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MEMBRANE PLATE AND FRAME ASSEMBLY AND METHOD OF I TS
WOBRIsI0@#iBb ON  FI ELD OF THE | NVENTI ON [ 0001] ThPeT/US2004/037330
invention relates to an apparatus and process for
separation of aromatics froma feed stream Mre
particularly, but not by way of limtation, this
invention relates to an apparatus and process for
separation of aromatics from gasolines, naphthas,
di esel fuels, etc, with the ﬁeparation occurring via a
menbrane nenber. BACKGROUND OF THE | NVENTI ON [ 0002]
Menbrane based separation processes such as reverse
osnosi s, pervaporation and perstraction are
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pervaporation and perstraction are conventional. 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 vaporizing
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 across the membrane to
its downstream side. The membrane is thin, and its perimeter is sealed against fluid

- traversing the membrane from upstream to downstream (or vice versa) by some other
path than membrane permeation. The downstream side of the membrane is usually
exposed to a vacuum and the feed stream component(s) permeating through the

membrane can be removed in the vapor phase and condensed in a condenser.



[0003] In the pervaporation process, a desired feed
conponent, e.g., the aromatic conponent, of a m xed
woizopsiodofseed is preferentially dissolved i nto PO®US2004/037330
menbrane film For nmenbranes sel ective for the
desired conponent, the desired conmponent is
preferentially adsorbed by the nenbrane. A nenbrane is
exposed at one side to a streamof the m xture and a
vacuumis applied to the nmenbrane at the opposite side
so that the liquid conmpound,adsorbed m grates through
the menbrane via the well- KfAown sol ution-diffusion
mechani sm Accordi ngly, the desired conponent passes
hr ough éhe menbrane and is renoved as vapor fromits
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example pervaporation using a suspension-coated membrane. The membrane is
formed by depositing a polymer on a porous support layer, which is a fine dispersion

or suspension and not a solid mass.

[0005]  Among 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. In conventional

spiral-wound element systems, there can be a significant temperature gradiént across



-3 the elenents due to this heat |oad. This can
adversely affect both the quality and econom cs of
wOheosgapi@o at i on process using the pervaporati oRCOfUS2004/037330
fluids. Also, in spiral wound elenents, a
concentration gradient is established as a function of
the length of the wi ndings. This can adversely inpact
the separation performance. Furthernore, there are
pressure drop issues and thin filmboundary | ayer
I ssues that adversely influegce the |ocal pressure
gradi ent across the nenbrane surface in spiral wound
el enents. [0006] Prior art pervaporation processes
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apply pervaporation of fluids to hydrocarbon
materi als, especially those used as transportation
fuels, to achieve separation of specific nolecular
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120°C. There therefore is a need for an apparatus and process to apply pervaporation
of fluids to hydrocarbon materials, especially those used as transportation fuels, to

achieve separation of specific molecular types in an economical and efficient fashion.

[0007]  Itis conventional to heat membranes, including polymeric membranes, in
order to increase the membrane's permeability. Some of the difficulties involved in
heating of prior art membranes and membrane assemblies include adhesive failure in
spiral-wound prior art membranes leading to de-lamination and the thermal gradients
present when heating conventional plate-frame membrane assemblies resulting in

non-isothermal heating of the membrane itself,



[0008] There is therefore a need for polyneric
menbr ane assenblies and pol yner nenbrane separation
worbismdsisb hat woul d provi de for heating the poPgm@IS2004/037330
menbrane to inprove perneability. SUMVARY OF THE
| NVENTI ON [ 0009] In an enbodi nent, the invention
relates to a polyneric nenbrane wafer assenbly and a
nmet hod for using such an assenbly for liquid
separations. The pol yneric nmenbrane wafer assenbly
(also referred to herein as_ﬁ_"mafer assenbl y")
conprises a thin filmpolyner nenbrane, called a
“menbrane”, and a franme, called a "wafer”, for
supporting . the menbrane while interfering as little as
[0} ot i Egrevs thereteren aers fos pabmesrormenmbeancrassemblies and polymer
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positioned, preferably, on the upstreams
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the feed stream
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"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 wafer
comprises a perimeter region for sealing the membrane perimeter against fluid flow
and at least one rib for supporting a side of the thin film polymer membrane away
from the membrane perimeter. In an embodiment, one or more distribution weirs are
used in the wafer assembly for distributing a feed stream in the vicinity of the thin
film polymer membrane. Mesh screens may also be used, generally to provide for
turbulent flow in the vicinity of the membrane. A wafer assembly may contain a
membrane support fabric positioned, preferably, on the upstream side of the polymer
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 feed stream is being conducted through the



WD 2005/ 049180 PCT/ US2004/037330 -5 wafer assenbly.
When a plurality of wafer assenblies are used, all or
woeuwsroseisan all of the wafer assenblies can cearaismo4/037330
such weirs, screens, support fabrics, and rib
menbers, al one and in conbination. [0010] In a
preferred enbodi nent, the thin film pol yner nenbrane
is mounted on a nenbrane support fabric such as
Tefl on, pol yester, nylon, Nonex, Kevlar, etc., and
further conprises (i) a por ous nmetal | i ¢ and/ or porous
ceram c support material abufting the nenbrane support
fabric and (ii) a nesh screen, which may be used
Ceram c support material is
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nmenbrane assenbly in order to heat the
screen.

[0011]  In apreferred embodiment, the membranes are cast on to a thin support of
polymeric material, such as TEFLON. The 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.



menbrane i sothermally. WO 2005/ 049180
PCT/ US2004/ 037330 -6 [0012] In another enbodi nent,
wOhers@49180 pr ovi ded a net hod for separating desPCeaS2004/037330
conponents froma liquid feed stream and particularly
for separating aromatic hydrocarbons froma liquid
feedstream conprising aromati ¢ and non-aronatic
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 dynami c nenbrane situated therebetween.
The feed streamin the retentate zone is in fluid
contact with an upstream side of the first thin film
pol ymer nmenbrane. Process conditions, such as
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. a5 t .
cof PERANS HorRRIRANS o0 ir08, LRERbARAT o tibd P lipatic
hy@lfoerrbons frops bR fedSirdatn BodpHbinkeawhEs 98d Abnlahématic
first thin film polymer nenbrane. = For exanpl e,
hydwpearbonsnghe ancthed nemprises qunductite thefeed stueam ligteo % rtleatate

at mpspherjic pressure _on the perneate side of the
zoRg WhnHhe firsfyesfer asembleearapiasing e tetenjate £ope.gard a permeate
[essur a differentia ressure i s estahlished .
ol L Binplpeibee uaRiREsb Spleine JoRred dFtum in the
T SR of B 1! AT Tim polymer
mepninne ePidvespeaniitions, guchciseirtssurecaridie ralacine coficdnfration of the

conbi nation. Wien feedstream pressurization is used,
feedrsreameeaaponeats arayecgidaied to hauseapdssired cquipgnentrpresent in the

T A R N T —
o] GRS A PETER e BRE Oy PHFR e

FoPexdle Ssirfiofing/ tine 65l t& Br&adsis Pﬁa@,%ﬂeﬂéﬁ thas Ht'trﬁ%spheric

perneate. Accordingly, the downs [

ream si de of
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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 be condensed into liquid permeate. Accordingly, the
downstream side of the first thin film polymer membrane is in fluid (including
gaseous) contact with the permeate zone. The permeate in the permeate zone may be
in the vapor state, and may be subsequently condensed into a liquid. The permeate

can be conducted away from the permeate zone, and can be conducted away in either



in the vapor state, and may be subsequently condensed
into a liquid. The perneate can be conducted away
wonasoudso per reat e zone, and can be conduct ed BGESRIV4/037330
ei t her WO 2005/ 049180 PCT/ US2004/037330 -7 the liquid
or vapor state. Aretentate stream which can be |ean
in the desired feedstream conponent can be conducted
away fromthe retentate zone. [0013] A plurality of
waf er assenblies, each containing at |east one pol ynmer
menbr ane, can be used in conZination. For exanpl e,
waf er assenblies can be arranged in parallel, series,
and series-parallel fluid flowcircuits. In a
preferred enbodinent, all or a portion of the .
therlsuechoavaparstato nducteathte shigam, whichisanferean idhe desired
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at e conducted away fromthe second perneate zone
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per neat e conducte away fromthe first perneate zone.
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produced by a suction driving force via the co n
peeeate apne u/Xll@@f atpgiaon v&&mﬁa PEHPFaE ,Cov‘ilt%?fﬂ%‘@?% %B}e second
pe%gate 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.

[0014] 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
stream from the plurality of wafer assemblies can be produced by a suction driving
force via the common central outlet tube. Vacuum pumping, vacuum ejecting, and
condensation of the permeate vapors suitable for providing such a pressure
differential. Permeate can be suctioned off from the permeate zone via an outlet tube

via the common central outlet tube, and subsequently condensed, if desired.



condensation of the perneate vapors suitable for
provi ding such a pressure differential. Perneate can
woeosswatisoned of f fromthe perneate zone via aRCoOWSk®E/037330

tube via the common central outlet tube, and

subsequent|ly condensed, if desired. WO 2005/049180

PCT/ US2004/ 037330 -8 [0015] In another enbodi nent, a

waf er assenbly's perneate zone is heated with a hot

medi a sel ected fromthe group consisting of steam

heat, hot gas, hot oil or hot [Iiquids. Wen a

plurality of wafer assenblges are enpl oyed, all or

fewer than all can enploy perneate zone heati ng.

[0016] In another enbodi nent, there is provided an

apparatus for separating aromatics froma feed

stream The apparatus conprises a first wafer assenbly
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weirs. The second wafer contains a permeate zone.

[0017]  The apparatus further comprises a first and a second membrane member,
where a membrane member comprises an independently selected 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 porous ceramic
support material abutting the membrane support fabric and (ii) a mesh screen. The
ceramic support material is preferred and, in the most preferred embodiment, is at
least one of Cordierite, Aluminum oxide, Zirconium Oxide, Mullite, Porcelain,
Stealite and Silicon Nitride. In the most preferred embodiment, the powdered layer of
adsorption media is selected from the group consisting of activated carbon, molecular

sieves, zeolites, silica gels, alumina or other commercially available adsorbents, etc.



Stealite and Silicon Nitride. In the nost preferred

enbodi nent, the powdered | ayer of adsorption nediais
wealosoiash from t he group consi sting of acti vatsdr/us2004/037330

carbon, nolecular sieves, zeolites, silica gels,

alum na or other comrercially avail abl e adsor bents,

etc. WD 2005/049180 PCT/ US2004/037330 -9 The first

menbrane nenber is disposed within the first cavity so

that a first retentate area is fornmed therein and the

second nenbrane is disposed-#thin the second cavity

so that a second retentate area is forned therein.

100181 A seal neans for sealing the wafer assenblies

I s.al so i.nclu . ~ i e
Thy a@’i@LP]emhF% o E}begﬂ%lfpﬁg&%\ﬁﬂg aﬁgﬁé’t GQOIPEH Bt @ first retentat

ween second wafer and

< QoFhB@ thepdisiah Aestcdhd MefbRardy io @vposed Withinstae eewbnd cavity
e g?%?%owl &her enbodi ment s of ‘S/S?al nmeans may be

souBgth sdeond ireshtateceea isHemsahtheremeans may conprise a
first O-ring fitted about the outer rimin a groove on
the first wafer, and a cooperating second O ring

fitted about th t L m.i . ;
(ORBLr - A b nsereforan b EneTe anf RIS 1Fsh 1 K cea

d bl H H . . . "
e SR ¢ e e e B B e B pae " Oine

p&hti SRR Ehi drBeee bn tHeadc@bubfet.he outer rimin a pair
of grooves on the second wafer. In yet another

enbodi nent, the seal neans for the second and third

waf ers conprises a first Oring fitte out .t
[094OEr  (Gther smBodrsBire! SFRlmeans SEYRF e?{%)r ér}%angzg, the seal

cooper ating . )1 fi rdnthe first
ey SOURBRATRS PR b pE R % Bt hcichithe firs

OfH 8bnd®aRE HOAPIHRR hedauibl BmGnra grgsve on the
“?lfgt?t%iﬁg%olﬂe}a?]ﬁ?@ouq er&?fgm in a pair of gr oovesgron _
sddogd sedendnembtier ambodinwntke stal neapacompfisesadubleO-rings
Orings fitted about the outer rim:i

. in a ir_of . .
figedobas thnowREriThinaPaNeled 00MBE2! cfig %%%5?%‘? B§OREyAINg pair
inclyde a figst, feed.tube di : t [
o Bab Ty ST R P B Ryt e
g

] ] nR3RE Y the séontiangithipe W@t eomprises
h{ 2@%@@%?@8&?%@?@%&% the fir s% vaaf er assenbly,
aWirdtO &g fittddsdbout 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.

[0020]  The apparatus may include a first feed tube disposed through the first wafer
assembly, with the first feed tube delivering a feed stream to the wafer assembly. A
first permeate tube is disposed through the first wafer assembly, with the first
permeate tube delivering a produced permeate from the permeate zone of the first

wafer assembly.



perneate tube delivering a produced perneate fromthe
perneate zone of the first wafer assenbly. WO
waQoE/@#3080 PCT/ US2004/ 037330 -10 [0021] | n aQooiuseno4/037330
enbodi ment, the apparatus further conprises a tandem
second wafer 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 with the fourth wafer, with the fifth wafer
having a first side and a second side, and wherein the
fourth wafer and the fifth wiler forma third cavity
area. The sixth wafer is operatively attached with
the fifth wafer, the sixth wafer having a first side

[0621] a Insamthig eshtsbelimemd theteppatdaiud hethet toinprisésd tandem second

the sixth wafer forma fourth cavity area. The fourth
wagercassembly that eontarny a dowrthyifHthy nod sixth waders t Fheoiguitbrwafer has a

i . 00221 .Th | f.ur.t h i )
firgtSifeind Bereon oo i b Bale ih pourah ot iashed ity fhe fourth
f N . i . :
walGe Qtth @ieffh SAREHvie ol e GA0GHE L Pl i€ A vPherein the
fowg s eakirantdahé Agthseaentbrived ﬂﬁr&#‘airﬁ?‘t&ré(a. The sidttaRafer is

fourth nmenbrane nenbers are nmounted within the third
opemntivélyattachehwithythe fifbpeafer, Vet gixtl @0fes havgia fishside pnd a

M CRC N N -
Ay T

CQylindrical forns based on senmicircular, triangular,

rectangul ar, and regular and irregular polygon cross
[06223t i OTibe assgndly furtier eomipoiyerh retistribatisletubesalisposed through the

assenblies can then be arrancgi;d in a series of tandem

firsteandseeqnbivpfar agsenitiy, fou aorductingtad iepsha petition of the retentate from
e L A o L L
mefhiRcth B foBpaRapHA R WA EEN RUiefaE ool B,

waf er assenblies in a nodul ar "wagon wheel" geonetry
that can be cl ose-coupled with process heating and
[0623¢! i n4ddiivaslly,nndhopreferred 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
be arranged in a series of tandem wafer assemblies. The number of tandem wafer

assemblies arranged in the series depends on design criteria such as flow capacity.

[0024]  While not wishing to be bound by any theory or model, it is believed that it
is advantageous to configure the wafer assemblies in a modular "wagon wheel"
geometry that can be close-coupled with process heating and cooling zones in close
proximity to the membrane surface where the pervaporation of fluids is occurring.

Such a geometry would be advantageous because (1) that the entire assembly is



proximty to the menbrane surface where the

pervaporation of fluids is occurring. Such a geonetry
worulst4oso advant ageous because (1) that the enPCTAIS2004/037330

assenbly is WD 2005/ 049180 PCT/ US2004/037330 -11

contained wthin a single pressure vessel, (2) the

assenbly can be close-coupled to a vacuum system

(e.g. vacuum punp) to achieve a highly integrated,

conpact equi pment size, and (3) integration of

process heating/re-heating mnth separati on enhances

t he overal |l pervaporation of Ik yids. In the

pervaporation of fluids, the heat | oad across the

menbr ane separati on Iayer is a variabl e dependi ng on
cohtatnedewitkiat Esingletpeessate wossel (@ rtlm agsgmbdy cant beclese-coupled to a

(vol unme, heat of vaporlzatlon gﬁﬁﬂpressure ver sus

Va@ﬂi&ﬁéwtﬁgl (5+% yeowwn ey to pouow; a ¥ itHegraifds ﬁomgeutto

catipiett ize: s U3 it gL S8 oy Mt GaliSe Matt soparagion
enflﬁic% e Svxtl pbfa) E)Xrat%fl of e-1R¥he ?&Qﬁg&%ﬁﬁﬁ '?)‘f’?lﬁﬁ&a’ihe heat

'S c ose couple ane Su ere
lodictasraha nhdifibrahs s@s@atidt Iager i€ aGrariable dipahding doBe permeate
wafer ribs. This creates a nore isotherml system
materalendropeedtingorandéions (welatriep heatefpapatizatong aapdrepressuce
precisely controlle The bul k phase nol ecul ar
Ve@b‘ﬁ@@ﬁwlﬁglpé?@u‘iﬁsé {so more uniformn y controlled
whi ch enhances the overall separation performnmance.
The preferred enbodi nent to achieve this isothernal
[OQDﬂf Or MBS dt Wik RinB 36 bé 'b@ﬁﬁﬂ ng ah{ ehdtebot Bebdel, 4t B-alddbelieved
the various zones ~in rane system array
thatelglinszanb eatfer &Bﬁﬁbﬁyq&nvndap cmﬂtpoltabmijBat flexilility, iroa zone-by-
provi de rapid heati ng of the nenbrane and perneate.

zon@ sesienee B ¢ <F19$6y00 fgébe giesrbrage suréage where thgpervaporation

o R 2 i R L S R e,
Wﬁr’%%ggsemggkhﬁﬁatﬁnat?fgﬁtﬁ a”cﬁtg%gtﬁ@%rﬂ{)&‘ﬁrgﬁsélg‘gogtmlled. The

busipladst Qlﬁ(ﬁl@émluﬁcd}ﬁ)%hﬁaumsa@@’@ls&i mere@mifom$e cmﬁlledawhmh
coil tubular design with or without external fns is

enbarcas I&mjovmralﬂ Reparatndy pavéormsihee.s Thd pecfaered gmbofliménd to achieve
finn

this 1sotherma1 performance is to use steam as the heating fluid. As the various zones

in the membrane system array require heat, steam can rapidly condense locally to

provide rapid heating of the membrane and permeate.

[0026] Accordingly, hot gas such as steam, or low value stack gas is used as the
preferred heating media. In an embodiment, the hot gas flows through the wafer
assemblies via the ribs and provide the necessary heat input to the system. In an
embodiment, an alternative heater assembly, e.g., a serpentine coil tubular design with
or without external fins is attached to the membrane wafers. The design of the finned
tube heating elements can be adapted to accommodate additional hydrodynamic and
heat transfer considerations and the design of the fins will also accommodate

additional hydrodynamic considerations similar to the design of static mixer elements.



tube heating el ements can be adapted to accommopdat e
addi tional hydrodynam c and heat transfer
woansiddersat i ons and the design of the fns w || Pargi82004/037330
accommodat e addi ti onal hydrodynam c consi derati ons
simlar to the design of static m xer elenents. WO
2005/ 049180 PCT/ US2004/ 037330 -12 In this enbodi ment,
additional fluid mxing and flow turbul ence favorably
influence the thin filmboundary |ayer on the
hi gh- pressure side of the nepprane surface to enhance
flux and selectivity by avoitng hydrodynam c static
zones. [0027] The cylindrical tandem wafer assenblies

set forth herein are consistent wth plant nodul ar
In ﬂqu ephediment dditionap ifluid mixihgand flow turkulpate favbertily fluence

the s Bounds I%sye'rkaﬁéﬁﬁﬁw@eé%s”sduéé‘aﬁ%p?@eaﬁéﬁﬁééeﬁfm to
e R S R e A et

autormbl | e fuel separation devices. [0028] In an
enbodi ment, the thin film polyner nenbrane further
[002Gipr i Bescydindribaintahdémveafsioassenbhiesst doritla hetein arerdoasistent
i tream si de_of the nmenbrane, which may be

Wwith th
Wl‘iwrplﬁfﬁéng@ﬂp S%ﬁulamﬁnh'inﬂalﬂs ams@lbé fandgndes petmh@eucal andustry.

Qr a nmateri t hat ,has ,been
T ORI AR R p e er i w8 Ao ePaypfeet geometry,
aredchiable éﬂaecaﬁad@}hé‘&enf éﬂH@F g@ Bf‘érﬂﬁl? §1z§%‘%1 8Rarhy gk:rbff A 411 size
coating, controlled pyro ermal treatinh
devitasmalCoadntgrd atitomatile foel separtiba decitesve thi s
functionality. The adsorptive |ayer enhances the
| ocal concentration gradient of the target rml ecul es.

A S T i

thif B4, tc,&r??ﬁ)ﬁ %é?nl:lll% toﬂﬁ{:{ @ftﬁ?ﬁe %g'l ﬁﬁ% of g}ecrn)empsane

concen ent ressur

whivh 880 be @i ﬂfecfohﬁ oTahangde dﬁs@@l@é@Fb%ep %Bﬁédﬁiﬁ& §ub§eauent layer
one of the preferred enbodi men t e t

or ammrb]é that has b@neﬁndy dﬁsmmediaad@mssﬂmkedrte |f6ﬂm ag)oqxsus layer
. vat ed car nol ecul ar sieves, .zeolites, silica

willfh & Sgrabwona S0, GRevSRictiss i 4 i Gira geptingicentrolled pyrolisis,

theﬂggl%&?m% la§h§ ‘coating, etc, can be used to achieve this functionality. The

adsorptive layer enhances the local concentration gradient of the target molecules.
The thin film adsorbent and membrane film are both selective for the target molecule.
The layered, porous system allows the target molecule's concentration gradient
(pressure gradient, etc.) to be controlled to enhance separation performance. In one of
the preferred embodiments, the thin film adsorbent is selected from the group
consisting of activated carbon, molecular sieves, zeolites, silica gels, alumina or other

commercially available adsorbents, etc.

[0029]  Inanother embodiment, pressure and temperature swing process control,
and combinations thereof, can be used in connection with the adsorption media. In a

pressure swing mode, the adsorption media sees a high pressure and low-pressure



[0029] In another enbodi nent, pressure and tenperature

sSW ng process control, and conbinations thereof, can
woeosgedishn connection with the adsorption nmedpar/usmoa037330

pressure swi ng node, the adsorption nedia sees a high

pressure and | ow pressure WO 2005/ 049180

PCT/ US2004/ 037330 -13 (vacuum) gradient. In the

hi gh- pressure zone, the target nolecules are attracted

to the nedia fromthe bulk fluid phase. As these

target nolecules mgrate to fhe | ow pressure zone,

they desorb into bulk fluid phase on the | ow pressure

si de. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0030] FI GURE

1A is a perspective view of the first outer wafer.
(v4oDOB1) |gradiGuiREn 118 highepresshiee porey did target nmleafled dre attracied to the

wafer of FIGURE 1A, [0032] FIGURE 1C is a perspective
meglia{jont thefally fluick phage.e Asvibgsertarget motggriesmigrate denhclow-

opposite plane. 1003 F 2A i s, a, perspective view
pryrone, fRef fiiorh Ge Bk Bstimee el 17 P I el ol

el evation view of the internal wafer of FlIGURE 2A

[0035] FIGURE 2C is a cross-sectional view of the

internal wafer of FIGURE 2A taken fromline 2C 2C
BRIEBOIESCRIRTION OF 4 HEBRAWINGSi ew of the second

outer wafer. [0037] FIGURE 3B is a side elevation view

of the second outer wafer of FIGURE. 3A. [0038] FIGURE
[0630]i s BIGIRE Lt i5 a/perspesiiverview of the Bist outeeval@st er of

FIGURE | A fromthe opposite plane. WO 2005/ 049180

PCT/ US2004/ 037330 -14 [0039] FIGURE 4 is an expl oded

O PRI 05 i B RPIR BERIGUIE

the two wafer

[0032] FIGURE 1C is a perspective view of the first outer wafer of FIGURE 1A
from the opposite plane.

[0033] FIGURE 2A is a perspective view of the internal wafer.

[0034] FIGURE 2B is a side elevation view of the internal wafer of FIGURE 2A.

[0035] FIGURE 2C is a cross-sectional view of the internal wafer of FIGURE 2A
taken from line 2C-2C.

[0036] FIGURE 3A is a perspective view of the second outer wafer.

[0037] FIGURE 3B is a side elevation view of the second outer wafer of FIGURE
3A.

[0038] FIGURE 3C is a perspective view of the first outer wafer of FIGURE 1A
from the opposite plane.



assenblies seen in FIGURE 4 detailing one enbodi nent

of the nenbrane nenber. [0041] FIGURE 5B is an
weoxplsodeido si de el evati on view of the two waf er PCT/US2004/037330

assenblies seen in FIGURE 4 detailing a second

enbodi nent of the nenbrane nenber. [0042] FI GURE 5C

is a schematic of the flow through the second

enbodi mrent seen in FIGURE 5B. [0043] FIGURE 6 is a

plan view of two internal wafers in tandem [0044]

FIGURE 7A is a schematic side, el evation view of tandem

waf er assenblies arranged ifi"series. [0045] FlIGURE 7B

is a schematic front view of one of the tandem wafer

assenblies seen in FIGURE 7A. [0046] FIGURE 8 is a

per spective view of tandem wafer assenblies arranged

' serj long with e.tubi ng, nenbers. [0047] i
(0039 mer 16 URE A ﬁquaiodéﬂtsmiﬁ/%lyva%()@m@w afitle tvap aeter assemblies.
waf er assenblies seen in FIGURE 8. WD 2005/049180
PCT/ US2004/ 037330 -15 [0048] FIGURE 10 is a
ss. . - | . y Ta. . 5
[O%Wt he pref e%éfvéenﬁ%%%l rrentlaéb?g}’%ﬂé&ﬁ,%% %iﬁa)cthtbgvrvﬁ

assehtbdigg bedraindIGURE e dasidiagione @mbodifaedif the Gdnibrand Avember.
shows a first enbodi ment of a seal nmenber for the
waf er assenbly. [0050] FIGURE 11B shows a second

0851, (S 7 RSP e B S S B Fasti
ass@i@’ggs%m% o detAHRE T¥e¥ondEhHb HirRnPEPHR hdhBne
member.

[0042] FIGURE 5C is a schematic of the flow through the second embodiment
seen in FIGURE 5B.

[0043] FIGURE 6 is a plan view of two internal wafers in tandem.

[0044] FIGURE 7A is a schematic side elevation view of tandem wafer

assemblies arranged in series.

[0045] FIGURE 7B is a schematic front view of one of the tandem wafer
assemblies seen in FIGURE 7A.

[0046] FIGURE 8 is a perspective view of tandem wafer assemblies arranged in

series along with the tubing members.

[0047] FIGURE 9 is a partial cut away view of the tandem wafer assemblies seen
in FIGURE 8.



[0052] The invention relates to thin film polyneric
menbr ane waf er assenblies, and the use of such wafer
wagewsmpdises for separating desired speci es or PCT/US2004/037330
conponents fromliquid feedstreans. . [0053] As
di scussed, A nenbrane wafer assenbly conprises a thin
filmpolynmer nenbrane and a frane, called a "wafer"”
for supporting the thin film polynmer rmenbrane while
interfering as little as practical w th nmenbrane
perneation. The thin filmp %yner menbr ane conpri ses
pol yner sel ective for perneation of a desired
conmponent or species in a feed stream across the

menbrane in response to a pressure gradient,
[0Q4§i}ce liCHtJRErﬂ(gxsaaonresr&—secaonal VioosakenHoomrtare 10520 i FIGURE 6

et Sarcienbor B H5et MR GHOUED sedh pater asemblics.

feedstrean1conponent Shoul d |t be desired to
perneate different feedstream conponents across
[004%i Vi FIGURET 164 sV 20 BiBdt Qﬁ%&%&’ﬁdﬂ&%@@ﬂ{eﬂ%ﬁ)@ ﬁ@r the Wafer
asSenblies in an arrangenent of one or nore suc
asseamdybl i es, the wafer assenblies can contain
menbr anes conpri sing i ndependently sel ected pol yners.

Additionally, in one of the preferred enbodi nents,
10058, et TR BT B Fech i PR eanat s ol Mk idhe wafer
assSR@y es. Wien a second pol yner nenbrane is used, its

pol ymer can be independently sel ected. M xtures of
pol ymers can be used in the nenbranes. The term
lymer" is to be wused in the general sense of
[OQéd r orCERE 1 C sheavs mihiindcemshodimentabarptad member for the wafer

ol ymers, copol yners, terpolyners, prepolyners,
assgwg;%& i gomers. [00551 In cases where it is desirable

to separate aromatics froma feed stream containing
an aromati c conponent, a polyner capabl e of
DEEAFCED/BRSERIPFION OF THIENVIENTIONEe used.
anpl es of polymers surtaple 1or aromatic /
non-aromati ¢ separations of |iquid hydrocarbons can
[0053] f ol inmentinn fedatesoiei thin film pelynBirat membrane wafer assemblies,

and the use of such wafer assemblies for separating desired species or components

from liquid feedstreams. .

[0053]  As discussed, A membrane wafer assembly comprises a thin film polymer
membrane and a frame, called a "wafer", for supporting the thin film polymer
membrane while interfering as little as practical with membrane permeation. The
thin film polymer 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.

[0054]  Polymer used in a thin film polymer membrane within a wafer assembly
should be selective for permeation of a desired feedstream component. Should it be

desired to permeate different feedstream components across individual wafer



patents: U.S. patent 4,944,880 covering

pol yi m de/ al i phati c pol yester copolyners, U S. patent
w0 200604984 covering crosslinked copol yners of atTpisaiok037330

pol yester diols and dianhydride, U S. patent

5,093, 003 coveri ng hal ogenat ed pol yuret hanes, U. S.

patent 5,550,199 covering di epoxi de

crosslinked/ esterified polyimde-aliphatic polyester

copolyners, U S. patent 4,990,275 covering polyimde

al i phatic pol yester copolynﬁis, U S. patent 5,098,570

covering multi-block polynmer*onprising a urea

prepol yner chain extended with a conpati bl e second

prepol ymer, the menbrane made therefromand its use
assembdiepan an poasgerhksS. ofpac enimde $06h &8embhies thewafer assemblies
Cmga%&goarbonate nmenbr anes, for separations of aromatics

BemBIaNss comprispie idepengenbgseiocied pobimers. Widgiianally,
S Y T
self@?’tled FoRTBblyasors Wsetul RFlsBREbtite ?é%qe%ﬁiﬂl& of Qf’cﬁﬁéﬁlgséelalég. When a

m conposi te nenbrane prepare eposition from
secadywolymer tdefbrangeais ened,4ts§@lyHdBcandyeindegeridently selebied.
conposite nenbrane prepared by suspension deposition,

Migtuges plpelymens wgbmljlsqsddn\t@ mﬁgzbﬁarg;ﬁl Whertermat'pelymer" is to be
i i ¢, WO 2005/ 049180 PCT/ US2004/ 037330 - 17

uslin BERARARSA B! RERENANE En A e AT s BtSATENR

o BB 3oL BTSRRI LT crte

pol yur ea/ uret hane nenbranes and their use for the
separation of aronmatics fromnon-aromatics, U.S.
[0058] entIngagdyiare itiswesiralye tdhsapafate aramatpssidam anfeed staeem

o B 5 e T i
aroglg%%:? rg%}l gg [ﬂlg?&g O(In‘;’] nfeg é)??)?]é’tﬁ]?ﬁ% %gi%'a}i% ﬁ%{airé@%ti&/ won-aromatic
seﬂ&?elitﬁﬁ‘l% of 119871 BRBoEAYEAS B Béfb%ﬁarﬁ@ﬁﬁt@lgwg grﬂééa%tates

pol yur et hane “nenbranes and thelir use

patsrisaUd. ipatend #, SlricB 8t ¢cogrihip polyimideiliptatic golyddteb.copolymers,
5,030,355 covering thin filmconposite nenbrane

at ent
U-grp@m é&W%"@@ﬁl@g@ﬁOSS ¢qrioymers of aliphatéqipolyester diols
and’ dﬁ%ﬁyﬁ%, g8 Igaltgl% 518&268? govr%%% ﬁa‘ic? grgngteﬁuplotlglﬁr%lth%%iés, U.S.
patent 5,550,199 covering diepoxide crosslinked/esterified polyimide-aliphatic

polyester copolymers, U.S. patent 4,990,275 covering polyimide aliphatic polyester
copolymers, 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 5,109,666 covering
polycoarbonate membranes for separations of aromatics from saturates, U.S. patent
4,828,773 covering highly aromatic anisotropic polyurea/urethane membranes and
their use for the separation of aromatics from non-aromatics, U.S. patent 4,837,054
covering thin film composite membrane prepared by deposition from a solution, U.S.
patent 4,861,628 covering thin film composite membrane prepared by suspension

deposition, U.S. patent 4,879,044 covering highly aromatic anisotropic



pol ymer conprising and imde or am de-acid prepol yner

chain extended with a conpatible second prepol yner
wandsisisase i n separations, U S. patent 5, 039pd1@52004/037330

covering nenbrane made froma nulti-block polyner

conpri sing an oxazol i done prepolyner chain extended

Wi th a conpatible second prepolyner and its use in

separations, U S. patent 5,039,422 covering

mul ti-block polyner conprising a urea prepolyner

chain extended with a conpatible second prepol yner,

the menbrane nmde therefrom@nd its use in

separations, U S. patent 5,049,281 covering

mul ti-block polymer conprising of first prepol yner
polyeuien/ e tiragimerhbignepand theirt use fontherseparationa ofi ama ativd ficbm non-

wWith a conpatible second prepolyner, the nenbrane_ nade
arqIpalicsi HomPatend 4314, Qpdecqvisring pughly apmmatia payuysa(wpthane

5,055, 632 highly.aromatic pol yureal uret.hane nenbrane
mefporapsens Hof et 5% e Sebialteh FoAORHLS Bl Ren TRPBHIS US.
D R L Py fin SRR M posiE b nt k2P 1 stion
fronfne ssRipi@h UL patnt 4/909 I 7cveriagilsmeyamiratsedrosstinkell S.

atent 5,075,006 covering isocyanerrate crosslinked
pohuirsthare membranastandileeir asaforiiks sepagadionat arpraatics from non-
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patch€5 880335 aRdedinS tHis Eilint it8nh@AiSran&/propaifd 1?7 susgension
2005/ 049180 PCT/US2004/ 037330 -18 patent 5,098, 57

depasiton, Ad Snpatent H03R,K 1 p obyereng membrars mgdafroneamulti-block
repol yner ,chaip, extended with a conpatjhle second,
POHRG AOPHEISING ‘H‘é{] inids on aruderaeidimenalymghrhag exfended gdth a

copiriFREuE BEpgar B Tle Ry tellratihs O inaitu 51090.418
co%ﬁ%%ﬁﬁﬁan&ﬁﬁ%@tgg z?ﬁﬂﬁﬂb%é%cﬂz@gwggigg%%ﬁ%ﬁdone

prepol yner, t rane nade its use
prépolyaapecialn extenddd with pajoempatihlsebodd prepodyiaet agl its use in

mul ti-bl ock pol yner conprising an ester prepolyner,
sepasatéonisy Ushrmaient Ag)39%pidxgoviaring npdtideclepolymer somprismgpaurea

W th a gor atibeseﬁ
prepolymer chain extended wit

%nc%n%a%f%?el decond p%erfo%lymer, the membrane
made therefrom and its use in separations, U.S. patent 5,049,281 covering multi-block
polymer comprising of first prepolymer made by combining epoxy with diamine,
chain extended with a compatible second prepolymer, the membrane made therefrom
and its use in separations, U.S. patent 5,055,632 highly aromatic polyurea/urethane
membrane and their use for the separation of aromatics from non-aromatics, U.S.
patent 5,063,186 covering highly aromatic polyurea/urethane membranes and their
use of the separation of aromatics from non-aromatics, U.S. patent 5,075,006
covering isocyanerrate crosslinked polyurethane membranes and their use for the
separation of aromatics from non-aromatics, U.S. patent 5,096,592 covering multi-

block polymer comprising on ester prepolymer, chain extended with a compatible

second prepolymer, the membrane made therefrom and its use in separations, U.S.



menbrane made therefromand its use for separations,
U.S. patent 5,290,452 covering crosslinked polyester
wama@4smsobr anes and their use for organi ¢ sepacauiSemg/ 037330

U S. patent 5,028, 685 covering hal ogenat ed

pol yur et hanes, U.S. patent 5,128,439 covering

saturated polyesters and crosslinked nenbranes

therefromfor aromatic/saturate separations, U S

pat ent 5, 138, 023 covering unsaturated pol yesters and

crossl i nked nmenbr anes there2%0n1for aromati c/ saturate

separation, U S. patent 1, 039 covering

pol yi m de/ al i phati ¢ pol yester copol yners wi t hout

pendent carboxylic acid groups, U S.  patent 5, 0%2 035
patend§ 986 Opesivpring manltittdodlepelymer sompaigz-maiea pegpolymer chain
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ers a ere mfor

a firdf Qﬁ’ﬁﬂd &3d pRdpelyah&s clidin akended with Scornpitible sécohﬂQ)réﬁ(ﬁymer
covering unsat ur at ed pol yesters and crosslinked

the nenibranematlh ¢neré from dndritsapssrinsepasatdens, Lad azatent 5,221,481
separ at i, on,

patent . 5,107, 058 coye
covgmg A agk pfﬁyg@r) SPEPHERBANFSIRS %?@X@% n?ﬁl%&et byo?Pmbmmg

L R M T
merﬁﬁ* %‘%fl?dé fﬂ%fe‘fﬂﬁn Qﬂcli Yt§'€1§é’ fd%% nf[)) x‘ah@nsf, 85 ﬁteﬁ’t@'290 452 covering
pol ysul f one I'n an odi ment, A an
crosrshfﬂaé@pelgfeabﬁamldmnemmms and isie use/fon or.gﬂmmmparaﬁons U.S.
upport, such as ﬁalr ous poI yest er. Thin

patentés%ﬁgﬁ cpverie halegenaiackpg yurﬁ&l&}lﬁérUJSayé‘iegt éé%&@@
covghnipE DR Bacreer bl Srs TR Bersionl ooy
ol oL, P o

andRebisiRke A BIRiR AR MERITORS faTiRbaticapuiwe separativm U.8| patent
pol ymer menbrane and at | east one wafer. The wafer

5,241,039 novering pelyimidoadiphatic peliesterofopsdymensiwishout pendent
carl?qngh%;@\g ntafsgurag,lflgsd pgtent 5 tOTS O%g c%{/grtullgo Bol%hﬁ‘lra?ar{a car%onate
membranes for aromatic/saturates separation, U.S. patent 5,012,036 covering
polyarylate membranes for aromatic/saturates separations, U.S. patent 5,177,296
covering saturated polyesters and crosslinked membranes therefrom for
aromatics/saturates separation, U.S. patent 5,180,496 covering unsaturated polyesters
and crosslinked membranes therefrom for aromatics/saturates separation, U.S. patent
5,107,058 covering olefin/paraffin separation via membrane extraction, U.S. patent
5,107,059 covering iso/normal paraffin separation by membrane extraction. Other
suitable polymers include polyacrylonitrile ("PAN") and polysulfone ("PS"). Inan
embodiment, PVA and PS membranes are supported on a non-woven polymer
support, such as porous polyester. Thin (e.g., 0.01 micrometer to 10 micrometer)

polymer layers can be used to enhance selectivity. For example, thin layers of



contai ning aromati c and non-aromati c conponents, as
shown in the figures. It should be noted that the
wonuvesnuden is not limted to such enbodi ments. PLOASZ(04437330
waf er suitable for use in an enbodinment is set forth
in figure 1A. More than one wafer can be enployed in
a wafer assenbly. While the wafer is shown in the
geonetry of a thin semcircular cylinder, it should be
understood that other «cylindrical geonetries are
sui tabl e; for exanple, cyllnﬂfr havi ng a cross
sections such as circular “Tangul ar, rectangul ar,
regul ar polygon, and irregul ar polygon cross sections
can be used. Referring nowto Fig. |A a perspective
polvinylaficatiod (TR At), potyeimethatseloxaze (MPDMBY)ahe cellulose esters can
described. The first outer wafer 2a is generally a
Cd8ffl.circul ar solid nenber. The first outer wafer
contains a semcircular outer edge 4 that extends to
the radial surface 6. The semicircul ar outer edge 4
tai t ; '
(0881 P i i pBlyier e UL g ocuphists3 i
pobimérantebedte arsiutieadsoseweates, The vafer will gowdeatesetibethin terms
are not shown in this figure. The semcircular outer
of paxjisular epthadiments relating to hesapantion of aramatiqsdrarg g liquid feed

ort.i on Iso eferred to as the, a of . t
cobRining Brdrmari e FoRaioa it CRmIEaoRs M b iLe M. It should
0 The waf er
belshbe] i @%ﬁ‘%ﬂﬁ@és ASERiEE T A MapediiRals. 1T o
second corner indentation 16, with the corner
i ndentations 14, 16 being configured to also receive

[0857ul aA wielieh euitabld fie usedh aih esboflaentio setdorth imfigirestA. More
d nd d 2 049180
hapTIR EBI5B 4709 SIOKBONA WRIET RS- STIAhe 3y s shon in
{ .
T T D TR
cygﬁg? &l gedittddenit hﬁ%lé’ffof 8érh }%19 Uégﬁﬁldeﬂﬁmﬁg% cP6S sections such

nt and is nmore fully se th bel ow.

as dlrS@luﬁ sdengulhe redhieguldaregdes palysoin andaedguial polPdon dross
ot her words, the wafer 2a is in the formof a plate.
seqtinms cpa bk usad) Referring nowgodhgerA aamrmthetw of the first outer

waflérai( Sl‘fnow be\ scn%e&j nﬁ? Iirs uter wafer62a 1§ generally a semicircular

solid member. The first outer wafer contains a semicircular outer edge 4 that extends
to the radial surface 6. The semicircular outer edge 4 contains a rim 8, with the rim §
having a plurality of openings, as seen for instance at 10, for placement of fasteners
such as screws, or O-ring grooves which are not shown in this figure. The
semicircular outer edge 4 contains a first indentation 12 at the top portion (also
referred to as the apex) of the wafer 2a. The indentation 12 is configured to receive a

tubular member, as described below.

[0058] The wafer 2a also contains a first corner indentation 14 and a second corner
indentation 16, with the corner indentations 14, 16 being configured to also receive

tubular members. The radial surface contains a first side indentation 18 and a second



underflow weir 28. The weirs 26, 28 are raised

projections that will alter the flow pattern of the
woeerb/igt1seam as will be nore fully set out bel e@wr/USh®4/037330

weirs 26, 28 also add to the structural support of

the wafer 2a. For larger dianeter systens, additional

ri bs and indentations for tubular nenbers can be

provided. [0059] Fig. 1B is a side elevation view of

the first wafer 2a of Fig. 1A It should be noted

that |ike nunbers appearing m] the various figures

refer to |ike conponents. Thus, the radial surface 6

is showmn along with the indentations 14, 18, 22, 20,

cand 16. Fig. 1B also depicts the rim8 that extends
s1deandﬂ§am23,Momg with ademter shdantatione22, vehich is configured to receive

redi stribution holes 30a, 30b. Referring.to Fig. 1C a
an| BF SBeraively Pesipis Willea libudar meber e Bmcgngphe pabular

g SRR BERE AR, ASIEBERY R

hapg @mgaciwauizewvIﬁfotﬁé%@vdrlaﬁ,%galafégazaqs i %ﬁnlg' of d¥l¥e. The

be described. The internal wafer 34a 1s als
badewalli2ddhasawoanmedilow i hatheyerse it, mapely ondeflonw Weir 26 and
36a that has contajned therethrough openings, such as

underdlohwrireg. e weiss 2p1 2carrerisedprojestonn dhatslraltes thenflow
pafiin St fred Sori U GERLY Yl s trne3y e 29,38 aiso
PR R g b e 2T FRF L IR LRG0, afiona

ribb @h@ sndbhtatiths bt tubalal dvengbdrotaBelpyvigah as steam to

flow.through the ribs thereby heating the contents of
the wafer assenbly, as wll be nore fully expl ained

ow._WD 2005/ 049180 PCT/ US20Q04/ 03733 -21 For
[0 hgerFlgi $ aplde\elevation Vmp? ﬁ&fgqst W@g‘g sz]f Fig. 1A. It should

' [ r . ovided,
S e A S R R S
Thé$ thétadidl&uRe 6 i§ Howh ALAPHAth thRfindertitidtisar4, TRTPE0, and 16.

The outer rim 36a extends To the radially flat surface
FigsAB albe depiatiithe kiyn 8 Ithdt extentls tcethsback Walh2d/.e Adsdf shosin are the

corner indentation 52 and a second corner )
redistribution holes 30a, 30b. Referring to Fig. 1C, a perspective view of the first

outer wafer of Fig. 1A from the opposite plane is shown. Fig. 1C depicts the back
wall 24.

[0060] Referring now to Fig. 2A, a perspective view of the internal wafer 34a will
now be described. The internal wafer 34a is also a semicircular contour 36 and has an
upper outer rim 36a that has contained therethrough openings, such as the opening 38,
for placement of fastener means such as screws, or O-ring grooves, which are not
shown in this figure. The internal wafer 34a has a first rib member 40 and a second
rib member 42. The ribs 40, 42 have bored holes 44, 46 there through. The bored
holes 44, 46 will allow a hot media, such as steam, to flow through the ribs thereby

heating the contents of the wafer assembly, as will be more fully explained below.



i ndentation 54; additionally a first side indentation

56 and a second side indentation 58 is included. The
woenisaaoismdent ati on 60 is shown with the apert BCEUS2004/037330

there through. The internal wafer 34a does not

contain a wall, but instead has open areas. Therefore,

the nunerals 64, 66, and 68 seen in Fig. 2A represent

open areas which correspond to the pernmeate zone. The

internal wafer 34a has a first |edge 72a and a second

| edge 74a. [0062] The side gl evation view of the

internal wafer 34a of Fig. Wi ll now be described

with reference to Fig. 2B. The radially flat surface

50 is shown along with the aperture 62. The outer rim
Fo wgeri iametes sysipas, additicenal tihs end guleatationk dorl tobelar members can
besurf.gécg 36b and wherein both rimsurfaces 36a, 36b

W rve as sealing surfaces as w | be described

in greater detail below. As seen in Fig. 2C, upper rim

surface 36a leads to a first |edge 72a and second
006d§ige Tieinvdrhalewafey8ta h i |
[ Iegge 72b and fourth Ied%raeﬁ%%.a&?%%%g?&?{%?%er%]i?er%(@tfé}}lol\sl\l/gcemem
of g tubmilay membem Per ewectim/bavdsaendsito therakabnflatsuiRice 50. The

e 76a. ILn t referred enbodi nent, the second
radillvelat g gie 581l haAdial qonemadantigon 52 And eweaidcarmer
. £ 115t . r .2a. .Thus,..second,outer wafer 76a .
indefiibhisa! afMHiiGhaRs Bt e fiteiaudtis 98 fistond Sids ingbaBtion
! . ' e 7
58 L acliad e eenes udgharbBoe e SHliEho oiiife @88 through.
Thentbraal wgfea 34pldoesthot gontdin apedil, s instead Hag wpan @%@S Therefore,

seen at 84, for placenent of fasteners such as
thewmsrals $4866.raw %82@0411 &'z 23orepreseniepenareaowhiviycorrespond to

contain O ri r,ooves i,gh are not sho in this
thei P8 oot e REmAE bl 3ater o Sigdodes Lonen hsecpnd ledge
7441 rst 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

menber, as W ll be nore fully set forth below. The
[0062hct ilhessidsf elevasionutiewvanf theritdrankwafee 3da bf Eig A aildl now be
th bel ow.

deS\(I:MI.‘ii)(lid vtelﬁhr;gfe?egcléltl) ig.%tB.f "(lzﬁe radially flat surface 50 is shown along with
the aperture 62. The outer rim contains the upper rim surface 36a and the lower rim
surface 36b and wherein both rim surfaces 36a, 36b will serve as sealing surfaces as
will be described in greater detail below. As seen in Fig. 2C, upper rim surface 36a

leads to a first ledge 72a and second ledge 74a while lower rim surface 36b leads to
third ledge 72b and fourth ledge 74b.

[0063] Referring now to Fig. 3A, a perspective view of the second outer wafer
76a. In the preferred embodiment, the second outer wafer 76a is generally the same
structurally as the first outer wafer 2a. Thus, second outer wafer 76a contains a
semicircular outer edge 78 that extends to the radial surface 80. The semicircular
outer edge 78 and radial surface 80 contains a rim 82, with the rim 82 having a

plurality of openings, for instance as seen at 84, for placement of fasteners such as



[0064] The wafer 76a also contains a first corner
i ndentation 88 and a second corner indentation 90,
woi2005/04d80 cor ner i ndentati ons 88, 90 bei ng conPcgmsew4/037330
to al so receive tubular nmenbers. 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 nenber [ 0065] The wafer 76a
has a solid back wall g ot her words, the wafer
76a is in the form of a pl fe. The back wall 98 has
two underflow weirs that traverse it, namely
underfl ow weir 100 and underflow weir 102. The weirs
screv@) or h¥ @méain £)-sing groowjsadhichare ndtahownlih thilstf@um h€he
flow pattern of_ the feed stream as nor e

i ||
semjeirculer quinegdse, 78rerntaias p dirgtdnd Jenfafompe at fg&m aoﬂm Ha 50
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evation view of the first wafer 76a of Fig. 3A
meibenscire diffaant drek will bkmonrsifiilsrset &ptlebelong i n the
various figures refer to |ike conponents. Thus, the
radi al surface 80 is shown along with the indentations
d
0068k < b BUAD b0 eaRBinEAdrshESPHAHR AlipS ASaAd dsecond
comfr%aé@tat{?ﬁ{e QR CathS: ihehuafint G OIPESTRREEA HPalso

ew o er wa rom

recéii%’ @?dlﬂ@f rﬁbﬁB@rs IrHevabifal Ma&\@(ﬁ@ﬁﬁﬁhﬁ aqlrﬁtm@déﬂlldbﬂtatlon 92
as well as supports 99a and 99b. WO

and220§l’5‘bﬁd gmﬁnmmmm%zmmh a ceRBr 0@BIticRedGrvhialy is |
now to Fig. 4, an exploded side el evation \{lewo t he
configpizad ‘preeiive aad bﬁﬁmrail%lm a§sqciaiad with 2 Ribylargpermber.
waf er assenbly 108 will now be described. As seen in
Fig 4, the wafer assenbly 106 consists of the first
[00 B T‘ﬂ?fv@e[f??%a haea §dlfc§l§ack'Wrﬂp9@nﬁ1 SBEPRordsl he %vﬁfér 76a is in
erna er 34a, the second menbrane membér 11

the if@xdn bhepldtbeThe baddwallto8rhasawerundeeflow wests that\meef\erse it, namely
assenbly consists of the first
underflow weir 100 and underflow weir 102. The weirs 100, 102 are raised

projections that will alter the flow pattern of the feed stream as will be more fully set
out below. The weirs 100, 102 also add to the structural support of the wafer 76a.
For larger diameter systems, additional ribs and indentations for tubular members can

be provided.

[0066]  Fig. 3B is a side elevation view of the first wafer 76a of Fig. 3A. As noted
earljer, like numbers appearing in the various figures refer to like components. Thus,
the radial surface 80 is shown along with the indentations 88, 94, 96, 92, and 90. The
indentation 92 has a redistribution aperture 104. The indentation 94 has redistribution
aperture 105. Fig.3C is a perspective view of the second outer wafer of Fig. 3A from
the opposite plane, with this view depicting the solid back wall 98 as well as supports

99a and 99b.



outer wafer, menbrane nenber, internal wafer, nenbrane
menber and then the outer wafer. It should be noted
woheads/upof i rst outer wafer 2a is of the rei nf 8CTA82004/037330
type, which is thicker and is structurally stronger
than wafer 76a. [0068] As shown in Fig. 4, a second
waf er assenbly 108 is in tandemwith the first wafer
assenbly 106. Thus, the second wafer assenbly 108
consists of the first outer wafer 2b, the first
menbrane menber 114, the inkernal wafer 34b, the
second nenbrane nenber 116, and the second outer
waf er 76b. According to the teachings of the present
invention, the first wafer assenbly 106 is operatively
attached in tandemto the second wafer assenbly 108

et SRR IPEE 135 SR DBy Pl ol
asseﬁgggﬁf Wizl tang&h Wiksh 30oRd waELNsdhbR1 6 1l bkoblescribed.

Ing 11/b 1n wafer 2a and screw™117c fits through
As sepeiniFig. 4 1hd wafenvmbanbyok ovdanbistsonfithe drstroptapeaiends, the first
117e/117f in wafer 34a so that wafers 2a, 34a and,  76a
memipanef membee d10,6he intenal weter §pafhg seamd membranginember 112,

and é‘lég the#%\éﬁ i_o%%r\/i Pfé\t’i ’?qran %gg gvd %‘noq\gaﬁ;ietﬁf)lygc?osn[es}négsl ke first
outer WIS %ﬁﬁo rribef] intefall GRS henidiand dr@fld then the

€ pdl'yneric nehbrane wafer assenbly.

outet Watddl $t sHOURT Bé hewddaRdIakl v butel heafeEldisafehemibiorcetiifpe,
that conprises a feed spacer screen 120a, a gasket

whichag thicleertamidnis sirheturedlytstrongerithan veafer Zasi nt er ed et al
menber WO 2005/ 049180 PCT/ US2004/ 037330 -24 126a. The
sintered netal nenber 126a is typically attached to

nbey. 34 el | i
eI 418 L SR L e e
wale?a8@nif§308! Ehubl®e¥BERRIwARP AsseRbly 208 @bndl&ts of the first outer

construtted of a porous netallic or" porous ceramc
wafes @ppthetfimetnenitabne fembpnit blishes indgront watr Sdbathe secand de
an engineered flat surface for the nenbrane fabric

t
menjbagneonember 416, anerihe seaondier waer dghasiceordagto the feachings

of thB %lr sent inven 10r(1),dthen%?§t%va et assem iyslcd6o iss%%'eratively attached in

tandem to the second wafer assembly 108 to form tandem wafer assemblies.

[0069] A plurality of screws is shown for fastening a wafer assembly together.
For instance, screw 117a fits through opening 117b in wafer 2a and screw 117c fits
through opening 117d in wafer 76a with cooperating openings 117¢/117f in wafer 34a

so that wafers 2a, 34a and 76a are fastened together.

[0070]  Fig. 5A is an exploded side elevation view of the tandem wafer assemblies
seen in Fig. 4 detailing one embodiment of the membrane member. Fig. SA depicts
the preferred embodiment of the polymeric membrane wafer assembly. In this
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



[0071] The feed spacer screen is commercially
avai | abl e. The feed spacer screen is commercially
wavaisiapise netal or non-netallic screen materi &aC$/USTi0a/037330

sintered nmetal nmenber 126a is available from Martin
Kurz and Co. Inc. under the nane DYNAPORE. Vari ous
grades of DYNAPCORE nmay be used from grade TWM 80 to
BWW 80. DYNAPORE grades nade fromfive (5) |ayer
screen filter nmedia are the nost preferred enbodi nent
for this sintered netal negpher. Viton gasket avail able
fromDuPont is suitable. Sintered netal available from
Mott Corporation under the name Sintered Metal is
suitable. [0072] The second nenﬁéane menber 112

126a¢ dhssinteredanetabmendse d 20 isrtxpisally gached tgzawaber3gdy a

T RNEY S AP R i
are aig?t'fgﬁblﬁ.‘"?h@&e%&? ben nﬁ?é[ﬁlswfbg cO&ktruckdd\eF a OB nf¥tallic or

ment comodn to tho skilled in the art are al so

porofieeghiliesuppoer maeribk r THSgeromyusiosomateralpaovide an engineered
netallic or porous ceramc support material. [0073]

flat surfecerfortthementhyenefabric 4o donen iedareconzpan sp hetrthe dysamic

120b, .a gasket 122b, g.thin film nmenbrane 124b and a
andl%q%}ﬁ‘?’@?@(? e%ﬁg@n%ﬁgfésedrhe sintered netal nenber
126b is typically attached to nenber 34a by el ectron
beam wel ding. Oher fornms of attachnment common to

[0071hosaheKbéd §ehcbsdibidn 8 cbmMhdrchllyavhiasiebThe fbdd paeer screen
- preferred enbodi nent, the second nenbrane nenber 116

is commnpciaflyavailide dnetgareonwaetatiosspagn@oterials. The sintered metal
PCT/ US2004/ 037330 -25 .screen b, a sket 130b, a
membgr 263 isavaale Ao Matin Zé“&l%?ﬁ- é‘ﬂ%&'% Tg‘f: 38¥ber

D RAEHT I L A Sy PREL R AR B w0
BWIRLSE DV APORE g%dd% hixes }froe@ﬁﬁe 5% %&M@e@ﬁh&ﬂ 186dih Are the

the art are al feasi ble. The nenbers 126a and 134a

mostPyfetedenistodiment fou dhie dintdred nptalanembeet Witbn gasket available
porous ceram c nmaterial. [00741 It shoul d be noted
fromtIalondiis seitable. Smtgreharetal axpilahla fome Methbozration under the

name Sintered Metal is suitable.

[0072]  The second membrane member 112 comprises a feed spacer screen 128a, a
gasket 130a, a thin film membrane 132a and a sintered metal 134a. The sintered
metal member 134a 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 134a may also be a porous metallic or porous ceramic support material.

[0073]  The membrane member 114 comprises a feed spacer screen 120b, a gasket
122b, a thin film membrane 124b and a sintered metal member 126b. The sintered
metal member 126b is typically attached to member 34a by electron beam welding.
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



menbers are possi ble. For instance, the nenbrane
support fabric, while not shown in Fig. 5A may be
woneisidertoas part of the nenbrane nenbers as depirasem4/037330

in Fig. 5B. The Fig. 5B is discussed bel ow
Addi tionally, different sequencing and/or arrangenent
of the conponents within the nenbrane nenber is al so
possi ble. [00751 Fig. 5B is an expl oded side el evation
view of the tandem wafer assenblies seen in Fig. 4
detailing a second enbodi nent. of the nenbrane nenber
package. The enbodi nent of Fig. 5B depicts the
dynam c nenbrane, i.e., a nmenbrane coated with a

sel ective for the adsorption of the

| ayer of materi al
scmﬁa&m gaskes hilh, adhindilarmembrang 1 3nandamsintered metal member
reeation. (In this sec ref.erred. e i ment, the
130 T8 htetad i rewbE it Baip Bl Rt do Rmaber 343 by
a [
I R SO O Popgfs AU R B! B Fhon ) dRERRIReaH the an
aréidlb@ feasibde. 0Thé infegnticp €26dlaial 134asay AlbIRabnkGuGe®OF 8 Ppdrous
support material nedia 418a, which may be either a
m%@ﬁ@@spﬁquermmrmg@m@hs ceram c support materi al

abutting the nmenbrane support fabric. The Oring rope
is coormercially available from Arerican Seal Inc.

er : | talllc
(0475”5 MR A 3 RSl ik e elo PR
mebSerS BRI BB 1S UPHONEtahed) &h&mb&b?ﬁf@’@?@bﬁ' thifri@ Uil @Rdt&hown in
from e.g., W L. Gore, Inc. under t t rademar k
FigdiAe Tieayy, becmchided dspast ofehé remipahey tensfersiay detibtgd émFig. 5B.
ric. The nmenbrane support fabric nay al so be

Thé 5&52& f@?dblswﬁ%b IRgeddifionally, ﬁiffqryweseaﬂemang pad/or
Bl OB AR S5k A 08 R GR35 IR i gossvte

porous netallic support material (418a) is
coommercially available fromMartin Kurz and Co. Inc.

[00mSder RipeSBagmn EXNABEREIde VRvhtitns viedy afihe tafddaY WARSHRssemblies
may be used_from grade TWM 80 to BWM 80. DYNAPCRE
seegrindig. hdefailigansesond gmbodimensof thd membrant memrber phckage. The

I preferr enbodj nent for thjs sintered t al .
enffarisedtt OSSR AR he AR BENG) b cinisapbrane coated with

a layer of material selective for the adsorption of the component or species selected

for membrane permeation. In this second preferred embodiment, the membrane
member 400 comprises O-ring rope 409a, a wire mesh screen 410a, a powdered layer
of adsorption media 412a, membrane 4 14a, membrane support fabric 416a, and O-
ring rope 417a. Also included is a porous support material media 418a, which may be
either a porous metallic or porous ceramic support material abutting the membrane
support fabric. The O-ring rope is commercially available from American Seal Inc.
under the name Cabres. The metallic and non-metallic feed spacer screen (410a) is
commercially available. The membrane support fabric is commercially available
from, e.g., W. L. Gore, Inc. under the trademark GoreTex. GoreTex is a Teflon
polyetrafluoroethylen (PTFE) fabric. The membrane support fabric may also be

polyester, nylon, Nomex or Kevlar type of fabric. Teflon, Nomex and Kevlar are



a porous sheet, or placed onto the surface of the thin
filmmenbrane. Preferably, the adsorption nedia has a
weundsaaeisar ea rangi ng from 100 to 1500 square BETAIS2004/037330
per gram Typical adsorbent material wll be
activated carbon, nolecular sieves, zeolites, silica
gels, alum na. |npregnated adsorbents may al so be
used. Adsorbent materials nmay be inpregnated with the
following materials to enhance performance - Sodi um
Cobal t, Ml ybdenum Copper q&% ot her netals. Suitable
adsorbent nmaterials are avalrlable from e.g., (a)
Cal gon Co. for activated carbon and i npregnated

activate carbon, with the comercial trade nanmes for
tragdemarksot pRantd The prepusanetpllicayppor mepterial (R1400s camanercially

avedflol PR SRGE Kyl afCh Tnt 506 RS R EURATOREL Various
grélRts B DYGABIRE REPEEHAY oA WRadia RO o BYPALAG

S| eves 13X, 5ATand ot hers, and

DYNARORE grades agtelenorss afer sirtdncfiltgahediane: Beanest@etferred
and others; (c) ALCOA Co. for Alum na, and the
embodimenifar this sittsredhmetal amember2Ghe adsorpiommedin ey be placed on

o FRBHAEP P DSOLORDE SHRP LaRAT THENRSRRIES: forably, the
adsbr 655 medld %@S&ﬁ%eﬁ?@%g’gﬁgrﬁv’&ﬁﬁgﬁogs 62 sqfre me{gs per

rises O-ring rope creen

grain P AWBRABAdSoRYERI neiterdd] SO RfivarReicartbh? hol SRIR A8 s, zeolites,
414b,  menbrane 416b, O ring rope 417b, and a porous

silicagplsy aluminer Impregadiod atlbabemaymndyeals@be hsed. nddsdrbemt materials

ceramc. [00771 The nbrane nenber 406 conprises an_ .
mags e FRPrEge Wy@,tﬁ%. ol PingaRHCTIAE o ephangs oerfogmance - Sodium,

r ~of ads Lon dica..4l2c, nbr ane .
Cop Bl 6 ppBsR Sl Bl ellRs sRite sl Papals ar
i ort j :
o G TEr 4 5 Qoo ctbpn 3RT LApRENGKY
actbeatedearbor, withn theprofuerodal tesdo egites fos néhénprganid being Cal F-
menbr ane nenber package 408 conprises an O-ring rope

200,05, Cal Frioie, and<hr sapieanated ipdentar (oakiomdmriragitedyt (b) Grace
CO‘?‘?&% tei:u Ar sqg\qei:s? zg'glgtgé, sﬁlec%bée?sr,] %n %}f'edéomn%g?c{iglnt?ade names of
molecular sieves/ zeolites are 13X, 5A and others, and commercial trade names of
silica gels are Grace Gel and others; (c) ALCOA Co. for Alumina, and the
commercial trade names are A-200, A-400 and others; and (d) ExxonMobil Co. for

Zeolites, with the commercial trade names being ZSM-5, MCM series and others.

[0076] The second membrane member 402 comprises O-ring rope 409b, a wire
mesh screen 410b, a powdered layer of adsorption media 412b, membrane 414b,
membrane 416b, O-ring rope 417b, and a porous support material 418b, that may 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



support fabric 416d, an Oring rope 417d, and a porous

support material 418d, that nmay be either netallic or
woen@melsol t shoul d be noted that different corpoAUSRg/037330

or a different sequencing of conponents, within the

menbr ane nenbers are possible. [00781 Fig. 5Cis a

schematic of the flow through the dynam c enbodi nent

seen in Fig. 5B. The flow stream"F" flows through

t he powder adsorption nedia, then through the thin

filmpolynmeric menbrane andHHwen t hrough t he nenbrane

fabric, and in turn througfthe porous support.

[00791 Referring nowto Fig. 6, a plan view of two

internal wafers connected in tandemis shown. Thus,
ropgrtt 176t wpart fabrie mesuhyAne4 1604 and agpaziowesppartimateriabd 18c, that

bt RTiE PESAREL Bl e T o
e RO, SRy s 4 PG TRIRSLE e A e

410 tahesederedagebsf alefptiRCinadaul12d, RehRind WIRE membrane
screwed/ bolted into wafers 34a and 34b. Conpréssion

suppaniiebriay16d.cm Qeingwpe 413dnael bpotovsabepet Biteriad 4084, that
are semcircuylar, the twg c |l ed wafers forma

may\pe; et wraiﬁ% QB FRIPIGLE m‘fé Bﬁ apted) tbatcdsiffﬁm gomponents, or a
.o8r0ss-section.. This cvlindgi.cal assenbly allows for.

aitfe R SR ARSI boetls. S e BRBRTR nfpbelife bSSsivte
vessel 135, and therefore, maxim zes the space and
volume within said vessel 135. In other words, the

[0098] i ndtigcHT ises sehiehlayiciof thvHowahtoughfthe dgndmic embodiment seen
configuration for processing |ar quantities of feed

e
in gy 8B Wietiny stegsm GES dioavs/biuieh, the poNdatsomsicsy medigethon
o SR iy R BB ol L B0 Blagfplan Hiic,

it R A. WD 2005/ 049180
W%%@??%&@?W%Oggfaﬁ g. 6 depicts the
center indentation 60a and 60b which forma

cylindrical passage for placenment of a tubul ar menber .
[0079D f defetmmgpmwrtealig, 624 plag wiewloftwe intaped wafers coddected in

nd .140b for, passage of the perneate into tubul ar
tanagﬁ;ﬂ%phq\ﬁ@_ &hﬁ@@pa fernal waler Suich as 34a and a secon {nternal wafer

34b are operatively attached. Several methods of attachment are possible including

o,

an

bolts/screws 302, 304 aligned external to tubular members 148 and 149 are the
preferred embodiments. Alternative methods could be open rectangular pin or harps
screwed/bolted into wafers 34a and 34b. Compression bands may also be used.
Since both wafers 34a, 34b are semicircular, the two coupled wafers form a
cylindrical assembly with a generally circular cross-section. This cylindrical
assembly allows for the entire device to be placed within a pressure vessel 135, and
therefore, maximizes the space and volume within said vessel 135. In other words,
the cylindrical assembly is the most efficient configuration for processing large
quantities of feed stream within a pressure vessel, although the cylinder need not be a
semi-circular or circular cylinder. The vessel 135 may have a hot media, such as

steam, placed within the annulus area A.



the indentation 48a has a tubul ar nenber 142 therein
for the inlet feed. The indentation 48b has a tubul ar
worodzanoikd4 therein for the feed (retentate) oBCIAIS2004/037330
The indentation 52a and 52b has a tubul ar nenber 146
therein for the steam supply. The indentation 54a and
54b has a tubul ar nenber 148 for the steam supply. The
side indentations 56a, 56b has a redistribution
t ubul ar nenber 150. The side indentations 58a, 58b
has a redistribution tubul arpgrenber 152. [0081] The
tubul ar menber 142 will deliver the feed streaminto
the wafers. The tubular nenber 144 will be the outl et
tube for the feed stream (retentate). The tubul ar
menbers 146 and 148 are the suppl enental steam supply

00801 et .Fighe depibts!thé cemBRdsntakioh f%im
[ rezljll st rlgbut |I{c})in t ubes for r%gl st Plggg?(liﬁgb%ecé et ena c%fhndncal

pasfsagmf(lrlpéammt oﬁa twtaflearmadbet b40 for the parnadateialaig With the
gg é fully descrijbed below Attachnent
@w%ﬂ@en 680 frepdasags aisbeiperanente inte tebwlban member 140. Also,

me’ﬁﬁ?nﬁéﬁ?%ﬁéé b b P b GO B Cietoed o

md@ﬁﬁﬁeﬁws%a@awwsﬂmbﬁlb%@w nﬁﬁ'foﬂ&t‘é’ ﬂ%@dﬂ@%&%&éﬁe&ma The

Fig. 7A depicts a wafer asse

indenttion5n ah6G2bthhae lntﬁdllitﬂnambbm% ttreinabethe keshnt b%sply. The
is attached to an end wafer 164. The end wafer

indpaigtions4s app 6Ab hes ajtdutlaromsmbraint$ for thé steamsupphy. f Bhe side
indBE@Yins 36k, 6o A rodisp iR on o ecnreme: § 0.0 he siieadentations
5840 's8B%al h3EAAAPLAGH mlgm@&l%sﬁw The end wafer =164

two support projections, namély 170 and 172 for
providing structural support and cooperating with a
reci procal set of support projections in a different
[0081 hne Theribulamwseatbead 42 mill\delisenthn cfeeﬂista:‘aanto th8Qvafers. The

05/ 0 9180 PCT/.US 004/ 03 -29 [0083] The
bP]gE Cﬂﬁ tugﬁ forthadesd Sttqaudérgteatat@n dlhe tubular

meﬁ‘@g ],149674} fﬁ%@r&h@g%&p‘é&ﬂiﬁ;@f s“at%:ﬁﬁlsg Ll g”?h q;aarsmembers
150 M1 B3IPRRIthe RIGNEBEHSA ibed %ﬁjeé{lsﬂrﬁﬁltﬁg%é fétedtQfe from the area

provi di ng structural support
of wafer 34a to the area of wafer 34b, as will be more fully described below.

Attachment plates 306, 308 are also used to secure tubular members 144, 142,

[0082]  Referring now to Fig. 7A, a schematic side elevation view of tandem wafer
assemblies arranged in series will now be described. Fig. 7A depicts a wa;fer
assembly that comprises an end wafer 160 attached to an internal wafer 162 that is
attached to an end wafer 164. The end wafer 160 has two support projections, namely
166 and 168 for providing structural support and cooperating with a reciprocal set of
support projections in a different plane from another wafer assembly. The end wafer
164 has two support projections, 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.



and cooperating with a reciprocal set of support
projections in a different plane. The end wafer 178
wbasostmissupport projections, nanely 180 and 182TfUsSr004/037330
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 W2. [0084]
Waf er assenblies WB and W are shown. The wafer
assenblies WB and W are essentially the sanme as W
and W2. The wafer assenbly W.will be operatively
attached to the wafer assenbly WA. Fig. 7A depicts the
flow through of the feed stream More particularly,
the feed streamwould enter as through the arrows
designated as 190, 192 via inlet tube 142. Referring

Fi OppeiBei | S f
[0083] £, Fhe/iGeinfolst R dsSenbi/th taid i MUR B hafer 174
attatBed td ee diteatad ntafidrel 76i that id aftachad8 ahlepdsvafet 178, Y8e ehdwafer

redistribution tubes 150 and_ 152 and enters W via
174 hasava supportpojections, nafsly &76read ¢78 fonproviding strwgusgah gupport

andfodbating \ah Pt PEIAL SO SHOROT, PLoJGeiions dt p i aLbIgne The
i . i f
endRafdt 978 REE BEpO Brb R, ity 130 anlNRPAL bRl

StriGRaiae s { drfd ddopetating Wi a rvdipital Set A€ jédBidns i
nuneralf%ﬁml% an 20%% As per the teach?%lﬁgf‘lb%b i's nema

diffenerdrpdaremn, Thikiveaféd assempblytiedanoted es W2.ar for all wafer
assenblies (W -W, W - W6, W - WB) as shown in Fig.
7A. [0086] Fig. 7A depicts the wafer assenbly W that

o), RSB A RSt o’ e ARk w3 nc
W@&@%&@ﬂiau%ygsa’%v@é) as WP ARPWLTTHSRRAG a%@&ﬁﬁ&ﬁws%u be

waf er asse Waf er assenblies Wb and are

operaweely iatththed toeths smterassdblyand. Wg. Ao depiafsethe flow through of
assenblies W and W8 are essentially the sane as wafer

thefeedsirganes Muge pattiongarby degpteed sieamrveuld enferwa tlypugh the arrows
deszgnsﬁﬁég 1 ?é, q&gevqg Hﬁ@[&ﬁ e ig:g.ieﬁegagﬁpg [[(SFQ% 953‘2 g%c}tlé/rggtic front
vie@veﬂaﬂaé}ﬁ(w&ef Xs%%mbT}hW?), W4 will now be described. As seen in Fig. 7B,
feed/retentate liquid from W3 flows out of W3 via redistribution tubes 150 and 152
and enters W4 via these tubes150, 152; the permeate flows out of W3 and W4 and

into tubular member 140.

[0085] Returning to Fig. 7A, the feed stream exits via the outlet tube 144 as
designated by the arrows 194, 196. The portion of the feed stream that permeates
through the membrane members exits via tube 140, which is denoted by the numerals
198 and 200. As per the teaching of this invention, this flow pattern is similar for all

wafer assemblies (W1 -W2, W5 - W6, W7 - W8) as shown in Fig. 7A.

[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



internal wafers 34a and 34b, and the outer wafers 76a,
76b are al so shown. [0087] The Fig. 7A illustrates
wohads/upowaf ers are arranged in tandem and themushm4/037330
tandem waf er assenblies are arranged in series. In
ot her words, wafer W is in tandemwth wafer W2. By
addi ng the tandem wafer assenblies in series, the
operator in effect increases the flow capacities for
the apparatus. Fig. 7A also shows how the support
projections will cooperate wgh an adjacent support
projection on an adjacent wafer but in a different
pl ane. For instance, support projections 170 and 172

f the end_wafer 164 w || abut a _back wall 350 and
walgiREteTy Wt Noiier aematies DOwk WA e cesatially dho serue as W3

ond P14, 0 WP agh By B i PrShoe Pl e pAG SR

RO Ser R RIEL 5 Vs TSRS, 0 BAOWAISA i e

reipferceddagpe, \aadvthenin Ol 8 tiedadwidtie2b segenibleiremforged a@e dlhe

_in series along with the tubing nenbers will now be

interaglowalssy34a atnc? Pl anddhe outﬁhwa%m é9a,5/5barb plseshown. W2,
W, W, W, W6, W/, and WB are shown. It should be
noted that the end wafer 2a of wafer W and end wafer

08) S 9B, 1R 1 0 RSB AIR TR e e

tanilém wateiksemitlict Bre drefbe@ i bdies! ThBtRE wWdtds, ivpafePPWNis il
Fig. 8. The stopper plate 244 and the coupling plate

tanderd veitle walfWY2. Badding the tahdem erdifer assemblienint sepies, the
150, .152. [.0089] Fig, 9 is a.paitial cut away.vi ew of
OPGIRfer {Th %WP@%@S :ﬁ’sﬂﬁ’ﬂl an;%ClBESe rithe appagatug. g igh (& alsp ghows

. . fer assenbli.es.
howt e Ygmotidpisols ity At a Rl ARG R & iop on an
adjR&nt halferASS a%@ﬁ‘éﬂeﬁf‘pﬂﬁ@.' PéSinktARcd %ﬁb}%&ﬂ bpcgéétﬁﬁlst 199&nd 172

152 along with the nozzles 220, 222,7224, 226, 228,
of thd@nd 22&iter DBPwilk aButarohck3xall I5kawd wafarpesjediioer206 fel 208 of
feed (retentate) fromthe first wafer assenbly to the

the sad syrfeivdt & wilhgaelibe pack walgéd ofwafemherb T hisgdds strength and
dis%%&%tﬁ{e cgrlﬁ%rgsgﬁf% 1oad gv 85 %ﬁeet%ncfiérg r\?ve&glf e?srs,er?l%ﬁgggrleyco\ﬁllpressed

into place in series.

[0088] Referring now to Fig. 8, a perspective view of tandem wafer assemblies
arranged in series along with the tubing members will now be described. In this view,
the wafer assemblies W1, W2, W3, W4, W5, W6, W7, and W8 are shown. It should
be noted that the end wafer 2a of wafer W7 and end wafer 2b of wafer W8 is of the
reinforced type. The feed inlet tubular 142 is shown, the permeate tubular 140 is
shown, and the feed outlet tubular 144 is shown in Fig. 8. The stopper plate 244 and
the coupling plate 246 are shown, along with the redistribution tubes 150, 152.

[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



assenbly W2 via nozzle 224 and nozzle 226.
Additionally, perneate tube 140 is shown, along wth
woOheosmagshes 236, 238, 240, 242 and 243 for di peTiSDm4/037330
the perneate produced fromthe wafer assenblies from
the perneate zone (the perneate zone 262 is shown in
Fig. 10) to the perneate tube 140 which is ultimately
produced fromthe apparatus. [00901 In Fig. 9, a
first stopper plate 244 is braced together with a
coupling plate 246, with thg_stopper plate 244 and
coupling plate 246 being added in one preferred
enbodi ment to aid in properly conpressing the series

o, R SEeS G0 A5 SR ALGBRE e
oD, 203173 10081 ARS8 0245,k P8 RS it

feedqEdt@itReR rofP MBS Water aks $®HedRcOhd HaRGURANBBIS arranged
assenblies together. It should be noted that in ohe

in fanéérar Fed erarhplei thenfeed ishdirectedofromgy afenassentoly Wik dewafer
hal ves that are attached together, generall

b
assamblie DBl AR A R A%, AGISEANS DeTREats b bA0 is

| at es 24 48 are by Af eper neans
shiff R i B ol Tie 338 A 22 el A3 B0 r B R pormeate
¢ . o ,
P eR0 Bl PPNt O Bphmede ghRp gt one 262
is sh60alih Fref ) o e pamecate thbe 140 &hich Brulmatedy braduced €m the
of the preferred enbodi nent of the flow pattern
appanatvsigh a series of tandem wafer assenblies will now
be described. Thus, there is shown the first outer
wafer 2a that is operatively attached to the internal

er The | I . LB .
0081 17455 LTI BPROHBERA AL RRURH i complingoi
24@@6'@{&@?@%& 130¥ 2488nd bEY RIESH ite DS HiMesddelia drefpibferred
WDIZOOS/O 18% PCT/USZOO%%%S 30e -32 &gﬁbré%e neﬁggrene
embadiment tb sidan prdoartyhéompriessifg thetseriay of tandemawafir assemblies

bet ween the wafer 2a and the wafer 34a. The_ second ]
t02Dhr ArfecanbSPEPE: @ﬁ‘@?é’@q%ﬂ@ﬁﬁli trgether with gripuphing pjate 250 is

shoWit, i th%esttovﬁee? piatc]ee 24858 cc?l?peiin%npqatte "] O\I?JRé]cir?gr add on the opposite
side for the reciprocal compression of the series of tandem wafer assemblies together.
It should be noted that in one preferred embodiment, the coupling plates are made up
of two halves that are attached together, generally by a fastener means such as nuts
and bolts. The stopper plates 244, 248 are attached also by fastener means such as
nuts and bolts to the wafer assemblies. The stopper plates provide additional

mechanical integrity to the assembly of wafers W1 through W8.

[0091]  Referring now to Fig. 10, a cross section view of the preferred embodiment
of the flow pattern through a series of tandem wafer assemblies 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



[0092] The feed streamw |l be channel ed through the
channel 260. The weir 26 and weir 28 will cause the
woeedh/gorseam t o undergo turbulent flow A port Pomuskoo4/037330
the streamw Il react with the nenbrane 110 and the
perneate thus produced will be directed into the
perneate zone 262 which in turn is directed to the
perneate tubular 140 via the nozzle 243. The perneate
path is shown by arrows "P*. The portion of the feed
stream t hat does not pernealg.through the nenbrane
menber 110 is known as the retentate, and this
retentate fl ows through the retentate area that is

e B 1 ¥ e S 50 LR B

2a Wﬂfé%&ﬁr B% O’T”HQ s&dd d‘%ﬁ%ﬁﬁ%lne 493-is EB oV \Rfltﬁﬁ)lzth@ R&ond cavity

wel r cause t stream 0 under

creamdb;eheeén mbmmfeﬁmﬂd thie vadfet 3vn. st ream wi | | r eact
with the nmenbrane 112 and the perneate thus produced

will be directed to the pernmeate zone 262 and then
100931 e B Rr i v Jerbaadded s gahe Sanadold. syhe weir 26
andlyeR W sy T&Sl ? Aid f['e% 8 sfbarh 16 uh&%r%h tlflfbldieiqlt?lt Wa)int E‘%n of the

IS unreac sense t

strdd@ XER et SFRBChE eMbiaAEN PO aAd the I%Grﬁleate thiie pf&fu%ea %E be
flows through the retentate area that is shown by t

dirgrdedimdo tlmpdrmeafet@ad26Rrwhikk ipteh és dmebtechhnﬂxemmsaib itebular
retentate fromthe first wafer assenbly

144 iarthe npaHEdAs whirepermeatapith isghoymby AP d‘»P tTﬂ%ggﬂm of the
fecl 3P amiT A bR PaparriBle Bap e i iéRe gt 1153 kpown os
the! o ehﬁl?é anf&hik S&Qntﬁ%r A6 %%%’8%%‘%%%& brdGh 8B SREIN Y path

e welrs,

arr(RﬁZQ'I’RBZOOM 037330 -33 nenbers. The perneate wll be
directed to the perneate tubing 140 and the retentate
wll be directed to the outlet tube 144. [0095] As

[OOHSL ﬁp%}:&%d%qe’z\%f | géséag at t gt?éa{em is also
cha@ﬂéfeﬂ(ﬂ;ﬁloﬁgh%e gﬁaﬁ’mel]’%?l $Re GRR! 1925 ntdh\ﬁe& I1 B WA Cafiid e feed
stream to undergo turbulent flow. A portion of the stream will react with the
membrane 112 and the permeate thus produced will be directed to the permeate zone
262 and then into the permeate tubular 140 via the nozzle 243. As noted earlier, the
permeate flow path is shown by the arrow P. The portion of the inlet fluid stream that
is unreacted (in the sense that it is lean in the permeated species or component), i.e.,

the retentate, flows through the retentate area that is shown by the path arrow R.

[0094]  In the preferred embodiment, the retentate from the first wafer assembly
W7 is flown to the tandem wafer assembly W8 via the redistribution tubes 150, 152
(tube 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



Wb and Ws. The P arrows depict flow for the perneate

path and the R arrows depict flow for the retentate
woanoswasmn assenblies Wo, W6, W/, and W8. For Pasuanma/ 037330

retentate exits wafer W via nozzle 233, and enters

via nozzle 400. Retentate will eventually exit wafer
WB via nozzle 402 into outlet tube 144. The perneate
will enter perneate tubular 140 via nozzle 404.

Addi tionally, the condenser and vacuum punp 300 which
provides the suction to perggate tube 140, and in turn
to the perneate zone, is also shown in Fig. 10.
[0096] In Fig. 11A a first enbodi nent of a seal

nber_for the waf sse wi |l now he describ
merpfigrss g Resrasate NG #wt«gib @ thimnn%atsﬂa%g&éﬁa and thmtentate
.11 t. The wafer 2a contains a rim
w11f2}$e2d1£§ét%(t1§)nﬂglgﬁun§ﬁ1%8 1§%d the internal wafer 34a
contains a reciprocal rim274 on its perineter. A
screen 276 (which for exanple may be a conponent of

[009Fe nAmstilasteated bErg. pocumger flaer patteuis araprdseatfor mHthedem
&gckage 400%@5 shown confi gured 05| ti oned
wa

assemblies.o e pgmeﬂléaib' ¥z d Oglsq d@lwé gwwaﬂpﬁ@ for wafers

WA Wi, TR T AROR A ehitt 355748 theerkd eb&%ﬁ afd e Fraws depict
ﬂovg gérk Etgﬁélté fbr%ﬁ@’ asjsé’mPHEsOW 4 QN@ ﬁg@ SForl ﬁﬁtance

can b ton (avail éble

retedtdie Eex1t@bvaﬁetraw WishoiAdPL 33, fapd emesry lvtamoanztemom eRekeﬁtatfeﬁhll
feedstream perneate, ret ent ate, and rocess

eveaally texitnzafel BORVia nazelecddRdntmonstit tabe 145 "ﬁhesmneate will enter
pemlﬁa”{éﬁﬁéﬂlérﬂ%%@ Fireseele 0 SRdtiansg MR bl i gh o
T T

zonesig@lsdgl&ﬂﬁllnggﬁl ment, a second |edge 282 is -
configured within the r|m274 An Oring 284 is placed

wthin this second Iedge and is abutted by the screen

276. The O ring 284 w provij de a secondary sealing
lﬂﬂ%lcham Eig-dd A @ fjst %w@@@éa aseal mamberdonieoy passembly

WllfTEow Be dzescnbed. The seal member shown in Fig. 11A is a gasket 270 that is

well known in the art. The wafer 2a contains a rim 272 on its perimeter, and the

internal wafer 34a contains a reciprocal rim 274 on its perimeter. A screen 276
(which for example may be a component of the membrane member package 110 or of
membrane member package 400) is shown configured to be positioned within a ledge
surface 277a of the wafer 34a. The thin film membrane is denoted by the numeral
278. Therefore, the gasket 270 is placed between the rims 272 and 274 in order to
provide a seal means. The gasket 270 can be Viton (available from DuPont) or other
elastomer suitable for service with the desired feedstream, permeate, retentate, and

process 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



which in turn is conpressed agai nst the gasket 270.
[0098] In Fig. 11 C, a third enbodi nent of a seal
wornizanofsor t he wafer assenbly is shown. |n tRCE/US2004/037330

enbodi nent, the Oring 284 is again positioned within
the Il edge 282. In the wafer 2a, two grooves are
configured in rim272, nanely, groove 286 and groove
288. An Oring 290 is placed within groove 286 and an
Oring 292 is within groove 288. This enbodi nent
allows the Oring 290 and tly.Oring 284 to cooperate
together for a sealing neans. The Oring 292 provides
a redundant seal, with the seal occurring between the

a5 B0 8 FREBEARE 2P0, 98l ens
secdR@ lddpe 280088 e@yifRe Heim77M &y 0Bk Ssh98 Blaced within

_Perstractive and pervaporative separation _
thisssednd [eaip6@hdlinapetesitiyadiisviees 276! The@-rimeI IR Bpiovide a
renmoved fromthe perneate zone using a liquid sweep
secepdary gealmgmeehanisin as ifi is ompesssédagainsiehs weagbrane amber 280

and i s_.conduct ed, ana swee ream fl ow in order
Wh’tcguﬁ éﬁFOWEGSéﬁ%%X%?K%%aV@F&%&r nmeate in the

perneate zone. The sweep liquid preferably has an

affinity for, and is mscible with, the perneate. In

[0098) vapoFit.i DO, a gefd@abelihnt M8 Wed] %’elﬁﬂ\‘ﬁfyfgf IHOWARE assembly is
perneate zone as a vapor. A vacuum or reduced
shopme dadhis, enibodimient, da@eing284is agnir pesitiensionhinahe 1ddpe 282.
esi re%@sggci es or conpgnent_in_the feed streamw ||
In the, Bafar 8- TWip SFOQvea ALY eqniigureskin nime 72e riamalye graave 286 and
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togather for assdling meansh eTliteOkHig2 S peivideses redAMANSBA], with the seal
across the nenbrane. Wil e the nenbrane has been

occyEEghaswaen the@rring 292 andsthamesnbrang memsber8ar at i on
process can enpl oy a nmenbrane in any workabl e
configuration such as spiral-wound or hollow fibers.

[0099]  The membranes described herein are useful for separating a desired
component or species from a liquid feed. Perstractive and pervaporative separation

can be used.

[0100]  In perstractive separation, permeate is removed from the permeate zone
using a liquid sweep stream. The permeate dissolves into the sweep stream and is
conducted away by sweep stream flow in order to prevent the accumulation of
permeate in the permeate zone. The sweep liquid preferably has an affinity for, and is
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



[0101] Menbrane separation should occur at a
tenperature |l ess than the tenperature at which the
wornisreassowoul d be physically damaged or deconpasans2004/037330
For hydrocarbon separations, the nenbrane tenperature
woul d range from25C to 500C, and preferably from 25C
to 250C. [0102] The nethod is useful for separating a
desi red species or conponent froma feedstream In
particular, the nethod is useful for separating a
desi red species or conponen3s-from a hydrocarbon feed
stream In an enbodi nent, aronatics are separated
froma hydrocarbon feedstream [0103] As used herein,
: g f . [ .
in il edie AUGIRRID AR IR A r3he SRAAR PodBBP U ponent across
thepeaibeiarivg | While tigeetnb et sben desiiRidTh RSN Ef Pilat8est, the
non- hydrocarbon radicals (e.g., sulfur or oxygen)
sepasatieh process caniemploy ageepbrant in hng wiekable configuraton sech as
herein, the term "aromati c hydrocarbon” neans a
SP%@dW@@%iBth@ﬁﬁg%e@rganic conpound contai ni ng at | east
one aromatic ring. The rings may be fused, bridged,
or a conbination of fused and bridged. In a preferred
[0197P0di MRMbrakd\pafichishuRRRCUE St asfe&gfe"f‘étﬁfé fekOfMah ke
hydr ocar bon fee contains one or t aromati c rings.
teripératuae anwhioh thy drendaahowbutdbaphysicdilydianeaecd @r-deasimposed.
or gani c_conpound having no aromatic cores. In an

oehpdroratben separpions, dreomnambsane iempstatarsivold rangsofrpmngp°C to
Lnt .in the. range o 250C, and contains
50@%ﬁaﬂipéeér?§’1¥1gfﬁﬂ%\?§j&%%%§dr ocarbons. In a preferred
enbodi ment, aromatic hydrocarbons are separated from
a naphtha boiling in the range of 25C to WD

[0182P5/ OPH. SRS USFADH: Q3FA3Ang 2 FesiPRDHeRN of @BfpoREMFrom a
aromati ¢ and non-aromati c hydrocarbons. As used
feedsiredam, In harticularthe magthedhis usefid focisepatatigigta desphd lspecies or
boiling fro 5C to 100C, internedi ate . naphthas |,
coryapnfm%%rqm yobererees g 8ireaiid I e einbodRERa 3roBRAtICS 17ge
' r f 0C. The term napht ha
seﬁaﬂ%c%@grgg? Fl %gplor%cﬂbg&%ggiﬁ%gg%napht ha, catalytically

[0103]  Asused herein, the term "hydrocarbon" means an organic compound
having a predominantly hydrocarbon character. Accordingly, organic compounds
containing one or more non-hydrocarbon radicals (e.g., sulfur or oxygen) would be
within the scope of this definition. As used herein, the term "aromatic hydrocarbon"
means a hydrocarbon-based organic compound containing at least one aromatic ring.
The rings may be fused, bridged, or a combination of fused and bridged. Ina
preferred embodiment, the aromatic species separated from the hydrocarbon feed
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 to 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



cracked naphtha, and straight-run naphtha. Naphtha
obtained fromfluid catalytic cracking processes
wO260B3@)18ar e particularly preferred due to thePCThiISgIW4/037330
aromatic content. [0104] In a preferred enbodi nent,
aromati cs present in a naphtha feedstream
preferentially adsorb onto the | ayer of selective
adsorption nmedia on the retentate side of a dynamc
thin filmpolymer nmenbrane. Pressure in the retentate
zone ranges from atnospheriggpressure to 100 psig.
The tenperature of the dynamc thin film polyner
menbrane woul d range from 25C to 250C. Aronatics

25 RESH bR PR D0 AOReOPRHE B RS p ASSSGH dicrein, the
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Suitabl e alterations and nodifications for operation
160f6ater 2¥)3€ci Thectenn maphthe mscludds| thxendhpaneked naphthegsetalytically

craplod BaHBFcd e b v pep hier BapBbaabiEReh GoR TieLeekalyti
' ~odi £ cat,i fall wthin.the t
creG B B8 CREC TR nstPo R prd s bRy gromatt
com&ly US2004/ 037330 -37- CLAIMS: 1. A nethod for
separating desired conponents froma liquid feed

stream conprising: (a) conducting the liquid feed
streaminto a wafer assenbly conmprising a wafer and a

[0104} n flnapiebipdesrmbadiment aroraeticsiiresant ¢n 8 npplsha feedsiream

rane,.bei n

prefuRatEh{Rdsat? Spisr e i AT Bces FodsP B o0 aRpA GRrtle pfgntateside

B L T —
atnEspRene press@e 000 pbig. MEHBXeADRrdtieUTIRE dﬂfﬁﬂﬁi&%ﬁﬁl film polymer

perneation of the desired conponent fromthe
membrane would range from 25°C to 250°C. Aromatics separated from the naphtha

feedstream are conducted away from the permeate zone. Permeate zone pressure

ranges from atmospheric pressure to 1.0 mm hg.

[0105]  Although the present invention has been described in terms of specific
embodiments, it is not so limited. Suitable alterations and modifications for operation
under specific conditions will be apparent to those skilled in the art. It is therefore
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.



upstream side to the downstream side of the thin film
pol ymer menbrane and into a perneate zone in fluid

woanisaaeism t h t he downstream side of the thin PCIMS2004/037330
pol ymer nenbrane. 2. The nethod of any precedi ng
claimfurther conprising: (a) conducting a retentate
streamaway froma retentate zone in fluid contact
with the upstream side of the nenbrane and (b)
conducting a perneate stream conprising the desired
conponent away fromthe perfeate zone. 3. The net hod
of any preceding claimwherein the liquid conprises
hydr ocar bon and the desired conmponent conprises

QMU cs. 4. The method of any preceding claim
er conprising (a) conducting the liquid feed

stream i R Rafdkles sépﬁfa@in cfékngfd*bbﬁl ofRéntYB0aT a lilquid feed stream

assenbl i es, each wafer asse y conprising at |east

Corﬁﬁﬁsm?f er and at |east one independently selected
thin Tilmpolymer menbrane mechanically supported by . |
the waf é)condedtingthe lifnidfepd styersm mterfbvales a y comprising

oo B0 BB B R AL BER e
oSS PSS ] it compren
an@ﬁ@sqhgﬁh jpBirédif sRRSndesaigeasdide; across each

I ndependently sel ected thin film polynmer menbrane in
or der t o(lastablishieg meancentrafont gredigatinrthe desingsberapponent
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con ing the perneate stream conprising the desired
meggbangent

2. The method of any preceding claim further comprising:
(a) conducting a retentate stream away from a retentate zone in fluid
contact with the upstream side of the membrane and
(b) conducting a permeate stream comprising the desired component

away from the permeate zone.

3. The method of any preceding claim wherein the liquid comprises

hydrocarbon and the desired component comprises aromatics.

4. The method of any preceding claim, further comprising
(a) conducting the liquid feed stream in parallel into a plurality of wafer
assemblies, each wafer assembly comprising at least one wafer and at least one
independently selected thin film polymer membrane mechanically supported by the

wafer, each thin film polymer membrane being selective for 'permeation of the desired



away fromthe perneate zone; wherein the liquid

conpri ses hydrocarbon and the desired conponent
woaoFrdses aromatics. 5. The nethod of any preeediusgoo4/037330

cl ai mwherein the independently selected thin film

pol ymer menbranes conprise one or nore of

pol yi m de/ al i phati c pol yester copolyners, crosslinked

copol ymers of aliphatic polyester diols and

di anhydri de, hal ogenat ed pol yuret hanes, diepoxide

crosslinked/esterified pol yiyg-de-aliphatic polyester

copol yners, polyimde aliphatic pol yester copol yners,

mul ti-bl ock polynmer conprising a urea prepol yner
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degidrahigonensasiamikcReRahtéEer , ester prepol yner, made
by conbi ning epoxy with pol yester chain extended with

a conpati ble second prepolynmer, crosslinked pol yester
anige menpr anes,  hal ogenat ed pol yur et hanes, saturated

pol yest el e @ghed ekany e 178 plsiekereiniba independently selected

i R P RS B e SE P BEBHEP Shaplyimidafgiphatic polyester
coAAABA! croR@irikeNYobbly AT o RRIc TR 4RR 3 3h8 dianhydride,

car bonat e nmenbranes “an
halogenated polyurethanes, diepoxide crosslinked/esterified polyimide-aliphatic

-
o

polyester copolymers, polyimide aliphatic polyester copolymers, multi-block polymer
comprising a urea prepolymer chain extended with a compatible second prepolymer,
polycoarbonate, highly aromatic 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



menbranes. 6. The nethod of any preceding claim
wherein at | east one wafer assenbly further conprises
wabtods@asisoone of a distribution weir, a screenpPC&/US2004/037330
support fabric, alone or in conmbination. 7. The
nmet hod of any precedi ng cl ai mwherein the nenbrane
support fabric selected fromthe group consisting of
a Teflon, polyester, nylon, Nonmex and Kevlar fabric.
8. The nmet hod of any precedi ng cl ai m wherein each
i ndependently sel ected thin3g.ilmpolynmer nenbrane is
mechani cally supported by at |east one rib nenber
attached to the wafer and wherein the rib menber

pofyARtAlyRae iBhfl-pled e8I bd Sitharsing Rl g i @Polymer
e R E%ﬁ*r?éi{fﬁ%%“lz?ﬁ%néi&s %ﬂ%ﬁ’%ﬂ?ﬁi‘?ﬁy
commbirtihg epaonwith polgestrchamrixtgnded evittpe comphtiblersecvsdi d
pre%%ﬁyrrnﬁgrt grozsglrl}xked 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.

6. The method of any preceding claim wherein at least one wafer
assembly further comprises at least one of a distribution weir, a screen, a support

fabric, alone or in combination.

7. The method of any preceding claim wherein the membrane support
fabric selected from the group consisting of a Teflon, polyester, nylon, Nomex and

Kevlar fabric.

- 8. The method of any preceding claim wherein each independently
selected thin film polymer membrane is mechanically supported by at least one rib
member attached to the wafer and wherein the rib member contains a bore

therethrough.

0. The method of any preceding claim further comprising providing a heat

transfer stream through at least one in order to heat the feed stream.

10.  The method of any preceding claim further comprising suctioning the

permeate from said permeate zone.



