al .
preferred embodiment, the membrane member 110 that comprises a feed spacer
screen 120a, a gasket 122a, a thin film membrane 124a and a sintered metal member
126a. The sintered metal member 126a is typically attached to member 34a by
electron beam welding. Other forms of attachment common to those skilled in the art
are also feasible. The member 126a may [also] be constructed of a porous metallic or
porous ceramic support material. The porous support materials provide an engineered
flat surface for the membrane fabric to lay on and are common to both the dynamic

and polymeric embodiments herein disclosed.

[0070]  The feed spacer screen can be a conventional screen. Commercially
available metal or non-metallic screen materials are suitable. For example, member
126a can be obtained from Martin Kurz and Co. Inc. under the name DYNAPORE.
Various grades of DYNAPORE may be used from grade TWM-80 to BWM-80.
DYNAPORE grades made from five (5) layer screen filter media are the most



[0072] The nmenbrane nenber 114 conprises a feed spacer
screen 120b, a gasket 122b, a thin filmnmenbrane 124b
wansa4si7at er ed netal nmenber 126b. The si nt er eBCTRIS2004/037329
menber 126b is typically attached to nenber 34a by
el ectron beam wel ding. OQther fornms of attachnent
comon to those skilled in the art are al so feasible.
In one preferred enbodi ment, the second nenbrane
menber 116 conprises a feed spacer screen 128b, a
gasket 130b, a thin filmnenbrane 132b and a sintered
metal nmenber 134b. The sintg.ed netal menber 134b can
be attached to nmenber 34a by el ectron beam wel di ng, or
sonme ot her suitable attachnment method of sufficient

nechanical integrity.. The menbers 126a and.134a .
prefdfred AR et Kbl e B et s R n oiiont 2afeing
mategﬁf‘l?!ﬁrfbé‘ﬁée%rfof‘ Eeali[ngp 7\%1%1‘} %asﬁ?@é‘}a@lﬁgl% B aSubditis suitable.

Ifferent conmponentS within the menbrane nenbers are
The pidgered Ingstalie comnsdraialie aviileblebobi Bt Sugmaﬂioﬁ afiddrGhe name
. While not shown in Fig. 5A maybe included as part of
Sintered Metabr Snéable dysamicmenhpanssduve beeh discesedThe Fig.
5B i s discussed below. Additionally, different
sequenci ng and/or-26- arrangenent of the conponents

- t h - - - ‘
0078} B8 R AR R r 1 PR S OLS Brliod 280, o
gask8X PA el adhii filén RleMRANOB324 M Pintdhed frRed 9PUNaTE sintered

assenblies seen in Fig. 4 detailing a second

metat mmobereldaa$ typhellysttachettomaainder péabp glectrohdeam welding.
enbodi nent of Fig. 5B depjcts_the dynam c nenbrane. In
Other pouns atdftnehpicat eommpndaiheserikiied inibe aembe alse faasipler The

[is O-ring r 09a, a Wre nesh screen .
menple 1SRRI B4 paus Mt F ofoul b ppSl Hilerial
menbrane 414a, nenbrane support fabric 416a, and
Oring rope 417a. Al'so included is a porous support

[0072ht eThe! membiamedddabenbiiddompiysdsen feed bpacea s@eend20b, a gasket
metallic or porous ceram c support material abutting
122b, pahinelition membrangb?4b anghs pigtered metal member 126b. The sintered

metal member 126b is typically attached to member 34a by electron beam welding.

g

Other forms of attachment common to those skilled in the art are also feasible. In one
preferred embodiment, the second membrane member 116 comprises a feed spacer
screen 128b, a gasket 130b, a thin film membrane 132b and a sintered metal member
134b. The sintered metal member 134b can be attached to member 34a by electron
beam welding, or some other suitable attachment method of sufficient mechanical
integrity. The members 126a and 134a may also be constructed of a porous metallic

or porous ceramic material.

[0073] 1t should be noted that different components within the membrane
members are possible. For instance, the membrane support fabric, while not shown in
Fig. 5A, may be included as part of the membrane members as depicted in Fig. 5B.

The Fig. 5B is discussed below. Additionally, different sequencing and/or



[0075] Conventional Oring rope can be used; Oring
rope available from Anerican Seal Inc. under the nane
wQalosea9i7s suitable. The feed spacer screen (4RORUSZ@A037329
be conventional netal or non-netallic screen
mat eri al s. Conventi onal nenbrane support fabric can be
used, such as a Tefl on pol yetrafl uoroethyl ene ( PTFE)
fabric (CGoreTex), available fromN L. Gore, Inc.. The
menbrane support fabric nmay al so be pol yester, nylon,
Nonex or Kevlar type of fabric. Teflon, Nonex and
Kevl ar are trademarks of Dufgont. As discussed, he
porous netallic support nmaterial (418a) can be
conventional . Conventional fabrication nethods can be

used to.f.abricate she dis The
oSl B Ui ool b e ExipBL Sl Pitis & ppssigp s per
thetQé SR byl face of the thin filmmenbrane. The
sorption-nmedia 1s conmercially available from
several vendors. The adsorption nedia wll have
surface areas between 100 to 1500 sq. neters per gram

[007#]/ pi dag. %Blmb@mlocimi %d‘t elevaiion vigw ofcthe yandsm wafey@ssemblies

seengh i, AHHHORG PARPORG PP aBhe g6 L6 BembEind] fﬁﬁ%ﬁﬁg%%@ge The
e BE Ry BRSNS tREaytplilc AERBIRE (n It ScoRlihriRYed

embb@kﬂéh@ &he MenfitinéaiRper @Ol&ﬂﬁjrﬁemﬂhg r@@@@h'vﬁb& fhesh

from e.g., (a) Calgon Co. for activated carbon and
screendt(ag a poedersct layatqfwdsarpmn media Hlﬂh,encmhrmec‘llaﬂa membrane

trade .nanes fqr_non- rrpre%%aégsd bej F- 200, and
SUpPEH| fabméb6a and Q-singitape dd it AEO lgcll@gﬁ@ i 2 Peyoys §Hpport material
e b c
medi;GFHEEPRBICAGhhy bRbia Borklls ph QAR B oo P S mnrt
mate?ifalﬂmnn%'tlfb’méhl%}‘ﬁﬁlsuﬁ)ggft'fhﬁﬁc.afe_ 13X SA and ot hers,
and rcial trade nmes of silica gels are G ace
Gel and others; (c) ALCOA Co. for Alum na, and the
conmmer ci al trade names are A-200, A-400 and .ot hers;
[0075hd @mvmwwsbnng@@pe £&F berasad; &@ng\m%a‘faﬁhable from

Amegpﬁ%ggll I%c under %enl?anrgéc’ ngresqs sultab?é. %ee% spacer screen (410a)

can be conventional metal or non-metallic screen materials. Conventional membrane

support fabric can be used, such as a Teflon polyetrafluoroethylene (PTFE) fabric
(GoreTex), available from W. L. Gore, Inc.. The membrane support fabric may also
bé polyester, nylon, Nomex or Kevlar type of fabric. Teflon, Nomex and Kevlar are
trademarks of DuPont. As discussed, he porous metallic support material (418a) can
be conventional. Conventional fabrication methods can be used to fabricate sheet or
disc materials. The adsorption media may be placed on a porous sheet, or placed onto
the surface of the thin film membrane. The adsorption media is commercially
available from several vendors. The adsorption media will have surface areas
between 100 to 1500 sq. meters per gram. Typical adsorbent material will be
activated carbon, molecular sieves, zeolites, silica gels, alumina or other
commercially available adsorbents. Impregnated adsorbents may also be used.

Adsorbent materials may be impregnated with metals such as Sodium, Cobalt,



[0076] The second nenbrane nmenber 402 conprises O-ring
rope 409b, a wire nesh screen 410b, a powdered | ayer
woho@deoi7pt i on nmedi a 412b, nenbrane 414b, menbPamais2004/037329
416b, Oring rope 417b, and a porous support nateri al
418b, that may be either nmetallic or ceramc. [0077]
The nmenbrane nenber 406 conprises an Oring rope 409c,
a wre nesh screen 410c, a powdered | ayer of
adsorption nedia 412c, nenbrane 414c, Oring rope
417c, support fabric nmenbrane 416c¢c, and a porous
support material 418c, thal7say be either netallic or
. ceramic. In one preferred enbodi nent, the second
menbr ane nenber package 408 conprises an O-ring rope
amaaid 1 e a3 vRNKIE K layer,
MOl}gglgor pf %C%gﬁf%%%%gﬂam angv414d$%ﬁb€%héa£§%1 gptCO.
for aétattéccatbiGindl and imprepna@dractieatédd éakboanwith thetomsnatiaPaade
mat eri al 418d, that nay be either netallic or ceramc.
namqstfos peRi@PIEnaeddengaal 1200 eanshCalddrfonansd for impregnated is

Centfiy{sg i{ﬁ{ﬂtiwﬁfﬁ%iﬁﬁe%&{” B p B ot dtesler PlgVessepltes, silca
o SEQRE i O AP 8

otherpaindesonadleril titade nafibs df sﬂi&@{gﬁ%&re CaediGe1 dheofhlls) (c)

filmpolymeric nmenbrane and then through the menbrane
ALCOdbEociordduniina,tamdrthe hommghiciahrageonanss arepp@00, AL4@YS1d

Ref er r.| n i , @ plan view of twy internal
otherseritr(@) Bfxpiadiond G Tondaeiiel svin seonmesia diademagsdrcing

3 nd a second internal wafer 34b are

ZSM%%@?gMgéﬁkfaag]tdté@ﬁgd Several nethods of attachnent

are possible including bolts/screws 302, 304 aligned

external to tubular nmenbers 148 and 149 are the

[0076]r ef Ehe satoadimethbmnt snenberet2atonysrises (Ovoidg rope HO9be wire

open rectangul ar pi.n or harps screwed/ bolted into
mesh,ggregp éei Qhen aﬁwgewé.lam@;ﬁ BEsPHAN masirs4 bl Tagbrane 414b,

memlllﬁ’%gg él %ﬁ% {Q—Eﬁ:\%gépgp \gﬁ?g afﬂdgafl I%ro%é1 Quﬁ)ro%t rsn%gi rfail 41 §L,athat H&? be

either metallic or ceramic.

[0077]  The membrane member 406 comprises an O-ring rope 409c¢, a wire mesh
screen 410c, a powdered layer of adsorption media 412¢, membrane 414c, O-ring
rope 417c, support fabric membrane 416¢, and a porous support material 418c, that
may be either metallic or ceramic. In one preferred embodiment, the second
membrane member package 408 comprises an O-ring rope 409d, a wire mesh screen
410d, a poWdered layer of adsorption media 412d, membrane 414d, membrane
support fabric 416d, an O-ring rope 417d, and a porous support material 418d, that
may be either metallic or ceramic. It should be noted that different components, or a

different sequencing of components, within the membrane members are possible.

[0078]  Fig. 5C is a schematic of the flow through the dynamic embodiment seen
in Fig. 5B. The flow stream “F* flows through the powder adsorption media, then



cylindrical assenbly with a generally circular
cross-section. This cylindrical assenbly allows for
woOhersmati7oe device to be placed within a pressBCEUS2004/037329
vessel 135, and therefore, maxim zes the space and
volume within said vessel 135. In other words, the
cylindrical assenbly is the nost efficient
configuration for processing large quantities of feed
streamw thin a pressure vessel. The vessel 135 may
have a hot nedia, such as steam placed within the
annul us area A. [0080] Fi ¢8-6 depicts the center
i ndentati on 60a and 60b which forma cylindrica
passage for placenent of a tubular nmenber 140 for the

o JERUSEL A st DR AR e Fuddfnaanep Ak o
and ﬁ#%?“%fﬁgﬁﬁﬁ@ﬁo‘@@ §t a tubul ar menber 142 therein

l'et” feed. "The indentation 48b has a tubul ar
menber 144 therein for the feed (retentate) outlet.

The indentation 52a d.52h h t. I b 146, .
(00791 heriietaring nawdo it S SBRYIG™ oritao HESIAYIER Geaid in

54b bul a f .
tandeg; 1§ SHO oS B ERA Vgh R4 Mha SARHT MBI whRe
o isls| ' i lna
s4b alg G el By Bt rdatahignee s RO g

bolts/td#bwk 302 30vbslignbd2xvirhil td eibular metmbef 4B sud feriho
the wafers. The tubular nmenber 144 will be the outl e}l
 prefercéthembbdinagnts. hAltpmative meshodsqosidhe ape) re IR QF harps

e RS S 2 o D
s A e s s bl e e,

cylind¥ifaBhssfibly ath béndpsilybireuldnirbys-stesioni Hds Gylimisical
Attachnent” pl ates 306, 308 are al so used to secure

assenthipallaws fierthe entitesdevices. beasH] wihine presgiraowsied 1 &5 gnd
7A a schematjc side el eyation, view,of t waf.er
therefass RIS SART RH5E QT OLas SR FHANG DA godh PHBGaords.
T
quantities of feed stream within a pressure vessel. The vessel 135 may have a hot

media, such as steam, placed within the annulus area A.

[0080]  Fig. 6 depicts the center indentation 60a and 60b which form a cylindrical
passage for placement of a tubular member 140 for the permeate, along with the
apertures 140a, and 140b for passage of the permeate into tubular member 140. Also,
the indentation 482 has a tubular member 142 therein for the inlet feed. The
indentation 48b has a tubular member 144 therein for the feed (retentate) outlet. The
indentation 52a and 52b has a tubular member 146 therein for the steam supply. The
indentation 54a and 54b has a tubular member 148 for the steam supply. The side
indentations 56a, 56b has a redistribution tubular member 150. The side indentations

58a, 58D has a redistribution tubular member 152,



attached to an end wafer 164. The end wafer 160 has
two support projections, nanely 166 and 168 for
wonRosid91Tg structural support and cooperati ng RCTHS2004/037329
reci procal set of support projections in a different
pl ane from anot her wafer assenbly. The end wafer 164
has two support projections, nanely 170 and 172 for
provi di ng structural support and cooperating with a
reci procal set of support projections in a different
pl ane. This wafer assenbly is denoted as W. [0083]
The reciprocal wafer assenbl39-in tandem i ncl udes an
end wafer 174 attached to an internal wafer 176 that
IS attached to an end wafer 178. The end wafer 174 has

ul%f ﬁie?l%eirqriﬁ it theCread gtr%a}ﬁ éﬂt\% the wgters The

[0 pr VI I'ng structura sUpport and coGper a

tububinperaber 14siewilbbe tennelet cRifie frithe feddstrdaf (rERARNL). T
pl ane. The end wafer 178 has two support projections,

tubnlamwh@e 146and 84 8fape ther spphtinnentaltsteam sugply snippoFhe tubular
th i.procal set of support
meRreL80 S | 310 (o FocEetioh aemet ey rmfsmm rgtentate

ﬁofélf‘tgg gﬁé)at (?I%v%r %vx% Q%ﬁ%ae%ﬁﬁ F%‘é%% %‘v,n\gﬂﬁﬁe moge ?Lﬂlyvgescnbed
bel8s enitachineps gta@essm 308 AW aRO HsdPto SRErAbRIar ARSASE Y44, 142.

wi |1 be-30- operatively attac
assenbly Wi, Fig. 7A depicts the fI owthrough of the
feed stream More ﬁgrtlcul arly, the feed stream woul d

[00831 er Paf‘sfelirmgélmtq &0 aweheraatiqside el¢vasgon yizw obtandem wafer
assyiibits SRR NSt B Lo W LB RBFPa Fifa AP iaer
ass&ﬁﬁlé{ ﬂvl\%?%rré@gsé %.ﬁrén?%\/?eg 160 Bita dp{h%ﬁ% tahA %vﬁférqwijthat is

fro via redistri t|on channe

attatbéd tnsh diiPwafed 164! ale oMl wifer 1 6@ hes BRRNGRIoH ﬁ%Jecil%ﬁs namely
the perneate flows out of WB and WA and i nto tubul ar

166naahg8 fm®r0\[1dmtru[qmra} suppgrtta@dmogper‘anng ivaitlf @ e@blprocal set of

streamexits VI he o channel 4 as d at ed
supBgrtPREeCiania 2 fferes 15 GRp iR Wl ehieeoy B @hwater

- 164" R wWRELPBBA $Rojections, namely 170 and 172 for providing structural support
and cooperating with a reciprocal set of support projections in a different plane. This

wafer assembly is denoted as W1.

[0083]  The reciprocal wafer assembly in tandem includes an end wafer 174
attached to an internal wafer 176 that is attached to an end wafer 178. The end wafer
174 has two support projections, namely 176 and 178 for providing structural support
and cooperating with a reciprocal set of support projections in a different plane. The
end wafer 178 has two support projections, namely 180 and 182 for providing
structural support and cooperating with a reciprocal set of support projections in a

different plane. This wafer assembly is denoted as W2.

[0084] Wafer assemblies W3 and W4 are shown. The wafer assemblies W3 and
W4 are essentially the same as W1 and W2. The wafer assembly W3 will be



t hrough the nenbrane nenbers exits via channel 140,
which is denoted by the nunerals 198 and 200. As per
woOheostoesiohi ng of this invention, this flow pat PEeTUS2®4/037329
- simlar for all wafer assenblies (W -W, Wo - W5, W
- W8) as shown in Fig. 7A. [0086] Fig. 7A depicts the
waf er assenbly Wb that will be operatively attached to
waf er assenbly Ws. Finally, wafer assenbly W is shown
operatively attached to wafer assenbly W3. Wafer
assenblies Wb and Wb are essentially the sanme asWB8 and
WL, and wafer assenblies W-38nd WB are essentially the
same as wafer assenblies Wo and Wb except that in the
W wafer assenbly, the end wafer 2a is the reinforced
i bl I o
bRy LRI Byl R VA FE TR SR Sh M Aygpet of

the fieel shreas. Mﬁfr@p@rtﬁﬁhrlg?ﬁié fasdsteda@ wiluddventel 898fbudiithe arrows
Fig. 7Aillustrates that the wafers are arranged in

desigaatedras 10 19hetn intas chanmid dtdaReferdngdobig. 6B, arsehematic front

vie SR AT BREB DY, B HAnAY Ko esP e wsearn Fig. 7B,
WA . Al

food ARl IRfid o W:E B O 8P RS el el g 1§ 356 %ma

152t W1 Ren heRPetidnnBIsP5@CLI0 R PirtleatORRRE 6h€?PW§“and \Z

an adj acent support projection on an-31- adjacen
anduatodnbblar memberdddf er ent pl ane. For instance, support

projections 170 and 172 of the end wafer 164 w || abut

a back wall 350 and wafer projections 206 and 208 of

0 | but .t he back .wal | f f
10085 “Reyubfingiio F40, b Rseihlh STB 8 Bre qpdfet cRanntf'1 34 o
. H t -
e oA 0s, T PARRATB I, B A Borfi s
through Ehigmeghbrangmicaibecd ¢xits wa eharafel 1 40dehichasé dénoted by the
assenblies arranged in series along with the tubing

numesHBd P8 21 200n v s tateaehing f this invension; tis flowepattafreis
st AL e 5PPlES NBE G/ RS - WE- Seh- SE s By in Fig. 7A.
wafer W and end wafer 2b of wafer W8 is of the
[0086] Fig. 7A depicts the wafer assembly W5 that will be operatively attached to
wafer assembly W6. Finally, wafer assembly W7 is shown operatively attached to
wafer assembly W8. Wafer assemblies W5 and W6 are essentially the same as W3
and W4, and wafer assemblies W7 and W8 are essentially the same as wafer
assemblies W5 and W6 except that in the W7 wafer assembly, the end wafer 2a is the
reinforced type, and that in W8, the end wafer 2b is also the reinforcéd type. The

internal wafers 34a and 34b, and the outer wafers 76a, 76b are also shown.

[0087]  The Fig. 7A illustrates that the wafers are arranged in tandem, and then the
tandem wafer assemblies are arranged in series. In other words, wafer W1 is in
tandem with wafer W2. By adding the tandem wafer assemblies in series, the
operator in effect increases the flow capacities for the apparatus. Fig. 7A also shows

how the support projections will cooperate with an adjacent support projection on an



reinforced type. The feed inlet tubular 142 is shown,
the perneate tubular 140 is shown, and the feed outl et
woutsias17444 is shown in Fig. 8. The stopper pbkaras264/037329
"7 and the coupling plate 246 are shown, along with the
redi stribution channels 150, 152. [0089] Fig. 9 is a
partial cut away view of the tandem wafer assenblies
seen in Fig. 8 Thus, the W, W, W, W, W, W, W,
and WB waf er assenblies are shown. This partia
cross-section depicts the redistribution channel 152
along wth the nozzles 220,.3222, 224, 226, 228, 230,
231, 232, 233 and 234. These nozzles direct the feed
(retentate) fromthe first wafer assenbly to the

o< OB B PR it W Bt BRI pls Tt TP B 172

of 1S SR Rla¥er Poavill MR 2R SIPSHD ARPHhRer PRSjections 206 and 208 of
Addi tionally, perneate channel 140 1s wn, al ong

the ehd kvaf&re Ifowill sisut2B&back3®all 350 of AbZeralttt. ZRkis fadds strength and

_directing the perneate produced fromthe wafer

distaibytesithe eemprassive headowherthedandae Wafercasgemblies arecompressed

. (\%ﬁz Is shown in Fig. 10) to the perneate channel 140

IO MAESHIT SCIGP i mat.el y produced from the apparatus. - 32-
[0090] In Fig. 9, a first stopper plate 244 is braced
together with a coupling plate 246, with the stopper

[0088]at eRZfdriapchotetoticn®, Rsfspectve el tandten waerostemblies
preferred enbodi nent to aid in properly conpressing
arraniged sresaries abdng wit éhe tubing mesdbenbivilesowdweddseribed\ In this view,

second stopper._ pl 4 race t he {th

the wegig asseinblies lzéﬁiﬁéf%sﬁ%‘gm\%w&ﬁ?’ eand 8\&%‘}3 Sgpmle It should
2 co [ [ J.t

be it AR RCHR v 88y B B St AW 2R O S PR R the

reinfGrees ﬁ?’@f’ﬂ{e 88 et fu88lak 242 isHow, thS POrthéht® AP ad is
that i'n one preferred enbodi nent, t'he coupling plates

showneamdithe fepd ofitletwabiat V44 istshatvnaindigt 8.a@he dtappgeplatr 244 and
generally by a fastener neans such_as_nuts and holts.

the gpplingqpter24 are sBownalong with the sedisEibagon channs)s 150, 152.
fastener nmeans such as nuts and bolts to the wafer
assenblies. The stopper plates provide additional

[0089] Fig. 9 is a partial cut away view of the tandem wafer assemblies seen in
Fig. 8. Thus, the W1, W2, W3, W4, W5, W6, W7, and W8 wafer assemblies are
shown. This partial cross-section depicts the redistribution channel 152 along with
the nozzles 220, 222, 224, 226, 228, 230, 231, 232, 233 and 234. These nozzles direct
the feed (retentate) from the first wafer assembly to the second wafer assembly
arranged in tandem. For example, the feed is directed from wafer assembly W1 to
wafer assembly W2 via nozzle 224 and nozzle 226. Additionally, permeate channel
140 is shown, along with the nozzles 236, 238, 240, 242 and 243 for directing the
permeate produced from the wafer assemblies from the permeate zone (the permeate
zone 262 is shown in Fig. 10) to the permeate channel 140 which is ultimately
produced from the apparatus.



mechani cal integrity to the assenbly of wafers through
WB. [0091] Referring nowto Fig. 10, a cross section
woiew/a$17p he preferred enbodi nent of the fl ow partsem4/037329
through a series of tandem wafer assenblies will now
be descri bed. Thus, there is shown the first outer
waf er 2a that is operatively attached to the internal
waf er 34a. The internal wafer 34a is in turn
operatively attached to the second outer wafer 76a of
waf er assenbly W/, as previously described. The first
menbrane nenber 0 is disposexd-within the first cavity
created between the wafer 2a and the wafer 34a. The
second nmenbrane 2 is disposed within the second cavity

at tyvee f . r_.34a. .
BB S 18 5oL APt e 298 ek B ovpling e
46, R 4 £ }
24 SE0Ble ey Do 32 and Bomfind P TR pUile 20MUER Sitpreferred
embbéinssnt ¢é@ aidvinl gropasctomptelsing thensemies aif éanlibfh watkrtabsemblies
perneate thus produced will be directed into _the

toggiherre At secon stopper RlateckH S iiagad tegethermitbica eanplingiate 250 is
3 ik e Pt plat? Patad poSolResTng T ity SadiE! PR fis opposit
side Téﬁﬁg}%&?éocgﬁ%nﬁ%sj% @Fﬁﬁtsﬁﬂw 6%&3&:1‘1{\%%? tﬂ‘%{eg{b?ies together.

menber e retentate, an

It shetldrBeaicted teidn b preditrdd@nbaliathgtibe ao@siirg \glhtds $re made u
shown by path arrows "R'. [0093] By desilgﬁ, the P

of twechatiesjthiband astackedthtogsthat, generallyiy aethstenenmgans sush as nuts
h 263. Th j 0 d [ 0 il th
and . AhoaAPRS M A4sb Tt P uainon i, DATSis0er Birat stch as
i, 854 AT BREhRL PTADSoIRRS ot iR Bt
me&@iﬂ%@@me%ﬂa&oaﬁa aSRehB8Nwalir® WhehbgphBmEe t ubul ar
140 via the nozzle 243.” As noted earliér, the perneate

flow path is showmn by the arrow P. The portion of the

inlet fluid stream.that is unreacted, ich is known .
[0094] ¢ hReferwgmave ialigod 8\ ¢9ss secHenvioN & the prpfgrred embodiment

of thg rﬂ%%f)]atltet}ﬁ tﬁr%ﬁgﬁ taasteﬁes%fet%nagrﬁtwailfgr g’s%grvr\l'%ligg will now be
described. Thus, there is shown the first outer wafer 2a that is operatively attached to
the internal wafer 34a. The internal wafer 34a is in turn operatively attached to the
second outer wafer 76a of wafer assembly W7, as previously described. The first
membrane member 110 is disposed within the first cavity created between the wafer

2a and the wafer 34a. The second membrane 112 is disposed within the second cavity

created between the wafer 76a and the wafer 34a.

[0092] The feed stream will be channeled through the channel 260. The weir 26
and weir 28 will cause the feed stream to undergo turbulent flow. A portion of the
stream will react with the membrane 110 and the permeate thus produced will be
directed into the permeate zone 262 which in turn is directed to the permeate tubular
140 via the nozzle 243. The permeate path is shown by arrows “P”. The portion of the

feed stream that does not permeate through the membrane member 110 is known as
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the path arrow R [0094] In the preferred enbodi nent,
the retentate fromthe first wafer assenbly W is
woaonwatied to the tandem waf er assenbly W8 vi aPCiais2004/037329
redi stribution channels 150, 152 (channel 150 is not
shown in Fig. 10) where it will again be exposed to
the simlar process in that the feed stream
(retentate) will be exposed to the weirs, and nenbrane
menbers. The perneate will be directed to the perneate
tubing 140 and the retentate will be directed to the
outl et channel 144. [0095] As_illustrated in Fig. 10,
simlar flow patterns are present for all tandem wafer

assenblies. Mre particularl y, Fi g al so depicts the
fl.o att sfor ersV\B The P ar
the FRiHELe AP (S ERICHIA ol prea hatoy shewn by path
amﬁ@sm%\’;’/ flowfor t he retentate for wafer assenblies Wb,
and WB. For instance, retentate exits wafer W

via nozzle 233, and enters via nozzle 400. Retentate

w |l eventual ltﬁ exit wafer W8 via nozzle 402 into
[0093}: | etB)cﬂemgtel d uomihg fqeel steeateiswidd clmnnelled plenrumghtﬂee channel

t V|a no e . 404. Additionally,
263¢ W%lé?lég will c g icant tﬁr@ﬁe&cswwent flow.

t 1
A pRlfHL ot SR SRR fg?c%ﬁ‘%@hﬂmwwbangdl {76l pbfimidlS s
di@d willdoel
plmvva fer assedlfeﬁe@t@t%ﬁé ?gﬁvﬁ %aéc@%glz%%%g%&ﬁiéﬁgﬁgo‘; p% Hﬁ%ate tubular
140sha tire nazzke 2}13 AAs notedgasier] the permbatt flosv pethlis khewh biyithe
the art. The wafer 2a contains a rim272 on its
 arropeF rhee dortioiet thednieh flaidhsireannthat Is3nueassed, ayhieh és known as the
rocal rim 274 ts ter. A.screen. 276
reteh@ifd B Eiovkly Therfibrizt, B BEoURR SR it Re et 4aF 5 shawm by
g&ﬂ‘hé% ckage 0 or of nenbrane nenber package 400) is
the hown (v:dgﬁfl gured to be positioned within a | edge
surface 277a of the wafer 34a. The thin fil m nenbrane

i s denot edtéy the nuneral 278. Therefore, the gasket
[009%4}0 ko the peafarrpd embedimen, therrstentate foth thedirshwafatassenably

W7 is conducted to the tandem wafer assembly W8 via the redistribution channels
150, 152 (channel 150 is not shown in Fig. 10) where it will again be exposed to the
similar process in that the feed stream (retentate) will be exposed to the weirs, and
membrane members. The permeate will be directed to the permeate tubing 140 and

the retentate will be directed to the outlet channel 144.

[0095]  Asillustrated in Fig. 10, similar flow patterns are present for all tandem
wafer assemblies. More particularly, Fig. 10 also depicts the flow patterns for wafers
W5 and W6. The P arrows depict flow for the permeate path and the R arrows depict
flow for the retentate for wafer assemblies W5, W6, W7, and W8. For instance,
retentate exits wafer W7 via nozzle 233, and enters via nozzle 400. Retentate will
eventually exit wafer W8 via nozzle 402 into outlet channel 144. The permeate will

enter permeate tubular 140 via nozzle 404. Additionally, the condenser and vacuum



provi de a seal nmeans. The gasket 270 can be Viton, or
anot her el astoner suitable for service with the

_ wdesisrag7b eedst ream perneate, retentate, and pCOMS3®4/037329
conditions. [0097] A second enbodi nent of a sea

menber for the wafer assenbly is showmn in Fig. 1 1B

In this enbodi nent, the screen 276 is used with the
menbr ane nenber denoted by the nunmeral 280. The gasket
270 is again used. In this enbodi nent, a second | edge
282 is configured within the rim274. An Oring 284 is
placed within this second | efige and is abutted by the
screen 276. The Oring 284 will provide a secondary
sealing nechanismas it is conpressed agai nst the

putlf nﬁ*ﬁ%ﬁ@f‘%vaéﬁeﬁ%é%lo@om”%%ﬂ?f%rcbawﬁ?%h? Rihin tum o the

perfilea®® zon\éei’sléléﬁﬁéﬂov‘lﬁ{‘ fpthe art) and are
commerci al |y avai e from DuPont under the trademark

Vi ton. [0098] In Fig. 1C, a third enbodi nent of a seal

nmenber for the wafer assenbly is shown. In this
loog%od g 1 1dne fostembodigent of agedl merolbértfoo tirdwafer hissembly

will 3y, afs’?éfd‘lzhsﬁ AVt So9 e S0V Bige 1 D6 drarse270 that i
9 2
welgkaouE g M@%Wa?vﬁ%n@a%@&?%ﬁWfﬁne%%’e‘%gre afd the
mteemdlmtlﬂaieMa @nltgins atrbEpfachl ﬁﬁ) ZRDoe sl pbhi@eter! A‘chgglfl%gg
cooperate together f or a sealing neans. The O ring

(whmlb r@ﬁgmalermd)a be amormment of the mémbmaa hnembelfpackgge 110 or of
me gtvveen tger @2 ag(?l t he genbrane nmenber

agad0)ds Wé@nﬂ@réd to be @0&1@@1’1@@ mdnn a ledge

t f

surffE ST B e VAl SR RPN b aBE e e By Bremwmgral
278¢ %CMOFbS €itb gdsR0L10 1|s r}‘)lé&ﬁ%ﬁ%éﬂ HE P RALLP Q74 in order to

perneate i s Tenoved fromthe perneate zone usi
proxhdq alsdalsmmxs dtheegasket VO qaerbecViten, brasothee &ldsfﬁlﬁeﬂ dil@table for

‘O(,P qu? nd i s conducted away by sweep stream
serviqepwiih i t%eqéﬂé%@npemmt%é@@nﬁkatand prodess conditions.

[0097] A second embodiment of a seal member for the wafer assembly is shown
in Fig. 11B. In this embodiment, the screen 276 is used with the membrane member
denoted by the numeral 280. The gasket 270 is again used. In this embodiment, a
second ledge 282 is configured within the rim 274. An O-ring 284 is placed within
this second ledge and is abutted by the screen 276. The O-ring 284 will provide a
secondary sealing mechanism as it is compressed against the membrane member 280
which in turn is compressed against the gasket 270. O-rings are conventional (ie.,
very well known in the art) and are commercially available from DuPont under the

trademark Viton.

[0098] InFig.11C, a third embodiment of a seal member for the wafer assembly is
shown. In this embodiment, the O-ring 284 is again positioned within the ledge 282.

In the wafer 2a, two grooves are configured in rim 272, namely, groove 286 and



pernmeate in the perneate zone. The sweep liquid

preferably has an affinity for, and is mscible wth,
woOherspasiTRat e. | n pervaporation, perneate is ceauwskmdo037329

away fromthe perneate zone as a vapor. A vacuum or

reduced pressure, is maintained in the perneate zone,

and the desired species or conponent in the feed

streamw || vaporize upon transfer across the

menbrane, m pervaporation, the difference in vapor

pressure between the feed streamin the retentate zone

and the partial pressure of -353e perneate in the

perneate zone |leads to the transfer of the desired

speci es or conponent across the nenbrane. While the

n . i [ f lat. s o e

S e 200 R Rl o E258 an ah GirigkRF s within

grovyeRe8| ahioahbedinidtalosdthe OSisPRIRhndHE Q- Mg P
fibers. [0101] Menbrane sepa;gzl??ggn shoul d occu% g%{(g%operate

togethep éora seading escansh JhetGreingdRqravides a atdutdanhsdahewith the seal
menbrane woul] d _be p%éi cally danmaged or deconposed.
OCWH%%W&" & R-EBE 2P and ae membransmembst 28fper at ur e
woul d range from 25 to 500 C, and preferably from25 C
to 250 C.-36- [0102] The nmethod is useful for

[0099par atlie bt IRSerifRa%ctsin Ate SRR Eépérétﬁg & desired

feedstream In particular, the nmethod 1Is  use
corsp@eni bl sppceesdesinraeliqu dedde sPapstrantivg and pervaporative separation
hydr ocar bon feed stream In an enbodi nent, aromatics
Canabeeu%’épar ated froma hydrocarbon feedstream [0103] As
used herein, the term "hydrocarbon" neans an organic
conmpound havi ng a predom nantly hydrocarbon character.

cor di . il o

P aekee SRR BRER SIEP\ BBng 0 BhplBaione

usinga liquideswéephstieath eTlse pirencate dibdotvebahiohiei sfbepAfrel®eshd is
herein, the term"aromatic hydrocarbon" nmeans a

congyelied @say dry- Perapcdstaguflow in ondasdo prevent thierdocgnaiaticrast

per e b bS] S S B PR o ST 19 ands
miscible with, the permeate. In pervaporation, permeate is conducted away from the
permeate zone as a vapor. A vacuum, or reduced pressure, is maintained in the
permeate zone, and the desired species or component in the feed stream will vaporize
upon transfer across the membrane. In pervaporation, the difference in vapor pressure
between the feed stream in the retentate zone and the partial pressure of the permeate
in the permeate zone leads to the transfer of the desired species or component across
the membrane. While the membrane has been described in terms of a flat sheet, the
separation process can employ a membrane in any workable configuration such as

spiral-wound or hollow fibers.

[0101]  Membrane separation should occur at a temperature less than the
temperature at which the membrane would be physically damaged or decomposed.
For hydrocarbon separations, the membrane temperature would range from 25°C to

500°C, and preferably from 25°C to 250°C.



preferred enbodi nent, the aromati c speci es separated
fromthe hydrocarbon feed contains one or two aromatic
WOoi20g4917Don- ar omat i ¢ hydr ocar bon” neans a PCT/US2004/037329
hydr ocar bon- based organi ¢ conpound having no aronatic
cores. In an enbodi nent, the hydrocarbon feedstream
has a boiling point in the range of 25 Cto 250 C, and
contains aromati ¢ and non-aronmati c hydrocarbons. In a
preferred enbodi nent, aromatic hydrocarbons are
separated froma naphtha boiling in the range of 25C
to 250C and contai ni ng arong4-i ¢ and non-aromatic
hydr ocar bons. As used herein, the term "naphtha"
i ncludes |ight naphthas boiling from25C to 100 C
i ntermedi ate naphthas boiling from 100 C to 160C, and
heavy naphthas boiling in the range of 160C to 25CC

et Q}ﬂ]ﬂ? ' b&ds%g ed spsdi@toraimbdiRnt from a
mlﬂégt al ﬁll ca éﬁgﬁlggﬁlgg na ﬁ%aﬂg,gqgiﬁgﬁsﬁéai ght - run .
feedstpihh dn phiaihildratielrmethodds dsefih fol sephrataigd desiced species or

cracki ng processes ("FCC') are particularly preferred
compoaentofroine hydrogarban Seask stigame Hnam embodi {@&?mﬁﬂcsaare

preferred enpodi rent.,, .aromati cs present in a naphtha
separaeddroBaH %@%@%‘?@?ﬁ“ﬁﬁn&dsorb onto the |ayer of

sel ective adsorption nedia on the retentate side of a

dynamic thin filmpolynmer menbrane. Pressure in the
[0103§t eNAZtRed ABRIN, ARIRSmI "hy Tt Rarbusb hegdns aprarganic eotnpofid

pSig. The tenperature of the dynamc thin film polyner
havingrbprdeminartly Inahgearbowohazacter. t Acogdmelnrarganic compounds

COMAFRAIE PP PF TS O A G0 DTLTEORENS sk o it GRBi) ould be
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BT R AR e et
me %ra{@ﬁ&cﬁp&?jbﬁééd icoBIposind icbnfatnifif'at Fast on dreghatic ring.
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ui alterationS and nodifications for operation
Theli'ikﬁf%%f mgja eiffised, bridgid, iooasomibination cfifpsedand budgddodla a
skilled in the art. It is therefore interi% d that th? d
prefeoiet enbeglimeni, the Hematic speries wparpted §or thedysrpcatber fee

alterations and . . .
contains one or two aromatic rings. "Non-aromatic hydrocarbon" means a

hydrocarbon-based organic compound having no aromatic cores. In an embodiment,
the hydrocarbon feedstream has a boiling point in the range of 25°C t0 250°C, and
contains aromatic and non-aromatic hydrocarbons. In a preferred embodiment,
aromatic hydrocarbons are separated from a naphtha boiling in the range of 25°C to
250°C and containing aromatic and non-aromatic hydrocarbons. As used herein, the
term "naphtha" includes light naphthas boiling from 25°C to 100°C, intermediate
naphthas boiling from 100°C to 160°C, and heavy naphthas boiling in the range of
160°C to 250°C. The term naphtha includes thermally cracked naphtha, catalytically
cracked naphtha, and straight-run naphtha. Naphtha obtained from fluid catalytic
cracking processes ("FCC") are particularly preferred due to their high aromatic

content.



nodi fications as fall within the true spirit and scope
of the invention.-38- CLAIMS : 1. A nethod for
woeepsrati7ng a desired species froma feed strefar/us2004/037329
conprising: (a) conducting the feedstreaminto a
retentate zone containing a dynam c nenbrane
conprising (i) an adsorbent layer in fluid contact
with the retentate zone, the adsorbent |ayer being
sel ective for adsorption of the desired species, and
(ii) athin filmpolyner nenbrane, the thin film
pol ymer menbrane bei ng sel edfive for perneating the
desi red conponent and conprising an upstreamside in
contact with the adsorbent [ayer and a downstream

[016% Sor B“e %nff%%@&@ HhéntdSDh8Es ﬁ%@hﬁi Lhthd Redstream

ayer an perneating the desired speC| es

prefeberiallly ddeertt dtito tiie lapemef seteetiveradiurption heedidien the retentate side
downstream si de; (c) conducting the desired species

of aaiyagntic Srmdilpepotynice mesrhsane Pregsure dothexstenfate Forpeanges from
L .
mer%ﬁ#éleq%&gﬁ é\{;j%en%o : gﬁ@ttg?%&é r g%'i’nfaflﬁ’é@etplaf‘at&? hom fhg‘:haphtha

entat@ zone contalnrn
feedb¥RaM dre %H@ﬁ&@& awa ronP IheGstnaieatel Ztte! @%nﬁ@@tb fz@ﬂe pressure
species away from a second ‘perneate zone. 3. The
rangastfhord atdhospheriormresstiety L0 ammhgher ei n sai d adsor bent
| ayer conprises powdered adsorption nmedi a sel ected
fromthe group consisting of activated carbon,

A A
em%%t AReithivhbes 111?1&8@ I §8R5b18 aReaAehs al'i@hﬁfd'lﬁéatﬁ)ﬁk et (ﬁ%ratlon

& group consisting of porous netallic materi al
undppspresiicesmiitionswilbbe apparentdo dlovseiskilladanshe hetr &bifs thaefore

intended that the following claims be interpreted as covering all such alterations and

modifications as fall within the true spirit and scope of the invention.



4. The nmethod of any preceding claimwherein the
feedstream conpri ses aromati ¢ and non-aromati c
woydrspasr7bon, wherein the desired species i s aPOWAISRM4/037329
hydr ocarbon, and wherein the thin film polymer
menbrane is selected fromthe group consisting of:
pol yi m de/ al i phati c pol yester copol yners, crosslinked
copol ymers of aliphatic polyester diols and
di anhydri de, hal ogenated pol yuret hanes, di epoxi de
crosslinked/ esterified polyimde-aliphatic polyester
copol yners, polyimde alipha8ic pol yester copol yners,
mul ti - bl ock pol ynmer conprising a urea prepolyner chain
extended with a conpati bl e second prepol yner,
CLA! .oarbonate, highly aromatic anisotropic
real/ ur et hane nenbranes, highly aromatic
pol yur ea/ ur et hane nenbranes, isocyanurate crosslinked
polly uk ehdthoe fm%aﬁﬁﬁg a desived speicat feoraraofesd istrémd comprising:
pol yur et hane nenbranes, nulti-block polynmer conprising
and i m de) conduetitg thecieddgireapoingora retehtainzane eomiaibing a h

i bl d I , i
o SaR BB 55 50e PO SH LBty Rt S KRB RD e
ey P B RGeS T i i g

spedibd, And (BPABEhI it pSi9ERA thePiRRAY, YHE thin filintpolPinee thembrane
y

pol'ymer conprising of first prepolymer made b
beinpmebeative foepemyeating thaldesimed eomploacnt axk econojpuising ah upstream
.. conpati bl e_second gr eriol ymer. ,@‘A]i ghly arqnatic
sidedg|oputashmithehp adeorbentilaydr snd adgyasiieam €6epr i si ng a

first arjde,acid epol. r, . ' |

o b Sa i e AR orciEL8h EHARBE I g,
P errgé{%to%;a? [ eF‘%ecggconeé pr eggl%ér/reﬁ%? ﬁiél:IP(ois szi [ ﬁﬁﬁfgﬁ%lﬁnﬁgﬂgg

dowawirdgmsdd)r anes, hal ogenat ed pol yur et hanes, saturat ed
pol yesters and crosslinked nenbranes, unsaturated . )
pol yest dekcensictng i dasived speoies aMes ffrom a permeate zone in fluid

o] yim de/.al i phati c. pol.yester ~.copokyners w.t hou

conf3gt M PwoRirirn SidBas H55 b cERBONNR ohitiaRe!
car bonat e nenbranes and pol yaryl ate nenbranes, and
m xt ures thereof.

2. The method of any preceding claim further comprising:
(a) conducting a retentate stream from the retentate zone to a second
retentate zone containing a second dynamic membrane; and

(b) conducting the desired species away from a second permeate zone.

3. The method of any preceding claim wherein said adsorbent layer comprises
powdered adsorption media selected from the group consisting of activated carbon,
molecular sieves, zeolites, silica gels, alumina, and mixtures thereof, and wherein the
thin film polymer membrane further comprises a support material selected from the

group consisting of porous metallic material, porous ceramic material, and

combinations thereof.



5. The nmethod of any preceding claimwherein the first
and second dynam ¢ nenbranes each further conprise
woOi2oesto4en1d second waf er assenbl i es, wherei n at PCT/US2004/037329

| east-40- one of the first and second wafer assenblies
contains at |east one underflow distribution weir. 6.
The nmet hod of any preceding claimwherein at |east one
of the first and second wafer assenbly contains a wire
mesh screen positioned next to said first and second
powdered | ayer of adsorption nedia. 7. The nethod of
any preceding clai mwherein_gf. | east one of the first
and second wafer assenbly contains a nmenbrane support
fabric sel ected fron1the group consi sting of a Teflon,
poI ester Kev I nati ons

t her e ﬁtg‘%mg ABY lﬁ’reacgp ?Hfﬂ‘é’ sf%ﬂﬁgﬁeg&f gorprises
arcPhdéh ouégﬁgf@glg{)hr (RS ] W K REARTCBAE i 8maric

hydloghBonh@i®ivhefdin ti thirefilih P@n@leﬁaﬁ@hbmey‘@émct@@ fitomh B group
at |l east one rib nenbrane tor supporting the nmenbrane

consisingfofopolyimidedaliphatie pply@a‘r@r (:@pc)lymersl emsslmkml capolymers of
contaj.ns a bor

nber a ugh; erein_ the
ah@wwhf%ﬁrrdéﬁ»lsaaﬁ@ 363@59&% dap lé%ﬁet ghskiepoxide

e e AR i e

polyb&aMt RN meR0 m@8blodkiolPnkr caR %n?%?t L%I?H ?Pe?p ymér chain

he net'hod of “any precedlng cl ai r' sing

extenddd with agconiyentible sdcond grapméymelg poticpertomates highl e aromatic

fromsaid perneate zon
anisotropic polyurea/urethane membranes highly aromatic polyurea/urethane

membranes, isocyanurate crosslinked polyurethane membranes, isocyanerate
crosslinked polyurethane membranes, multi-block polymer comprising and imide or
amide-acid prepolymer chain extended with a compatible second prepolymer, multi-
block polymer comprising an oxazolidone prepolymer chain extended with a
| compatible second prepolymer, multi-block polymer comprising a urea prepolymer
chain extended with a compatible second prepolymer, multi-block polymer
comprising of first prepolymer made by combining epoxy with diamine, chain
extended with a compatible second prepolymer, highly aromatic polyurea/urethane,
multi-block polymer comprising a first amide acid prepolymer, chain extended with a
compatible second prepolymer, ester prepolymer, made by combining epoxy with
polyester chain extended with a compatible second prepolymer, crosslinked polyester
amide membranes, halogenated polyurethanes, saturated polyesters and crosslinked
membranes, unsaturated polyesters and crosslinked membranes, polyimide/aliphatic
polyester copolymers without pendent carboxylic acid groups, polyphthalate

carbonate membranes and polyarylate membranes, and mixtures thereof.

5. The method of any preceding claim wherein the first and second dynamic

membranes each further comprise first and second wafer assemblies, wherein at least
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one of the first and second wafer assemblies contains at least one underflow

distribution weir.

6. The method of any preceding claim wherein at least one of the first and
second wafer assembly contains a wire mesh screen positioned next to said first and

second powdered layer of adsorption media.

7. The method of any preceding claim wherein at least one of the first and
second wafer assembly contains a membrane support fabric selected from the group
consisting of a Teflon, polyester, nylon, Nomex, and Kevlar, and combinations
thereof, and wherein said membrane support fabric is situated between the thin film

polymer membrane and the porous support.

8. The method of any preceding claim wherein (i) at least one wafer assembly
contains at least one rib membrane for supporting the membrane away from the
perimeter; and (ii) at least one rib member contains a bore therethrough;

- and wherein the method further comprises conducting a heat transfer stream
through the bore in order to heat the feed stream, the heat transfer stream being at

least one of steam heat, hot gas, hot oil, and hot liquids.

9. The method of any preceding claim further comprising suctioning the first

and the second permeate stream from said permeate zone.



