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[0001] This invention relates to an apparatus and
process for separation of aromatics froma feed
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vEMprANENMEE&tEMON, this invention relates to an apparatus
and process for separation of aromatics from
gasol i nes, naphthas, diesel fuels, etc., with the
separation occurring via a nenbrane nenber in an
i sothermal system BACKGROUND OF THE | NVENTI ON [ 0002]
FIREROF EHIHENYERBPEON | on processes such as reverse
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venti.onal . .The pervaporation process is.a .
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el evated pressures. The |liquid m xtures to be
megﬂ}?&#%ﬁ%éﬁoéhmﬁaﬁ@%d onto an upstream side of a
menbrane, which is essentially inpervious to some of
the liquid components but will permt selective
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menbrane is thin, and its perimeter is seal ed agai nst
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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 component, €.g., the aromatic
component, of a mixed liquid feed is preferentially dissolved into the membrane film.

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




conponent, of a mxed liquid feed is preferentially
di ssolved into the nenbrane film For nenbranes
weebsausnse for the desired conmponent, the desi Pew/US2004/037332

conponent is WD 2005/049182 PCT/ US2004/ 037332 -2
preferentially adsorbed by the nmenbrane. 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
t he menbrane via the well- -BRnown sol ution-diffusion
mechani sm Accordingly, the desired conponent passes
t hrough the nmenbrane and is renoved as vapor fromits
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techni ques are nmenbranes used with spiral -wund and
plate frames. For instance, in U S Patent No.
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rised of a stack of basic units between a pair of
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formed by depositing a polymer on a porous support layer, which is a fine dispersion

or suspension and not a solid mass.

[0005]  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 gradient across
the elements due to this heat load. This can adversely affect both the quality and
economics of the separation process using the pervaporation of fluids. Also, in spiral

wound elements, a concentration gradient is established as a function of the length of



spiral -wound el ement systens, there can be a
significant tenperature gradient across the elenents
wduaeostoaonshi s heat | oad. This can adversely affect/usedomo37332
the quality and econom cs of the separation process
usi ng the pervaporation of fluids. Al so, in spiral
wound el enents, a concentration gradient is
established as a function of the length of WO
2005/ 049182 PCT/ US2004/ 037332 -3 the wi ndings. This
can adversely inpact the sepamrati on perfornmance.
Furthernore, there are pressure drop issues and thin
filmboundary | ayer issues that adversely influence
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flow rate applications is expensive. A so, the prior
elementSs i v al -wound el ements are expensive and difficult

to manufacture for high tenperature services. The

majority of commercial spiral-wound el enent designs
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[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 polymeric membrane assemblies and polymer
membrane separation methods that would provide for heating the polymer membrane

to improve permeability.



non-i sot hermal heating of the nenbrane itself. [0008]
There is therefore a need for polyneric menbrane
wagesmpdises and pol ymer nenbrane separati on neCnm83004/037332
that woul d provide for heating the polynmer menbrane
to inprove perneability. WO 2005/ 049182
PCT/ US2004/ 037332 -4- SUMMARY OF THE | NVENTI ON [ 00091
In an enbodi ment, the invention relates to a polyneric
menbrane wafer assenbly and a nmethod for using such
an assenbly for liquid separétions. The polyneric
menbr ane wafer assenbly (also referred to herein as a
"waf er assenbly") conprises a thin film pol yner

7 ne", and a frane, called a
SUMng%}RW?OFg?%EQSEWE e menbrane while interfering

as little as practical wth nenbrane perneation. The

[0009] n i emepibiogimentytirhinesrtionasiatdsse s &)d@ﬁhﬁﬂ@ fembrane wafer
sel ective for permeation of a desired conponent or
ass Eg’l and 3 peth 8 USINESHER amasseably fur ligpnd sepaeations.
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filmpalymepmeantiyane gewdetsy iscomvemtidrab and combptiyesaf fitsheort hi n
filmpolymer nmenbrane. Mesh screens may al so be used,
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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
wafer assembly. When a plurality of wafer assemblies are used, all or fewer than all
of the wafer assemblies can contain such weirs, screens, support fabrics, and rib

members, alone and in combination.



menbr ane support fabric positioned, preferably, on the
upstream side of the polyner nenbrane. In an
wenhsdusmsnt , a rib nenber may be solid or haveraThisem®4/037332
t her et hrough. The nmethod includes allowng a fluid to
enter the bore of the rib nenber and heating the feed
streamas the feed streamis being conducted through
the wafer assenbly. Wien a plurality of wafer
assenblies are used, all or fewer than all of the
waf er assenblies can containgsuch weirs, screens,
support fabrics, and rib nenbers, alone and in
conbi nati on. WD 2005/ 049182 PCT/ US2004/ 037332 -5
[0010] In a preferred enbodinment, the thin film
pol ynmer menbrane is nmounted on a nenbrane support
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abutting the nmenbrane support fabric and (ii) a nesh
further eempriged Gha pespubmeaiallid andloo perams cerantiosuppert nmterial
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the thin {ilmpol yner nmenbrane directly, or )
compbinatipng ph/ibese. fabrie) porongsunpertmaterial, apd sergens are used, it
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scremnt act with a first side of a thin netallic screen,

such as a stainless steel screen. The perineter of
t he nmenbrane/ support is held taut against the screen

[00? ﬁe ﬁ@ﬁ%&%ﬂ%ﬁ gquﬂqgiﬁg% &{f}d{}%m {agl%s Elrheecalé,)ée &Il 0 Etl thin (S)IflppOI't 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.

[0012]  In another embodiment, there is provided a method for separating desired

components from a liquid feed stream, and particularly for separating aromatic



rel easing the tension, applying a conpression force at
the perineter with an Oring, for exanple, to hold
woOheospasiseet er in position and the nmenbrane taBCT/USB®M037332
the optional screen and support are used, the
perneate side of the nenbrane is typically in contact
wWith the optional screen and support. The retentate
side of the nenbrane is preferably supported on
heated ribs in the nmenbrane assenbly in order to heat
the nenbrane isothermally. [@Q012] |In another
enbodi nent, there is provided a nethod for separating
desired conponents froma liquid feed stream and
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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
the liquid or vapor state. A retentate stream, which can be lean in the desired

feedstream component can be conducted away from the retentate zone.



feedstream may be in the vapor, liquid, or
i qui d-vapor regions of the feedstream phase diagram
woleos/geusti oning is used to provide a | ower pressmISE04M37332
the perneate zone, the downstream side of the
menbr ane produces a perneate vapor into the perneate
zone, which can be condensed into |iquid perneate.
Accordingly, the downstreamside of the first thin
filmpolynmer nenbrane is in fluid (including gaseous)
contact with the perneate zane. The perneate in the
perneate zone may be in the vapor state, and may be
subsequent|ly condensed into a |iquid. The perneate
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desire edstr eam conponent can be conduct away

arrhnged inparal ki esetiet eanddaseeies-PWralODHRIA4RNE Zircuits. In a preferred
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[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.

[0015] In another embodiment, a wafer assembly's permeate zone is heated with a

hot media selected from the group consisting of steam heat, hot gas, hot oil or hot



away fromthe first perneate zone. A perneate stream
is created that perneates through the second thin

woizbesvopoisy ner nenbrane, and into the perneate POMAIS2004/037332
[0014] When two or nore wafer assenblies are enpl oyed
in parallel for feed stream separation a differentia
pressure can be established across the wafer
assenblies to provide a driver for menbrane
perneation. In such cases, he perneate streamfrom
the plurality of wafer assenflies can be produced by a
suction driving force via the comon central outl et
tube Vacuun1punping, vacuun1ejecting, and
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e conmon central outlet tube, and
subsequently condensed, if desired. [0015] In another
enbodi ment, a wafer assenbly's perneate zone is heated
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wafer, with the third wafer having a first side and a

weirec 3ihd seedribwafed cantamstaepermiesie zong. wher ei n t he second
wafer and the third wafer forma second cavity area.
The first and third wafers may contain underfl ow

[O(Hiﬁt i éﬁﬁratus 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.
The first membrane member is disposed within the first cavity so that a first retentate
area is formed therein and the second membrane is disposed within the second cavity

so that a second retentate area is formed therein.



wei rs. The second wafer contains a perneate zone.

[0017] The apparatus further conprises a first and a
weeeFndoisenbr ane nenber, where a nenbrane nmenmBer/US2004/037332

conprises an independently selected thin film polymer

menbr ane nounted on a nenbrane support fabric such as

Tefl on, polyester, nylon, Nonex, Kevlar, etc., and

optionally, (i) a porous netallic and/or porous

ceram c support material abutting the nenbrane

support fabric and (ii) a nmesh screen. The ceramc

support material is preferred and, in the nost

preferred enbodinent, is at |east one of Cordierite,

Al um num oxi de, Zirconium Oxide, Mullite, Porcelain,

Stealite and Silicon Nitride. In the nost preferred
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al um na or other comrercially avail abl e adsor bents,
posttioned Within jargreovreem therrecomdrivaferi s di sposed within the

first cavity so that a first retentate area is forned

t-herein and t he second nmenbrane is disposed within the
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Inwef aothémembodient,chb oetil mesans foihthe seaindramarthird ovafers vemprises
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cogperaﬁﬁg\gggoo ntﬂ%g ﬁ@%c& ﬁlaoﬁgﬁeg%)u tep SnPi! aeéro{)'ve bh thé* thﬁ)r% 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.

[0021] In another embodiment, the apparatus further comprises a tandem second
wafer assembly 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



In yet another enbodi nent, the seal neans for the
second and third wafers conprises a first Oring
woibis@doimbout the outer rimin a groove on thePeemsz®4/037332
wafer, and a cooperating second O-ring fitted about
the outer rimin a groove on the third wafer. In
still yet another enbodi nent, the seal neans conprises
double 0O-rings fitted about the outer rimin a pair
of grooves on the second wafer and a cooperating pair
of double O-rings fitted abmit the outer rimin a
pair of grooves on the third wafer. [0020] The
apparatus may include a first feed tube di sposed
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and a second side. The fifth wafer is operatively
attached with the fourth WO 2005/ 049182

[0022]r/ uSeosseraBBaRirthefl Compfisss,a retdistritutionftibé dispasear through the
having a first side_and a second sjide, and wherein the

first gpg s¢condrerichassembly.fpr eondusting at lsashampartipn of drwvieteptate from

. dhe sixth fer is, operatively_.attache j th
the SRy piEf sy 18 Tieieab R dicnlyy 13 Tptth membrane
i . 1 g and
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and sixth wafer may contain underflow distribution

weirs. 400221 The assenbly further conprises a
[0023Li stAddibenally, inthe piefepisd emnbadimenty thenfarst and second avafer

s OB S 3 BB 7 SRR el RS i
seofRT A nt deBnlchty SELENENIALER ARRATRUndolReh e’ Gy pngrical
forap Baderlist SeraRyichiar, tHaRPAEE, r¥@hdpular, 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
contained within a single pressure vessel, (2) the assembly can be close-coupled to a
vacuum system (e.g. vacuum pump) to achieve a highly integrated, compact

equipment size, and (3) integration of process heating/re-heating with separation



[00231 Additionally, in the preferred enbodi nent, the
first and second wafer assenbly is arranged in tandem
wohers@ayist or mi ng an assenbly in a cylindrical PCT/US2004/037332

geonetry. The geonetry is not limted to a circular
cylinder geonmetry. Cylindrical fornms based on
semcircular, triangular, rectangular, and regular and
irregul ar polygon cross sections may al so be
enpl oyed. The tandem wafer assenblies can then be
arranged in a series of tandem wafer assenblies. The
nunber of tandem wafer assenblies arranged in the
series depends on design criteria such as flow
a
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in close proximty to the nmenbrane surface where the
Verﬁ@?QB‘ff&P%gPﬁs%ﬁe’ Pq%ﬁn ds is occurring. Such a geonetry
woul d be advant ageous because (1) that the entire
assenbly is contained within a single pressure
sel 1R
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operating pressure, etc [0025] While not wishing to
nh@@cg%thlﬁdm;albsﬁparaﬁ@@rgﬁr ¢fel The preferrerd enbadinieat tdachieve
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[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.
In this embodiment, additional fluid mixing and flow turbulence favorably influence
the thin film boundary layer on the high-pressure side of the membrane surface to

enhance flux and selectivity by avoiding hydrodynamic static zones.



where the effective perneation tenperature can be nore
precisely controlled. The bul k phase nol ecul ar
woams@atisat i ons are al so nore unifornly contr oPCeMS2004/037332
whi ch enhances the overall separation performnmance.
The preferred enbodi nent to achieve this isothernal
performance is to use steamas the heating fluid. As
the various zones in the nenbrane system array
require heat, steamcan rapidly condense locally to
provide rapid heating of thejgrenbrane and perneate.
[ 0026] Accordingly, hot gas such as steam or |ow
val ue stack gas is used as the preferred heating
medi a. In an enbodi ment, the hot gas flows through the
waf er assenblies via the ribs and provide the
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an”al ternative heater assen% y, e.g., a serpentine
with@lanttrdbddlar e(ﬁﬁph@ﬁt yéallds topically fauid iathepeadchieniealiisdustry.
attached to the nenbrane wafers. The design of the
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this enbodi nent, additional fluid mxing and fl ow
turbul ence favorably influence the thin filmboundary

[0028yer Imrantdmabddigtenprthe hin dilsi pdymer membrambiuaiher comprises a

surface to, enhance, flux and _selectivity. voi di
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PCT/ US2004/034332 .- 42 10027 e cyli ' t
WG Py Sean s ot @it B ekl BBl a0t over
o RO LB GBI NG Find ek et d v
withss grhheedranghfilen Tesleriies such wagan fiinewlating seoméxtotlgd pyrolisis,
are scal able and can be nade in either |arge_or _smaill
thesmabtyeating, pkesns eoaiingactonean baysed to gelipre iy finstigaality. The

R T XTI
Thé MR i 2dDdrbent 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. Ina
pressure swing mode, the adsorption media sees a high pressure and low-pressure
(vacuum) gradient. In the high-pressure zone, the target molecules are attracted to the
media from the bulk fluid phase. As these target molecules migrate to the low-

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



thin filmadsorption material in contact with the
upstream si de of the nenbrane, which may be in the
wobaonisroasisa finely di spersed powder, bonded to BCT/US2004/037332
subsequent layer or a material that has been finely
di spersed and cross-linked to forma porous |ayer
within the nenbrane film Techni ques such as thin film
coating, controlled pyrolisis, thermal treating,
pl asma coating, etc, can be used to achieve this
functionality. The adsorpti-i® |ayer enhances the
| ocal concentration gradient of the target nol ecul es.
The thin filmadsorbent and nmenbrane filmare both
selective for the target nolecule. The |ayered,
porous system allows the target nolecule's
BRIt BESGRIBTION OE THE IPRAWINGSr adi ent, etc.) to
be controlled to enhance separation perfornmance. In
preferred enbodi pents, the thin film
00301 o g?gﬁ%lﬂgg 1Al PEEDEetaYS View of bedirstowtsr swafery of
activated carbon, nol ecul ar sieves, zeolites, silica
gel s, alum na or other connercially avai | abl e
003d§or g '
O s Rt it P ey oL (RO HRL pe FIGURE 14,
conbi nati ons thereof, can be used in connection wth

the adsorption nedia. In a pressure swng node, the
[00ddk or B ; i & perspectivegviepr eftherfastoutet wafer eREIGERE 1A

ient. In the high-pressure zone, the
ﬁolﬁlt?lé n??ﬁ‘? ngs are attracted to the nedia fromthe
bul k fluid phase. As these target nolecules nmigrate to

the | ow pressure zone, they desorb into bulk fluid

[00BBhs e FEGURE 204 @p@@gwt@ves‘h@@/ ofURe NCRI D43 B
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DRAW NGS [ 0030] FI GURE 1A is a perspective VI ew of the

i FIGURE 1B is a sid

[001%1‘ oFROLHE S 6 a0 4ide midvationaview of ) @tpmak wafer of FIGURE
[0032] FIGURE 1C is a perspective view of the first
outer wafer of FIGURE |A fromthe opposite plane.

[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.



[0033] FIGURE 2A is a perspective view of the internal
wafer. [0034] FIGURE 2B is a side elevation view of
woheosioatse nal wafer of FIGURE 2A. [0035] FI GURETAS2(08/037332
a cross-sectional view of the internal wafer of FI GURE
2A taken fromline 2C-2C [0036] FIGURE 3Ais 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 wafefgof FIGURE 1A fromthe
opposi te plane. WD 2005/049182 PCT/ US2004/ 037332 -14
[0039] FIGURE 4 is an expl oded side el evation view of

100335, o EREE 4580 ETbiPioned, 9C kel 1 e o wafer

ass%fr?cﬁ lies seen in FIGURE 4 detailing one enbodi nent
of the nmenbrane nenber. [0041] FIGURE 5B is an
expl oded side el evation view of the two wafer
assenblies seen in FIGURE 4 detailing a second
[0 odi FEMURET S eisrembexpiededrsidie releyatioa2yiew @iRehestwo wafer

wsehilrgan G e s Y et AR pepbrape member

plan view of two internal wafers in tandem [0044]
FIGURE 7A is a schematic side el evation view of tandem

[00Mfjer FRSSRI!IESSisak agReddd) sii iekSvatiofO¢Rlw FIfGHRE t¥B wafer
is a schematic front view of one of the tandem wafer
assemblies seen in FIGURE 4 detailing a second embodiment of the membrane

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.



assenblies seen in FIGURE 7A. [0046] FIGURE 8 is a
perspective view of tandem wafer assenblies arranged
woOonoosgasises al ong with the tubing nenbers. [ 002ZT/US2004/037332
FIGURE 9 is a partial cut away view of the tandem
waf er assenblies seen in FIGJRE 8. WO 2005/ 049182
PCT/ US2004/ 037332 -15 [0048] FIGURE 10 is a
cross-sectional view taken fromline 10-10 in FIGURE 6
of the preferred enbodi nent of the flow pattern
t hrough tandem waf er assenbl.jgs. [0049] FIGURE 11A
shows a first enbodi nent of a seal nenber for the
waf er assenbly. [0050] FIGURE 11B shows a second

o0 R IRBL 2 B TERR S M RO E T proumes

of tHe B’P@ferf&f elhBSdM\ﬁérﬁrof tﬁé sRAWPMterh@ hithhdRE WedeSHQ¥mblies.

t he operating envel ope for a preferred nenbrane
separation system Conventional nenbrane separations
woul d occur al ong_the line depicted by dlanDn

[0063} nt FIGIdREL bl shosse fisst grabediment of auseal wammber for the wafer

ass é [gase across the nenbrane fromthe feed zone to
? 3f)ermaate zone for conventional nenbranes. For
menbr ane separations of the invention, however, the
separations can be conducted isothermally or with

[0050cr e EIGIgREeIhBr slidwe a( S¢veali agbodriaiti oha)seal mMdmbdiefor the
feed zone to the perneate zone, as shown. WO

wafzpassenblig2 PCT/ US2004/ 037332 - 16 DETAI LED
DESCRI PTI ON | NVENTI ON

[0051] FIGURE 11C shows a third embodiment of a seal member for the wafer

assembly.

[0052] FIGURE 12 shows the operating envelope for a preferred membrane
separation system. Conventional membrane separations would occur along the line
depicted by diamond points. As shown, temperature and pressure would decrease
across the membrane from the feed zone to the permeate zone for conventional
membranes. For membrane separations of the invention, however, the separations
can be conducted isothermally or with increasing temperature ("heating operation")

from the feed zone to the permeate zone, as shown.



[0053] 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/US2004/037332
components fromliquid feedstreans. [0054] As
di scussed, A nenbrane wafer assenbly conprises a thin
filmpolynmer nenbrane and a frane, called a "wafer"”
for supporting the thin film polynmer nmenbrane while
interfering as little as practical w th nmenbrane
perneation. The thin filmpegynmer menbrane conprises
pol yner sel ective for perneation of a desired
conmponent or species in a feed stream across the

e i1, Les gr adi ent,
@m&ﬁb}" Wgﬁ] Pol yner used in a

thin filmpolynmer nenbrane within a wafer assenbly
ul :

[00?52 ds?lr“lge:%]ﬁf%%rﬁ;glg %ééﬁtf’g & Fgﬁﬂ}dlgﬁeﬁ L In?\grghé G fer assemblies,
andPBie®etof sdth fmif@rrﬁssérﬁbﬂéd for 3eparatimpdesited specios 6r components

i ndi vi dual wafer assemblies in an arrangement of one
fromy ligwiddeedsdteanssenbl i es, the wafer assenblies can

cont ai n nmenbr anes conprlsing i ndependent |y sel ect ed

pol yners. Additionally, in one of the preferred

[OOS'ITOd' AE ﬁ#s%usstelae RALABEIne &?@f ?&% Z}( b&gﬁﬂg&de?@ﬁﬁ film n polymer

ect'ed Trom b yIers use ernea
meRibrah® iR h Fra3Re Qﬂaﬁéd a Waarerd, fos easitating thelin kA ?bgﬁﬂer
is used, its po ymer can be |ndependently sel ecte
membranw a&nkefmmfeymgras litteadpractied with tieenbrembpemesitiohelhe
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con PR e ST Rm ASER KR IR prssr

gralifert SR Rh@a@6P RIS, e oM a feed stream containing
an aromati c con‘gpdnent a pol ynmer capabl e of

sel ectively perneati ng WO 2005/ 049182
PCT/ US2004/ 037332 -17 aromati cs can be used. Exanples
[0056] pol Belymer ssed b thin Simacdyier membiane withiea mafer assembly

should be selective for permeation of a desired feedstream component. Should it be

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

homopolymers, copolymers, terpolymers, prepolymers, and oligomers.

[0056] In cases where it is desirable to separate aromatics from a feed stream

containing an aromatic component, a polymer capable of selectively permeating



separations of liquid hydrocarbons can be found in the
followng United States patents: U S. patent

w0 2006404880 covering pol yi m de/aliphatic pol yesPer/us2004/037332
copolynmers, U.S. patent 4,946,594 covering
crosslinked copol yners of aliphatic polyester diols
and di anhydride, U S. patent 5,093,003 covering
hal ogenat ed pol yurethanes, U S. patent 5,550, 199
covering di epoxi de crosslinked/esterified
pol yi m de-al i phatic polyestgs. copolynmers, U S patent
4,990, 275 covering polyimde aliphatic pol yester
copolyrmers, U. S. patent 5,098,570 covering multi-block

ol.ymer conprjsing a urea I hai t,ended .
aroleifs g B hed: 8 Rlcs o DOPERRIF SHIERDLe fRATRBIAE { fgn-aromatic
. rAat i L
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patSRPATEL I?afb‘ht afoqr gRPEdvesink R isdHYAEPRRic polFestdraiopBlymers,
4,828,773 covering highly aromatic ani sotropic

U.Shtent 4046, ¥heovermegrdvosshiekedindpolytners ofiadiphitic polyester diols

separation_of aromatics from non-aronmatics, U S
andeandrides 37 SoBaents 083 PR3 cokering helReeusisbipiyarcthanes, USS.

repared. by depositi. . Lo, 1M Sy
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Pl QGBS SO0, SRS LR ek bt ol
copobyniers 1. 81 it 098,670 aoesimuulthblockyméyrher cdrhprising a urea

separation of aromatics fromnon- aromatics, U S.
prepel chagn extesdedcwithrai goanpatihe second pagnadymer, the membrane

ol.yureal ur et hane . nenbr anes d_t hej ar_the

malg AP BTt LR P S PAF Bl P LB60 Bt
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4,848 929 c&'@@riﬁgheg’ﬂrllg grdaaiy adibstedisic pobastd/miedthne membranes and

pol yur et hane nmenbranes and their use for the
thegaysa fert therseparation od prepatiesoiomaren-atoomdics,ds.S. patent 4,837,054

pat ent. 4, 983, 338 covering i socyangrate crosslinked. .
covgaing shigy AR cOmRORHe HrTARGID LA 1 o donas o o & solution, US.
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polyurea/urethane membranes and their use for the separation of aromatics from non-

Di

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

polymer comprising and imide or amide-acid prepolymer chain extended with a



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

chain extended wth a WO 2005/ 049182 PCT/ US2004/ 037332
wok8swassat i bl e second prepol yner and its use PAT/US2004/037332

separations, U S. patent 5,039,418 covering nenbrane

made froma nulti-block polyner conprising an

oxazol i done prepolyner chain extended with a

conpati bl e second prepolyner and its use in

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

mul ti-block polyner conprisijgg a urea prepolyner

chain extended with a conpatlble second prepol yner,

the menbr ane nade therefromand its use in

arations, pat ent 5, 049, 281 cov
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second prepolymer, the membrane made therefrom and its use in separations, U.S.

patent 5,098,570 covering multi-block polymer comprising a urea prepolymer chain
extended with a compatible second prepolymer, the membrane made therefrom and
its use in separations, U.S. patent 5,130,017 covering multi-block polymer comprising
a first amide acid prepolymer, chain extended with a compatible second prepolymer,
the membrane made therefrom and its use in separations, U.S. patent 5,221,481
covering multi-block polymer comprising an ester prepolymer, made by combining
epoxy with polyester chain extended with a compatible second prepolymer, the
membrane made therefrom and its use for separations, U.S. patent 5,290,452 covering
crosslinked polyester amide membranes and their use for organic separations, U.S.
patent 5,028, 685 covering halogenated polyurethanes, U.S. patent 5,128,439

covering saturated polyesters and crosslinked membranes therefrom for



epoxy with polyester chain extended with a conpatible
second prepol yner, the nenbrane nmade therefrom and
woreosugeist or separations, U S. patent 5,290, 45BPCT/US2004/037332
covering crosslinked polyester am de nenbranes and
their use for organic separations, U S. patent 5,028,
685 covering hal ogenated pol yurethanes, U. S. patent
5,128,439 covering saturated pol yesters and
crossl i nked nenbranes therefromfor WO 2005/ 049182
PCT/ US2004/ 037332 -19 aronefg_c/saturate separations,
U S patent 5,138,023 covering unsaturat ed pol yesters
and crosslinked nenbranes therefromfor
arqnmat i c/ saturat.e s ration pat ent 241
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covering o par a |n separation via nenbrane
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m’cronet er ter ayers can
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polymer layers can be used to enhance selectivity. For example, thin layers of
polyvinyl alcohol ("PVA"), polydimethylsiloxane ("PDMS"), and cellulose esters can

be used.

[0057] A thin film polymer membrane wafer assembly comprises a thin film
polymer membrane and at least one wafer. The wafer will now be described in terms
of particular embodiments relating to the separation of aromatics from a liquid feed
containing aromatic and non-aromatic components, as shown in the figures. It should

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

[0058] A wafer suitable for use in an embodiment is set forth in figure 1A. More
than one wafer can be employed in a wafer assembly. While the wafer is shown in

the geometry of a thin semicircular cylinder, it should be understood that other



pol ymer menbrane and at | east one wafer. The wafer
w Il now be described in terns of particular
wenhsduymsat s rel ating to the separation of ar oRarTiIUS3004/037332
froma liquid feed containing aromatic and
non-aromati c conponents, as shown in the figures. It
should be noted that the invention is not limted to
such enbodi ments. [0058] A wafer suitable for use in
an enbodinment is set forth in figure 1A. Mire than
one wafer can be enployed i ;mp@ wafer assenbly. Wile
the wafer is shown in the geonetry of a thin
sem circular cylinder, it should be understood that
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tubiRFBRIMbeRSasdREEFibBEBelRR).OW. [ 00591 The wafer 2a al so
contains a first corner indentation 14 and a second
corner indentation 16, with the corner indentations
14, 16_being configured to also receive _tubular

[00825b el be waker Jaaalsqlcontrinye Brs eatnarisdentationst4 sndia second corner
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wth a tu uncti1ons of
side indentation 20, along with a center indentation 22, which is configured to receive

and be operatively associated with a tubular member. The functions of the tubular
members are different and is more fully set forth below. As discussed, the wafer 2a
has a solid back wall 24. In other words, the wafer 2a is in the form of a plate. The
back wall 24 has two underflow weirs that traverse it, namely underflow weir 26 and
underflow weir 28. The weirs 26, 28 are raised projections that will alter the flow
pattern of the feed stream as will be more fully set out below. The weirs 26, 28 also
add to the structural support of the wafer 2a. For larger diameter systems, additional

ribs and indentations for tubular members can be provided.

[0060] Fig. 1B is a side elevation view of the first wafér 2a of Fig. 1A. It should

be noted that like numbers appearing in the various figures refer to like components.



menbers are different and is nore fully set forth
bel ow. As discussed, the wafer 2a has a solid back
woabds/o2¢41821 n ot her words, the wafer 2a is in tReTfuseom/037332
of a plate. The back wall 24 has two underflow weirs
that traverse it, nanely underflow weir 26 and
underflow weir 28. The weirs 26, 28 are raised
projections that will alter the flow pattern of the
feed streamas will be nore fully set out below The
weirs 26, 28 also add to tlp-structural support of
the wafer 2a. For |arger dianmeter systens, additional
ri bs and indentations for tubular nmenbers can be
rovi ded 601 .Fi.q. 1B i . Siyde. @l ' Vi 0
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outarewaferiof. Figa 14/ Senyéys eprositelanarissshaya. &igeHeglepists the back
LEE back wall 24. Also shown are the redistribution
walf it s 30a, 30b. Referring to Fig. 1C, a perspective
view of the first outer wafer of Fig. 1A fromthe
opposite plane is shown. Fig. 1C depicts the back
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perspective view of the internal wafer 34a will now
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nmenber 40 and a second rib nenber 42. The ribs 40, 42

rib heenebdrde dTotibs 4842 Uave bured holesdidg Ao tidre thronghl. The bored
holes 44, 46 wil] allgw a hot nedia, such as stea 0

holes 44y 46wl gHowrachoti iaedinnichsy stasantp @W Okb%lhﬁth@ﬁt% t@?feby
he wafer ass I as Wll.b f i.ne

e SRR a5 s TR Sl B4 B veow,

Forl9fhel QEFRERE bAASmE dditidiAl #ibs ARAREAht£ifhs for tubular members can

be provided.

[0062]  The internal wafer 34a has a top indentation 48, at the apex, for placement
of a tubular member. The outer rim 36a extends to the radially flat surface _5 0. The
radially flat surface 50 will have a first corner indentation 52 and a second corner
indentation 54; additionally a first side indentation 56 and a second side indentation
58 is included. The center indentation 60 is shown with the aperture 62 there through.
The internal wafer 34a does not contain a wall, but instead has open areas. Therefore,
the numerals 64, 66, and 68 seen in Fig. 2A represent open areas which correspond to
the permeate zone. The internal wafer 34a has a first ledge 72a and a second ledge

74a.



be provided. [0062] The internal wafer 34a has a top
i ndentation 48, at the apex, for placenent of a
woutnsicasiseenber. The outer rim 36a extends to POE/US2004/037332
radially flat surface 50. The radially flat surface
50 will have a first corner indentation 52 and a
second corner indentation 54; additionally a first
side indentation 56 and a second side indentation 58
is included. The center indentation 60 is shown with
the aperture 62 there through. The internal wafer 34a
does not contain a wall, but instead has open areas.
Therefore, the nunerals 64, 66, and 68 seen in Fig.
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third | edge 72b and fourth | edge 74b. [0064] Referring

now to Fig. 3A, a_perspective view of tthtﬁ second out er
,L0g
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sur e semcircular outer edge 78

senAdifbladiaér &g 78 cRaBOxtends wi the radial surBe 86 tFhet deenicirenlar
82 having a plurality of openings, for instance as
outeresglge 48 add, radiel supf: pontamspaimeize rgthsihenin $2 having a

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

screws, or may contain O-ring grooves which are not shown in this figure. The
semicircular outer edge 78 contains a first indentation 86 at the top portion (also
referred to as the apex) of the wafer 76a. The indentation 86 is configured to receive
a tubular member, as will be more fully set forth below. The functions of the tubular

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

[0065] The wafer 76a also contains a first corner indentation 88 and a second
corner indentation 90, with the corner indentations 88, 90 being configured to also
receive tubular members. The radial surface 80 contains a first side indentation 92
and a second side indentation 94, along with a center indentation 96, which is

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



screws, or may contain Oring grooves which are not
shown in this figure. The semcircular outer edge 78
woanisausis2za first indentation 86 at the top poPCT@S2004/037332
(also referred to as the apex) of the wafer 76a. The
i ndentation 86 is configured to receive a tubular
menber, as will be nore fully set forth bel ow The
functions of the tubular nenbers are different and
will be nore fully set forth below [0065] The wafer
76a al so contains a first cegner indentation 88 and a
second corner indentation 90, with the corner
i ndentations 88, 90 being configured to also receive
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[0068] Referring now to Fig. 4, an exploded side elevation view of the first wafer
assembly 106 in tandem with a second wafer assembly 108 will now be described.
As seen in Fig. 4, the wafer assembly 106 consists of the first outer wafer 2a, the first
membrane member 110, the internal wafer 34a, the second membrane member 112,
and then the second outer wafer 76a. Thus, a wafer assembly consists of the first
outer wafer, membrane member, internal wafer, membrane member and then the
outer wafer. It should be noted that the first outer wafer 2a is of the reinforced type,

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

[0069]  Asshown in Fig. 4, a second wafer assembly 108 is in tandem with the first

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



99a and 99b. [0068] Referring nowto Fig. 4, an
expl oded side elevation view of the first wafer
wazeEmedg2106 in tandemwith a second waf er asBemuisy004/037332
108 will now be described. As seen in Fig. 4, the
waf er assenbly 106 consists of the first outer wafer
2a, the first nenbrane nenber 110, the internal wafer
34a, the second nenbrane nenber 112, and then the
second outer wafer 76a. Thus, a wafer assenbly
consists of the first outengwafer, nmenbrane nenber,
i nternal wafer, nenbrane nenber and then the outer
wafer. It should be noted that the first outer wafer
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second nmenbrane nenber 116, and the second outer
waf er 76b. According to the teachings of the present
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screws I's shown for fastening a wafer asse

thrdt@t&ildeﬂmg 1 1Hat in wafeai6e witlccanpetatiteg cﬁpemmgsh}]ci/@gﬂ 7f in wafer 34a
openi ng | 7b in wafer 2a and screw 117c fits through

S0 tbpfewaf@gs Zﬂﬂéalqiild/%ﬁae%lef@ée%dt g erating openi ngs
117e/117f in wafer 34a so that wafers 2a, 34a and 76a
are fastened together. [0071] Fig. 5A is an expl oded
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I ng one enbodi nent of the
sediEiftHigne derither ond-emboditnde pif dicsmentheans marbeedFig. SA depicts
enbodi nent of the polyneric nmenbrane wafer ass nblf/
the prefanied enghastisrens of ditbpalymsnc mermbrars M amssm%é 1 thép

t hat  conpri ses feed,s
preferred embodiment, fhe membrane member 110 that comprises a feed spacer

screen 120a, a gasket 122a, a thin film membrane 124a and a sintered metal member
126a. The sintered metal member 126a is typically attached to member 34a by
electron beam welding. Other forms of attachment common to those skilled in the art
are also feasible. The member 126a may [also] be constructed of a porous metallic or
porous ceramic support material. The porous support materials provide an
engineered flat surface for the membrane fabric to lay on and are common to both the

dynamic and polymeric embodiments herein disclosed.

[0072]  The feed spacer screen is commercially available. The feed spacer screen
is commercially available metal or non-metallic screen materials. The sintered metal
member 126a is available from Martin Kurz and Co. Inc. under the name
DYNAPORE. Various grades of DYNAPORE may be used from grade TWM-80 to
BWM-80. DYNAPORE grades made from five (5) layer screen filter media are the



screen 120a, a gasket 122a, a thin film nmenbrane 124a
and a sintered netal nenber 126a. The sintered netal
worodzan9ik26a i s typically attached to nenber 3#aThig2004/037332
el ectron beam wel ding. Qther fornms of attachnent
conmon to those skilled in the art are also feasible.
The nmenber 126a may [al so] be constructed of a porous
nmetallic or porous ceram c support material. The
porous support materials provide an engineered fl at
surface for the menbrane fabgsic to lay on and are
comon to both the dynam c and pol yneric enbodi nents
herei n di scl osed. [0072] The feed spacer screen is
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nmenber 112 co ises a feed spacer screen 128a, a
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metal 134a. The sintered netal nenber 134a is ;
membei Exal may alsa bh 8P erousBrialiic 91 RORUSAEFPIGHIPReY aterial.

wel ding. Gher forns of attachment common to those
skilled in the art are also feasible. The nenber 134a

a ; :
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122608Bih S/ Refnbemesi2tieands sesred 2fdtal membsk #26b. 1PRbgintered
thin fil mnenbrane 1 24b and a sintered netal nember
metaPBiembEnd26b is twpisdl lyrattaghedrismembep dAa by elsgioadicain welding.
Oth%}' tfc?r(rzrs]segf eftt%chnlggbritecrorgrd'n%nb% tﬁlos%cstlél?end %eﬁ@aWa{rg ia{]s%'feasible. In one
preferred embodiment, the second membrane member 116 comprises a feed spacer
screen 128D, a gasket 130b, a thin film membrane 132b and a sintered metal member
134b. The sintered metal member 134b 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 members 126a and 134a may also be constructed of a porous

metallic or porous ceramic material.

[0075] It should be noted that different components within the membrane
members are possible. For instance, the membrane support fabric, while not shown n
Fig. 5A, may be included as part of the membrane members as depicted in Fig. 5B.
The Fig. 5B is discussed below. Additionally, different sequencing and/or

arrangement of the components within the membrane member is also possible.



O her forms of attachnent common to those skilled in
the art are also feasible. In one preferred
wenzddymsnt , the second nenbrane nmenber 116 CORPTIUSE®4/837332
feed spacer screen 128b, a gasket 130b, a thin film
menbrane 132b and a sintered netal nenber 134b. The
sintered netal nmenber 134b is typically attached to
menber 34a by electron beam wel ding. Qther forns of
attachnment common to those skilled in the art are
al so feasible. The nenbers khgba and 134a may al so be
constructed of a porous netallic or porous ceramc
material. [0075] It should be noted that different
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polyester, nylon, Nomex or Kevlar type of fabric. Teflon, Nomex and Kevlar are

trademarks of DuPont. The porous metallic support material (418a) is commercially
available from Martin Kurz and Co. Inc. under the name DYNAPORE. Various
grades of DYNAPORE may be used from grade TWM-80 to BWM-80.
DYNAPORE grades made from 5 layer screen filter media are the most preferred
embodiment for this sintered metal member. The adsorption media may be placed on
a porous sheet, or placed onto the surface of the thin film membrane. Preferably, the
adsorption media has a surface area ranging from 100 to 1500 square meters per
gram. Typical adsorbent material will be activated carbon, molecular sieves, zeolites,
silica gels, alumina. Impregnated adsorbents may also be used. Adsorbent materials
may be impregnated with the following materials to enhance performance - Sodium,
Cobalt, Molybdenum, Copper and other metals. Suitable adsorbent materials are

available from, e.g., (a) Calgon Co. for activated carbon and impregnated



commercially avail able. The nmenbrane support fabric is
commercially available from e.g., W L. Gore, Inc.

wandesro4eise trademark GoreTex. CGoreTex is a Tef POWUS2004/037332
pol yetraf | uoroet hyl en (PTFE) fabric. The menbrane
support fabric may al so be polyester, nylon, Nonmex or
Kevl ar type of fabric. Teflon, Nonex and Kevlar are
trademar ks of DuPont. The porous netallic support
material (418a) is comercially available fromMartin
Kurz and Co. Inc. under the_gywanme DYNAPORE. Various
grades of DYNAPCORE nmay be used from grade TWM 80 to
BWW 80. DYNAPORE grades nade fromb5 | ayer screen
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‘ ers; and (d) ExxonMhil Co. .for eolites i th _t.he
(0035 ey eheRCmbie THERBS 0 FeppdhRen SoRRg boifuadds, g Wit mesh
scrgétpﬁ(%, a powdered layer of adsorption media 412¢c, membrane 414c, O-ring
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rope 417c¢, support fabric membrane 416c¢, and a porous support material 418c, that
may be either metallic or ceramic. In one preferred embodiment, the second
membrane member package 408 comprises an O-ring rope 409d, a wire mesh screen
410d, a powdered layer of adsorption media 412d, membrane 414d, membrane
support fabric 416d, an O-ring rope 417d, and a porous support material 418d, that
may be either metallic or ceramic. It should be noted that different components, or a

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

[0079]  Fig. 5C is a schematic of the flow through the dynamic embodiment seen
in Fig. 5B. The flow stream “F* flows through the powder adsorption media, then
through the thin film polymeric membrane and then through the membrane fabric,
and in turn through the porous support.



[00771 The second nenbrane nmenber 402 conprises O-ring
rope 409b, a wire nesh screen 41 b, a powdered | ayer
woho@demispt i on nedi a 412b, nenbrane 414b, nenBCaMNS2004/037332
416b, Oring rope 417b, and a porous support nateri al
418b, that maybe either netallic or ceramc. [00781
The nmenbrane nenber 406 conprises an Oring rope 409c,
a wre nesh screen 410c, a powdered |ayer of
adsorption nmedia 412c, nenbrane 414c, Oring rope
417c, support fabric nenbrang 416c, and a porous
support material 418c, that nmay be either netallic or
ceramic. In one preferred enbodi nent, the second
menbr ane nenber package 408 conprises an O-ring rope
409d, a wire nesh screen 410d, a powdered | ayer of
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ar nenbers 148 and 149 are

theRyihefic A dssumitigiindiet Bostdffielonatonguration er proud:sﬁn’fgelarge
open rectangular pin or harps screwed/bolted into
quamities of fed stmamauithincoprasswrsivessabalthough gherglindss need not be a

used.
semi-circular or circular cylinder. The vessel 135 may have a hot media, such as

steam, placed within the annulus area A.

[0081]  Fig. 6 depicts the center indentation 60a and 60b which form a cylindrical
passage for placement of a tubular member 140 for the permeate, along with the
apertures 140a, and 140b for passage of the permeate into tubular member 140. Also,
the indentation 48a has a tubular member 142 therein for the inlet feed. The
indentation 48b has a tubular member 144 therein for the feed (retentate) outlet. The
indentation 52a and 52b has a tubular member 146 therein for the steam supply. The
indentation 54a and 54b has a tubular member 148 for the steam supply. The side
indentations 56a, 56b has a redistribution tubular member 150. The side indentations

58a, 58b has a redistribution tubular member 152.



Since both wafers 34a, 34b are semcircular, the two
coupl ed wafers forma cylindrical assenbly with a
wgensroadisy circul ar cross-section. This cyli ndPCTalS2004/037332
assenmbly allows for the entire device to be placed
within a pressure vessel 135, and therefore,
maxi m zes the space and volune within said vessel 135.
In other words, the cylindrical assenbly is the nost
efficient configuration for processing |arge
quantities of feed stream wjphin a pressure vessel
al though the cylinder need not be a sem-circular or
circular cylinder. The vessel 135 may have a hot

(0051 OB 1 mginep 42 Sien e b8 Sod s PARHE i Bafs. The
tubLﬁFtdme it nwh& IQVlfﬂG(; otk tr‘i},gﬁ it6dhe f?@c’éﬁ% {1fentate). The tubular
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54b has a tubul ar nenber 148 for the st eam supply. The
side indentations 56a, 56b has a redistribution
[0083jbul Refersinizerovd EOFigTHA, sisdeernatdesidateleyation ygewy ofgmdem wafer
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L3 ssp R B 5 L35 432 o Bt supor
and%eolg%gfa§1né%1th Jaﬂ%mprocal set of support projections in a different plane. This

wafer assembly is denoted as W1.

[0084] The reciprocal wafer assembly in tandem includes an end wafer 174
attached to an internal wafer 176 that is attached to an end wafer 178. The end wafer
174 has two support projections, namely 176 and 178 for providing structural support
and cooperating with a reciprocal set of support projections in a different plane. The
end wafer 178 has two support projections, namely 180 and 182 for providing
structural support and cooperating with a reciprocal set of support proj ections in a

different plane. This wafer assembly is denoted as W2.

[0085] Wafer assemblies W3 and W4 are shown. The wafer assemblies W3 and
W4 are essentially the same as W1 and W2. The wafer assembly W3 will be



[0083] Referring nowto Fig. 7A, a schematic side
el evation view of tandem wafer assenblies arranged in
woeenisagomse | | now be described. Fig. 7A depict spaTwatmn/ 037332
assenbly that conprises an end wafer 160 attached to
an internal wafer 162 that is attached to an end
waf er 164. The end wafer 160 has two support
projections, nanely 166 and 168 for providing
structural support and cooperating with a reciproca
set of support projections_iq a different plane from
anot her wafer assenbly. The end wafer 164 has two
support projections, nanely 170 and 172 for prOV|d|ng
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is denoted as W2. [0085] Wafer assenbli es WB and W
are shown. The wafer assenblies WB and are
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Referring to Fig. 7B, a schematic front view tandem

wafafassenalalss (B y- , WAL - W 6 WiowWAED adsbowinbadig. AA seen

in Fig. 7B, feed/retentate liquid fromW flows out
of WB via redistribution tubes 150 and 152

[0087]  Fig. 7A depicts the wafer assembly W5 that will be operatively attached to

wafer assembly W6. Finally, wafer assembly W7 is shown operatively attached to
wafer assembly W8. Wafer assemblies W5 and W6 are essentially the same as W3
and W4, and wafer assemblies W7 and W8 are essentially the same as wafer
assemblies W5 and W6 except that in the W7 wafer assembly, the end wafer 2a is the
reinforced type, and that in W8, the end wafer 2b is also the reinforced type. The

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

[0088]  TheFig. 7A illustrates that the wafers are arranged in tandem, and then the
tandem wafer assemblies are arranged in series. In other words, wafer W1 is in
tandem with wafer W2. By adding the tandem wafer assemblies in series, the
operator in effect increases the flow capacities for the apparatus. Fig. 7A also shows

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



and enters W via these tubes 150, 152; the perneate
flows out of WB and W and into tubular nmenber 140.
wpQOBAkIIIRet urning to Fig. 7A, the feed stream egRTHUS2004/837332
the outlet tube 144 as designated by the arrows 194,
196. The portion of the feed streamthat perneates
t hrough the nenbrane nenbers exits via tube 140, which
is denoted by the nunerals 198 and 200. As per the
teaching of this invention, this flow pattern is
simlar for all wafer assenpiies (WL -W2, Wb - W5, W
- WB) as shown in Fig. 7A. [0087] Fig. 7A depicts the
waf er assenbly Wo that will be operatively attached to
y,.. waf er assenb
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. also the reinforced type. The internal wafers 34a and
int@plgce #heeridle outer wafers 76a, 76b are al so shown.
[0088] The Fig. 7A illustrates that the wafers are
arranged in tandem and then the tandem wafer
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the3®ipbing phte246 a4 shitwry ataigswith teepdisteibationtubes 1601 BX2.

the conpressive | oad when the tandem waf er assenblies
are conpressed

[0090] Fig. 9 is a partial cut away view of the tandem wafer assemblies seen in
Fig. 8. Thus, the W1, W2, W3, W4, W5, W6, W7, and W8 wafer assemblies are
shown. This partial cross-section depicts the redistribution tube 152 along with the
nozzles 220, 222, 224, 226, 228, 230, 231, 232, 233 and 234. These nozzles direct the
feed (retentate) from the first wafer assembly to the second wafer assembly arranged
in tandem. For example, the feed is directed from wafer assembly W1 to wafer
assembly W2 via nozzle 224 and nozzle 226. Additionally, permeate tube 140 is
shown, along with the nozzles 236, 238, 240, 242 and 243 for directing the permeate
produced from the wafer assemblies from the permeate zone (the permeate zone 262
is shown in Fig. 10) to the permeate tube 140 which is ultimately produced from the
apparatus.



into place in series. [0089] Referring nowto Fig. 8,
a perspective view of tandem wafer assenblies

wano@nged2i n series along with the tubi ng menbecs/usedol/ 037332
now be described. In this view, the wafer assenblies
W, W, W8, W, Wb, W5, W/, and W8 are shown. It
should be noted that the end wafer 2a of wafer W and
end wafer 2b of wafer WB is of the reinforced type.
The feed inlet tubular 142 is shown, the perneate
tubular 140 is shown, and tf3e feed outlet tubular 144
is shown in Fig. 8. The stopper plate 244 and the
coupling plate 246 are shown, along with the

r0obF' 3p i, St o Bl Rd s heiors fnsedieratich fsopating plate
246 536 48 i pftee Zsnd Sl pifEe 2488bocitld addfd infBne pbforred

embodififent fF4it 9A pRsHRIIStednipiesdingitlsd sdriey of eahdenb &val&Zassemblies
along with the "nozzles 220, 222, 224, 226, 228, 230,
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aid in properly conpressing the series of tandemwafer
[0092F e mR fersingtnogye tchidig, 10y asexnsn decitanpyiew qfi the prefaged embodiment

of t%é %Co%sgpét?e%? ttl?r%{lgﬁmatsgri% of tua?ltzllerrl]igwg%e?ggse%%qiés%vill now be

described. Thus, there is shown the first outer wafer 2a that is operatively attached to

the internal wafer 34a. The internal wafer 34a is in turn operatively attached to the
second outer wafer 76a of wafer assembly W7, as previously described. The first
membrane member 110 is disposed within the first cavity created between the wafer
2a and the wafer 34a. The second membrane 112 is disposed within the second cavity

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

[0093] The feed stream will be channeled through the channel 260. The weir 26
and weir 28 will cause the feed stream to undergo turbulent flow. A portion of the
stream will react with the membrane 1 10 and the permeate thus produced will be
directed into the permeate zone 262 which in turn is directed to the permeate tubular
140 via the nozzle 243. The permeate path is shown by arrows “P”. The portion of the

feed stream that does not permeate through the membrane member 110 is known as



shown, with the stopper plate 248 and coupling plate
250 bei ng added on the opposite side for the
woecaispamisal conpression of the series of tandercwakenn4/037332
assenblies together. It should be noted that in one
preferred enbodi nent, the coupling plates are nmade up
of two halves that are attached together, generally by
a fastener nmeans such as nuts and bolts. The stopper
pl ates 244, 248 are attached al so by fastener neans
such as nuts and bolts to tjae wafer assenblies. The
st opper plates provide additional nechanica
integrity to the assenbly of wafers WI through 8.
[0092] Referring now,to a Ccross section. vie
the éﬁetl , PR s Fedent éhﬁéwmpug%alet TG RIe L8 shown by path
throygh a series of tandem wafer assenblles MA|| now
am:E%Sg@escribed. Thus, there is shown the first outer
wafer 2a that is operatively attached to the interna
waf er 34a. The internal wafer 34a is in turn
[000pEr atli a@doydance amliethis entbodimentg trednoomeng feafletreadas afso
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the feed stream t hat does not perneat e through the
menbr ane menber 110 is known as WO 2005/ 049182
[009ST/ USR ttprefz Rz mbadinidng, ﬁletr@nntateeﬁoanﬁnetfmtswafer assembly

t ent i
Whivts Batsnden Nogs asembly We via the rédisinbubion tibes 150, 152

(tube 150 is not shown in Fig. 10) where it will again be exposed to the similar

the rgu:

_g..

process in that the feed stream (retentate) will be exposed to the weirs, and membrane
members. The permeate will be directed to the permeate tubing 140 and the retentate

will be directed to the outlet tube 144,

[0096]  As illustrated in Fig. 10, similar flow patterns are present for all tandem
wafer assemblies. More particularly, Fig. 10 also depicts the flow patterns for wafers
W5 and W6. The P arrows depict flow for the permeate path and the R arrows depict
flow for the retentate for wafer assemblies W5, W6, W7, and W8. For instance,
retentate exits wafer W7 via nozzle 233, and enters via nozzle 400. Retentate will
eventually exit wafer W8 via nozzle 402 into outlet tube 144. The permeate will enter

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



[0094] In accordance with this enbodi nent, the

incomng feed streamis also channel ed through the
woheosna$18263. The weir 102 and weir 100 will claaseSkiee/037332

feed streamto undergo turbulent flow A portion of

the streamw || react with the nenbrane 112 and the

perneate thus produced will be directed to the

perneate zone 262 and then into the perneate tubul ar

140 via the nozzle 243. As noted earlier, the

perneate flow path is shown_ the arrow P. The

portion of the inlet fluid streamthat 1is unreacted

(in the sense that it is lean in the perneated species

or component), i.e., the retentate, flows through the
300 whichirrowidgs %h@ URHN fQ PEHRRHE Bﬂoq WU, gnd in Bpp g, tire permeate

[]%00965% Ir(1) t he 1re@grred enbodi nent, the retentate from
Z0nEnis (}é}% & ‘enbly W is flown to the tandem

waf er assenbly WB via the redistribution tubes 150,

152 (tube 150 is not shown in Fig. 10) where it wl|
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the suction to perneate tube 140, and in turn to the
progessreagdiionsone, is al so shown in Fig. 10.

[0098] A second embodiment of a seal member for the wafer assembly is shown
in Fig. 11B. In this embodiment, the screen 276 is used with the membrane member
denoted by the numeral 280. The gasket 270 is again used. In this embodiment, a
second ledge 282 is configured within the rim 274. An O-ring 284 is placed within
this second ledge and is abutted by the screen 276. The O-ring 284 will provide a
secondary sealing mechanism as it is compressed against the membrane member 280

which in turn is compressed against the gasket 270.

[0099] InFig.11C, a third embodiment of a seal member for the wafer assembly is
shown. In this embodiment, the O-ring 284 is again positioned within the ledge 282.
In the wafer 2a, two grooves are configured in rim 272, namely, groove 286 and

groove 288. An O-ring 290 is placed within groove 286 and an O-ring 292 is within



[0097] In Fig. 11A, a first enbodi nent of a sea
menber for the wafer assenbly w |l now be descri bed.
woherspeais2 menber shown in Fig. 1 1A is a gaskePC2182004/037332
that is well known in the art. The wafer 2a contains
arim272 onits perinmeter, and the internal wafer
34a contains a reciprocal rim274 on its perineter. A
screen 276 (which for exanple may be a conponent of
t he nenbrane nenber package 110 or of nenbrane nenber
package 400) is shown configyred to be positioned
wthin a | edge surface 277a of the wafer 34a. The
thin filmnmenbrane is denoted by the nuneral 278.
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conditions. [0098] A second enbodi nent of a seal

menber for the wafer assenbly is shown in Fig. 11B.

In this enbodi nent, the, screen 276 _.is. used with the
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canBeised. 284 is placed within this second |ledge and is
abutted by the screen 276. The Oring 284 will provide
a secondary sealing nechanismas it is conpressed
agai nst the nenbrane nenber 280, which_in turn is
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perm2aR iy thgpeavateimeaThe spreepMéqid Hrefdrably hangn affthitysfor, and is
_placed within groove 286 and an Oring 292 is within
misible 9at, (eopeamesteT IUp0RAPTE ISR permepre i enductegigrwaphirem the
enbodi nent all ows,the O ri ng d290 and the. O-rj n§n2£4 tho
PEIRISEICAORE &S & Vapor. A vacuum, or reduced pressure, is maintained m the
permeate zone, and the desired species or component in the feed stream will vaporize
upon transfer across the membrane. In pervaporation, the difference in vapor pressure
between the feed stream in the retentate zone and the partial pressure of the permeate
in the permeate zone leads to the transfer of the desired species or component across
the membrane. While the membrane has been described in terms of a flat sheet, the
separation process can employ a membrane in any workable configuration such as

spiral-wound or hollow fibers.

[0102] Membrane separation should occur at a temperature less than the
temperature at which the membrane would be physically damaged or decomposed.
For hydrocarbon separations, the membrane temperature would range from 25°C to

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



together for a sealing nmeans. The O ring 292 provides
a redundant seal, wth the seal occurring between the
wO0-20051g91392 and t he nmenbrane nmenber 280. [ 0100pCThis2004/037332
menbr anes descri bed herein are useful for separating a
desired conponent or species froma liquid feed.
Perstractive and pervaporati ve separation can be
used. [0101] In perstractive separation, perneate is
removed fromthe perneate zone wusing a |iquid sweep
stream The perneate dissolvgg into the sweep stream
and is conducted away by sweep stream flow in order
to prevent the accunul ation of perneate in the
nmeat.e zope. .The ep liquid preferably has an
(01} i Ehe PEhOd isuSefal o sepmipiinE  deRired fRecies feeaEponent from a
fodd§trdh O fr?éérﬁ@ulap hARRL ROl §s SRRAUGE §Sa i é%% gig%}é(f’ﬁ)ecies or

permeat e zone as a vapor. A vacuum -or
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desi red species or conponent in the feed streamw ||

sepazased foe a hpdrocerbamseedstegamoss t he nenbrane. In
pervaporation, the difference in vapor pressure
between the feed streamin the retentate zone and the

t I : " "i p t
019 4o BRIRIE, Hesph BRR B i3 GoREEARE LBnB0Ea
hawfl S mAehP Bydi QbR EHAGer. RELR {dg@y i rﬂf)%%
abegﬁqgesgrrli be%’?i%’ terms of a flat shegt, t’@gﬁm@% nds
cotepargbdnoor ponrEss-hydrocartpirosadacats(ety. ssvdfur or arygen) would be
wor kabl e confi guration such as spiral-wound or, hol |l ow

withinphegcopoabits dafimitiane Ascisgrl derah A&y " yeomaticdtydsocarbon”
e GTRFY R85 5755 R0l o SRS e b Al et in
T v SOt g SR ST TR 15
preferrétb@aboHiPcfbé AdShBAc FSEHidISRPAMEBT33the hyGrddtiilfeed
cotShine OnpONEHo STTOMIGTIngS. "Noparomatis hydrocarbon’ memms
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
250°C and containing aromatic and non-aromatic hydrocarbons. As used herein, the
term "naphtha" includes light naphthas boiling from 25°C to 100°C, intermediate
naphthas boiling from 100°C to 160°C, and heavy naphthas boiling in the range of
160°C to 250°C. The term naphtha includes thermally cracked naphtha, catalytically
cracked naphtha, and straight-run naphtha. Naphtha obtained from fluid catalytic

cracking processes ("FCC") are particularly preferred due to their high aromatic

content.

[0105]  In apreferred embodiment, aromatics present in a naphtha feedstream

preferentially adsorb onto the layer of selective adsorption media on the retentate side



feedstream In particular, the nethod is useful for
separating a desired species or conponent from a

woydsmpagisbon feed stream | n an enbodi ment, ar BOBMUISE®4/037332
are separated froma hydrocarbon feedstream [0104]
As used herein, the term "hydrocarbon” neans an
organi ¢ conpound having a predom nantly hydrocarbon
character. Accordingly, organic conpounds containing
one or nore non-hydrocarbon radicals (e.g., sulfur or
oxygen) would be w thin theygcope of this definition.
As used herein, the term"aromatic hydrocarbon"” neans
a hydrocar bon- based organi ¢c conpound contai ni ng at

| east one atomatic ring. The rings may be fused,
of pdynayaig, thisy il pelypneranrmbrase. ngggalr%mj AEiggEe Z¢ne 1anges from

‘preferred enbodient, t ro [ .
atnfBheE G B F S LB ame e RoBRfi SARE G ffPBAA HES potymer
meﬁ'[‘tgﬁ'i?é Wﬁgfd 1@% fr'cc')jllili’ Dsat s e, NYAASEEARPariRBRSmahe naphtha

ydrocar bon- based organi ¢ conpound havi ng no aromatic
feedstfe&sn ateconduesd adiayefidm the iperthyate oae.bBarthexte gdmepressure
has a boiling point in the range of 25C to 250C, and
rangeh frammaimaspheitd pregereriod-G gi ¢ hydrocarbons. In a
preferred enbodi nent, aromatic hydrocarbons are

separated froma naphtha boiling in the range of 25C

250 s e , ) . _
ml_ﬁ@dr oé%f%%%%.s 8@%@& ﬁec?sgia EEtttb ﬁ)g% fhﬁgr m " napht he!ali;1 the operating
regidicétiesasin Fighte 1maphbhasnveptiohalomémbras G tierd@Dgiadient would

intermedi ate naphthas boiling from100C to 160C, and
be hreeaont acapristthamenbirane fronm et gherrigmpstatunesed zenegoibe lower

The term napht ha i ncl ude ermpl | y. cracked, napht.ha, .
teEr LR PREIH(P 708p ASGEEPOHL ;9?5?%55&13 lcsq%i%ﬂh@t?ﬁﬂulg%ccuf during

serg P moorsPlHeld B i LA, PEHERRN! Hodiont can range
frofH EQCOtot ITRPC WheRhrdhedRs iafe sepafited front R}@ekalibdnat pressures of

preferred enbodi nent, aromatics present in a naphtha
2,000gd5tor 23000 psief erential |y adsorb onto the |ayer of

sel ective adsorption nedia on the retentate side WO

2005/ 049182 PCT/ US2004/ 037332

[0107] By using the membrane of the invention, it is possible to operate a

separation process so that the permeate zone is at a higher temperature than would be
present in the case of adiabatic cooling. The membranes of the present invention, as
set forth herein, are capable of conducting heat from the feed zone to the permeate
zone. With permeate zone heating, membrane separations can be operated at
permeate zone temperatures above those present in the conventional limit of adiabatic
cooling. For example, the separation can be operated with the permeate zone at about
the same temperature as the feed zone (i.e., isothermal operation), or even at a higher

temperature than the feed zone.

[0108]  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



-37 of a dynamic thin film polynmer nmenbrane. Pressure
in the retentate zone ranges from atnospheric
wonesadse2t o 100 psig. The tenperature of the HgMASRD4/037332
thin filmpolynmer nenbrane would range from 25C to
250C. Aromatics separated fromthe naphtha feedstream
are conducted away fromthe perneate zone. Perneate
zone pressure ranges from atnospheric pressure to 1.0
nm hg. [0106] As discussed, it nay be desirable to
operate the nmenbrane in the ggerating region shown in
Figure 12. For conventional nenbranes, a thernal
gradi ent would be present across the nenbrane from

intfe 3 e SO FEP A IS hE et o8 bVinerHE b attpaptious and
modPRaltTihs B FAIL VRHHIA IRCEHE sEHE hitg scot%ﬁeRﬁ*tﬁtf hﬂ)‘%n’g’l%.p endi ng

on the operating conditions, the ermal gradi ent can
range from 10C to 120C when aromatics are separated

from hydrocarbon at pressures of 2,000 psi _ to 20, 000
[0108] . [%&@b}n®wla@mgg0bﬁ@omdbwm theorytos medednit isdrelieved that
[ ible.to ogeeratea S

COI S Boss " epar atli on process sa. t [sat tablish
PRETBER HRISHR P REPPLAION DIORFSSHBFELY QR eRSHFeTRAight (O establish a
ché?ﬁighlg%ﬁggnﬁﬂrﬁ§ § ar fiod D& &)ﬁ%@ﬂt?&(ti(ﬂl%l%mé. g@h&%&#ﬂe?%%%gradiem

ranes o e present 1 nventi on,

is doatrelled byrthisqnpedire ghidianadd ehiadibatatflabh esdlinEciir9e desults.
zone to the perneate zone. Wth perneate zone

Thusteitamperatwter anteprsspuae gradierss erenlindeedopdrmt datlependent of each
perpreat e zone tenperatures above thos resent in_the

othE e PPBRRP AR eI BARTON, GG HRLCHshcoalipE Surve has

e, [ r ' t he perneate zone

o nf6t R Sy B AR PRSPt . T B Zone (.o
i sot hermal operation), or even at a higher
tenperature than the feed zone. [0108] Although the

[01p9]es erithe miemeilp heitad vrdenasiembliebefitherinvention prbvide a different

specific, enbadinments, it is not sp [imted. Suitable .
Proge{SeRariyRS CREOHBENY | hetnresse gradipmé ppd itmtempegatpre gradient

thaf ﬁ%ﬁﬁ%@ﬁr?&:@ée&%@@ %];] éé%ﬂ&a#n@eﬁé’r%ﬁﬁ%o%&ofl@&sﬁl t?niéi ilsgtﬁgrmal
operating mode, the average membrane operating temperature will be equal to the
feed temperature which will be equal to the permeate temperature. Typically this will
result in an operating temperature that is at least 40°C higher than a typical adiabatic

operation.

[0111] Since the heat level of the heating medium can be selected independent of
the process feed temperature, additional heating can be supplied to the process. It is
possible in this Plus Heating Mode' to operate the membrane temperature at a level
higher than the process feed temperature and additionally transfer plus heat to the
feed/retentate. Typically for a polymeric membrane with a material operating limit of
200°C, this will result in an operating temperature that is at least 50°C higher than

isothermal operation or +90°C higher than conventional adiabatic operation.



WD 2005/ 049182 PCT/ US2004/ 037332 -38 intended that
the following clains be interpreted as covering al
weuads/oadiser ati ons and nodifications as fall wpthius2a0he37332
true spirit and scope of the invention. [0109] Wile
not wi shing to be bound by any theory or nodel, it is
bel i eved that conventional nenbrane separation
processes rely on a pressure gradient to establish a
chem cal potential for separation via concentration
profile. The tenperature gradpent 1is controlled by
this pressure gradient and an adi abatic flash cooling
curve results. Thus the tenperature and pressure

dients .are |inked and pot ..ndependent of each .
0138 Fer “This Bifasrb R Snf s i s BB fosF Syt effectiveness
[ ' cooling curve has a mmjor inpact on
by?pdgﬂgﬁgyég¢g§??Vity performance. [0110] The
internally heated wafer assenblies of the invention

provide a different process operating environment.
[011BE pr Ehisures meathrang medyle teehnalage can be epeetediiaany of the

o e ALY o AELADSH HOERR o or i Ay R empRature loss

0 i t i e
thefb 46 PO PR )0 ROl h GHBEAR N G olloperabifie Seiferature
REOREE CoddeBRpe bt Migiheatihy (thBimbraMel dverdp@vpktatin
eqan operatingﬁggnpefzgﬂge t hat %g at fegsyeiggiﬁighe?
tenheratuae hyglier dhanadiiedbedt feonpevgtaredt iBynseldcding Bhd Sontrellingehe
heat | evel of the heating nediugican be_ sel ect ed

average gesRRine operating tpmpeabyes bedlweadselactiviy can be adjusted to

U RSB GG IS A6, ReSER I o make
adi 58 RIS ANEFLBTBRIREMIA Bhnfed GV the Heaiifhnd 288’ b the

process feed tenperature and additionally tranSfer
penfbrmateeathiftowtifheagd'.eed/ ret entate. Typically for a

pol yneric nmenbrane with a material operating limt of

200C, this will result in an operating tenperature

that is at |east 50C higher than isothernal operation

or +90C hi gher than conventional adi abatic operation.




WD 2005/ 049182 PCT/ US2004/ 037332 -39 [0112] The

comercial inpact is to shift the nenbrane process
woasds/oeéisect i veness by 10 tinmes to 100 ti nmes. pCOAS3[04/037332

Thi s new nmenbrane nodul e technol ogy can be operated in

any of the nodes described above: adiabatic (nenbrane

average operating tenperature less than the feed

tenperature), isothermal (nepprane average operating

tenperature equal to the feed tenperature) or plus

heati ng (nenbrane average operating tenperature higher
ciﬂﬁﬁgshe feed tenperature). By selecting and

11ing the average nenbrane operating

tenperature, the flux and selectivity can be adjusted

to meet Ahgethed for sopareingRiRsiré@oMmnponcdits fdt PLigeidsBed stream

This provides flexibility to make adjustnents as the
cOth$qunp03|t|on changes or as the nenbrane 'ages' and

t he per man e Shl WD 2005/ 0491

PCT/ US2002) 6andis JA@BQWAE%S&@IH HtR@FRIgT Resembly comprising

[
SR LS SR Al e o
thil ﬁl@@?bly‘i*ﬁé} AeiBlAie &%@gegé}ww‘éqappéﬂdaﬁon @f\ﬁ@fe@fre@é&nﬁonem
t hi I"'m pol ynmer nenbrane nechani cally supported
antifevivef & upstteam side anéial dowostrgamarsidegenbr ane bei ng
sel ective_for gerrreatl on of a desir.ed conponent. and

havi ng ar(b)gstebpkging a@@n%ﬁmraéwam@@méaﬁh%d@séred(cv@;nponent

ac %ﬁﬁ%ﬁl | Shl ?a ngr%ﬁ tﬁr\@#ﬁggﬂ’aea{% gqr}gl& a?s&re a%)gliporn%lqt from the
up@ﬁéﬁﬁ%ﬁdé’tﬁ b dolaisHesh sk &ﬁﬂ?ﬂﬁﬁ W%EFm : & $a%nto a

side to downstream si d ol ymer
periehicasoae am duidtentact with the downstream side of the thin film polymer

membrane, wherein the downstream side is maintained at a second temperature above

a first temperature, the first temperature being a characteristic of adiabatic cooling..

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



perneate zone in fluid contact with the downstream

side of the thin filmpolynmer nenbrane, wherein the
wdawsgissam si de is maintai ned at a second tenperasw08/037332

above a first tenperature, the first tenperature

being a characteristic of adiabatic cooling.. 2. The

met hod of any preceding claimfurther conprising: (a)

conducting a retentate streamaway froma retentate

zone in fluid contact with jhe upstream side of the

menbr ane, and (b) conducting a perneate stream

conprising the desired conponent away fromthe

perneate zone. 3. The nmethod of any preceding claim
compenentrorthiscond desiredpmnaest, apg daviag eBdpsERIM Sile and a

desj red conponent conprises aromatics. 4. The met hod
dowsg?ﬁmﬁr eding claim further conprising (a)

conduct i 1Y it RAthaldeSired

plurali ;39%3%&%8?% %gérg%gﬁé%@a@gg%eﬁt waf erdeg]g%(leﬁu%rﬁg)/@{lent’
acﬁﬁ@ﬁd}ﬁinﬂg}t)@{dehﬁ?%éle@md thtiaf i F@ﬂg}mﬁ mepalstine iteorder to cause

i ndependent|y selected thin film pol ymer nenbrane i
pennlommn afthe yesitgsheompendny fronethewpseam sigderiotthg dowpstpgam side

pol yner nmenbrane bei selective for rmeation of the
of Gaah el D DAIYBF LRSI Scar)C iy g RS 8As 20ty

conponent i ; ) .
st oam Gl iR ARG R e SrCRARRAT Hom ¥ rchAEB0RE in fluid

coftaPRFRThE abstedhng siddiofBhch thif HEmgeHimeadnembraiee bhd
across each i ndependently selected thin fi Ihrgegol yner

nmenbr ane (d?] condieting the perseeatesiraapncdnprising theedasiresd cemponent

conponent fromthe upstream sj.de to the d stream
aveydeomahe PERCAInZANT: hereig theriauideoppaises BxdroeaRban g the

ermeate zone; (c) con ing the retentate stream
degkxﬂgg?lpsﬂp?rﬁem{fa%ﬁ% gliog‘%a;%ﬁ'e influid contact wth

thg upstream side of each thin film pol ynmer nenbrane;

an

5. The method of any preceding claim wherein the independently selected thin

film polymer membranes comprise one or more of polyimide/aliphatic polyester
copolymers, crosslinked copolymers of aliphatic polyester diols and dianhydride,
halogenated polyurethanes, diepoxide crosslinked/esterified polyimide-aliphatic
polyester copolymers, polyimide aliphatic polyester copolymers, multi-block polymer
comprising a urea prepolymer chain extended with a compatible second prepolymer,
polycarbonate, 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



(d) conducting the perneate stream conprising the

desired conponent away fromthe perneate zone;
wohersausist he | i quid conprises hydrocarbon and POE/US2004/037332

desi red conponent conprises aromatics. 5. The net hod

of any precedi ng clai mwherein the independently

selected thin filmpolynmer nenbranes conprise one or

nmore of polyimde/aliphatic polyester copolymers,

crosslinked copolyners of aljphatic polyester diols

and di anhydri de, halogenate& pol yur et hanes, di epoxi de

crosslinked/ esterified polyimde-aliphatic polyester

copol yners, poly|n1de al i phati c, poly ter opolynerﬁ
polyurea/ugfheag, it hlock nobpst C@imﬂjlsal&@ é olymer,

AR SRS P
corﬁB IMHL# @gc?)%}{ tﬁ?ag)/ﬁ%’éi‘%ﬁﬁﬁee"xterﬁbg idh a B6QPBREBIE second

menbr anes, 1socyanurate crosslinked

prelp@lyﬁﬁé@ thasltnkedgydly st amils awyabrenes, habgeﬁaitéd pllydrethanes,

pol yur et hane nenbranes, nulti-bl ock

RS T U Ao e A R

q%-g}lllfk %gpgr\é“prqygp @%ﬁ%b&q’ts X Coiﬂe%&% Bpiy@q{é without pendent
cal SO0 Yo bV EREEME bl fustmRAL Menagagtd

mepkpaéy/mer chain extended with a conpati bl e second

prepolynmer, rmulti-Dblock, polynmer conprising of first
prepol yner made by conbi ni ng epoxy mﬁth di am ne,

e
o B GRS b S A BTEERTRES SR Bovor

fab?%ﬂﬁq'e%ené@ﬁgﬁﬁt@ﬁepol yner, est er prepol yner, nade
onbi ni ng epoxy with polyester chain extended with

a conpatlble second prepolynmer, crosslinked polyester
am de nenbranes, hal ogenat ed Egvyurethan t ur at ed
poI Jest eddeanethed o6 any areseding ehimnulerefh trmla 1@ge support

fab%c Qé‘fecttecf fiofl t%e 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 wherein the second temperature is
maintained by providing a heat transfer stream through at least one rib in order to

heat the feed stream.



crossl i nked nenbranes, polyimde/aliphatic polyester
copol yners wi t hout pendent carboxylic acid groups,
woabospatisal at e car bonat e nenbranes and pol yar yParas2004/037332
menbranes. 6. The nethod of any preceding claim
wherein at | east one wafer assenbly further conprises
at |l east one of a distribution weir, a screen, a
support fabric, alone or in conmbination. 7. The
nmet hod of any preceding clqugkmherein t he nenbrane
support fabric selected fromthe group consisting of
a Teflon, polyester, nylon, Nonmex and Kevlar fabric.
8. The net hod of ~any preceding clai mwherein each ,
i ndédBenddhemyethed peamepreceding £lainm igheheomprising sweiqning the
necha icaILX su rted by at |east one rib nenber
pe%’?‘?%%ﬁ@ﬁ“f% Pﬁ%ﬁ%g‘? é92%nd wherein the rib nember
contains a bore therethrough. 9. The nethod of any
precedi ng claimwherein the second tenperature is
mai nt ai ned by providing a heat transfer streamthrough
at least one rib in order to heat the feed stream WO
2005/ 049182 PCT/ US2004/ 037332 -43 10. The net hod of
any preceding claimfurther conprising suctioning the
perneate from said perneate zone.



