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- USED . Field of the Invention : The present invention is
directed towarvweyrHUs®esses usi ng mol ecul ar si eve nmenbr anesPCIEPITOIMEU| ar
. si eve menbrane conposites. Mire specifically, the invention is directed
“towards a nethod that reduces nenbrane flux decay in such processes.

- Background of the Invention Mol ecul ar si eve nenbranes and

nol ecul ar si eve nmenbrane conposites can be used in nolecul ar separation™

processes. In these pro Jy | east two

di fferent nol ecul ar typ§gl§&§ﬁ%§l’6®%§ moéﬁgﬁé@%rféneﬁu and at | east

one nol ecul ar species called perneate is transported through the menbr ane

to the opposite side. Feed stream nol ecul es that are not transported

t hrough t he rreniis.an!egﬁrg called retentate nol ecul es. Frequently an

addi ti onal nol call ed a sweep streamrenoves the perneate

from t.he side of the menbrane that is not in contact with the feedstream

The menbrane is  theref O'rﬁe?‘legé{ﬁtlﬁdelﬁﬁmqshﬁwe@{’om gestsgpusl;%gl ons: one
e

region is in contact with he nmenbrane and the feed stream t second
region is in conheleula siévennembmnes andwmbleculhesievemicmbrane compokitesydiore

stream The rate at which perneate is transported through an area
of the nmenbr aspesificalin, ll@dnvmlmﬁadlsmd towargs a methad teatreduces membranes e s
Wi th process t rature. . Hi transport flux, which increases perneate
yvield, is a desi egay 1 yigh pr ?Ocﬁs ®nfortunately, transport flux decreases

over time with a nore rapid
- Background of the Invention

Molecular sieve membranes and molecular sieve membrane composites
can be used in molecular separation processes. In these processes, a feed stream
containing at least two different molecular types is fed to one side of a membrane - -
and at least one molecular species called permeate is transported through the
membrane to the opposite side. Feed stream molecules that are not transported
through the membrane are called retentate molecules. Frequently an additional
molecular stream called a sweep stream removes the permeate from the side of
the membrane that is not in contact with the feedstream. The membrane is
therefore situated as a barrier between two regions: one region is in contact with
the membrane and the feed stream; the second region is in contact with permeate

molecules and an optional sweep strcam.

The rate at which permeate is transported through an area of the
membrane is called the transport flux. Transport flux increases with process
temperature. High transport flux, which increases permeate yield, is a desirable

property. Unfortunately, transport flux decreases over time with a more rapid
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at el evated tenperatures. Consequently there is a need to at |east

reduce, if nofyoyBslsntially prevent, transport flux decay. porppoigdiR'y Of
the Invention Briefly stated, the present invention is

based on the discovery that transport flux decay can be reduced by

conducting the separation process in the -2presence of hydrogen. Thus, in
one enbodi nent of the invention, a nolecul ar si eve nenbrane used in a —
.Separation process is contacted with sufficient hydrogen at the process

hydrogen | 5 addAAess atoIPEIEt tetpperatyiet - Corssanesd efkie RSl IEC ot rcam
I n an anount | Gl | ort fl decay.
:-Iydrogen gan Egeg%%éguﬁtrsﬁsg&ﬁégy?E%Jgﬁg?ﬁag#ogdr%ﬁé‘easésc.aﬁipternat %el Y, d

hydr ogen can be added fromtine to tinme to restore transport flux to an
earlier hi gher value. Hydrogen may also be used to restore menbrane

transport fl ux Summannofithe bivention gher val ue during periods of time in which
the feed stream perneate stream or sweep stream when present is

diverted away fromthe npr ane. Det ai L ed Descriptjon )
Mol ecul ar si eve nenbran&rtf"gﬂ sated, the present Inyspuen 15 Qnthe discayery that

catal yzed proc ' r ' :

Cat el Y2 P 00 S M e A QBN 6l e

cal | ed cat al ytigresent® 6Phpd8ghf aFhuis9fifonedibodifitiitdTdie ixventivh, b bdecilandi ng

or supported, and can al so be one conponent of a nol ecul ar_si eve menbrane

conposi te. Pesieneahembrane used incaiseparation processid comtacted with spfilicient! y used i n

separation o

P hydrogen at the process temperature to reduce transport flux decay. Ina
preferred embodiment, hydrogen is added to at least one of the feed stream or
permeate stream in an amount sufficient 1o prevent substantially transport flux

». decay. Hydrogen can be added during the separation process. Altemativély,
hydrogen can be added from time to time to restore transport flux to an earlier
higher value. Hydrogen may also be used to-restorc membrane transport fluxto
an earlier higher value during peﬁods of time in which the feed stream, permeate

stream, or sweep stream when present is diverted away from the membrane. -

Detailed Descrinti

Molecular sieve membranes can be used in separation processes and
catalyzed processes. Molecular sieve membranes can also be used in processes
where both separation and catalysis occur; these process are called catalytic
membrane reactions. The membranes can be free standing or supported, and can
also be one component of a molecular sieve membrane composite.
Permselective molecular sieve membranes are typically used in separation
processes and catalytic membrane reactions. Permselective molecular sieve

membranes selectively transport at least one molecule of the feedstream across



processes and catal ytic nmenbrane reactions. Pernsel ective nol ecul ar sieve
menbr anes, sel ectively transport at |east one nol ecule of the feedstream
across - WD 97/ 27159
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menbrane. O the nol ecular sieve materials used in nol ecul ar sieve
menbr anes, zeolites are preferred. Mol ecul ar si eve nenbranes and

nol ecul ar si eve nmenbrane conposites are kdown in the art. Oten these
ternms are used interchangeably. For the pur poses of -this invention, the™
ternms nol ecul ar sieve nenbrane and nol ecul ar si eve nmenbrane conposite are

used accordi ng t gelhénhane U thetholetillaF ﬂ@&éemateﬂm s SP Msledular sieve

The present invention can be practiced wth nol ecul ar sieve nenbrane and
mol ecul ar si eve neifibeaies, zeoliresard wreferted! | ncl ude a porous support

material . Additionally, the invent i on can be practiced when an optional
grow h enhancing | ayer or seeding layer is i ncI uded between the nol ecul ar

' . mb d . th Th I t d
Zases whore. mon cciMelelet BeVG pa TR ALY a%?@?@ﬁ!mﬁm?r?q%ééﬁs&  on
coating is appl i gl gnoRin Wik OBRER Hitke RELS Gl KEH IuERRATLEANG, FOPIENOS ' €

I n c

applied. \Wen a nolecu Sl eve rane Is use ati’on with an

optional suppor t purgbsestof this fiveatien, e Rfms AREcHbr kitVe membRR did Moletifiad | NO.
or growt h enhancing | ayer, the conbination is referred to as a conposite

or a nol ecul ar s'siewemmbinmmamposimmsls«baccordingto the language of refefancences
di scl ose the use of npol ecul ar sieve nenbranes and nmol ecul ar si eve
menbr ane conposiPG g@*ﬂﬁators and as conponents of

The present invention can be practiced with molecular sieve membrane -
and molecular sieve niembraﬁé composites that include a porous support |
mateﬁal. Additionally, the in{:rention can be practnced when an optional growth
enhancing layer or seeding layer is included between the molecular sieve
membrane and the support. The invention can also be practiced in cases where
non selective permeatibn paths are preseht and a reparation coating is applied - -
and when optional selectivity enhancing 'coatiﬁgs are applied. When a molecular -

' sieve membrane is used in combination with an optional support, growth
enhancing or seeding layer, reparation coating, or growth enhancing layer, the -
combination is referred to as a composite or a molecular sieve membrane |

composite.

References disclose the use of molecular sieve membranes and
molecular sieve membrane composites as separators and as components of
catalytic membrane reactors. Therefore it was greatly surprising that during the
use of molecular sieve membranes and molecular sieve membrane composites as

separators or as components of catalytic membrane reactors the flux of permeate



catal ytic nenbrane reactors. Therefore it was greatly surprising that
- during the use of nol ecul ar sieve nenbranes and nol ecul ar si eve nenbrane
conpositées as separators or as conponents of catalytic nmenbrane reactors

the flux of pergeat WO 97/ 27159
PCT/ EP97/ 003 MO TN L LT ugh

the nmenbrane was observed to decrease with tinme. No reference di scl osed
or suggested the observed decrease in nendarane fl ux. It has been
di scovered that operating nol ecul ar sieve nenbranes and nol ecul ar si eve
menbrane conposites in the presence of hydrogen substantially reduces

flux decay. Stated differently, it, has jbheen di scayer.ed at .in separation

processes an aﬁgﬂ?ﬁh%‘ﬁ Waﬁg"ﬁeﬁﬁ"ﬁﬂﬁgﬂeﬁvﬁ‘}/}ﬂéﬁnet OGFSTEReN ¢ r anspor t
flux at a predgiefmid&h :ngqég % ér@ééc?ﬁecrﬂs&'ihﬂ@ﬁr%&n@fiﬂﬂ?“o” is achi eved
when hydrogen 1s prese I'n the Fee stream the perneate, or the

opti onal sweep stream when present, or in any conbination of feed stream
perneate, and optional sweep stream Wen nol ecul ar sieve nmenbranes and

mol ecul ar sieve  nitiibs heen discoversditbas operating orodecuitarsieve membramesmndsence of

hydr ogen whil e usi ng_ a hydrocarbon o oxygenated feed, the flux through
the menbrane i QIOICC@!?Sé%ﬂyém@%bfé%%mp%'tﬁﬁmég%?@ﬁ?ﬂﬁogﬁyd@%ﬁ'é‘?MP“Y ashi on

with tine. | R t hesapse r . flux, E . through
the ol ecul ar ggduges ﬂ%@%?a%%@ﬁﬁ?ﬁ%%%‘%&@%%‘&ﬂ? On.
Frorr] by the PcEsgS B AmohArRrHyRrogeh o bERdEQTR ofieP td frlotaliHamlit | ™

rel ationship: flux at a predetermined acceptable level. Flux decay reduetibh dés adhigved mthen

hydrogen is present in the feed stream, the permeate, or the optional sweep
stream when present, or in any combination'- of feed stream, permeate, and
optional sweep stream. When mélecﬁlar sieve membranes and molecular sieve
membrane composites are operatéd without the presence of hydrogen while
using a hydrocarbon or oxygenated feed, the flux through the membrane is

observed to decay in an approximately exponential fashion with time.

In the absence of hydrogen, permeate flux, F, through the molecular sieve - -
. membrane at any particular time, t, can be approximately determined from the
flux at some arbitrary earlier time, Fq by the use of a rate constant, K, according

to the following relationship:
F=Fg 'Kt

The units of flux used herein are Kg/M2-day. This relationship describes an
exponential decay of flux with time. Using this relationship, a lifetime for the
flux, 1, can be defined as the length of time for the permeate flux to decay to 1/e

of its original value. T can be caiculated from the relationship



The units of flux used herein are Kg/Merr]-day. This relationship
descri.bes, an exponential decay of flux with tinme. Using this
‘relationship, alifetime for the flux, [err], can be defined as the
| ength of tinmewosmkize perneate flux to decay to |l/e of it PCRErI00ss

value. [err] can be calculated fromthe relationship WO 97/ 27159
PCT/ EP97/ 00315 _ -5-
[err]=I/L Simlarly, a flux half life, tJerr], is defined as the tine

in which the initial flux decays to half its original value. The half —
life is determined fromthe relationship

tlerr]=t(ln 1/2). The rate of flux decayK increases with operating
t enperature and depends on t he nol ecul ar conposition of the feed stock
and nmenbrane conposition. Thi s approxi mately exponential decay of fl ux

‘with time is especially troubl esone during high tenperature separation

processes with h$imidaly,isdinx hallifest|/2.tis definedas thetimg imwhichithe initial flux
operate the separ,ati on pracess at, hi.gh te at yres begause . the diffusion
coefficients of f’?‘iﬂyéé?ﬁﬂgftﬁﬁﬁg‘é‘él Yﬂg?'e'g’é"egaqpﬁfﬁ’f H"?’Bﬂ’ﬁ@&%"mg‘e “’]a“""“"l’

Additionally, in the case of nmenbranes used as conponents in a catalytic
menbr ane reactor, high tenperatures nay be required because nmany
catal ytic processes operate only at hi /2y ures. However, the half

life for the flux decreases dramatically as the operating tenperature is
I ncreased. -

The rate of flux decay, K, increases with operating temperature and depends on

the molecular composition of the feed stock and membrane composition.

This approximately exponential decay of flux with time is eSpecially

troublesome during high temperature separation processes with hydrocarbon

feeds. It is especially advantageous to operate the separation process at high
temperatures because the diffusion coefficients of typical permeates increases

with temperature. Additionally, in the case of membranes used as components in -
a catalytic membrane reactor, high temperatures.may be required because many - < -
catalytic processes operate only at high temperatures. However, the half life for-

the flux decreases dramatically as the operating temperature is increased.

An example where transport flux reduction would be especially
troublesome is the separation of paraxylene permedte from a feed stream
comprising a mixture of xylenes and ethylbenzene. Transport flux decay would
quickly reduce paraxylene yield in the preferred separation temperature range of
170°C to 500 °C, and flux decay has been routinely observed with permselective
molecular sieve membranes and molecular sieve membrane composites
fabricated on alumina and steel supports. MFI zeolite membranes and MF1
zeolite membrane composites that were permselective for paraxylene were found
to have a flux half life at 225 °C of 10 to 10000 times less than at room



An exérrpl e where transport flux reduction would be especially troubl esone
~is the separation of paraxylene perneate froma feed stream conprising a
m xture, of xyl enes and et hyl benzene. Transport flux decay woul d qui ckly

reduce paraxy@omrydee! d in the preferred separation tenper giciigpoisage of
170[err]C to 500[err]C, and flux decay has been routinely observed with

pernsel ective nol ecul ar si eve nenbranes and nol ecul ar si eve nenbrane
conposites fabricated on alum na and st-éel supports. M-l zeolite

menbr anes and M zeol ite nenbrane conposites that were pernsel ective for
par axyl ene were found to have a flux half life at 225[err]C of 10 to

10000 tines | &g delifredbhdnWPerated with atlBredf svetp Yemoving the paraxylene,

PCT/ EP97/ 00315 enperature

when oper at ed Yérileaft Tréth 0P MiketERd aroniti¢i fodl. t HowReeR While Reparathiy XfaAe® from a
m xed A8 arondtic feed. However, while separating xyl enes at” 300[err] C,

first with an ar300t°Csfiestwitinan nertisweep gasysmch as argonron gitrogendnd theen aslditigng
hydrogen to the sweep, transport flux_was increased and renai ned stable
“when  hydr ogehydragentodhe sweep,transpart flux wesingreasedand remained stebleawhermhsent .

VWhile the flux deca revention and . diation. through the esence of
hydr ogen can bléy‘ﬁ'ﬁg%’r presenly \?hgggsgﬁ3%@1%@%%@@35??%3%568{ derived from
hydr ocar bons and oxygenates, the rate of change of transport flux in tinme
depends on separation and separation/catal ysis process conditions such as

t enperat ure, pressur eWhilethe fliR decayprevention and remediatipmthfoughithe piegencehe
rate of change also will depend on feed conposition, nmenbrane and

menbrane  conpblydregencapdeiabservedinallbcases where thefegdstrpam isaderived frpmessur e,
the ratio of the - apount of h drogﬁlréfgreoz,;gt to the anpynt,kof feed, and.
other sinilar hydrasasbenssand oxygenates, te of change,of transport flyx infime, \arj es

wi th choi ce of . al |6 Shi I | pressure.
1 Cho o of SRRSO el 0 s b ol e
temperature, pressure, trans-membrane pressure, and space velocity. Therate of -~
. change also will depend on feed composition, membrane and membrane
composite composition and-structure, hydrogen partial pressure, the ratio of the

amount of hydrogen present to the amount of feed, and other similar parameters.

The exact rate of flux decay varies with choice of membrane and also

. increased slightly with feed pressure. Feed pressure of the mixed A8 aromatic
feed (xylenes and ethylbenzene) varied from 1 atmosphere to 15 atmospheres in
these experiments and sweep pressure was maintained equal to or 2 to 10
atmospheres below the feed pressure. At temperatures approaching ~400 °C
the half life of the flux was in generzil less than ~2 days when hydrogen was not
present during paraxylene separations. This rapid rate of flux decay isa
problem for any practical higher temperature application of molecular sieve
membranes. Higher temperature operation is desirable because permselective
transport increases with temperature. For example, in a preferred embodiment
such as paraxylene separation the invention is practiced at temperatures above

225 °C and preferably at temperatures above 300 °C.



feed (xylenes and et hyl benzene) varied from | atnosphere to 15 atnospheres
I n these experinments and sweep pressure was naintained equal to or 2 to
10 - atnospheres below the feed pressure. At tenperatures approaching
[err]400[err] Cwostarseal f |ife of the flux was in general | e PETIRPATIORLS ] 2
days when hydrogen was not present during paraxylene separations. This
rapid rate of flux decay is a probl em for any practical higher
tenperature application of nolecul ar sieve “T-menbranes. Hi gher tenperature
operation is desirable because pernsel ective transport increases with —
tenperature. For exanple, in a preferred enbodi nent such as paraxyl ene
separation the invention is practiced at tenperatures above 225[err] C and
preferably at tenperatures above 300[err]C. WO 97/ 27159

PCT/ EP97/ 00315 Reductions in flux decay occur when the separation is Gonducted in the

Reductions in flux decay, ogcur when the separatiqgn i s conducted ip the
presence of hydr Bgesnceof iy %Fﬂ%ﬂ“ﬁ?ﬂtliﬁkaﬁb&ﬂméz@“&ﬁl%"‘iﬁ?%@hﬁ"thFI t he

I I I W[ [ h
[ori)¢ at) cact  TotébuledSn e Rth SHREP A S IRES Bl mall £8 0ol A0 200
reducti ons i1 {1 ioiéladat hybiogen BusphEpieied abeleh hetier iedudborsi T kP! ¢

percent hydrogen in the to nunber” of nol ecules in the feed and sweep.

At tenperatures wildbé obscrvaiwhéDihererih at least 10anolt peftenthydrogenda thie foyalr ogen
shoul d be in the total nunmber of nolecules in the feed and sweep al t hough
further reducti onsmber afimelecidesip the feedipad sysen. Attempgratares greater gmnt 3005bout

60 I t hyd ' te. . Ih diti f h t
eparati on and cBYIBFRAD G PBCRcHdromen should b dn o Phobentmoighles B oo
fl d [ | : | el tit
nitialy Hyor on et G el roBl ARign fuk Bedly wlIlpefie " 1Y

enpl oyed in the whesabsut 36awabeut60irhole petdett Ipalrogendsiptedadt.  hydr ogen
readi ly diffuses through nol ecul ar sieve nmenbranes, and therefore

The addition of hydrogen to separation and combinations of separation
and catalytic reactions reduces flux decay in cases where hydrogen is not present
in sufficient quantity initially. Hydrogen can be added to either the feed or ’
sweep if one is employed in the process. However, it should be noted that
hydrogen readily diffuses through molecular sieve membranes, and therefore
contacts both faces of the molecular sieve membrane regardless of whether it is

introduced on the feed stream or permeate side of the membrane.

Separations and combinations of separation and catalytic processes
involving hydrocarbon feed stocks benefit from the invention. Among these are -
~ separating normal alkanes from co-boiling hydrocarbons especially n-C10 to n-
C16 alkanes from kerosene, separating normal alkanes and alkenes from the
corresponding branched alkane and alkene isomers, separating aromatic
compounds from one another especially separating C8 aromatic isomers from
each other and more especially paraxylene from a mixture of xylenes and

optionally ethylbenzene, separating aromatics of different carbon numbers such



cont.acts both faces of the nol ecul ar sieve nenbrane regardl ess of whether
it is introduced on the feed stream or perneate side of the nenbrane.
Separ ati_.ons and conbi nations of separation and catal ytic processes

i nvol ving hydwasebas feed stocks benefit fromthe inventi operpiFpisishese
are’ separating nornmal al kanes from co-boiling hydrocarbons especially n-C
10 to n- Cl6 al kanes from kerosene, separating normal al kanes and al kenes
fromthe correspondi ng branched al kane agd al kene i sonmers, separating
aromatic conpounds from one another especially separating C8 aromatic —

I somers from each other and nore especially paraxylene froma m xture of
xyl enes and opt . ﬁ&ﬁu e g e ; romatics..of different

car bon nunber s %ul‘%:l f Blehkn ?Jﬂﬁ%sﬂ& AR Ql%maatxcs, Separating aromatic

PCT/ EP97/ 00315 compounds from aliphatic compounds especially aromatic mofscules wiflfr8ing Ur €S
of benzene, toluene, and m xed C8 aromatics, separating aromatic

conpounds from @l8 eirbén atomsiom O5to €0 naplithy rangeyaliphaticsp hed sepagatingt h f rom

6 to 8 carbon atoms from C5 to ClO (naphtha range) aliphatics, and

separating ol defipiccompapadsfiemispymted compeunds.cesperiatiilightadcenes fibmy | i ght
al kenes from ka al kene m xtures espegial ly ethene from et hane and
propene from %QE kene mixtiires esPe"é@@‘é\F@F’E%ﬁgmﬁ%“E iPFeReNg f

separation andrﬁg*,ﬁ{eyt I C processes i nvol vi ng oxygenat ed feed stocks
benefit fromthe Tnvention. Anong these are separating al cohols from

ot her hydrocarbons especially al kanes and al kenes t hat may be present in
m xtures fornmed during the manufacture of the al cohols. These processes
can be performed by Sepatations ang conibinationg ofisepamtion\anticatalyticiproeessds t he

2 Gt eront  CnNBRPERESe) Hedglocks Goneh Jugh bE NP, dmmmadhespare
Tenbr ane f1OM o pligiok Deon SR HRANGHLSh Mok R Shlcitl dfardi® afa aiBhel that <

per meati ng conp
may be present in mixtures formed during the manufacture of the alcohols. These

processes can be performed by contacting a flowing mixture with one face of the
molecular sieve membrane so that at least one component of the mixture has a
different steady state penheability through the molecular sieve membrane from

the other components'and-recovering- the more rapidly permeating component or
components from the other face of the molecular sieve membrane. Hydrogen

should be present in either the feed or the optional sweep.

The invention also provideé a method for improving a process for
catalyzing a chemical reaction. These processes involve contacting a feed stock
with one face of a molecular sieve membrane or molecular sieve membrane
composite that is in active catalytic form and operating under catalytic
conversion conditions, and then recovering at least one conversion product from -
an opposite face of the membrane, advantageously in a concentration differing
from its equilibrium concentration in the reaction mixture. These processes
include recovering a paraxylene rich mixture from the reactor or reactor product

in a xylenes isomerization process and aromatic compounds from aliphatics. The



components fromthe other face of the nol ecul ar sieve nmenbrane. Hydrogen
shoul d be present in either the feed or the optional sweep. The

i nventiaon al so provides a nethod for inproving a process for catalyzing a
chem cal react iwmeh®se processes involve contacting a feed RITEM7/00318 t h
one face of a nolecul ar sieve nenbrane or nol ecul ar sieve nenbrane
conposite that is in active catalytic formand operating under catalytic
conversion conditions, and then recovering - |east one conversion product
from an opposite face of the nenbrane, advantageously in a concentratiom
differing fromits equilibriumconcentration in the reaction m xture.

_These processes jmproverden i§ ffede@iction in mthibing MbCddcag thatlokduss Wheh e t he

‘reactor or reactor” product in a xylenes isonerization process and
aronmat i ¢ conpounprcéssesiaralcopthadted i thd presence of a sufficient kbt of hydrogen in
PCT/ EP97/ 00315 - 9- | mpr ovenent

i s the reducti oneither thefsed sweam oxproduehstieA®: occurs when the  processes
are conducted in the presence of a sufficient anount of hydrogen in

either the feed stream or product stream Still further benefits
can be obtained in cagf peisRpbainl Gtlbd st camifficibifichIGRALRAL OF 2
reacti on contacts one tace of a no ecu‘T ar sieve menbrane I'n active

catal ytic form agtien baefeacahtdfd reacticn oontatsohedaceofid mokciflat sieve membrane -
controlling the addition of a second reactant by diffusion fromthe

opposite face  infactive catalytic form and undes catalytitwonvession cerditionsowhile! reacti on

Che reactant or CONBARRC HORLIORET 8 Jocend eachit by S0sio BPhibe ABposiedice
benzenc i n the. 1350 BHkgHSand eiloht piGte prélill LG Racyf il thb' o7 1
respectively.  improvement comprises the presence of hydrogen in either the reactantor
| product streams so as to maintain membrane activity. Examples include
controlling ethylene, propylene or hydrogen additi_on to benzene in the formation :

“of ethylbenzene, cumene or cyclohexane respectively.

Additionally, the invention can be practiced in cases where catalytic
functions are incorporated into the membranes or membrane composites
themselves. Some of the locations in the membrane or membrane composite
where the catalytic function can be incorporated include within the molecular
sieve layer and within the porous support. The invention can be practiced when
the catalytic function is localized as in these and similar cases, as well as when
the catalytic function is distributed throughout all or some of the layers of the
membrane or membrane composite. The invention can be practiced when the
membrane or membrane composite is impregnated with catalytically active
metals such as Pt that can impart the catalytic function to the membrane. In
addition, the invention can be practiced when the catalytic function is
incorporated into a membrane reactor by locating conventional catalyst particles

near one or more surfaces of the membrane such that specific reaction products



Addi.tionally, the invention can be practiced in cases where catal ytic
functions are incorporated into the nenbranes or nenbrane conposites

t hersel ves. Sonme of the locations in the nenbrane or nenbrane conposite
where ‘the cat ayybipndeuncti on can be incorporated include w tghi 15

nmol ecul ar sieve layer and within the porous support. The invention can be
practi ced when the catalytic function is |localized as in these and
simlar cases, as well as when the catal-ygdic function is distributed

t hroughout all or sone of the |ayers of the menbrane or nenbrane -
conposite. The invention can be practiced when the menbrane or nenbrane

conposite is i ted Wt talvtically active nef al uch as Pt that
can i npart the%rg&%ﬁ?ﬂ?gpﬁ‘g‘fﬁf %ﬁ‘t ﬁeié(wéﬁ%rr& veq Wa&‘gﬁi‘? ﬁiedﬁ",mloﬂe

i nvention can bgaitRedul RActoh € TR biekiid | | ! at ed
into a nmenbrane reacto?ﬁﬁ‘&q‘%caﬁogg convent?‘g‘r:\a ar?%Fb;g?e%aélrﬂt@IEsg(fﬂggé near
\% egg /r , r7nl) g S sur $patigbrebitiohtitip o ther catelyst wo thetrerbRfie. CFér éxahple; theinvartimUCt S
PCT/ EP97/ 00315 can be practiced when the catalyst is located on or near either il permeate or
reactants are continuo, Slp% and sgl ectively renoved or added to_ the reaction

zone t hr oughout TeHeREALe the membrang o membrang compasite. Hrpeesges using thesess of

the i nvent i on  SrREAEE dnBe shAfyER g tebrisPfed BN ih s R o
ei ther the per nRrafh, péactant Siréii, PrEduict Sedh alone of RIUNMiRatin héne

conposite. Processes using thesé arrangenents can be 1 nproved through the

presence of hydanngiese. The thigdroigen desults in & reductimpint the tats bf devneasp b fiefiibraier eam
alone or in conbination with one another. The hydrogen results in a

reduction in tRetWHYe of decrease of nenbrane activity. Exanpl e:

Example:

A molecular sieve membrane was utilized to separate paraxylene from a
mixture comprising para, ortho, and meta xylene at 360°C and ambient pressure. ~ -
Hydrogen: was present in the hydrocarbon stream, and the molar ratio of
hydrocarbon to hydrogen was 1:1. Additionally, the membrane’s permeate side
was continuously purged with hydrogen. The total hydrocarbon flux through the |

membrane was 2.4 Kg/mzday.

The separation was then conducted with the same membrane in the
absence of hydrogen, and the total hydrocarbon flux through the membrane'
dropped t0 0.9 kg/mz.

The membrane was then exposed to a pure hydrogen purge at 450 °C and
ambient pressure. After 30 hr of this hydrogen treatment, the separation was
conducted again and the hydrocarbon flux across the membrane was measured to

have increased to 3.0 kg/m’day.



A nol ecul ar sieve nmenbran separate paraxylene froma

m Xxture conprising para, ﬁ"mﬁ" mm,[ﬁlwﬂyl ene at 360C and anbi ent
pressur,e. Hydrogen was pretsent 4 nwt ydrocarbon stream and the nol ar
rati @ of hydmsxe2Bsn to hydrogen was 1:1. Additionally, th&®CKERBVERNS
pernmeate side was continuously purged wi thyhydrogen. The total hydrocarbon
flux through.the nenbrane was 2.4 Kg/nferr] day. The separation
was then conducted with the sanme nenbrane in the absence of hydrogen, and
the total hydrocarbon flux through the nmenbrane dropped to 0.9 kg/nferr]™
The nenbrane wa a pure hydrogen purge at 450[err]C and
anbi ent pressur?yﬁ&fwéggiﬁb%&:thi s hydrogen treatnent, the separation
was conducted again and the hydrocarbon fl ux across the nmenbrane was

measured to have increased to 3. 0 kg/q;%8 aﬁ/ WO 97/ 27159
PCT/ EP97/ 00315 1. \\aTIn asseparation procsss in' which a feed stream containing gblsastat i on

i n whi d di f
hol ecul ar yp'eit@gpﬁﬁswsr%é%m%tgﬁé%%ﬁévﬁaﬁé%ms% ocar bons,
oxygenat es, and W%Sﬁs’ ies, &Jﬁﬂnﬁﬁs é;f'ﬁﬁhtf)ﬁfeeﬁ@{%%? of.arml ecul ar

Si eve rrenbrane a a perrrea stream1s renoved at the secon ace of

the menbrane, t holeonraicvemdmbran®anda permeate stream is remwedta:thmcbﬁtﬁfabé ocess
w th hydrogen present in at |east one of the feed
of the membrane, the improvement comprising:

conducting the process with hydrogen present in at least one of the feed
stream and permeate stream. o

2. The method of claim 1 wherein the hydrogen is added to at least

one of the feed stream and permeate stream.

3. The method of claim 1 wherein the hydrogen is added to the feed
4. The method of claim 1 wherein the hydrogen is present in a

concentration of about 0.1 mole percent of the feed stream to about 60 mole
percent of the feed stream.

5 The method of claim 1 wherein the separation process occurs in a

temperature range of about 170 °C to about 300°C.

6. The method of claim 1 wherein the permeate is paraxylene.

7. The method of claim 1 wherein the hydrogen is added to the
permeate. -
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