WO 2005/ 049181 PCT/ US2004/ 037331 1 PROCESS AND SYSTEM
FOR SEPARATI NG COVPONENTS FOR BLENDI NG FI ELD OF THE
WORMBENIY®N [ 0001] This invention relates to anPCT/US2004/037331
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
gasol i nes, naphthas, diesel fuels, etc, with the
separation occurring via a nmenbrane nenber.
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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 component, e.g., the aromatic

component, of a mixed liquid feed is preferentially dissolved into the membrane film.



conmponent, of a mixed liquid feed is preferentially
di ssolved into the nenbrane film WD 2005/049181
wOCHIsuseBD4/ 037331 -2 For menbranes sel ecti vePrCwusking/037331
desired conponent, the desired conmponent is
preferentially adsorbed by the nmenbrane. A nenbrane is
exposed at one side to a streamof the mixture and a
vacuumis applied to the nmenbrane at the opposite side
so that the liquid conmpound adsorbed m grates through
the nenbrane via the well-known solution-diffusion
mechani sm Accordingly, the desired conponent passes
through the nenbrane and is renoved as vapor fromits
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conpart _rrenf. s and across heat transfer sheets. In
froppnueatématids ssph ashaphtha, heavy catalytic naphtha (HCN), etc., by for
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 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 el enment systens, there can be a significant
tenperature gradient across the elenents due to this
woeais/dpiad. Thi s can adversely affect both theprpquaisedoy/037331
and econom cs of the separation process using the
pervaporation of fluids. Also, in spiral WO
2005/ 049181 PCT/ US2004/ 037331 -3 wound el enents, a
concentration gradient is established as a function of
the length of the windings. This can adversely inpact
the separation performance.3-Furthernore, there are
pressure drop issues and thin filmboundary | ayer
i ssues that adversely influence the |ocal pressure
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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 polymeric membrane assemblies and polymer
membrane separation methods that would provide for heating the polymer membrane

to improve permeability. There is also a need for an apparatus and process to apply



i sothermal heating of the nmenbrane itself. [0008]
There is therefore a need for polyneric nenbrane
wazemmpdises and pol yner nenbrane separati on nmecinms004/037331
that woul d provide for heating the polynmer menbrane
to inprove perneability. There is also a need for an
appar atus and process to apply WO 2005/ 049181
PCT/ US2004/ 037331 -4 pervaporation of fluids to
hydr ocarbon materials used as transportation fuels to
achi eve separation of speedfic nolecular types in an
econom cal and efficient fashion. This application
will meet these needs, and many ot her needs, as the
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permeate zone, and a first heat transfer means for transferring heat from the first

permeate zone to the polymer membrane. The method can include exposing the
first stream to the polymer membrane and providing a heated fluid to the heat
transfer means in order to heat the permeate zone and the polymer membrane as the

first stream is being conducted through the first wafer assembly.

[0010] The method further comprises removing a permeate stream from the
permeate zone. The permeate stream may be conducted away from the process for

storage or. further processing, including blending.

[0011] In an embodiment, the first stream is itself separated from a feed stock.
The feed stock can be a hydrocarbon such as naphtha obtained from a fluid catalytic
cracker unit. The method may further comprise separating the feed stock into the
first stream and a second stream and wherein the first stream is a heavy catalytically

cracked naphtha and the second stream is a light catalytically cracked naphtha. The



[0011] In an enbodinment, the first streamis itself
separated froma feed stock. The feed stock can be a
woyadismasisbon such as naphtha obtained from a fParas2004/037331
catalytic cracker unit. The nethod may further
conprise separating the feed stock into the first
stream and a second stream and wherein the first
streamis a heavy catalytically cracked naphtha and
the second streamis a light catalytically cracked
napht ha. The WO 2005/ 049183%. PCT/ US2004/ 037331 -5 can
further conprise renoving a sul phur conponent fromthe
light catalytically cracked naphtha and hydrotreating
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reformng unit. The nethod further conprises producin
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pol ynmer sel ective for perneation of a desired
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assembly and a method for using such an assembly for liquid separations.

The polymeric membrane wafer assembly (also referred to herein as a "wafer
assembly") comprises a thin film polymer membrane, called a "membrane", and a
frame, called a "wafer", for supporting the 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.
Such membranes are compatible with pervaporation and perstraction separation. Thin
film polymer membrane geometry is conventional and comprises a first (or
"upstream") side and a second (or "downstream") side, the first and second sides being
continuously joined along their perimeter to form a thin member. The 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



across the nenbrane in response to a pressure
gradi ent, concentration gradient, etc. Such nenbranes
wanespasgat i bl e wi t h pervaporati on and per st r aeCras2004/037331
separation. Thin film polyner nenbrane geonetry is
conventional and conprises a first (or "upstreanti)
side and a second (or "downstreani) side, the first
and second sides being continuously joined al ong
their perineter to forma thin nenber. The wafer
conprises a perinmeter regigon for sealing the nmenbrane
perineter against fluid flow and at |east one rib for
supporting a side of the thin film polynmer nenbrane
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thin.filmpolynmer nmenbrane is nounted on a nenbrane
corBiatOR. f apric such as Teflon, polyester, nylon,

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

porous netallic and/or porous ceram c support materi al
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furPher comprises (i) a porous metallic and/or porous ceramic support material abutting

the membrane support fabric and (ii) a mesh screen, which may be used alone or in
combination. Ceramic support material is preferred and, in the most preferred
embodiment, is selected from the group consisting of Cordierite, Aluminum oxide,
Zirconium Oxide, Mullite, Porcelain, Stealite and Silicon Nitride and special
combinations of these. When fabric, porous support material, and screens are used, it
should be understood that the ribs could support the thin film polymer membrane
directly, or alternatively, indirectly via the fabric, porous support material, and/or

SCrecn.

[0015] Inapreferred embodiment, the membranes are cast on to a thin support of n
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.



enbodi ment, is selected fromthe group consisting of
Cordierite, Al um num oxide, Zirconium Oxide, Millite,
woanmsehaisn, Stealite and Silicon Nitride and speTiuak0o4/037331
combi nations of these. Wien fabric, porous support
material, and screens are used, it should be
understood that the ribs could support the thin film
pol ymer menbrane directly, or alternatively,
indirectly via the fabric, porous support naterial,
and/or screen. [0015] In g-preferred enbodi nent, the
menbranes are cast on to a thin support of polyneric
| ma})erl aIan such ?s TEFLON. The nenbr ane/ support
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i sothernmal l'y. [00161 In another enbodinment, there is
provi ded a nethod for separating desired conponents
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_The feed streamjn the retentate zone is _i.n fluid .
withima fiest walerrassemblycomnising the 18 n@%‘ez‘?l?ep andia pemepie zone, with
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a dgna T etobrane siiated therebetween. The feed stream in the retentate zone is

in fluid contact with an upstream side of the first thin film polymer membrane.
Process conditions, such as pressure and the relative concentration of the feed stream
components are regulated to cause a desired component present in the feed stream,
such as the aromatic component, to permeate through the membrane from the upstream
side to a downstream side of the first thin film polymer membrane. For example,
suctioning can be used to provide a pressure less than atmospheric pressure on the
permeate side of the membrane. When the retentate side is at a higher pressure, a
differential pressure is established across the membrane, leading to permeation across
the membrane from upstream to downstream. Feedstream pressurization and
permeate suctioning can be used to provide the pressure gradient, either alone or in
combination. When feedstream pressurization is used, the feedstream may be in the

vapor, liquid, or liquid-vapor regions of the feedstream phase diagram. When



Process conditions, such as pressure and the relative
concentration of the feed stream conponents are

woegslcatd t o cause a desired conponent presenPCruskivg/ 037331
feed stream such as the aromatic conponent, to
perneat e through the nenbrane fromthe upstream side
to a downstream side of the first thin film pol yner
menbrane. For exanple, suctioning can be used to
provide a pressure | ess than atnospheric pressure on
the perneate side of the .genbrane. Wen the retentate
side is at a higher pressure, a differential pressure
is established across the nenbrane, |leading to
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condtieteé avaydrornhbretendafbgengient | y condensed into a
liquid. The perneate can be conducted away fromthe
perneate zone, and can be conducted away in either the
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uraf | er assenblies, each containing a
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asserlngiydtofarl soe\evor?cll wa ertasésem‘tr)]lya akgé §id eparallel fluid-flow configuration
with the first wafer assembly. The feed stream is conducted to a retentate zone in the
second wafer assembly, and process conditions are regulated to cause a second desired
feed stream component, that may be the same as the first desired feed stream
component, from an upstream end of a second thin film polymer membrane, to the
membrane downstream side, and into a second permeate zone. A second permeate,
that may be the same as the first permeate, can be conducted away from the second
permeate zone. All or a portion of second permeate conducted away from the second
permeate zone can be combined with all or a portion of first permeate conducted away

from the first permeate zone. A permeate stream is created that permeates through the

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



enbodi nent, all or a portion of the retentate is
conducted away fromthe first wafer assenbly to a
woeecendorsaf er assenbly arranged in a parall el PCT/US2004/037331
fluid-flow configuration wth the first wafer
assenbly. The feed streamis conducted to a retentate
zone in the second wafer assenbly, and process
conditions are regul ated to cause a second desired
feed stream conponent, that nay be the sane as the
first desired feed stream-%onponent, from an upstream
end of a second thin film polynmer nenbrane, to the
menbr ane downstream side, and into a second perneate
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empldyqutimeate, zone heéting.assenbl y' s perneate zone is heated
with a hot nmedia selected fromthe group consisting
of steam heat, hot gas, hot oil or hot |I|iquids. Wen
a plurality of wafer assenblies are enployed, all or

[0020Yer Thh@abthek kmbadiment, there is provided an apparatus for separating
aromatics from a feed stream. The apparatus comprises a first wafer assembly that
includes a first, second and third wafer. The first wafer has a first and second side
along with an outer rim. The second wafer is operatively attached with the first wafer,
with the second wafer having a first side and a second side and an outer rim. The first
wafer and second wafer form a first cavity area. The third wafer is operatively
attached with the second wafer, with the third wafer having a first side and a second
side and an outer rim, and wherein the second wafer and the third wafer form a second

cavity area. The first and third wafers may contain underflow distribution weirs. The

second wafer contains a permeate zone.

[0021]  The apparatus-further comprises a first and a second membrane member,

where a membrane member comprises an independently selected thin film polymer



enpl oy perneate zone heating. [0020] In another
enbodi nent, there is provided an apparatus for
weepEriatisng aromatics froma feed stream ThePCT/US2004/037331
apparatus conprises a first wafer assenbly that
includes a first, second and third wafer. The first
waf er has a first and second side along with an outer
rim The second wafer is operatively attached with the
first wafer, wth the second wafer having a first
side and a second side andigan outer rim The first
waf er and second wafer forma first cavity area. The
third wafer is operatively attached with the second

fer, with the third waf i -
mergbeon RO GLORAIGNE Sioror O uch s Tetlort OB BRE ylon.
f d th i [ f ; .
Norkie Kol clerdunf o, 8D o iRiBRAmeRARMIA Gdrblis Serasmic
supﬂdéﬁ i -8RI the meMitgansappott fubrdieand itaanash screen. The

rmeate zone. [‘0021] The appar at us fl%r%ﬁl?‘zr %§33£érﬁef’s ot least
cer%%?ﬁ%%mﬁﬁﬁ?@%gmﬂ?i ses, aﬁ?i n ﬁ’reﬁ | Fﬂéll e ’ .
one o Gotdientep b KpTiBRE 603 SRR Drpaay BRI 475 7 Steaite and
Siligdn YgRan h i esuir g Paffooth G e iRReted RYFE Sf Sepon
me(qégfjsiagﬁrl]%été%’ gg%io%lte%}—ra% ?(?i%féﬁgng@f hiGvaedtabonomolesular sieves,

utting the nenbrane
ZeoBitHAPQlita bABY dlgmancor(dthdr conmstiaiyraveilableladsorbentanste. The first

support nmmterial is preferred and, |nthe%st .
membefrermetbenis ditposed Within the firetcavity spthat @ fst gientate grea is

Al um num oxi de, Zir,coni um Oxi de [ 1.1at: j
foriged dhareia asddns so0ng GrepanF SIShoseA Ut the Bl Bty so thata

enbodi nent, th Q | ayer of adsorption nediais
Sec@’g&?&?lggtefalr%ﬁsgﬂﬁnéf%g&%bnsi sting of activated

carbon, nol ecul ar sieves, zeolites, silica gels,

alum na or other commercially avail abl e adsorbents

[00?2]3 . T8edl inictlns fovesehling theneafbrassesblies s saiingfuderdn Thgseal
ITst cavity so that a first ret ntatg area, is fo(rl"eg)rin
mehiemey comprse hgasket fitigd befprearibe figstgn 68%%@ Wpfer ARd g O-T0e
second cavity so th@[\lt1 a &
positioned within a groove on the second wafer.

[0023]  Other embodiments of seal means may be used. For instance, the seal
means may comprise a first O-ring fitted about the outer rim in a groove on the first
wafer, and a cooperating second O-1ing fitted about the outer rim in a groove on the
second wafer. In another embodiment, the seal means comprises double O-rings fitted
about the outer rim in a pair of grooves on the first wafer and a cooperating pair of
double O-rings fitted about the outer rim in a pair of grooves on the second wafer. In
yet another embodiment, the seal means for the second and third wafers comprises a
first O-ring fitted about the outer rim in a groove on the second wafer, and a
cooperating second O-ring fitted about the outer rim in a groove on the third wafer. In

still yet another embodiment, the seal means comprises double O-rings fitted about the



second retentate area is fornmed therein. [00221 A seal
nmeans for sealing the wafer assenblies is al so
wonaisideidl The seal means may conprise a gasketcTfustdoem3733l
between the first and second wafer and an Oring
positioned within a groove on the second wafer. [00231
O her enbodi nents of seal neans may be used. For
i nstance, the seal neans may conprise a first O-ring
fitted about the outer rimin a groove on the first
waf er, and a cooperating sepond Oring fitted about
the outer rimin a groove on the second wafer. In
anot her enbodi nent, the seal neans conprises doubl e

Orings fitted about.the outer-rim.l ' . _
outeh1geN B 1B UHEOPTEA B peTtingate! wiLh Eochehite Bl of double O
i ik | ' fHifd wafer. pair of
rn ﬁg&gévdgasb%ggﬂ-{é@tésﬂeﬁc%zg a%ﬁtﬁrf.g&%&y%gﬁh %n ot her
enbodi nent, the seal neans for the second and third
waf ers conprises a first Oring fitted about the
[0024 er Thiempparatusgnaoineluste  fiest Sred dwiek diapesed throagh the first wafer

cooperating second O rj fitted about the outer ri
ass¢rnbgf, gribdhe fissi feqrktubp idPg‘g%ge? feefiﬁtfe@?itm %/‘éfﬁ%eéﬁéﬁ‘%’i‘?ggly- A

oo EREME B e BB BEAORI S BNy 08P pa
tubg HEﬁ&erng;g[ #&dﬁc%érg‘%%%@@‘éﬁﬁ% Pé’f@néa&ez&féfdfﬁﬁe Wagtavafand

coope ng pal-: rings fitted about the
asséﬁd’b?‘. rimin a pair of grooves on the third wafer.
[ 0024] The apparatus may include a first feed tube
di sposed through the first wafer assenbly, with the

first feed tube deliverjng a fee treamto th fer dt
[0035k crvibn gnother embedimsa, the fepareis Tyrdnay CORIRSES # frlgghoecon
waleg Bescily U ofge BN BAtt ity R AiEt, PRE MR aler has a
ﬁrsé %@g gﬂfi alsBEorld digd. TR ffh waseeRpirativeB2ditached &t the fourth

I'ment, the apparatus further conprises a tandem
wafeCRITH theifie walasewiig/a fird sideamtiai sesomd $ideyartd whereirnthe fourth
and sixth wafer. The fourth wafer has. a ) .
wafer and the fifth wafer form a third cavity area. The sixth wafer is operatively

attached with the fifth wafer, the sixth wafer having a first side and a second side, and

wherein the fifth wafer and the sixth wafer form a fourth cavity area. The fourth and

sixth wafer may contain underflow distribution weirs.

[0026]  The assembly further comprises a redistribution tube disposed through the
first and second wafer assembly, for conducting at least a portion of the retentate from
the first wafer assembly to the second wafer assembly. Third and fourth membrane

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

[0027]  Additionally, in the preferred embodiment, the first and second wafer
assembly is arranged in tandem thereby forming an assembly in a cylindrical
geometry. The geomelry is not limited to a circular cylinder geometry. Cylindrical

forms based on semicircular, triangular, rectangular, and regular and irregular polygon



first side and a second side. The fifth wafer is
operatively attached with the fourth wafer, with the
woiddasiv4smmi er having a first side and a second BCuUaS2@Aa37331
wherein the fourth wafer and the fifth wafer forma
third cavity area. The sixth wafer is operatively
attached with the fifth wafer, the sixth wafer having
a first side and a second side, and wherein the fifth
waf er and the sixth wafer forma fourth cavity area.
The fourth and sixth wafesd2may contain underfl ow
distribution weirs. [0026] The assenbly further
conprises a redistribution tube disposed through the
[ . S f i
crop igbtiof fhsy BRI AP Red T A8 o BAF ARHINIED Borflhep e

rom the firs

arr& A TR aYetils diNBnd&A RdeREEhbRES eTHY ntimbdr ofdarkiesn wafer

fourth menbrane nenbers are nounted within the third
assamblitvarangedan ihieyseries dpperids oal desigh@d2atja Al asiftovacapacity.

in the preferred enbodi nent, the first and second

waf er assenbly is arranged in tandem thereby form ng

as ly jn.a.cylindrical e try. Th onetr .
00881 25 SRR o oo 5 B o 2 et
. Iz ¥ "
is st BEedis R0 coh FATFE dRARERr ARechGS i i Hulor ARG
geothfipy AADhlbEETos4ERNEd WdthItboess heathigoas] ctingivesriyclose

al so be enpl oyed. The tandem wafer assenblies can then
profémityte thegreinbrana ssdacewherfe thapemaporation of Sluidss oeeurring.
The nunber of tandem wafer . assenbli.es tﬁrranged inbthe

Suafe? peameley wioull bhadiestagoey becapsa(ld hat thg eqifiggssembly is
corfBaF kim0 CLRE ARy By BOURA i o
acRUHERSRTFILE BT A8 LR 005 SHETRALE ol

equipBest si£) ahé (3 Vihtdaralopceig obsa hemingircheadinpiwith sepaestion
in close proximty to the nmenbrane surface where the

enhpacestho oatiatipestapbratictsof uide cli the pervapstationf fltds the/heat
load $SiB 1y MMOERLEPHEHOR VAT 1 4TS Lensmgis b te permente
matéria 51|1d oﬁe%&tiﬁéqgonﬁﬁgﬂﬂvy)hﬁﬁé} WGt & &f)ﬁﬁﬁ&?&l, %ng)Ppr%ssure versus

operating pressure, etc).

[0029]  While not wishing to be bound by any theory or model, it is also believed
that the instant wafer assembly provides controllable re-heat flexibility, in a zone-by-
zone sequence that is close coupled to the membrane surface where the pervaporation
is occurring, e.g., by heating the wafer ribs. This creates a more isothermal system,
where the effective permeation temperature can be more precisely controlled. The
bulk phase molecular concentrations are also more uniformly controlled which
enhances the overall separation performance. The preferred embodiment to achieve
this isothermal performance is to use steam as the heating fluid. As the various zones
in the membrane system array require heat, steam can rapidly condense locally to

provide rapid heating of the membrane and permeate.



vacuum system (e. g. vacuum punp) to achieve a highly
i ntegrated, conpact equipnment size, and (3)
wonvesgusision of process heating/re-heating w t RCT/US2004/037331
separation enhances the overall pervaporation of
fluids. In the pervaporation of fluids, the heat [ oad
across the nenbrane separation |ayer is a variable
dependi ng on the perneate naterial and operating
conditions (volune, heat of vaporization, vapor
pressure versus operatingiJpressure, etc). [0029]
Wil e not wishing to be bound by any theory or nodel,
it is also believed that the instant wafer assenbly
provides controllable re-heat flexibility, in a
zone- by- zone sequence that is close coupled to the
menbr ane surface where the pervaporation is
[0038)c ur Aicagrdiegly, hotiges Feckt astieaneniaweialug Fack gas ig used as the
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emkgo\lfﬁglglgiﬂﬁeaﬁ %ﬂ@ﬁﬁﬁ’vﬁ ReR6F 4REMBRL 6., R riisriinecofidubular design with

nt to achieve this’isothermal performance is

or Withdif xfieid firdds altehbé & thegnémbrane wafetsh & heatesigmsof the finned
zones in the nenbrane system array require heat

tubs hemtingoalemenigicah Pe edepted sxajconunodate addifppl hysdrodymagic and
heat i f.the, nenb d . 2005/ 04
heapomISUEDeOsIdsEHiss 00 L JGUSUT AELR aTiHASy SASIgakte
h t . [ . S i . e
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In flﬁ@&ﬁg&ﬁﬁhﬁéﬂﬂfhddhﬁ)ﬂwﬂﬁfd mpssemid flos titaulérdue faizbmbhnifluence

provi de the nhecessary heat input to the system In an
the Exthdithmsnindagnlager @r thethigte pressurersidesafgh® nyembrage sutface to
serpentine coil tubular design wth or wthout ‘
enhanceflngn and selectivytydey avdidiagty siaHe Z0B%%rs. The
design of the finned tube heating el enents can be
adapted to accommopdat e additi onal hydrodynam ¢ and

[Oﬂgfﬁg t&ﬁ}%{kﬂlﬁﬂngﬁ ISR grg%”ég RSseatslids et f2@ teinfaré Bénsistent with

S0 ‘acconmmo o
plant modular equipment scales typically found in the petrochemical industry. The

cylindrical tandem wafer assemblies, which resemble a "wagon wheel" geometry, are
scalable and can be made in either large or small sizes. An example of a small size

device would be onboard automobile fuel separation devices.

[0032]  Inan embodiment, the thin film polymer membrane further comprises a thin
film adsorption material in contact with the upstream side of the membrane, which
may be in the form of a finely dispersed powder, bonded to a subsequent layer or a
material that has been finely dispersed and cross-linked to form a porous layer within
the membrane film. Techniques such as thin film coating, controlled pyrolisis, thermal
treating, plasma coating, etc, can be 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,



addi ti onal hydrodynam c considerations simlar to the

design of static mxer elenents. In this enbodi nent,
weaddistosmrsal fluid m xing and fl ow turbul ence fagomskbioy/037331

influence the thin filmboundary |ayer on the

hi gh- pressure side of the nenbrane surface to enhance

flux and selectivity by avoi ding hydrodynam c static

zones. [0031] The cylindrical tandem wafer assenblies

set forth herein are consistent with plant nodul ar

equi pnent scal es typical |l yi4-ound in the petrochem cal

i ndustry. The cylindrical tandem wafer assenblies,

whi ch resenbl e a "wagon wheel " geonetry, are scal able

B o R b e s
etc. tm&oqleﬁtiﬁ Enl?éﬁfé@%?ﬁr@tﬁb@]l@éﬁ&ﬁ?anc&%?&ﬂe dMh@preferred

odi nent, i N m pol ymer menbrane further )

emboHiREDSEtheahinfilin adsotenaitseteetédofomethe giailp ¢amsisting a€ activated

w th the upstream side of the nenbrane, which ma;i be .
carbom, hivdedulamsiexfes azeolites) silien gelaralernnsonicther eswaersially ayailable

subsequent layer or a naterial that has been finely
adsefibepisy &'6d and cross-1inked to forma porous |ayer

within the nenbrane film Techniques such as thin

filmcoating, controlled pyrolisis, thermal treating,

as ' i cUmddeinPerblire§weng Pictess control,

["Oﬁdnc??‘%%‘gﬁlt&%ﬂ? elﬁlggggfe;tbl?rve Iaygr'enhancegsbt_ he
and @@Hingisehéresf, icambe uset mrdonnéctidrewith madmmme@la. Ina

The thin film adsorbent and nmenbrane filmarge both
pressateswinganods, thehadsomtiparmedip seen %hlghrmessapfe@rggl,owessure
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.PresSsur e I { FRRREE
medi P S B Phase, 21 Tplsc A REpRARI S ot
pre§ROsE ﬂ{e?’ desB il Bulk ifhiid phsserdieht low-predsacd side.f r om

the group Consisting of activated carbon, nolecul ar

sieves, zeolites, silica gels, alum na or other

commercially available adsorbents, etc. [0033] In
BRIEGtDESCRERDH OF THE-DRAW] enper at ure sw ng
process control,

[0034] FIGURE 1A is a perspective view of the first outer wafer.

[0035] FIGURE 1B is a side elevation view of the first wafer of FIGURE 1A.

[0036] FIGURE IC is a perspective view of the first outer wafer of FIGURE 1A
from the opposite plane.

[0037] FIGURE 2A is a perspective view of the internal wafer.

[0038] FIGURE 2B is a side elevation view of the internal wafer of FIGURE
2A.



and conbi nati ons thereof, can be used in connection
Wth the adsorption nedia. In a pressure sw ng node,
woOhersadsisi pt i on nedi a sees a high pressure andPCT/US2004/037331
| ow pressure (vacuum gradient. In the high-pressure
zone, the target nolecules are attracted to the nedia
fromthe bulk fluid phase. As these target nol ecul es
mgrate to the | ow pressure zone, they desorb into
bul k fluid phase on the | ow pressure side. BRI EF
DESCRI PTI ON OF THE DRAW NGS3.[ 0034] FIGURE 1A is a
perspective view of the first outer wafer. [0035]
FIGURE 1B is a side elevation view of the first wafer

of FIGRE 1A [0036] FIGURE 1C | s i '
100391 ¢ hEIG RS 2616 arcrosrasetpnainrioyyet B BEABE R4 ot FRIURE
osd t e .pl ~ct 0037] FIGURE 2A is a perspective view
2A BT s 22 Giat or . [0038] FIGURE 2B i s a sido
el evation view of the internal wafer of FIGURE 2A. WO
2005/ 049181 PCT/ US2004/ 037331 -15 [0039] FIGURE 2C is
[0030F " OFSGEIRIE Banigla perspectiive tvitsw iof ther sewondaiuger water GURE
2A taken fromline 2C-2C [0040] FIGURE 3Ais a
perspective view of the second outer wafer. [0041] .
FIGURE 3B is_a side. .elevation. view,of th r
[0k} or FaE URY ol a3ide plsta Fio Bt seb0fq BEER HaBt ol
FI i sf the first outer wafer of FIGURE IA fromthe
(ﬁ&gg e plane. [0043] FIGURE 4 is an expl oded side
el evation view of the two wafer assenblies. [0044]

FI GURE 5A is an expl oded side el evation view of the
[0042p WEIGURE 3C is a perspective view of the first outer wafer of FIGURE 1A

from the opposite plane.

[0043] FIGURE 4 is an exploded side elevation view of the two wafer

assemblies.

[0044] FIGURE 5A is an exploded side elevation view of the two wafer

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

[0045] FIGURE 5B is an exploded side elevation view of the two wafer

assemblies seen in FIGURE 4 detailing a second embodiment of the membrane

member.

[0046] FIGURE 5C is a schematic of the flow through the second embodiment
seen in FIGURE 5B.

[0047] FIGURE 6 is a plan view of two internal wafers in tandem.



assenblies seen in FIGURE 4 detailing one enbodi nent

of the nenbrane nenber. [0045] FIGURE 5B is an
woxpisodert1 si de el evation view of the two waf er PCT/US2004/037331

assenblies seen in FIGURE 4 detailing a second

enbodi nent of the nenbrane nenber. [0046] FI GURE 5C

is a schematic of the flow through the second

enbodi mrent seen in FIGURE 5B. [0047] FIGURE 6 is a

plan view of two internal wafers in tandem WO

2005/ 049181 PCT/ US2004/ 037381 -16 [0048] FIGURE 7A is

a schematic side elevation view of tandem wafer

assenblies arranged in series. [0049] FIGURE 7B is a

(0048] ool & 5 Seheeat o cleo] FRERREREwgfer

en spect | e f. tandem waf er assenblies arranged
asslgﬂlrb%g%?l&g}s@%q/gln%&%st h the tubing nenbers. [0051]

FIGURE 9 is a partial cut away view of the tandem

waf er assenblies seen in FIGURE 8. [0052] FIGURE 10
[0049] 2 FIGISRESB isomsdheniasio frateriewradianieiofdhe tandym fyafer

FIGURE 6 of the preferred enbodi ment of the flow
asspafoﬂ@SﬂeQIhlbe@ﬂR%n m waf er assenblies. [0053]

FIGURE 1 1A shows a first enbodi nent of a seal nenber

for the wafer assenbly. [0054] FIGURE 11B shows a

O TR R s st

seris AosEdithMBEREbinbGhethberswaf er  assenbly.

[0051] FIGURE 9 is a partial cut away view of the tandem wafer assemblies
seen in FIGURE 8.

[0052] FIGURE 10 is a cross-sectional view taken from line 10-10 in FIGURE 6

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

[0053] FIGURE 11A shows a first embodiment of a seal member for the wafer

assembly.

[0054] FIGURE 11B shows a second embodiment of a seal member for the

wafer assembly.

[0055] FIGURE 11C shows a third embodiment of a seal member for the wafer

assembly.

[0056] FIGURE 12a is a schematic detailing an embodiment of a process

sequence using the membrane of the present invention.



[0056] FIGURE 12a is a schematic detailing an
enbodi nent of a process sequence using the nenbrane
wohodsivesst esent i nventi on. WD 2005/ 049181 PCT/US2004/037331
PCT/ US2004/ 037331 -17 [0057] FIGURE 12b is a
schematic detailing the process sequence using a
menbrane unit in conjunction with a splitter unit.
[0058] FIGURE 13 is a sinplified process flow
schematic depicting the flow from a hydrocracking
unit. [0059] FIGURE 14 is.g7sinplified process flow
schematic depicting the flow froma distillation unit
to a reformng unit. [0060] FIGURE 15 is a sinplified

g el A T R RTEN AR IR
e R

flow plan for production of |ow sul phur notor
gasol i ne. WD 2005/ 049181 PCT/ US2004/037331 -18
[0056]TAl FEDUBESCRi#3 Isihplfied pEDdess/fnw oltefratis siepteiing the flow
invention relates to thin film polyneric menbrane
fromest Bydraseeskilg Wtit-  and the use of such wafer
assenbl i es for separating desired species or
conponents fromliquid feedstreans. [0064] As

[008)P CUSTETIRIE 195G RIARBIINEA RrocksS BBW scheRiamcidepoting merﬂow

mpo yner rrenbraean a frame, lled a "wafer”

frof®f dRHARA@6H uAl 16 Agefdtniing uhin pol yner rrerrbr ane while
interfering as little as practical wth nenbrane

perneation. The thin
[0060] FIGURE 15 is a simplified process flow schematic depicting the flow to

a pyrolis gasoline unit.

[0061] FIGURE 16 is a typical refinery flow process of naphtha being delivered

to a steam cracking unit.

[0062] FIGURE 17 is a typical refinery flow plan for production of low sulphur

motor gasoline.



film polynmer nmenbrane conprises polynmer selective for
perneation of a desired conponent or species in a
woOeewh/gorseam acr oss the nmenbrane in response t 8C®US2004/037331
pressure gradient, concentration gradient, etc.
[ 0065] Pol yner used in a thin film polynmer nmenbrane
within a wafer assenbly should be selective for
perneati on of a desired feedstream conponent. Shoul d
it be desired to perneate different feedstream
conmponents across individug- wafer assenblies in an
arrangenent of one or nore such assenblies, the wafer
assenblies can contain menbranes conprising
i ndepen =Xo n Lionally, in one
MWI:? %ﬁfjﬁfﬁ‘f\?ﬁc P@lﬁ nmer nenbrane is
i ndependently selected from polyners useful for
| ect : LBt PlhiR ' efbrandWifed assemblies,
[°°§ﬁcon§h¥§8@§ﬁ§§ﬁ%§%€Fane ?gﬁg@gg?éﬁfgkggﬂyner can be
and HROERESTIQBH Warsedssahblies ot ¥éparamgadesirpd bpevtessoroamyinsents
used in the nenbranes. The term "polyner" is to be
fronu figdid feeddtmangener al sense of nmacronol ecul ar, and
i ncl udes, for exanple, honopol yners, copolyners,
terpolynmers, prepolyners, and oligoners. [0066] In

it i desi o] ; oy f
007 S A IEESo . 4 B TAPEAEy LTLh BBEB s
me G HESSRARL St §ObAfi Y5} Vuperenein Bsopotues

merAbRNB Wl infeeferiab e it e ad|fa 2ah mddomembrane permeation. The thin
PCT/ US2004/ 03733 -19 separations of liqui

d :
filmhyelyneantenmtsranacorbprisespodymer selrstive formarmsation oEa desired
States patents: U S. patent 944, 880 coverin
compengnieIEReaes ghafsed S&@%ﬂ&%ﬁs XPE & fﬁ?l%?n%ﬁ &9 gppessure
4,946, 594 cover|j rqssli nked copol ynmers of aliphatic
ga%s%s@%@“&ﬁ%‘il éaraaﬁedﬁ’ egf?’anhydri de, U.S. patent

5,093, 003 coveri ng hal ogenat ed pol yuret hanes, U. S.
patent 5,550,199 covering di epoxide o
[0065]0S S bl sed éi a thir dilmoiolymecmenibrateavithinmwptastaggembly
copol ymers, U S. patent 4,990, 275 coveri r}g gol ¥i ghdel b
shoald eheeléative dorypermention pba fasires feedstream comiponent. Shou ditbe

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.

[0066] In cases where it is desirable to separate aromatics from a feed stream
containing an aromatic component, a polymer capable of selectively permeating

aromatics can be used. Examples of polymers suitable for aromatic / non-aromatic



U S. patent 5,098,570 covering nulti-block polyner
conprising a urea prepolyner chain extended with a
woaenppaudtsie second prepol yner, the nenbrane nma#eT/US2004/037331
therefrom and its use in separations, U S. patent
5,109, 666 covering pol ycoarbonate nenbranes for
separations of aromatics fromsaturates, U S. patent
4,828,773 covering highly aromatic anisotropic
pol yur ea/ ur et hane nenbranes and their use for the
separation of aromatics f.q@m non-aromatics, U S
patent 4,837,054 covering thin filmconposite
menbr ane prepared by deposition froma solution, U S.

R SRS Bkl L IOOTERE U S s
5350 488 00 cshensnachpl e sy cxs e

4,936,864 abV&ingérogdliatad cogolimem ofuliphatiopolyester diok and
pat ent 4,914,064 covering hi ghl aromatic

dianleydridee 7. Sir et e 30 90tBr covesng hdﬁ)gﬁ@atad pgblllr@hane@eU.S. patent
TS L L IR [ el UL
SRR A SRS B IS Sy ekt aptymes,
U.LPatehlt ?}dgﬁfbg]fomﬁeg ARulEMbdkSIymes Eorhpfisihie uL;SeaS prepolymer

separa aromati cs from™ non-aronatics,
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and 1ts use in separations, U S. patent 5,039,418 . .

mefiht&id prgpardibyatepositide ffono msalutiohs U-$ ipatsat AR6yA28 covering thin
conprising an oxazol i done WD 2005/ 049181 4.279.044

filrPcompesitomeodTaEIprepagd by syensasian dapesiiony VehdatenfiH&{>:

coaipaRens Romen Cansoant balsuae atdnk Jugffifiahls and their use for
thergéi)etlr'aﬁgh QFkr R T8 ort ROR At Sthifes2 TS Sfhtent 4,914,064 covering highly

aromatic polyurea/urethane membranes and their use for the separation of aromatics

from non-aromatics, U.S. patent 4,921,611 covering thin film composite membrane
prepared by deposition from a solution, U.S. patent 4,929,357 covering Isocyanurate
crosslinked polyurethane membranes and their use for the separation of aromatics from
non-aromatics, U.S. patent 4,983,338 covering isocyanerate crosslinked polyurethane
membranes and their use for the separation of aromatics from non-aromatics, U.S.
patent 5,030,355 covering thin film composite membrane prepared by suspension
deposition, U.S. patent 5,039,417 covering membrane made from a multi-block
polymer comprising and imide or amide-acid prepolymer chain extended with a
compatible second prepolymer and its use in separations, U.S. patent 5,039,418

covering membrane made from a multi-block polymer comprising an oxazolidone



prepol yner chain extended with a conpati ble second
prepol yner, the nmenbrane made therefromand its use
wonoesapasat | ons, U . S. patent 5,049, 281 cover i NgCT/US2004/037331
mul ti-block polymer conprising of first prepol yner
made by combining epoxy wth diamne, chain extended
Wi th a conpati bl e second prepol yner, the nenbrane nade
therefrom and its use in separations, U S. patent
5,055,632 highly aromati c pol yurea/ uret hane nenbrane
and their use for the sepapgtion of aromatics from
non-aronatics, U S patent 5,063,186 covering highly
aromati ¢ pol yureal/ uret hane nenbranes and their use of
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separations, U.S. patent 5,130,017 covering multi-block polymer comprising a first

amide acid prepolymer, chain extended with a compatible second prepolymer, the
membrane made therefrom and its use in separations, U.S. patent 5,221,481 covering
multi-block polymer comprising an ester prepolymer, made by combining epoxy with
polyester chain extended with a compatible second prepolymer, the membrane made
therefrom and its use for separations, U.S. patent 5,290,452 covering crosslinked
polyester amide membranes and their use for organic separations, U.S. patent 5,028,
685 covering halogenated polyurethanes, U.S. patent 5,128,439 covering saturated
polyesters and crosslinked membranes therefrom for aromatic/saturate separations,
U.S. patent 5,138,023 covering unsaturated polyesters and crosslinked membranes

therefrom for aromatic/saturate separation, U.S. patent 5,241,039 covering
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pol yi m de/ al i phati c pol yester copol yners w t hout
woendaatiscar boxylic acid groups, U S. patent BCOAR2@3537331
covering pol ypht hal ate carbonate nenbranes for
aromatic/saturates separation, U S. patent 5,012,036
covering polyarylate nenbranes for aromatic/saturates
separations, U S. patent 5,177,296 covering saturated
pol yesters and crosslinked nmenbranes therefrom for
aromati cs/ saturates separatilon, U S. patent 5,180, 496
covering unsaturated polyesters and crosslinked
menbranes therefromfor aromatics/saturates
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[0067] 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.

[0068] A wafer suitable for use in an embodiment is set forth in figure 1A. More
than one wafer can be employed in a wafer assembly. While the wafer is shown in the
geometry of a thin semicircular cylinder, it should be understood that other cylindrical
geometries are suitable; for example, cylinder having a cross sections such as circular,
triangular, rectangular, regular polygon, and irregular polygon cross sections can be

used. Referring now to Fig. 1A, a perspective view of the first outer wafer 2a will now



triangular, rectangular, regular polygon, and

i rregul ar polygon cross sections can be used.
weebmsrmdsy now to Fig. 1A a perspective view BETUS2004/037331

first outer wafer 2a will now WO 2005/ 049181

PCT/ US2004/ 037331 -22 be described. The first outer

wafer 2a is generally a semcircular solid nenber. The

first outer wafer contains a semcircular outer edge 4

that extends to the radial surface 6. The

sem circular outer edge 4.gpntains a rim8, with the

rima8 having a plurality of openings, as seen for

i nstance at 10, for placenent of fasteners such as

be desgpet. T il pelipa o iy § S et i The
ﬁrst ﬁlgtgp{v%ﬂ) (?:g%nla?%s}{ serth ierlr:lﬂﬁr HREL et 4 b OxteRiLHY the rddialamirface

apex 2a. The indentation 12 is

6. TR brmeiedlal Guice ediy 4 cantaingal rim ysvithethe rim Sdmying dphirality of
bel ow. [0069] The wafer 2a also contains a first

omilglgﬂ‘»eas ?}aeﬂefot mstanoe a1 Gy for plagwesy Of Easteners SUGhAS SRS AT O-
16, with_the corner indentati 4, 16.bei
ring efgqvlgwbeph e R0k shqve ) @&aftlétﬁga P Sﬁ@%%la.r} %H’if‘é edge 4
radi a urface.co i ir. i ' -
corgi S e RAAELFE 8 plrih SR RGNS B 120l of
wafe9gn fm%'n;?&b&a%ionwm BlrohBgenfb siden 4 aibiike ehataberanddderibed
opératively associated wrth a tubular nenber. The
belbwnctions of the tubular nenbers are different and is

.nor e fully set forth below As discussed, the wafer 2a
has a solid back wall 24. In other words, the wafer 2a

i A e B b bt o
indpiafiof 367 Bita S 6ot fetGtions’th, 18R SiARed BPaIS0 feceive
tub‘t&)lfea]r gxgvﬁnﬁrﬁ&d ThE r5BAD 5206 bonthins Adirst fidd Indeaitioaut8 and a second

e weirs 26, 28 also add to the structural )
sids uRteatdtionf20; hibngatith a 2enteFmdentatige 22 dwvhiebtie confjgured o receive

N L TR K T
menrew of Lhe flrstisial &R Qi ofth Belohr AblaishoMddiRwater 22
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.

[0070]  Fig. 1B is a side elevation view of the first wafer 2a of Fig. 1A. It should be
noted that like numbers appearing in the various figures refer to like components.
Thus, the radial surface 6 is shown along with the indentations 14, 18, 22, 20, and 16.
Fig. 1B also depicts the rim 8 that extends to the back wall 24. Also shown are the



noted that |ike nunbers appearing in the various
figures refer to |ike conponents. Thus, the radi al
weuodsaagisé i s shown al ong with the indentati onBCTAS2008/037331
22, 20, and 16. Fig. 1B also depicts the rim8 that
extends to the back wall 24. Al so shown are the WO
2005/ 049181 PCT/ US2004/ 037331 -23 redistribution
hol es30a, 30b. Referring to Fig. 1C, a perspective
view of the first outer wafer of Fig. 1A fromthe
opposite plane is shown. Epg. 1C depicts the back wall
24. [0071] Referring nowto Fig. 2A, a perspective
view of the internal wafer 34a will now be descri bed.

bbbt YR bl S8, B3GRk Aleyf bRt o

wafel §£ E{t,gg 'rIJ1 %u%{)]mfocgg t%.gﬁgs;ite rééiﬁahls @ﬁo‘{«{ﬁe FRP AT 8&hidS the bavk wall 24.

ans such as Screws, or Oring
grooves, which are not shown in this figure. The
internal wafer 34a has a first rib menber 40 and a .
[009EF ON®Reférbingmembier Fig22 AThpenspessivaoyiew of Hig/iatgsaaloyater 34a will

hol es 44, 46 there through. .The bored .hol.es 4

nowibkidcsritio. FHsaRicmlEITaHHS 5o SREaHF T T i Atoghas a0
the ribs er.e heat,i.n t . ;

uppes Quleb g SGE i hes S Hegin{ b EkRings, ki atMpening 38,
| &1 ' : k] & @Lrird hich t

for et R B o B N i e e

shdyRPi#2his Hiurk NTRE atbriadvater 34a hhaa fasttripniententfiandma second rib
48, at the apex, for placenent of a tubul ar %r.

meTiber 421t The ribsv0642 bavebered holes 4, 46 theae ﬂyopg}at grgd holes
50. The radially, flat surface i,l | hawe fi .

4405wl sl BoREnedis. SochaRPreEde Y sl R dhrihbRby beating
54; additionally a fi i ' ' .

e Vet s WALy B P e

io] LR, Rfid ; Fpetubulae nfenbére can b
dl%?%&gﬁ&hgﬁ(gml%%m}m%%@%%sdoes ngt contain a °
prdeléd» but i nstead has open areas. Therefore, the

nuneral s 64, 66, and 68 seen in Fig. 2A represent open
areas which correspond to the perneate zone. The

[Od7§a|ggnﬁlle i\lqgrg;l vxe;af' er g/?e? hds a]lc %o&)sntldeltn%gt%en Zg,%t Ha X5 ?&%ﬂgcement
of a tubular member. The outer rim 36a extends to the radially flat surface 50. The
radially flat surface 50 will have a first corner indentation 52 and a second corner
indentation 54; additionally a first side indentation 56 and a second side indentation 58
is included. The center indentation 60 is shown with the aperture 62 there through.
The 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.

[0073]  The side elevation view of the internal wafer 34a of Fig. 2A will now be
described with reference to Fig. 2B. The radially flat surface 50 is shown along with

the aperture 62. The outer rim contains the upper rim surface 36a and the lower rim



74a. [0073] The side elevation view of the internal

waf er 34a of Fig. 2A will now be described with
woebm@reise to Fig. 2B. The radially flat surfaeeTA®82003/037331

shown along with the aperture 62. The outer rim .

contains the upper rimsurface 36a and the lower rim

WO 2005/ 049181 PCT/ US2004/ 037331 -24 surface 36b and

wherein both rimsurfaces 36a, 36b will serve as

sealing surfaces as will be described in greater

detail below. As seen in Epg. 2C, upper rimsurface

36a leads to a first |edge 72a and second | edge 74a

while lower rimsurface 36b leads to third | edge 72b

o B85l i bR AR B s s
i gRE S8 PRIy 1 BB aooC i s 3

Jead@iotd fikRledEh 2a afi€ sutmhddedgsy 74sa Bile bfvercim saiface 36b leads to
sem circul ar outer edge 78 that extends to the radi al

thirdledgcB2Bénd fonethdedgec74tcul ar outer edge 78 and radi al
surface 80 contains a rim82, with the rim82 having a
plurality of  openings, for instance as seen at 84,

(0078« AT RSB R SAnh PERDEE R o ff s Ronf Rlter wafer T6a.
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ndentat1 on e top portion (also referred

stric@urafly b8 thePeKdutePivatdi@andihes, sébond Jiner walkeritatcontaiita
I's configured to receive a tubular nmenber, as wl|

b

semlioigeulﬁublhtyr adge Ththahettendsio tit eadialsotipem80.0 he gemicircular outer

tubul ar nenbers are different and..wll. b r.e fully,.
cdgpels wib e §eonsging g SR ewith sl HrE? Bovips aplumality of

i.rst .carner indent at i

oni e Bt U 2oE e 3R e SRUE s, ormay
corﬁsigr@— Pswse\ghf‘cﬁ afe A6t sho®seh \6is ighwd. aThéresthieirgulaf bater

radi al ace 80 contains a first side indentation 92
ed @R eoriging adirsiifderitatimn8a i the tepportionr(glsaireforrad deas the apex)

I ndentation 96, which is configured to, .
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.

[0075]  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.

[0076]  The wafer 76a has a solid back wall 98. In other words, the wafer 76a is in
the form of a plate. The back wall 98 has two underflow weirs that traverse it, namely
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



recei ve and be operatively associated with a tubul ar
menber. [0076] The wafer 76a has a solid back wall 98.
wonomtoaersi wor ds, the wafer 76a is in the fornmpof/ua2004/037331
pl ate. The back wall 98 has two underfl ow weirs that
traverse it, nanely wunderflow weir 100 and underfl ow
weir 102. The weirs 100, 102 are raised projections
that will alter the flow pattern of the feed stream as
will be nore fully set WD 2005/ 049181
PCT/ US2004/ 037331 -25 out-2Bel ow. The weirs 100, 102
al so add to the structural support of the wafer 76a.
For larger dianeter systens, additional ribs and
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appearing in the various figures refer to Iike
provfedonents. 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.
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outer wafer 76a. Thus, a wafer assenbly
consists of the first outer wafer, nenbrane nenber,
i nternal wafer, menbrane nenber and then the outer
wafer. It should be noted that the first outer wafer
[0028] i s Reffetring noav tof igeé,can gpdodeghtidhelevatiamyieweof the firstgvafer

t t [ t . . .
assg.’mlroijycl()%r i?‘l tagde%l KN?trI]lgf gectopl r\]Na erf e?sgerggﬁr 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.

[0079]  As shown 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
wafer 2b, the first membrane member 114, the inteérnal wafer 34b, the second
membrane member 116, and the second outer wafer 76b. According to the teachings
of the present invention, the first wafer assembly 106 is operatively attached in tandem

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



[0079] As shown in Fig. 4, a second wafer assenbly 108
isintandemwth the first wafer assenbly 106. Thus,
woOherspegesnd waf er assenbly 108 consi sts of theprErmsk0o4/037331
outer wafer 2b, the first nenbrane nenber 114, the
internal wafer 34b, the second nenbrane nenber 116,
and the second outer wafer 76b. According to the
teachings of the present invention, the first wafer
assenbly 106 is operatively attached in tandem to the
second wafer assenbly 108 bg. f orm t andem waf er
assenbl i es. WD 2005/049181 PCT/ US2004/ 037331 -26
[0080] A plurality of screws is shown for fastening a
waf er assenbly together. For instance, screw 117a
fits through opening 117b in wafer 2a and screw 117c

bis Ahne ' [ ' bly together. F
(008 p e BT ERERR: A (6 g A Pallh Aftembly fogother. For
inst"ﬁﬁ&? rsgre%@l 1P Btsanbupfdpehiagiagb en eaférdaeindescrew 0034 fits

I'g.” 5A'1s an expl oded side el evation view of the
thr&%gﬁ(gj‘én‘h@é t17 dimsenfet 765 witheenpemtifg gpeninged Bia/i hif inyeafer 34a

enbodi ment of the nenbrane nenber. Fig. 5A depicts
so thaewpfees 32,1 %@ aadpidaiane fasteaed t8eths) yneri ¢ nenbr ane

waf er assenbly. In this preferred enbodi nent, the

menbr ane menber 110 that conprises a feed spacer

10035, °5 Fig AT RGN sidg eRvaiul el 61 hENIRERI AR%: hebblics
seegﬁlg‘gg. A@8iling oh¥ Rhfdinteratdf dhe@nibeanemsmbeR 4Bigh§A depicts

on beam” wel ding. Qther forms of attachnent
theGpefaed eebddimentsifithé palymerichembrang veafen assembba shnhis

he nmenber 126a may [al so] g‘@&c g(ﬁhr uct ed .of aﬁéﬁgr ous'
prefiuted erpbodimepbribumengarammembep bL thalGepFisfs 4 fed spacer soreen
or ou ort mat.eri al [ QVi '
oA 388 R R4 LRI ke 1260
) B/ iBRhb@berBsbyrelRbEon beam
Tht PR B b S P R e oS
weRkRAFEOR R fhimaupittaehhent ddiamaad tissackilleddn demart are also
comhercially available netal or non-netallic scr ff,en
feagiblee fhelmemberc] 26amay fadsafbegonstructed 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.

[0082]  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
most preferred embodiment for this sintered metal member. Viton gasket available

from DuPont is suitable. Sintered metal available from Mott Corporation under the

name Sintered Metal is suitable.



menber 126a is available fromMartin Kurz and Co. Inc.
under the nane DYNAPORE. Various grades of DYNAPORE
woayosmeossed from grade TWM 80 to BWWM 80. DYNAPORE2004/037331
grades nade fromfive (5) layer screen filter nmedia
are the nost preferred enbodinent for this sintered
metal member. Viton gasket available from DuPont is
suitable. Sintered netal available from Mtt
Corporation under the nanme Sintered Metal is
sui table. WD 2005/ 049181 P¢jL/ US2004/ 037331 -27 [0083]
The second nenbrane nenber 112 conprises a feed spacer
screen 128a, a gasket 130a, a thin fil mnenbrane 132a

[%ggﬁaai ie{]s_tyg ¢ n&%ﬁmﬁ%ﬁhe{]ﬂl‘i@gﬂéﬁ%% ;e%(%/ ?éaalcgc 1 oénH 128a, a
gasﬁ%g]? \Qgﬁ ﬂ}jﬂg’grqqﬁgﬁﬁ%anfg ﬁ?ﬂﬁ Rl 2 31rh&EH TRhl L3 he! $ntered metal

are al.so feasible. The nenber

merhBef1 3EWis ‘i‘%ﬁ@al affached ey mereAB44 by electron deamoreldinige Other
support materidl . [0084] The nmenbrane nmenber 114

for@9 BB hitsdtnentceamnaptxthosesskiltashintho bit age gae easible.2Fhe member
thin filmmenbrane 124b and a sintered netal, ne er’
1348264y alshdesi parensaetallis on POEWHES aIGHNPOTY I%‘ieEéfloy
attached to nmenber 34a by el ectron beam wel di ng.
QG her fornms of attachnment common to those skilled in

[00&% ogir’[:pé%[l?mphazq% S{é@%ﬁ%’q@%@r&% a fREiRceestreen 120b, a gasket

ne nmenber "116 conprises a .
1292 § hBRRESenTARE 4281 2 din@askettal Bmber 126bn Thelsintered

nénbrane 132b and a sintered netal nenber 134b. The
meSil Ricanlsg 126bas typicabigrattacsd tosnembercida By eleetsembepm grelding.
nmenber 34a b el ectron beam wel di.ng., & her f.or i
Other fammmebizchmeshowTmenSe Shasg skl 1 Fh b atg 4150 fggiBle. In one
so, feasi.bl e, .-The nmengher :
ot BN G PRSP P ARoBE £ dpacer
scr n%‘trlgnga la'goggl\%&?]h%ibb,l % szﬁ‘ %Eﬂh%éiﬁbﬂﬁﬁé 8d2b had adirdtéedenétal member

onent n nbrane nenbers are possible.
13@%2%@%&52@&111&5&; encTEbdI134b istypimaily atabhédto mpmber s by
in Fig. ,
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.

[0085] It should be noted that different components within the membrane members
are possible. For instance, the membrane support fabric, while not shown in Fig. 5A,
may be included as part of the membrane members as depicted in Fig. 5B. The Fig.
5B is discussed below. Additionally, different sequencing and/or arrangement of the

components within the membrane member is also possible.

[0086]  Fig. 5B is an exploded side elevation view of the tandem wafer assemblies
seen in Fig. 4 detailing a second embodiment of the membrane member package. The
embodiment of Fig. 5B depicts the dynamic membrane, i.c., a membrane coated with a

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



may be included as part of the nenbrane nenbers as
depicted in Fig. 5B. The Fig. 5B is discussed bel ow.
waddistoumisal | y, different sequencing and/ or arr aOGAISEI0E/037331
of the conponents within the menbrane menber is also
possible. [0086] Fig. 5B is an exploded side elevation
view of the tandemwafer assemblies seen in Fig. 4
detailing a second enbodi nent of the menbrane nenber
package. The enbodinent of Fig. 5B depicts the
dynam c nenbrane, i.e., a pghbrane coated with a
| ayer of material selective for the adsorption of the
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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 activated carbon, with
the commercial trade names for non-impregnated being Cal F-200, and Cal F-400, and
for impregnated is Centur (Sodium impregnated); (b) Grace Co. for molecular sieves/
zeolites, silica gels, and the commercial trade names of molecular sieves/ zeolites are

13X, 5A and others, and commercial trade names of silica gels are Grace Gel and



pl aced onto the surface of the thin film nmenbrane.
Preferably, the adsorption nedia has a surface area
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| npregnat ed adsorbents nmay al so be used. Adsor bent
materials may be inpregnated with the follow ng
materials to enhance performance - Sodi um Cobalt,
Mol ybdenum Copper and ot hgg. netal s. Suitabl e
adsorbent nmaterials are available from e.g., (a)
Cal gon Co. for activated carbon and i npregnated

ot S B ek hihesy 1. 5 ROBGREAL HAuRerEs 200,

40 or({&(i% ! ,egrpcgicﬁ%ér@ 'f’(ﬁoﬂf‘é?%ﬁl’i‘ﬂeb,%l?%&ﬂhbmﬁﬁ)ﬁade names

cular sieves zeolites, silica

0e b AN ICHEsEREYRA ottdks.t r ade nanes of nol ecul ar
belggeves?’zeo Ites are 13X, 5A and others, and

conmerci al trade nanes of silica gels are Grace Cel
and WD 2005/ 049181 PCT/ US2004/ 037331 -&d9. ot heri' lsn%zs .
[0087100A Th. setand mentbrang mambet H2 eosrpsesi Qringrane HAdpaswire

i o A A AT
meﬁg) R4 1%{;@%# ?Wb%ﬁ@ﬁ ordiRQBpport Atut&red andb, that may be

ane 2 cohprises Oring rope 409b, a wire

cithBSietSGE R Cerddily, @ powdered |ayer of adsorption media
412b, nmenbrane 414b, nenbrane 416b, O ring rope 417b,

and a porous support material 418b, that may be
O e b o suhBg o B SR 4, 5Pt
410 I . ' ; L
scrkghbH e PRNAroccy iy aeBppio T STaf bR 4c, O-ting rope

41?(% g\tpﬁ@r&a‘g fa%élﬁ%elﬂﬁlgp@ ARBE Ol aSptRBRE SuppettahiaRtial4 B, that may be

elt metallic or ceramc. In one
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medatee packaped08aomprises an O-ring rope 409d, a wire mesh screen ,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.

[0089] 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.

[0090]  Referring now to Fig. 6, a plan view of two internal wafers connected in
tandem is shown. Thus, an internal wafer such as 34a and a second internal wafer 34b

are operatively attached. Several methods of attachment are possible including



powdered | ayer of adsorption nedia 412d, nenbrane
414d, nenbrane support fabric 416d, an O ring rope
Wi/ 042u3d a porous support material 418d, thapPCrap2ive/037331

either netallic or ceramc. It should be noted that
di fferent conponents, or a different sequencing of
conmponents, wi thin the menbrane menbers are possible.
[0089] Fig. 5Cis a schematic of the flow through the
Iglynam c enbodi nent seen in Fig. 5B. The flow stream
F' flows through the powd adsor ption nedi a, then
through the thin film pol yﬁ@’n c nenbrane and then

t hrough the nmenbrane fabric, and in turn through the

porous support. [0090] Referring now to Fig.
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cyllpder. The vessel 135 may have a hot nedia, such
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pasdhisStbrpPichineyt 4 fitbullrghember 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, 58D has a redistribution tubular member 152.

[0092]  The tubular member 142 will deliver the feed stream into the wafers. The
tubular member 144 will be the outlet tube for the feed stream (retentate). The tubular
members 146 and 148 are the supplemental steam supply inlet. The tubular members
150 and 152 are the redistribution tubes for redistributing the retentate from the area of



passage for placenent of a tubular nmenber 140 for the
perneate, along with the apertures 140a, and 140b for
woassageisof the perneate into tubul ar menmber 120T/USb®a/037331
the indentation 48a has a tubular nenber 142 therein
for the inlet feed. The indentation 48b has a tubul ar
menber 144 therein for the feed (retentate) outlet.
The indentation 52a and 52b has a tubul ar nmenber 146
therein for the steam supply. The indentation 54a and
54b has a tubular nenber 148 for the steam supply. The
side indentations 56a, 56b has a redistribution
tubul ar nenber 150. The side indentations 58a, 58b
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assgﬁvg)bggde%{eﬂrasa‘ﬁ%?nbl y. The end wafer 164 has two
t projections, nanely 170 and 172 for providing
structural support and cooperating with a reciprocal
set of support proj ect ions in a different plane. Thj
[009t] er Tlesteeipbdoal waferessemblyds tagdem includes an en wafer 174

attached to an internal wafer 176 that is attached to an end wafer 178. The end wafer

g

174 has two support projections, namely 176 and 178 for providing structural support
and cooperating with a reciprocal set of support projections in a different plane. The
end wafer 178 has two support projections, namely 180 and 182 for providing
structural support and cooperating with a reciprocal set of support projections in a

different plane. This wafer assembly is denoted as W2.

[0095] 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
operatively attached to the wafer assembly W4. Fig. 7A depicts the flow through of
the feed stream. More particularly, the feed stream would enter as through the arrows
designated as 190, 192 via inlet tube 142. Referring to Fig. 7B, a schematic front view
tandem wafer assembly W3, W4 will now be described. As seen in Fig. 7B,



[0094] The reciprocal wafer assenbly in tandem
i ncludes an end wafer 174 attached to an interna
woabmesr4d4i86 t hat is attached to an end wafer 178CT/TiS2004/037331
end wafer 174 has two support projections, nanmely 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, nanely 180 and 182 for
providing structural suppght and cooperating with a
reci procal set of support projections in a different
pl ane. This wafer assenbly is denoted as W2. [0095]
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the feed streamthat perneates through the nenbrane
menbers exits via tube 140, which is denoted by the
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Watdndohsfdr 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.

[0098]  The Fig. 7A illustrates that the wafers are arranged in tandem, and then the
tandem wafer assemblies are arranged in series. In other words, wafer W1 is in

tandem with wafer W2. By adding the tandem wafer assemblies in series, the operator
in effect increases the flow capacities for the apparatus. Fig. 7A also shows how the
support projections will cooperate with an adjacent support projection on an adjacent
wafer but in a different plane. For instance, support projections 170 and 172 of the end
wafer 164 will abut a back wall 350 and wafer projections 206 and 208 of the end
wafer 210 will abut the back wall 351 of wafer 164. This adds strength and distributes



waf er assenbly WB. Wafer assenblies Wo and W6 are
essentially the sane as WB and W, and wafer
wessemdises W and WB are essentially the samepas/vsaioan3733i
assenblies W, and W5 except that in the W wafer
assenbly, 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 al so shown. [0098] The
Fig. 7Aillustrates that tp® wafers are arranged in
tandem and then the tandem wafer assenblies are
arranged in series. In other words, wafer WL is in
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adj acent wafer but in a different plane._ For
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the end wafer 2a of wafer W' and end waf er 2b of wafer
WB is of the reinforced type. The feed inlet tubular
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8. mpﬂae Jsﬂcl) ﬁﬂézwzﬁ ?ﬁi“{f; 3W6;;&b7glandé7\’ Biveater ezsa@nbh@s are shovin.
Thisga00 Graps-sochien depiee (heredDURR s 437 Bronreite I igdes
22(\)/:%235 2,’?{ 523%?5&&53%?5?1,'2’325?3 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.

[0101]  InFig. 9, a first stopper plate 244 is braced together with a coupling plate
246, with the stopper plate 244 and coupling plate 246 being added in one preferred
embodiment to aid in properly compressing the series of tandem wafer assemblies
together. A second stopper plate 248 braced together with a coupling plate 250 is
shown, with the stopper plate 248 and coupling plate 250 being added on the opposite



8. Thus, the W, W2, W8, W, Wb, W5, W/, and W8 wafer
assenblies are shown. This partial cross-section
wdepisousist he redi stribution tube 152 al ong w t RCThS2004/037331
nozzl es 220, 222, 224, 226, 228, 230, 231, 232, 233
and 234. These nozzles direct the feed (retentate)
fromthe first wafer assenbly to the second wafer
assenbly arranged in tandem For exanple, the feed is
directed fromwafer assenbly WL to wafer assenbly W2
via nozzle 224 and nozzle 2326. Additionally, perneate
tube 140 is shown, along wth the nozzles 236, 238,
240, 242 and 243 for directing the perneate produced
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[0103] The feed stream will be channeled through the channel 260. The weir 26
and weir 28 will cause the feed stream to undergo turbulent flow. A portion of the
stream will react with the membrane 110 and the permeate thus produced will be
directed into the permeate zone 262 which in turn is directed to the permeate tubular
140 via the nozzle 243. The permeate path is shown by arrows “P”. The pdrtion of the
feed stream that does not permeate through the membrane member 110 is known as

the retentate, and this retentate flows through the retentate area that is shown by path

arrows "R”.

[0104] In accordance with this embodiment, the incoming feed stream is also

channeled through the channel 263. The weir 102 and weir 100 will cause the feed



waf er 34a. The internal wafer 34a is in turn
operatively attached to the second outer wafer 76a of
woabero4sssenbl y W, as previously described. TheTfuise®i/ 037331
menbrane nenber 110 is disposed within the first
cavity created between the wafer 2a and the wafer
34a. The second nenbrane 112 is disposed within the
second cavity created between the wafer 76a and the
waf er 34a. [0103] The feed streamw || be channel ed
through the channel 260. The weir 26 and weir 28 will
cause the feed streamto undergo turbulent flow A
portion of the streamw |l react vvlth t he nenbrane
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[0106]  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

300 which provides the suction to permeate tube 140, and in turn to the permeate zone,

is also shown in Fig. 10.

[0107]  InFig. 11A, a first embodiment of a seal member for the wafer assembly
will now be described. 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



150 is not shown in Fig. 10) where it wll again be
exposed to the simlar process in that the feed

webkoesaayigiet entate) will be exposed to the wei PeT/Usnab4/037331
menbr ane nenbers. The perneate will be directed to
the perneate tubing 140 and the retentate will be
directed to the outlet tube 144. [0106) As illustrated
in Fig. 10, simlar flow patterns are present for al
tandem wafer assenblies. Mre particularly, Fig. 10
al so depicts the flow pattgrns for wafers Wo and 6.
The P arrows depict flow for the perneate path and the
R arrows depict flow for the retentate for wafer
assempl i es W For., i nstance

6, W, and. , .
intomel BiRfen o aRRIANS IeGIDOGEL FTh DA 2 115 PRI o gffegh 276 (which
[ | e 400, i .
for gyfle Farsch oormBOeRY bF i iporanB YR okl ‘h"%f y
' it étictRd. within a ledge
e PR o ot 300 whi ch
surftﬁ%@%’};] TESE the Wa§w4ao H‘lhahimeﬁllnemea}]bramtells u_,otedrhy the numeral
e perneate zone, _is_ also shown i ig. .
278] (I%ﬁe]fofa;tlﬁ %skm 2fj_7ﬂ, is alacpiﬁ@tv@%é?q: ﬁg}ﬁrwéf a%él i7g4a1|n order to
r t W i
o R e b T AR il RSP g
1S Wel t .
sl 1 0 B e P B g s

prog%g;rwﬁgggﬂg_osmsl -36 internal wafer 34a contains a
reciprocal rim274 on its perineter. A screen 276

(which for exanple nay be a conponent of the nenbrane
menber package 110 or qf nbr ane nber .package 4 .
[0108§ shdvsecondEmbodaent Q?Bée%edg?mg%fnf@gﬁ%ﬁ VAl aﬁsel"g‘g}j éso Hown in
. surface_ 277a, of. th fer 344 . j [ BERR
Fig; E{é}eﬁb@éﬁeﬁbo‘iwnﬁﬁﬁgﬁcﬁm g%lsmg‘éﬁ‘gt}{}}l e ,ﬂlépﬁe gasket .
27041 | WG o 242 R4, 2kdthiderabodimeng a
den&;e%\h;é%t@g@lg{eg lb%ebans. élaﬁgetgzggggtgﬂo can be Viton .
sec ity Riabee if écrmginibnithimhoatn 874 Ane@ermgs2 84 siplagsidewithin
or service with the desired feedstream, p%ansaie, .
thisrsetemt keidge and i abutted by the screen 276. The O-ring 284 W1 1 provide a

secondary sealing mechanism as it is compressed against the membrane member 280

which in turn is compressed against the gasket 270.

[0109] In Fig.11C, a third embodiment of a seal member for the wafer assembly is
shown. Tn 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
groove 288. This embodiment allows the O-ring 290 and the O-ring 284 to cooperate
together for a sealing means. The O-ring 292 provides a redundant seal, with the seal

occurring between the O-ring 292 and the membrane member 280.



process conditions. [0108] A second enbodi nent of a
seal nenber for the wafer assenbly is shown in Fig.
wa28)s/oksist hi s enbodi nent, the screen 276 i s usedTmistdv4/037331
t he nenbrane nenber denoted by the nunmeral 280. The
gasket 270 is again used. In this enbodi nent, a
second |l edge 282 is configured within the rim274. An
Oring 284 is placed within this second |ledge and is
abutted by the screen 276. The Oring 284 will provide
a secondary sealing nmechagpysmas it is conpressed
agai nst the nenbrane nenber 280 which in turn is
conpressed agai nst the gasket 270. [0109] In Fig. 11
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can'G¥ed, groove 286 and groove 288. An Oring 290 is

pl aced within groove 286 and an Oring 292 is within

groove 288. This enbodi nent allows the O-ring 290 and

the O-ring 284 to cooperate taogether r a seali n%
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can be used. [0111] In perstractive separation,
mispilersvithe thesperewatee dn pervaporabiopepersate i3 6nedudied ayay from the
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I'n pervaporation, perneaté is conducted away from'thé
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.

[0112] 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.

[0113]  The method is useful for separating a desired species or component from a
feedstream. In particular, the method is useful for separating a desired species or
component from a hydrocarbon feed stream. In an embodiment, aromatics are

separated from a hydrocarbon feedstream.



permeate zone as a vapor. A vacuum or reduced
pressure, is maintained in the perneate zone, and the
wdesisroagisspeci es or conponent in the feed streaormiskdo4/037331
vapori ze upon transfer across the nenbrane. In
pervaporation, the difference in vapor pressure
between the feed streamin the retentate zone and the
partial pressure of the perneate in the perneate zone
| eads to the transfer of the desired species or
conponent across the nmenbpgne. Wiile the nenbrane has
been described in terns of a flat sheet, the
separation process can enploy a nenbrane in any
wor kabl e configuration such as spiral-wound or hol |l ow
fibers. [0112] Menbrane separation should occur at a

nper a4t ' t s .
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or twrogamoimatic simgsu Aen-awormatichydrocanben'bmeans & hydrocarbon-based
non- hydrocarbon radicals (e.qg., sulfyr or oxygen)
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hydr ocarbon feed contai ns one
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.

[0115]  Inapreferred embodiment, aromatics present in a naphtha feedstream
preferentially adsorb onto the layer of selective adsorption media on the retentate side
of a dynamic thin film polymer membrane. Pressure in the retentate zone ranges from
atmospheric pressure to 100 psig. The temperature of the dynamic thin film polymer
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.



or two aromatic rings. "Non-aromatic hydrocarbon”
means a hydrocarbon-based organi c conpound havi ng no
wanesussicores. I n an enbodi ment, the hydr ocaPbooms2004/037331
feedstream has a boiling point in the range of 25C to
250C, and contains aromatic and non-aromatic
hydr ocarbons. In a preferred enbodi nent, aromatic
hydrocarbons are separated from a naphtha boiling in
the range of 25C to 250C and containing aromatic and
non-aromati ¢ hydrocarbons39As used herein, the term
"napht ha" includes |ight naphthas boiling from25Cto
100C, internedi ate naphthas boiling from 100C to
160C, and heavy naphthas boiling in the range of 160C
to 250C. The term naphtha includes thermally cracked
phtfgs. | whichaké Ycltmaakedowadiidiaams dfsipical hydrocarbon
w”@?r aifgg? -lrgﬁ%?’n‘gpht ha. Napht ha obt ai %ﬂead fromfl ui%ll. )
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heati ng can be enpl oyed.
[0118]  Optionally, the permeate can be conducted to another membrane member
514, and wherein the membrane member 514 will again proéess the feed into a
permeate 516 and a retentate 518. The permeate can be delivered to a second
intermediate saturate blendstock via valve 520. The retentate 518 can be delivered
to a final aromatics blendstock 522, or the retentate can be delivered to an
intermediate aromatic blendstock via valve 523. The retentate 508 can be delivered
to another membrane member 524, and wherein the membrane member 524 will
produce a permeate 526 and wherein the permeate 526 can be sent to the saturates
blendstock 528. Note that it is also possible to deliver the permeate 516 to this
saturates blendstock 528, if so desired based on predetermined blending
requirements. Additionally, the membrane member 524 will produce the retentate

530 and wherein the retentate 530 is directed to the aromatics blendstock 522,



[0117] Fig. 12a is a schematic detailing an enbodi nment
of the use of the polynmer nenbranes of the present
wonvesuden. Fig. 12a exenplifies a sequenci ng PCT/US2004/037331
adapt ati on, where a heavy catalytically cracked
napht ha (HCN) 500 is conducted to a nmenbrane nenber
502, conprising a wafer assenbly. The perneate
produced 504 can be conducted to an internediate
saturate bl endstock, if so desired, as shown by valve
menber 506. The retentate _pgoduced 508 can be sent to
an internediate aromatic bl endstock 510, if so
desired, as shown by val ve nenber 512. [0118]
Optionally, the pernmeate can be conducted to anot her
nenbrane menber 514, and wherei n the nenbrane nenber
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requirenents. Additionally, the menmbrane nmember 524
wi |l produce the retentate 530 and wherein
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t t and
T@Z@Qﬁf@bg?@g%@e@ﬁ%s at %“gﬁﬁiﬁgn aror 9{1@' lﬁ%%%lbg rah\tli\grhlgh purity
satirnéatté Ri aﬁéﬁ ng the ntianyast ngérhb& herbig disclosed. eFanibstance, this

¢ uced to various destinations within a
invehfléh @réﬁﬂé@%ﬂ@é@anm&hgﬂalv;ty bdendihg flerihilitpein the distiltate pools

of refineries. This invention also provides for octane blending flexibility.

[0121]  Referring now to Fig. 12b, a schematic detailing the process details of the
membrane unit 600 in conjunction with a splitter unit 602 will now be described. In
this embodiment, the feed naphtha will be conducted to the splitter unit 602,
wherein the naphtha feed will be split into a first stream 604 and a second stream
606. As understood by those of ordinary skill in the art, in a refinery processing
system, an operator will find it beneficial to split the light catalytically cracked
naphtha from the heavy catalytically cracked naphtha (606). The light stream (604)
is directed to the membrane unit 600. The membrane unit 600 will process the light

stream into a permeate stream 608 and into a retentate stream 610.



direct the flow streamto other processing vessels
based on predeterm ned criteria. On the other hand,
wOoR0s4pIBESi bl e that the nenbrane nenbers 502, pETAIS200d/037331
524 are all separate wafer assenblies at different
| ocations. [0120] Refinery specific blending
flexibility requirenents will determ ne the actua
control systems and nunber of stages desired to
provide blending flexibility. The HCN can be
separated into a high puriyy. aromatic fraction and a
high purity saturate fraction using the nenbrane
menber herein disclosed. For instance, this invention

01280 oS5 Sl L BT B e Ninthf B b e
AT SRS Ll ot o

PHRS B% BN Rllaé a@ﬁ rét@%f 10901B/BN) evitlna sp&Qficighavity of 0.7859, an
conJ unction th a splitter unit 602 will now be

APtle$ dBiJded.RésearchiDetanerbanibermf 80t hand e ddoteahetane Nuniber of
be conducted to the splitter unit 602, wherein the
72.8aphtha feed will be split into a first stream 604 and
a second stream 606. As understood by those of
ordinary skill in the art, in a refinery processing
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|ca y crac naphtha fromthe
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stream(60 s directed to the menbrane unit
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into per meat e stream 608 and into ete rea
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cul at ed for unmber based on the
spep e gy Q#W?ﬁéo %&ﬂfgfaglentl on, Fig. 12b is a
schematic repr esent ation of the m)del where a feed

naphtha that is punped at a rate of 1000 B/D, with a
[013PECi TR sErmdaty/stedand 6085811 lawe a/F8%ahrbigh Santent of C8-, at 2438

Research Cct ane Nunmber of 80.5 and a Mdtor Cct atn
B/Duwithra specifitog@vity of 0.825, a Research Octane Number of 99, and a
Motor Octane Number of 85. The retentate stream 610 will have a 41% carbon

content of C8-, at 1695 B/D, with a specific gravity of 0.7622, an API of 54.16.

[0125]  The estimated Octane Number upgrade based on the model is as follows:
RON Upgrade=99-80.5=18.5
MON Upgrade=85-72.8=12.2
Upgrade of (R+tM)/2=15.4

[0126]  Referring now to Fig. 13, a simplified process flow schematic is shown
based on a model a hydrocracking unit. More specifically, a hydrocracker feed 612
is feed to a hydrocracking unit 614 wherein the feed is processed conventionally,
i.e., as is well understood by those of ordinary skill in the art. The naphtha stream
616 that is produced from the hydrocracking unit 614 is then directed to the



[0123] The cal culations show that the first stream 604
wi Il have a 59% carbon content of C8, at 4133 B/D,
woiods/amspeci fic gravity of 0.7997, an APl of #6TAB200a/037331
Research Cctane Nunber of 90.7 and a Mdtor Cctane
Nunber of 77.88. The second stream 606 will have a
41% carbon content of C9+, at 2867 B/D, with a
specific gravity of 0.7660, an APl of 53.22. [0124]
The perneate stream 608 will have a 59% carbon content
of C8-, at 2438 B/D, wthya specific gravity of
0. 825, a Research Cctane Nunber of 99, and a Mdtor
Cct ane Nunmber of 85. The retentate stream 610 wil |
have a 41% carbon_ content B/ D

megsess HEi GLRungbRIaY PPt sEarap LB le siporg iffo a
o 5o RS SRRP B D AP B A0SH, BT T
nogggiﬁgﬁgﬁéplﬁﬁa t%fé%mg bellé%ﬁﬂﬁ‘&@d 6 a2 (Rt @blehlik 165k86] The

erring now to , asinplified process flow
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the nap a st eam 616 W T| be separated into a
626 heds Dieedride Siill drrseppatokmteyatads facticns, as tmwellgmderstood

stream (retentate) 622. The non-aromatic naphtha. 620
by tosetnd ardimaty sladl indheiarti $inq elthe frckivaaicd %3&@ Wﬂl?%% the

e GBS GBS (S50 GAE BER 1R ffmombrane
uni%%_B_Oac‘o %(ieﬁg%laf.eft.hg %anl&l%%éd Ry a'B%ﬁjﬁ‘xleate and a retentate. More
specifically, the permeate 632 will be conducted to the reforming unit 634. Also as
previously noted, the membrane unit 630 will also produce the retentate 635. The
reforming unit 634 will produce a reformer naphtha stream 636 as well as hydrogen

638. The naphtha stream 636 can be used for fuels upgrading.

[0128]  Fig. 14 also depicts a model where spare reforming capacity is back filled
with make-up naphtha feeds. Hence, the make-up naphtha 6_4_Q is directed to a
second membrane unit 642 and wherein the membrane unit will separate the
naphtha feed into a permeate stream 644 and retentate stream 646. The permeate
will enter the reforming unit 634 for processing, while the retentate can be
combined with the produced retentate 635. The resulting aromatic stream can be

conducted away from the process.

[0129]  As can be seen, the embodiment of Fig. 14 allows for spare reforming

capacity that can be back filled with make-up naphtha feeds or a higher crude run.



schematically depicts a nodel of the flow froma
distillation unit to a reforming unit. Mre
wepeisickdsal | y, the crude 624 is shown enteri ngrPaTaISA®BE/037331
distillation unit 626 where the crude will be
separated into various fractions, as is well
understood by those of ordinary skill in the art. One
of the fractionated streans will be the naphtha 628.
According to the nodel, the naphtha 628 is directed to
the menbrane wunit 630 to 48parate the naphtha feed
into a perneate and a retentate. More specifically,
the pernmeate 632 will be conducted to the reformng
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les$ gifodtidtlon@ed o thébiefomhéd 634 oduce a reformer naphtha
stream 636 as well as hydrogen 638. The napht ha

stream 636 can be used for fuels upgrading. [0128]
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depicts a nodel of a si npllfled process where a
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uni,t 652, wherein the nenbrane unit-652 wll
be used.

[0131] Referring now to Fig. 16, a model of a refinery flow sequence with a
steam cracking unit is schematically illustrated. A naphtha stream 660 will be
conducted to a membrane unit 662 wherein the membrane unit 662 will separate the
naphtha stream 660 into a permeate stream 664 and a retentate stream 666, as
previously described. The permeate stream 664 will be conducted to a steam
cracking unit 668 for treatment, wherein the steam cracker liquids produced
therefrom are conducted away from the process for storage or further processing.
The hydrogen and light olefins produced from the steam cracking unit 668 can be
conducted to, for example, further chemical recovery. The aromatic naphtha
retentate stream 666 is delivered to a vessel for gasoline blending. The embodiment
of Fig. 16 allows for increased steam cracker unit run length cycle as a result of

reduced steam cracker furnace tube coking. Also, the embodiment reduces cracker



separate the naphtha stream 650 into a perneate stream
654 and a retentate stream 656. The perneate stream
wo63doswisdisibe delivered to a gasoline pyrolis UuRCE/USS®4/037331
for treatnent, wherein the liquid is used as pyrolis
gasoline liquids. The aromatic naphtha retentate
stream 656 is delivered to a vessel for gasoline
bl endi ng. The enbodi ment of Fig. 15 allows for
increased unit run length cycles as a result of
reduced furnace tube coking4- This enbodi ment reduces
heavy liquid yield which avoids expensive disposition
options. Al so, spare gasoline pyrolis unit capacity
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avol ds exp di Spositron options.

hyAstiebh1Bnasddywitapittle or sbadetic satotaioncapaci ty that can
be back filled with nake-up naphtha feeds or higher

[0133]  The stream 682 from the Mercaptan removal unit is conducted to a
sweetening unit 684 for further upgrading. Also, the stream 686 can also be
conducted to the sweetening unit 684. After sweetening, the stream can be

conducted to, e.g., motor gasoline blending vessel 687.

[0134]  The heavy cracked naphtha 674 is conducted to a non-selective
hydrotreating unit 688 and wherein the hydrotreated stream 690 is directed to the
membrane unit 692. 692 can process the hydrotreated stream, and the permeate 694
thus produced is directed to the sweetening unit 684. The retentate 696, which is
high in cetane saturates, can then be conducted away from the process. This system

of Fig. 17 minimizes olefin staturation and enhances octane and cetane blending

flexibility.



process cracker severity can be used or higher steam

cracker severity. [0132] Fig. 17 is a nodel of a
woyppispadisief i nery flow plan for production of POWUS2004/037331

sul fur notor gasoline. A feed will enter the fluidized

catal ytic cracker unit 670 which will produce a |ight

and i nternedi ate cracked naphtha 672, and a heavy

cracked naphtha 674. The stream 672 will be delivered

to a splitter 676 that further fractionally separates

t he naphtha. As seen in Figs. 17, a first stream 678

having C5 and greater is delivered to a unit 679 for

reduci ng nercaptan content, i.e., a Merox unit.
Ve i St dt
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mﬁég sna%t gé#t ?r%a’t F@ﬁ&ﬁn& Qﬁd Neatd AR ARWilltho
ur|z e or ef|n saturation.

do&&lb%%me%gﬁférﬁ HRRR kil fnfthe Mar damttherafenmnaéndedlthat the
I's conducted to a sweetening unit 684 for further

folluvgingddilaigns bA interptdted as cevarirgpal] sech aliesations andrwdifieations as
to the sweetening unit 684, Adter sweet eni ng, the

falbwithimthedmeepirit andiseanefithe i iRveptionnpt or  gasol i ne
bl endi ng vessel 687. [0134] The heavy cracked napht ha
674 is conducted to a non-selective hydrotreating
unit 688 and wherein the hydrotreated stream 690 is
directed to the nenbrane unit 692. 692 can process
the hydrotreated stream and the perneate 694 thus
produced is directed to the sweetening unit 684. The
retentate 696, which is high in cetane saturates, can
then be conducted away fromthe process. This system
of Fig. 17 mnimzes olefin staturation and enhances
octane and cetane blending flexibility. WD
2005/ 049181 PCT/ US2004/ 037331 -45 [01351 Alt hough the
present invention has been described in terns of
specific enbodinents, it is anticipated that
alterations and nodifications thereof will no



doubt becone apparent to those skilled in the art. It
is therefore intended that the follow ng clains be
wono@rpsied as covering all such alterati ons ROWUS2004/037331
nodi fications as fall within the true spirit and
scope of the invention. WO 2005/ 049181
PCT/ US2004/ 037331 -46- CLAIMS: 1. A nethod for
bl endi ng conponents obtained froma first stream
conprising: (a) conducting the first streamthrough a
menbr ane nenber, said nenmggane nenber having a first
waf er assenbly conprising a first thin film polyner
menbrane, a first perneate zone, and a first heat
tr fer nmeans for transferring heat fromsaid first
gi#ﬁﬁgsate zone to said polynmer nmenbrane; (b) exposing
the first streamto said polyner nenbrane; (c)
providing a heated fluid to said heat transfer neans

i n prder At @ethoddfor BRindieccrapogerze obtaimud Seinch fisdtystream
menbrane as the first streamis being conducted

corhprisingh said first wafer assenbly. 2. The nethod of
any precagi ng claimfu tgier conprising renovin

per meat e(Bl r clchnedas dfyetical bro oA TR Rt s2id
mefiths e et 2edfhech A dfp! FEubiRupLRes A T
polg?xgg élgélﬁbfaﬁ‘:]'éf Qﬁ'i%\tﬁfe%_@%i Z¥he, 4nd 4 FRsARID&EnSXer Ans for

Ing claimwierein the first stream has been

trafsTeaimt eeht fromsaidf fastipainosite zone theaidpohymkerahembyane;
precedi ng claimwherein the feed stock is a naphtha

and t he hoexifasing the fgshpirearado sgig)polEpaF Bermyanfe
feed sto 013 I n{)roovtl 1%gfaI l{esattef h{lle(fl {g saallri]cij hgatstsa%%?e% means in order to
heat said permeate zone and said polymer membrane as the first stream is being

conducted through said first wafer assembly.

2. The method of any preceding claim further comprising removing a

permeate stream from said permeate zone.

3. The method of any preceding claim further comprising conducting the

permeate stream to at least one refinery process unit for further processing.

4. The method of any preceding claim wherein the first stream has been

separated from a feed stock.

5. The method of any preceding claim wherein the feed stock is a

naphtha and the method further comprises:

(a) separating the feed stock into the first stream and a second
stream and wherein the first stream is a heavy naphtha and the second stream is a

light naphtha;



stream and wherein the first streamis a heavy naphtha

and the second streamis a |ight naphtha; WO
waQos/ag3181 PCT/ US2004/ 037331 -47 (b) renovi RGTAIS2004/037331

sul phur conponent fromthe |ight naphtha; (c) ‘

hydrotreati ng sai d heavy naphtha, and wherein the

hydr otreat ed heavy naphtha is the first stream

conducted to said nenbrane nenber. 6. The nethod of

any preceding claimfurther conprising extracting

mercaptans fromsaid |ightgnaphtha. 7. The nethod of

any preceding claimfurther conprising producing said

I i ght naphtha for notor gasoline blending. 8. The

nt ot or  gase _ _
nas. beent™) coparatans o cBueERR fobe g bdhher "
as be BEFPBIE FEERCEBLK dhnd :

Firer st Praonell sRd Rty bt pher e e

hydrbireatel heavy napihs dthe fMEecam aogdwdted & said ahembrane
refinery process unit is one or nore of a reformng

mesibeam cracking unit, gasoline pyrolysis unit, or
hydrocracking unit receiving the conducted perneate
stream and the nethod further conprises produci ng an

UPgs. ade d'l“ﬁ’ea ISIIC()’JﬂiIOn(F of aﬁr%gﬂfetceéi%%@lgi% Aty tcoﬁ{prfém é 8xtracting

mercaptans from said light naphtha.

7. The method of any preceding claim further comprising producing said

light naphtha for motor gasoline blending.

8. The method of any preceding claim wherein the first stream has been
separated from a feed stock and said feed stock is treated within a distillation unit
and the first stream from said distillation unit is conducted through said membrane
member, and wherein said refinery process unit is one or more of a reforming steam
| cracking unit, gasoline pyrolysis unit, or hydrocracking unit receiving the
conducted permeate stream, and the method further comprises producing an

upgraded gasoline product from said unit or units.



