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Zealite membranes have long beena goal of separation science. For a zeolite
membrane to be praeucal, it must have a high flux as well as selectivity. Obtaining such
a membrane has been diﬂicult in the past because of defects in the zeolite film. This has
been especially true for membranes grown from low alkalme synthesis routes described
in the literature. These membranes have a hetern eneous crystal structure in the
membrane and require an enormous (>50 micron) layer thickness to seal pinholes and
void structures. What is needed in the art is a thm zeohte membrane with very few
defects.

A patent descnbmg the direct synthesis of zeolxte membranes has been issued
to W. Haag and J. G Tsikoyiannis of Mobil (US Patent 5,110,478, issued May 5,
1992). A paper desenbmg scientific results obtamed with this type of membrane was
published in an amcie titled "Synthesis and Ch?ractenzatlon of a Pure Zeolitic
Membrane® by J. G, Taikoyiannis and W. Hasg in splites (Vol. 12, p. 126, 1992). The
membrane described in the above article and patent is used as a freestanding membrane
and is not affixed or attached as a layer to a nncropomus support making it mechanically
fragile and leadmg1 ;p, rgady breakage during use. The physical structure of the
membrane is such that there is a gradient of smes across the thickness of the
membrane. This gmdlent of crystal sizes throughput the layer thickness preciudes
growth of a thin membrane witha rmmnmm number ef non-selectlve permeation paths.

Zeohtes have.1 also been grown on el rts See for example, "High
temperature st__ax% 5 egl supported zeolite membranes preparation, module

construction and permeauon experiments," E. R. Geus H. van Beklmm, W. Bakker and
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menbr ane described in the above article used as a
freestandi ng nenbrane and i s not JoOf - asﬁﬁﬁhb as a layer to a

m cr opor oM WPEHTt nmaking it mechahi nd | eRETAEFSB8SI¢ady
br eakage during use. , The physical igtt menbrane i s such that
there is a gradi ent of crystal across the 4 hi ckness of the menbrane. This
gradi ent of crystal sizes throughout the |ayer thickness precludes grow h
of a thin nenbrane with a m ni num nunber of non-sel ective perneation pat hs.

Zeol ites have -al so n ovvn on ., supports See for
t enperature stainl é?ie (PFF‘EC?‘??BI PR SUPRRAL ITS n@ﬁemk%pmpl on,
modul e caasq:euzmremaxahsk ;(eelrrmppo:tad ezephitei (MEI)sméﬁbrﬁes C‘m'cparaﬁbn,vmndule

Bekkum W I
-S- o W&‘@%‘{eseﬁave&gé&;‘g@e’ E. p?oGwn oIhI gad‘%% S. %eeaklf or
exanpl e, " Hi dfoulijipneMicroperons Materials, dnl. bredp? s%mmﬂ patent @ppiigation

nmenbranes: 9919048;Fir6Pean’ Patkslt SpplicaBt® V130523911 MdAJ.8epares4, 099, 69mer i ment s,
E. R Geus, H van Bekkrum W Bakker and J. Moulijin, Mcroporous

Materials, Vol. 1, p. 137, 1993; Netherlands patent application 9011048;
Eur opean patent appll oﬂtﬁemboﬁaﬁfﬁw rﬁembﬂnék are forhed tvith, se0&alcfshes (larger
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menbr ane r gqmep eisqgifficult because the heterogenous crystals in the membrane require an
enormous membrane thickness to seal pinholes and void structures which lowers the
membrane selectivity. The presence of such pinholes and voids is the cause of optical
scattering in as synthesized high alkaline membranes.

Brief Description of the D

Figures 1, 2, and 3 show the x-ray diffraction pattems of compositions
comprising a porous support having coated thereon a growth enhancing layer, and a
zeolite layer grown on the growth enhancing layer, wherein the growth enhancing layer
was inverted, as described herein, during growth of the zeolite layer. The x-axis are 2
theta and the y-axis are intensity in CPS. Figures 1 and 2 show compositions having C-
axis crystallographic preferred orientations of different degrees. Figure 3 shows a
composition having b-axis orientation.

Figure 4 shows a scanning electron micrograph of the morphology of a MFI
zeolite layer, a Growth Enhancing Layer, and a porous substrate in accordance with the
instant invention which was fractured to reveal a cross section. The layer labeled (A) is
the porous substrate formed of o-alumina with 800 A pores. The layer labeled (B) is the
GEL layer which is mesoporous and clearly discemible in the micrograph. The layer
labeled (C) contains MFI zeolite crystals which are intergrown together in a dense mat.
The columnar nature of the zeolite crystals used is readily apparent from the
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enor nous mnenbr ane thickness to seal pinholes and void structures which

| oners the menbr ane sel ectivity. The presence of such pinhol es and voi ds
i 3 the cauW©96M168pt i cal scattering in as synthesized hi ghPEI/REI508814
menbr anes. Brief Descriptioh of the Draw ngs Figures 1, 2,
and 3 show the x-ray diffraction patterngzqef conpositions conprising a
porous support having coated thereon a grow h enhancing |ayer, and a
zeolite layer grown on the growth enhancing | ayer, wherein the growh
enhancing |l ayer was inverted, as described herein, during growth of the
zeolite | ayermorplmiow ofi theafractare surfice thrmighhtheyzeanlites layee | Therlayery(C)nisCPS.

Figures 1 ang, Wﬁeé?ﬂﬁi J SSe ing G axis crystallographic
preferred ori ent ations o “?f%raen egrees. Figure 3 shows a conposition
having b-axis orientation. - Fi gure 4 shows a scanni ng el ect ron

i crograph of the nuFighe! 4By sttfwsoa Mﬁhmngeléblrbzenhéw faph f Ghe e EorHpoMi

Layer, and a rous bs n acco nce W,k t Ve

whi ch was fr§ 4@; ?‘i’b&é\ﬁ’gg C%gtgﬁgagg 'Bﬁ"h‘gllh@qrﬁfg{]ﬁ %88? g}? &f%

t he porous sbﬁs@mlweﬁsdw)aﬁdé@mm_rhemnmth 800-A pores. The layer

| abeled (B) is the GEL | ayer whi ch is nesoporous and clearly discernible
I n the m crograph. The le%/ | abeled (C) contains M-I zeolite crystals
whi ch are intergr owFigerget phaws % seanpiag slectran micrpgeepbofithe sxteriar surtacefof@he

zeolite cryshimbrdheest the insBid invéndi) aTRE urfdce Thé WA is an interdFOWP AR at of
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mor phol ogy oFeRlifRcrystalswhich ang spbstantially fes,pf defeets exiending thiough tﬁe fhickness of;

(O is sutimtiayeri al |y free of voids and defects.

Figure 6 is a schematic view of the cross-sectional morphology, described
herein, of one of the instant compositions. (A) is the porous substrate, (B) the growth
enhancing layer, (C) a .zeolite layer, (D) a grain boundary, (T) the thickness of one
zeolite crystal, and (W) the width of a zeolite crystal at one point on the crystal.

Summary of the Invention

One aspect -of  the present invention is directed toward a new zeolite
containing composition’ comprising a porous substrate (also referred to herein as a
support) having coated thereon a mesoporous growth enhancing layer and a layer of
zeolite crystals on said mesoporous growth enhancing layer, and wherein said
mesoporous growth enhanciﬁg layer comprises zeolites; zeolite and metal oxide; zeolites
and metal particles; or zeolites, metal particles and metal oxides, wherein said zeolites
are selected from the group consisting of nanocrystalline zeolites and colloidal sized
zeolites, and wherein said mesoporous growth enhancing layer has interstices of about
20 to about 2000 A, and wherein said zeolite layer is arpolycrystalline layer. Preferably,
at least 99% of said zealite crystals in the zeolite layep have at least one point between
adjacent crystals that is < 20 A. The zeolite layer will exhibit in cross-section an
assembly of crystals of similar habit. Preferably, a zeolite layer comprised of MFI type
zeolites, will be prepared exhibiting in cross-sectignal an assembly of crystals of
columnar habit.

The: invention is further directed to a process of producing a zeolite
containing composition comprising:



Figure 4(b) shows a scanning el ectron mcrograph of the same conposition
as Figure 4(a) only at higher magnification in which nore detail -about the

i nt er f acawo v6/0te8t Wween | ayers (A), (B) and (C) can be seen.perusosiossia

Figure 5 shows a scanning electron mcrograph of the exterior surface of a
menbrane of the instant invention. The s‘grface shown i s .an intergrown dense
mat of zeolite crystals which are subStantially free of defects
extendi ng t hrough the thickness of t he | ayer. Figure 6 is
a schematic view of the cross-sectional norphol ogy, described . herein, of
one of the instant conpositions. (A) is the porous -substrate, (B) the

- growt h enhancing.layer, (C, a zeqlite layer, (D) a grain boundary, (T)
the thi ckness of oEf’é cgat'i‘g(ﬂ ?‘%’é"itFQ’gIha‘F ,g’%é enhgncingdaygravhkerein saidgropth e~

crystal. at emhencing layer ds\ptepeared ibyaitilizing a solﬁmm;mrﬁﬁgtdgmithy%&lii&ﬂ}d metal-
One. aspect Qf ) I D Lan | brected, toward a.ne eolite

“cont ai ni ng (g%drgﬁ%g?_l? F-ﬁ?%#%ﬁﬁg%%gaob%re g‘ﬁ}é g‘ﬁ]ﬁ)ﬁaﬁe{?\,\%ﬂ(' 'zfl"gom%fgf"p&da‘?"o
herei n as awhereis sgid geqlite isaleptgd &om e group: cosistingafsapocrystallige and dolleidabnci ng
llayer and aebktéid herein 388/ rhét@l GiidSisaolofdRt mataf oS Q)E%Wﬁ’ferﬂ.rrﬂ&'&lhmdde
enhanci ng | ayer,,.and erein sai SOpQrous growt h“enhanci ng | ayer
conpri ses zpéé?aﬁde@' sal-gg proeessing followed Faggﬂat@écﬂg attegperatuse, af thout 200 to
particl es; aboutzFOOD?C for,at feastadbope howrses and net al .oxi des, wherein said
zeolites  .are selected fromthe group consisting of nanocrystalline
zeolites and colloidal sized  zeolites, and viherein said nesoporous

- growt h enhanci ng |'@)ercontasting said substrate bavingaaitl growdl ehbancingulaysrOffate, and

wher ei N saitherégiPwith gzgaﬁggy,{tﬁesg ,Pgiuygryst alline layer. Preferably, at
| east 99% of said zeolite crystals in the zeolite layer, have at |east one

poi nt between adj acent crystals that is [err] 20 A. The zeolite | ayer
will exhibit in cr@y &rya&ﬁherﬁiallyl&eatingaﬁm&tvateBn&rw&&élkﬁxtlﬁﬁsis%imu}?for*}ab' L.
Pr ef er abl Y Oalt' [tne I@er@o.ngr-l _?Sd of I\I/F_I -t%lge _,,z€eoljtes, W be
prepared exfiotitigTPHalye SUDesht to Jpdp 2 zrolite layriion said srawth eghancing layer,

col ummar hand wherein settling of particiEs @roduced froonsaidszdolite dyathesis ntirfueslonto said
process - of zegiRellayer g prevéfted L€ . containing conposition conprising: -

(d) removing unreacted zeolite synthesis mixture.

Contacting as used herein includes total and partial immersion. The solution
of step (a) will contain a solvent, preferably water (distilled, ‘deionized, demineralized)
etc. -

The process further comprises step (e) calcining said composition when said
.zeolite synthesis mixture contains an organic template for a time and at a temperature
sufficient to remove said organic template.

The compositions of the instant invention (which can be referred to as zeolite
membranes), have a large number of applications in Separations. For example, they may
be used in. separation of CO2 from methane, water alcohol separations, hydrogen
recovery, Xylenes separation, and several other molecular separations. The
compositions are also useful in catalysizing reactions. The compositions are often
referred to in the art as zeolite membranes and can be used as such. The ‘instant
compositions prepared on non-porous supports are useful as sensors.
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(fa) coati ngVA9EUMESY r at e W|th a grovvth enhancing | ayer wher ei PCEESE/OBYAwt h
enhancing layer is prepared by utilizing a solution conprising zeolite;
zeolite and net al oxi de; zeolite and cokloidal netal; or zeolite,
col |l oidal netal, and netal oxide; and erein said zeolite is selected
fromthe group consisting of nanocrystalline and coll oi dal zeolite and
wherein said netal oxide is colloidal netal oxide or polyneric nmetal oxide
prepar ed by sDektaiied Descriptisisofthe Ifvehtiomed by cal cination at a tenperature of
about 200 to about 1000[err]C for at |east about 2 hours;

(b) contacting said substrate haV|n%psa|d growt h enhancin Ia er coated
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(a) will contmetal axidel vHence, phecgroveth| sphoncing layer gad theogeoligr:laysr geivn on it

dem ner al i zed)ontaiffb€olite, but each is a distinct fayer. The morphology of the zeolite layer is such

that there are substantially no voids extending through the thickness of the layer because
the crystals of similar habit are oriented and are grown into a polycrystalline dense mat.
Dense mat as used herein means that at least 99%, preferably 99.9% of the zeolite —
crystals have at least one point between adjacent crystals that is < 20 A. In the instant
invention, the spacing between crystals is set by a grain boundary zone and the
maximum grain boundary zone spacing, absent voids or defects, will be < 40 A and such
spacings are readily: observable by transmission electron microscopy and may contain
inorganic oxide material. As used herein, a grain boundary zone is defined as the width
of the disordered zone between two adjacent ordered crystals. Preferably, the zeolite
layer will exhibit, in cross-section, an assembly of oriented crystals of similar habit,
preferably a columnar cross-sectional morphology (see Figure 4, views (a) and (b))
formed by crystallographically oriented zeolite crystals. Other habits are possible
depending on the particular zeolite type and the composition of the zeolite synthesis
mixture.

The dense mat of zeolite crystals is intergrown in the composition so that
non-selective permeation paths through the membrane are blocked by the narrowest
point of approach between crystals. Non-selective permeation pathways are permeation
pathways which exist at room temperature that do ngt pass through the zeolite crystals.
This blockage of nonpermeation pathways exists atyroom temperature after a template
which occludes the pore structure is removed from the zeolite crystals. Templates
which are used to grow the zeolite are often removed by a calcination step. From
transmission electron microscopy (TEM) investigations, the narrowest point of approach
between crystals of less than 20 A after the template is removed, can be established.
The space between crystals at this point can contain inorganic oxide material that
restricts non-selective_permeation of molecules through the membrane. The absence of
non-selective permeation paths can be detected by the ability to prevent the permeation



The process further conprises step (e) calcining said conposition when said
zeolite synthesis m xture contains an organic tenplate for a tine and at a
t enper at wigdenigeef fi cient to renpve sai d organi c tenpl at e. PCT/US95/08514

The conpositions of the instant invention (which can be referred to as
zeolite nmenbranes), have a large nunbér of applications in separations.
For exanple, they may be used in separation of CJerr] from nethane,
wat er al cohol separations, hydrogen recovery, Xxylenes separation, and
several other nol ecul ar separations. The conpositions are al so useful
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ext endi ng. hF Sy 2 ¥ &%%%%ﬁ%’éﬂ“ﬁ“%"j\?ifﬁﬂﬁﬁkﬁg Al of *“pééys pleples,
similar halsnpselr Bavsr ple dfasly opt dimensiogr losh than aperopis m& ép@ksef mat .
‘Dense mat  Permicatidn A FRind teifpfdiurieltiidya imdicbatds vﬂﬂ%xzd%ﬂ&%@ﬁa’a‘ﬂp\&r&@m&%y(ﬁo t he
zeoI 'te A demonstrates that non-selective permeation pathways - with sizes less than
approximately 20 A are blocked. It should be noted that this test does not have to be
performed 'wi;h a dye molecule and any molecular species that can be detected having a
size less than 20 A and greater than the zeolite pore dimension can be used. The

advantage of using a dye molecule is that it can be readily detected by optical means.

The zeolite layer is grown on top of a mesoporous growth enhahcing layer

(GEL) layer which contains colloidal sized or nanocrystalline zeolites. The growth

. enhancing layer smooths the porous support, facilitates the growth of zeolite layer and

provides a seeding surface allowing control of the nucleation density of zeolite crystals

formed on the support. This growth enhancing layer has to be chemically and

mechanically stable in hydrothermal - synthesis conditions and the colloidal sized or

nanocrystalline zeolites contained in it serve as nucleation sites for growth of the zeolite

layer. Altering the density of nucleation sites alters the way the zeolite layer grows

which determines zeolite crystal size, packing (i.e., voids and defects), and crystal habit
or external crystal morphology.

The GEL layer contains identifiable particles with interstices between said
particles of zeolites; zeolites-and metal oxides; zeolite and colloidal sized metal and
zeolite, colloidal sized metal, and metal oxide.. Said interstices are mesoporous and have

- sizes of about 20 to about 2000 A, preferably from about 40 to about 200 A.
Mesoporous as used herein means that there is a connected void structure throughout
the GEL layer. Interstices in this size range provide a permeation path for molecules



crystals have at |east one point between adjacent ‘crystals that is [err] 20
A. In the instant I nvention, the spacing between crystals is set by a
gFai n boun®09%/M68% and the  maxi num grain boundary zone RCTESIFISMbsent
voids or defects, will be [err] 40 A and such spacings are readily
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of crystals of a variety. of habits (such as, e.g., columns or plates, as can be determined

by SEM) or crystallographic preferred orientation {(as can be determined by XRD),

depending on the chosen zeolite, the synthesis mixture, reaction conditions and the

composition of the GEL.

Void as used herein means spaces between adjacent zeolite crystals in the
zeolite layer larger than 40 A. The instant compositiems are virtually free of voids in the
zeolite layer. Voids are at most about 1 volume %, preferably less than 0.1 volume % of
the zeolite layer. Voids can be detected from cross-sectional images of the zeolite layer
made in the scanning or transmission electron microscope. Defects are connected voids
and are spaces between adjacent zeolite crystals extending through the thickness of the
zeolite layer. In the instanit compaosition, the total number of defects in the zeofite layer
with sizes > 40 A is < 10,000 per square inch), preferably < 100 per square inch. The
number of defects larger than about 2000 A is less than 10 per square inch, preferably
less than 1 per square inch.

Isolated defects of the type described can be detected in dye permeation
experiments. Isolated points at which dye permeates into the substrate reveal such
defects. Defects can also be determined by examining cross-sections of the zeolites
compositions in the scanning electron microscope. A cross-sectional view showing a
zeolite composition which does not have any defects in the region examined is shown in
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at roomtenperature (~20[err]C thr ough the conposition
after any tenplate is reno bd HI$ REEREABEEENsr uct ure. Dye nol ecul es

whi ch cagobgorsepsen to- det dbt _noMEFYAGED ve pdrneat i qrepedosiesis t hrough .
t he menbrane shoul d have m ni num dir menstons ich are larger than the

control ling aperture through the zeolitg and the - size of the dye

mol ecul e should al so be | ess than 20 A n-sel ective pathways

transport “dye-nol ecul es ‘which are larger than the pore size of the zeolite.
The dye nmol ecul es shoul d be carried in a solution made with a sol vent
whi ch can’ Fgiire #n Spasrpeprtieation dahnizodie usédatozméaltdefmrm thé compositionarif thehe

| |
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perneati on pathways with sizes |ess than approxi mately 20 A are

bl ocked. 1t should be noted that this test does not have to be
performed with a d¥be neweacchitecturaiofithe inssins duneation [scainpsediaf acsabstiate, a
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zeolite | a;peroxarwbstrat@rlmncajm e = ceraimicy metal, fzzoliteptdrbide npplymert orod mmitutehe

o ov - ennAapat, For bxaf B ahfifl ¥, Sorgipnnl, G Yablhe N ober, IR |

hydr ot her rigilicasy ﬁm 3 sarben &ranhise and rhilicon em561= o6 irgixture thesepfan be utilized.

nanocr yst allirefaﬁbgveelpb}aﬁ défmaba gdrdun nhtal SRbHEpraferdbiy; Isf@m@lrkté’eltl tﬂimﬁ@{
0 nucleatl on sites
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have
chosen such that the mass. -transfer resistance ‘does not- h,nut__. the flux of material
permeating through the zeolite membrane during use. The porous substrate will hence
display a porosity-of about 5 to about 70%, preferably about 20 to about 50% and an
average pore size of about 0.004 to about 2000 pm, preferably about 0.05 to about 50
microns. It is preferred that the_. surface of the porous surface on which the GEL layer is
deposited be smooth. Roughness in the substrate leads to defects in the zeolite layer.
The substrate should have an average roughness with an amplitude of less than 10 pm
with an aspect ratio of the roughness less than 1:1. It is preferable that the average
roughnsss of the substrate be less 0.5 pm with an aspect ratio of the roughness less than
1:1. One ﬁ.mctxon of the GEL is to smooth the support. If a nonporous substrate is
utilized; it may be selected from, e.g. quartz, sxhcon, glass, borosilicate glasses, dense
‘ceramics, for example, clay, metals, polymers, graphite and mixtures thereof. When
. nonporous supports are utilized, the finished product can be used as a sensor or as a
catalyst.
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si zes of about 20 to about 2000 A, preferably from about 40 to about 200 A
Mesoporous as used herein neans that there is a connected void structure
t hroughout wodsleees®EL | ayer. Interstices in this size range pCEsdso8s14

permeation path for nolecules WO 96/ 01687

PCT/ US95/ 08514 -9- 'THIS SHEETHAG BEEN
through the GEL |ayer. Ml ecul es can perneate throligh t hewsme Agrrer sti ges
because t hey are devoid of any material which -
transport during nenbrane use. Applicants believe that the size and
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crystals rem??ﬁpﬁ?&@ﬁr@ta‘%@oﬁ&&h%ﬂh @wqﬁawaszgaemy it Pt?ﬁléwﬁﬂﬁs@'h%eupf
spacing of [err] 20 A  This dense

e
Zeol i te | ayer MCGFRARAted by referencs, Or Pﬁi?f H@é"’éﬁ kﬂﬂ\@"l‘&? H\ﬁﬁh-“l@ﬁ?&a‘ﬁébﬁ@ﬂ Lpllpidal,
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conditions an conposi tlo o sed
herein means $peRUSSubsmiRend euginadoatitemperatures 1080, prefarablyfrom about 200 to

about 1000°C, most preferably 300-600°C. Followiiig calcination, a stable mesoporous
growth enhancing layer is formed and is maintained il the final composition as a distinct
layer having a thickness of about 0.1 to 20 microns, preferably about 1 to 5 microns.
This layer contains interstices as described above. Following calcination the zeolite will
be nanocrystalline or colloidal sized zeolite and the metal and metal oxide will be
colloidal sized metal and metal oxide. The GEL layer can be formed from silica,
silicates, aluminosilicates, aluminophosphates, silicoalumino-phosphates,
metalloaluminophosphates,  metalloaluminophosphosilicates, and  stano-silicates.
Representative of molecular sieves (zeolites) whi¢h can be used include but are not
limited to those of structure type AF1, AEL, BEA, EUO, FER, KFI, MAZ, MOR, MEL,
MTW, OFF, TON, FAU (includes zeolite X and #olite Y), zeolite beta, LTA, LTL,
AFS, AFY, APC, APD, MTN, MTT, AEL, CHA ufill MFI zeolites. Preferably, an MFI
zeolite with a silicon to aluminum ratio greater than 30 will be used including
compositions with no dhyminum. MFI zeolites with’ Si/Al ratios greater than 300 are
herein referred to as sﬂ:cahte W

Some of the :above :haterials, while not being true zeolites are frequently

referred to in the hteratﬁ’fe as such, and the term z#6lite will herein be used broadly to
include such materials. ~ -

g

This Sheet Has Been Reﬁc

(AR




zeolite layer larger than 40 A. The instant- conpositions are virtually free

~of voids in the zeolite layer. Voids are at nost about 1 volunme % _
pr ef er abiwp dsmse87t han 0. 1 vol une % of the zeolite | ayerprCh/ussinssan be v
detected from cross-sectional inmages of the zeolite |ayer made in the

scanni ng:or transm ssion el ectron nicroggope. Defects are connected voids
and are spaces between adjacent zeolite crystals extending through the

t hi ckness of -the . zeolite layer. In the instant conposition, the total
nunber of defects in the zeolite |ayer with sizes > 40 Ais < 10,000 per
square inch), prefFEhainrepal oxide® widch sap beaised diereill laee selectedrifiom tlie gedupct s

| arger tha | S S _ e | roof I
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at whi ch dpgefBrablye FofSidalnAlEmina SwillUbes Lisedl © The \@fibidalfdtals wHRh&ahSbe Rlject s
can al so be ijtatqer m neg] ?%/H exa‘g\.@l ng cross-sections of the zeolites :
conposi t i off¥Y4s CRBTPANTHMB%EIYER r on i croscope. A cross-sectional view

showing a  zeolite conposition which does not have any defects in the
Irag% 8293( 8r8n52£e1d 'S .Bv]%jﬂstin@ the ratio chagi&}ggglit_e.and metal oxide, the gex_lsity of
Figure 4. Gudegionmsitas pothecGEL xas be sentaelisd. Thisrdensity contsplsshe morpholegy of
Conposi ti Ohe Jdolitd'film grovif V& aRE lgkdwinOénhbEng E?leﬂ. nSa. .asge?uehp_hpa.romaﬁ% at
roomtenperature 1s |gss than 5x err ) 'IP es/( rr] -sec-Pascgal) for
each i cr ofymhesisten nbaehigherithe nucleatipp depsityetne namawe ﬁﬁ@pw@wsm wigid
consi der ed thiedcrpstuis ﬁﬂhmmmabé. GEleisvlite Hyersintarfacd/b Nuclratibe desity  cah e (
- rogm feppgrature

perneabi lity o the oljte .layer t.0., nitrogen. at
Is less fﬁ'gﬁ"“egquo & rtﬂaﬁ@e P’°r?§r‘b°§'? (Oﬁ{cgp?'fal—%eé’@?%a@gﬂﬁmf %’-f‘d a ron of
t hi ckness dénslt_y dempaﬂing & theagwount of the metal oxide utiliz&h increasesh as well es:thcrsizeof the
i nstant i nyeRfd QBididal CAUSRRS Gf RS @EU?&Ifoféa?’siz%d ;eolitgf GMehl SAHGRTSE figml 2V er
cont ai ni ng _nesoparpus interstices, and_ a layer of zeolite .
E - 50-10,000 A are thus used in the GEL.. The larger the colloidal zeolite crystals utilized

in the GEL, the wider the zeolite crystals in the layer wili be. Applicants believe that the

addition of metal oxide, colloidal metal or mixtures thereof to the colloidal zeolite in the

GEL layer provides spaces between nucleation sites allowing for control of the crystal

width in the zeolite layer.

GELSs containing pure metal oxides or colloidal metal fail to produce the

necessary nucleation sites. The Ifor_mulation of GEL is 100-x wt% of colloidal metal or

- metal oxide: x wt% of colloidal zeolite, where x is at least 0.01 when the GEL is not

formed from pure colloidal zeolite. Hence, the nucleation density is set by the above

“formula as well as the size of the particles of colloidal zeolite, colloidal metal and metal

oxide. The smaller the particle size of the colloidal zeolite particles, the denser the
- nucleation sites which produces narrower zeolite crystals.

The preferred synthesis technique used with this invention is the growth of

zeolite crystals on the face of a GEL layer which is oriented from 90 to 270 degrees in a
low alkaline synthesis mixture. In the 180 degree orientation, the preferred orientation,

~ the GEL layer is horizontal and facing downward, thus being referred to as inverted.
-Applicants believe this prevents. zeolites which are homogeneously nucleated in the
synthesis mixture from settling by gravitation and incorporating into the growing zeolite
layer. Thus, the zeolite layer is not perturbed during the growth process. We refer to
this synthesis technique as a Growth Enhancing Layer-Low Alkaline Inverted Insitu



crystals. The substrate on which the CGEL layer is grown will be sel ected

from porous and nonporous substrates. When a porous material is

dési red, i WOBE/01687 por ous t hroughout its entire thickneRCT/UISPAAD| v
an inorganic oxide will be utilized. The porous substrate, hence can be
a ceranmic, netal, zeolite; carbide, polynp{;or a mxture t her eof For
exanple, alumna, titania, cordierite, nmullite, stainless steel, pyrex,
silica, silicon carbide, carbon graphite and silicon nitride or m xture
t hereof can be utilized. Preferably, a porous ceram c or porous netal,

nmor e pref er ablSynthesiniCriystalizatione (GERILAKISE) procesandTberherein i growni MFIbzeoliteed.

The porous su ; 5 | ' : ik s OF
my b asymeeerpayoqs e CRAGRY iy Ml gl Meitetad thickndsl A Rithin
of the subst r stiglayertheyda pay goatterdight structure at the surface on which the
GEL layer is to be grown.. The substrate pore Size is dictated anongst

t her thi b : , i der at | It i f hat .t h
bore structure and: : ATSREL zgplite HSRRS Aty show'  Feficent fystallogfopbice
mass transf er prefarrest omentatibmeGs deterinined thyt XRD).| (Prefefredmirientation will bpdlifferasti ng
th h th ] AU : '

i spi gy & por Sopendfig B Bt ABHA Eiolth Hate ZAAIBILA hnl RS Hidhdd B plepaBHEE
50% and an  Hoxexerag@referred grigratiom will plivays beexhibisedi hbhg crystaliographiq egienta-
rface of ¢ hooh o tROMEL GIMAIL ibihe prefeifed (bpdinicns 1 sithahl dfHast 187 bhthe

u u u | yer | £pPOsSI e
oot Rough ARG A the Sea TyPhad Higtsd iy ousuaian Witk the o288 aralel 5, e
TEe sugs'E r at fgﬁdﬂhldikebﬁ&ﬂxﬁi&iﬁ\/lé? Ppoeferably JitrafSthe Wothalato thepsurfheedef the Zeolite
than 1 err ' ' t . . . 1: I €
i's preferabl e[%'ﬁr 1P ’%@‘%@%ﬁgﬁ%gﬁ 6&%8?'%{3}55 ( f‘ﬁﬂg@ g%z%%%&%%%&& ]’3‘."5
[err]mwith asrystshwisith insthe gealite layer ¢apyghrfeem 0 leto2G min "1:1. One

function of the GEL is to snooth the support. If .a nonporous substrate is

utilized, It mmy be Spl Seel oM 2 Sl 2 o3l LECel il AS5: ony irecion
pol ymers, gr apbiniad teutise Peotiteager (sbel £fhe\dhddis) may beoobrained dyseompariten of the
i zed, the s oR RS or PR A Har St BB orfZhted edlite powder. In
PCT/ US95/ 0851the case of an MFI zeolité with a preferred c-axis orientation, for exagnple, the ratio of
the intensity of the 002-peak to the combined 200 and 020 peak is divided by the same
ratio for randomly oriented powder;, the quotient is termed the degree of
crystallographic preferred orientation (CPO - the orientation of which needs to be
specified). Measured in this way, the zeolite layers of the instant invention have a
degree of CPO along the c-axis of at least 2, and may*have a degree of CPO along the c-

axis as high as 10°,

In preparing the GEL coated substrate onto which the zeolite layer is to be
grown, the substrate is first coated with the GEL followed by in-situ crystallization. The
GEL smooths the porous substrate, facilitates th#' growth of the zeolite layer and
provides a seeding surfiice to increase the nuclegifon density of the zeolite crystals
formed on the GEL. THe GEL must be chemicallytand mechanically stable under the
hydrothermal conditiéns employed during the prepération of the final composition and
also capable of enhancing heterogenous nucleation'8r surface nucleation. Altering the
density of nucleation sites changes the zeolite crystal habit by adjusting the width of the
crystals formed. -'



The nesoporous grow h enhancing |ayer is fornmed froma sol ution
containing a nanocrystalline or colloidal zeolite or a m xture of netal
oxi de aw9s/oiesInocrystalline or colloidal zeolite or a nNPETWSeSM8514
nanocrystalline or colloidal zeolite and col l oidal metal. Preferably,
nanocrystalline or colloidal zeolite.ofpa mxture of nanocrystalline or .
- colloidal zeolite and nmetal oxide will be used to formthe CGEL |ayer.

The netal oxides fromwhich the GEL | ayer is prepared are colloidal netal
oxi des or pol ymeric netal oxides prepared from sol -gel processing.
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art. Coll deiﬁ|200°C&bZa<béu94000°d ﬁﬁf&heameémems&%rawnﬁwoom fénfeQr m a

stable dis I on or S0 | scret r ef a the
~col | oi dal §§W ‘Iieli'brém'%jg fiog. §g?)(ﬁ7°ﬂ'e{a%€}f tthe sﬁs&agq. abfr&/ €l han
1000 A. Csitdationsyla spm)boamg méthod sa be used>d Glisks aoreplatesidiSpin coatmgtgvesabl e.
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f r om aboudippg precess cﬁbbmseﬂooblpeeﬁﬁ]lcwﬂlnhﬁsfrop d| i @w 8 O{rnzltlngck:
oo M oSttt sy i <
havi ng a g‘Pﬂ §§‘“B'Fs’al!?5"(f?r%l 12t il FH°6 ér%pyefaérlgﬂﬂt aba%’éu% hours, y

m crons. CalcThncn bfisher GEDwillitppicallyt ter sindaeted avithoe heatingerdteabbabout FOItb OWI ng {

cal cinati z i C [ |
zeolite angqlﬂ& E? I.ogjr'\%m ter‘gPeanpg tga&g {a}(ﬁ%ﬂtoh &ﬁ‘&% % q;l?éed%@?al and
nmet al oxi determined mabemyei’refmbhea fidstensalution mf @ ¢ancentratnons¢ﬂ 0.2 d0ewt%

-al um nosi Eélﬁi@trﬁﬁrespr ferably"l WERREERNHIDE used toP -féé%'aé'@ﬂl.o phosphat es,

met al | oal um nopho ates, netalloal um nop osp osilicates, and
stano-silicates. - Representative of nolecul ar-sieves. (zeol ites) which can

be used include ke GEE d¢vating solutioh tmay tontaih sheiiodmaintsi of wrganic/ pindéss! , AEL,

and 260l ffcﬁ%m 8 S iy, s e ol ot MBS Tsr @ X
AEL, CHA thecubstratekaving the GEb; erating isi prepased, it zeolitedayeriis themgrawm si | i con to

alum numratio greater than 30 wi | | be used including . conpositions with

no alum num M-l zeolite h Si/A ftlos great r t han, 300 are her ei n
referred to as siihechydre erm  treatment to ormthe ciystaline zenlite. uppsrelayeli s, whil e

not bei ngcdrfied oatby. lcbﬁﬁcﬁiget}fer mmtsl ngethe rmtednédaate NayeRavith hejedlitdr € . as

such, ands);nt eesitsezrm%r%? la'ntri ehyWroti\ y ﬂng uf%r l;noeagh _att the temperature
sufficient to effect crystallization, e.g., in an autoc!a_ve-__under_,autogenou_s pressure.
Heé.ting times may be, for example, in the range of from 30 minutes to about 300 hours.
Temperatures may be, for example, from 50°C to about 300°C and preferably about

180°C.

Growth of the zeolite layer on the GEL coated substrate is carried out with
the GEL layer in an orientation and location in the synthesis mixture such that the
settling -of particles produced during hydrothermal tr_eatn_iertt onto the GEL layer, is
minimized or prevented. . For example, the GEL layer is -edvgntageously at least 5 mm,

~-and preferably at lest 8 mm, from a wall or, especially the 'base, of the vessel to avoid
 interference from particle settling. Alternatively, additional means to inhibit settling can
be employed in the zeolite synthesis process.
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The netal OXP&6MI6Hhi ch can be used herein are sel ected fromPEEUSSHEH4
consi sting of colloidal alumna, colloidal silica, colloidal zirconia,

colloidal titania and pol yreric netal oxgdes prepared from sol -gel
processi ng and m xtures thereof Preferably colloidal alumna wll be
used. The colloidal netals which can be used i ncl ude copper, platinum
and silver. By adjusting the ratio of colloidal zeolite and

metal oxide, the densiThg efolite laysr| ean i avesiitkes onships @Ruferrech drientation, a
o e ARt S o B Shogh 6, bl
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the col | oi dal thegrawth rateycan dominate renuglgation princpgporgtion, eMyatalsican competitively
zeolite cryst gréwifor g patigds df tilmePRithdRNigrifiahe ali@libe 68 el brysa® into the
addi tion of netal 'noﬁllade’ gl.%lcl | dal net gl or. 1 xt ur sg} g‘grﬁ&htco t rlle
col | oi dal zeol&¥EIEHAYHe BIRYEPS 36018 £SMERECe t Ristals and dhe
si tes al | owi ngyithesicmethod seeks td preventyretueleation of itbrporatioh ef zaystals) thel eyudting
CELs contal o nBifof B4 A bty Bl ity e S
col | oi dal et grienfation opmrnbecgusedthe crysialsarefforsed to gy withgirefemred wegwlas habits
at least 0.01¥"@Brghofogirht the sifhce of the zeolite layer. A regular habit (or morphology) is
taken to be a regularly shaped outline of a particular crystallographic grain in the layer.
Regularly shaped outlines-are defined as those which can be fitted or packed together so
that there are no interconnected spaces or voids between crystals. Interconnected voids
will form a pore structure. A few examples of regular habits with regular shapes are
columnar, cubic, rectangular, and prismatic. Spherical, irregular and elliptical shapes are
not considered to be regular habits. In a shape preferred orientational, defined layers
will have the same regular habit. This can be measured by cleaving or fracturing the
substrate on which the layer is grown and examining the cross-sectional morphology of
the zeolite layer with a scanning electron microscope. Examining the surface of the as
grown zeolite layer can also give additional information concerning the shape preferred
orientation in the layer. A layer with shape preferred orientation is taken to be one
which has more than 90% of the crystals within one layer inside the zeolite layer
exhibiting self similar regular habits. The self similar requirement means that the same
regular habit is exhibited within a layer that can be drawn in the electron micrograph of
the cross-section of the zeolite layer, however even though the shapes are the same, they
do not all have to be the same size. Because of the growth mechanism of the zeolite
layer, it is possible to have one shape preferred orientation at the bottom (base) of the
layer and another shape preferred orientation in a.layer drawn near the surface of the
layer. An exampleof thigis an MFI zeolite layer which has a columnar habit at the base
of the layer and a rectanguldr habit at the surface of the layer. Many MFI zeolite layers
grown in accordance. with the present invention exhibit only one habit throughout the
thickness of the zeolite layer. Usually MFI zeolite layers with a preferred C-axis



formed frompure colloidal zgps Hepneo -t ucl eation density is set by
t he above formula as well aé’FHSﬁSHBETZHASBE'ENe particles of colloidal

zeol i te, wobéeisgnl netal and |jret al REPLAGEDe. snal | er tHgxnySR8/b8s3d € Si ze |
- of the colloidal zeolite particles; The" den"ser— t he nucl eation sites

whi ch produces narrower zeolite crystal The preferred.
synthesis technique used with this i nverh4| on is the growth of zeolite
crystals on the face of a GEL | ayer which is oriented from90 to 270

degrees in a | ow al kal i ne synthesis mxture. In the 180 degree

orientat| Ononedia.&fémwéonefhhﬁrﬂaa& (&mo rpholda§) tHrbu @fhelemm“c&ﬁsgs%f and
facing dovmwgr bei ng referre @ I npverte Aqﬁ lcants beI | eve
this preven ZE‘EJI?t'@%e"V\hl feny a%rﬁfﬁéﬁ@ ug‘f‘ipt?ﬂﬂfﬂee{?@ﬁs Ve e preferred

synt hesi s ntrystallegripldcodeititionng by gravitation and.i ncorporating into the
growing zeolite . layer. Thus, the zeolite layer is not perturbed during

the growth process. W refer to . this synthesis technique as a Growh
Enhanci ng Layer - Lovin/thg girefagred embodiment, rthe tzeolite -layer\ip ggowo dyssuspending a

PCT/ US95/ 08§ﬁ,§t th wth’ nh 1 ted
Synt hesi s Cryst“za'te haﬁvg{gl 0 > EISE e ancéré I rerc')ccggg t&ereogelrnela nzeglrl%mﬁnk/l—gfls '
MEEHEoWIt

zeolite the, sub; trretedmen@émuy tthat sajsgromith ephancipg layer is ogtented
| ayer thi Ckﬁfﬁﬁﬁ% Iilo t270¢ 11Y\/Isi|BI§9nthes1s likterd @y wheredy uﬂ@aldeBOS@;ﬁEﬁtﬁﬁod isaibit -

proferrea. oBTouth EMRRHE Vet dpiiportel iy Being HownSRl. i Shetch AT BPWR | e
different- enhadepgmyengp mle’asteabnebﬁmnefrohbﬁcrbdtmm tattethﬂ dowest epoim,yef sadd t he
oL o, o, PR 3 iGNl g o ks Spp Sepes 0O
the prefer ré@tmé@m "laémsqﬁpﬁ at g sgmperatuessufficrenyte formhe zeolite, y@’t diog in
the zeol| tee:kaawé, at aBout! 500iaboli3GURCO preferhbily aBout 1000 taBBuC2S0RC FoPat RAdte!l tO
the about 30 minutes to form a zeolite layer on said growth enhancing layer. Washing said
“GEL and zeolite coated substrate with water for a time and at a temperature sufficient to
* remove any unreacted zeolite synthesis mixture, preferably at a temperature of about 15
- to about 100°C for at least about 10 minutes, more preferably for at least about six
hours. When the zeolite synthesis mixture contains an organic template, the
- composition, following washing, is calcined at a temperature of about 400 to about
600°C for at- least about one hour Longer calcination times will not affect membrane
performance.

The zeolite layer grown in accordance with the instant invention will have a
thickness of about 0.1-100y, preferably about 0.5 to 20 microns. Thickness is herein
defined as the distance from the GEL zeolite layer mterface to the uppermost point on
the zeohte crystal : : -

The zeolite layers of the instant invention are prepared from zeolite synthesis
mixtures. Such mixtures are any mixtures from which zeolite crystals are grown and are
well krnown in the art (see e.g., Lkmi_qg_k_o___gjsg;lg:&g, Rosemarie Szostak, Van
Nostrand Reinhold, NY 1992, Zeolite Molecular Sieves, D.W. Breck; R.E. Kreiger

* Publishing Co., Malaba, Florida, 1984 ISBN 0-89874-648-5.). . The zeolites which can
be utilized include those utilizable in the GEL layer. A preferred route for MFI zeolites
is from a low alkaline synthesis mixture having a pH of about 8 to about 12 preferably
about 9.5 to about 11, and from which MFI zeolite -crystals can be grown. Such
mixtures are readily prepared by those skilled in the art. For example, suitable mixtures
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growh direction (wwthin 15 preferably 5 of the normal to the surface of
the zeolite | ayer), preferably at |east 90% of the crystals wll

di spl ay t hWO9&1687 ed ori entation. The crystal width inROT&ISISEESI4 e

| ayer can vary fromO0.1 to 20 [err]m A nmeasurenent of the
proportion of the crystals that have one dll rection normal to the
zeolite layer (such as the c-axis) may be obt ai ned by conparison of the
x-ray diffraction pattern of the layer with that of a randomy oriented
zeolite powder. In the case of an MFl zeolite with a preferred c-axis

OL i ent ﬁit:) | Ond fnchdeklaimI'H’ABﬂ’(@etf@trm;@dahﬁmomumbede)I Si0§ ahy vaftert F!Qxe@l%ﬂiﬁﬁkn} 0
t he conbi ne omy
oriented povvd%rg%rwbg ?%ﬁ 2 |h§é (?t] m§§g9 %X“’f&'gg‘r‘@sg'qg“r of choi 'I%f'vo"dg% iC
preferred orismthesis @nxt(u(;?oThetsmhwq mixtune; is theaf haatdcte almx(d§0tb dhout 300°C,
specified t a b&odZ 0 éttﬁb

| gvent | on) havlwe bﬁdab(ﬂxt fEOSCVBY d @Pﬁﬂho‘x? gbaﬁiﬁﬁxl s&gf for gnﬁ&ﬂ,rﬁbout 30 0 oy
have a degr et Wﬁ?‘gr?@%t éfsc ¢ zeo ilayen e Fheéﬂ‘-‘té%t “;‘LW‘E‘PP ]Wll preferably be
BPO%ED?Lgnguﬁaﬁegﬁh amu]geeglo 30/ 2507 @i&xer\:mte?thg@ctam e:hxahdfi iget.i tﬁ?:y* gma&l 8 Sllx ItoE the be
crystallizati g‘ﬁg"‘%z‘d En&{%gﬁhf claﬂé’e e&?‘@u&%ﬁg%lyaﬁgw’\‘ Lc?ﬁuﬂ‘feétsélghtaﬁe

growt h of thescz@mgQregdndmgraWnotpmofmhaesveatiemedl ng surface to increase

the nucleation density of the zeolite crystals formed on the GEL. The
GEL nust be chemically and mechanically stable under the gdrot her mal
condi ti ons enpl oyed ¢ e eendity jaypm has besn Sspwanhany remaining syshesis mixturads
aA: tso capatnlhe xefnoesmrg:l @; e DAty aﬂ?‘?én%#tﬁréﬁfa%ﬁ{ as:aal rtgovbe ﬁeﬁf.[?ﬁtlﬂ
ering the a i tes, chan ite cr a
nabi 1 by ach (oo R abouf dPRUE o ah st aboist 0 SRR Bratirant Tor a 1hef sl otsn

PCT/ US95/ 0851Bxcess washing for lohger periods wxll not affect the compdbitions separatxon
capabilities.

Once the zeolite synthesis mixture is removed, if it contained an organic
template, the composition is caicined to remove the témplate. For example, calcination
in air or oxygen at aboiit 400 to 600°C can be used for at least about one hour. Longer
calcination times will not affect the performance of the membrane. If no organic
template is present, a drying step may optionally be conducted at temperatures of about
100°C.

Catalytic functions can be incorporated ifito the compositions by methods
known in the art. When a catalytic function is incorporated, the composition can be
used as an active element in a reactor. Several different reactor architectures can be
constructed depending on the location of the catalystic site in the composition. In one
case the catalytic function can be located within the Zeolite layer, while in another case
the catalytic function can be located within the supgort or GEL layer, and in another
case the catalytic funttioh ¢an be distributed througi$it the support, GEL layer and the
zeolite iayer. In addition, catalytic function can be incorporated into a reactor by
locating conventional catalyst particles near one or more surfaces of the composition
such that specific products or reactants are continuously and selectively removed or
added to the reaction zone throughout the reactor. Impregnating with catalytically
active metals such as Group VIII noble metals and particularly platinum, can impart the
catalytic function to the composition. The catalytic activity can be incorporated by
techniques known to those skilled in the art such. as the incipient wetness technique.



The GEL | ayer is produced from prepared solutions by a variety of solution
coating techniques known in the art. For exanple, dip coating, spin

coat i ng, wared/05487 p casting, can be used. The coated subRCYEHSIS/OBSI4t hen
calcined at tenperatures ranging from about 200[err]C to about
"1000[err]C to forma stable nesoporous_patrix. The preferred coating
method is determned fromthe geonetry of the substrate. |In practical
situations, a spin coating nethod can be used for disks or plates. Spin
coating gives excel l ent control ofthe coating thickness. For tubular and
honeyconb tTheeanmunsof Gtaxp, VHI noblelimetil tg be imomwsatedwilbrmngs ém THao@hbutwi | |
be from ab g1 to about 20[err]mth|ck The calcination time will be
sufficient to forma nechanically stable | aye'r thus at | east about 30

m nutes, preferably 2 hours, nore preferably at |east about 6 hours.
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about 10 to err our oo Ffature.to the cal Ci.nati on
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so: ug i on lo:‘mdectﬂmmpahesaislmgtaofedamh e odrfip osmoatdfltﬂs inventicn, whekein ableastl wt %
solids w

sol uti on mﬁmg Hl[%&qmlg feﬁ %an%%{}ge k is, selparab g'errnsséwefegﬁko B#E%a

(pol yet hyl @nmpgslyem pnd wherein. s@demman gfmopks)mmahwmm| andolsq:ogmnce

the substr Qfeﬂvélﬁ‘féeﬂ&o&l&e @Ebarﬁﬁ@ﬂs' Wﬂxchsmiy 8P 4aRfbd 6ﬁleu§ﬁ%3|a' &&nﬂ)&%ﬁfn inS t hen
grown. ot e% treatnent to .for
t.

he cr b I ne
zeolite upﬁ@?"’f’%ﬂf‘@r“"ﬂbt e ‘"%egt‘f’?é'lf fo5\exampleaseparation 19 “QUB@tql am yi ng
th i n':]er megibailing| hytﬁ'bcalbéth aespeidlliyt ﬁ‘-g &y %eﬁlkSndm frotar kero@é\ﬁf fnormal
ydr ot her t reat i ne_an ature suf.fi ci ent to
o fect oryaikaed 258 Afed Mot i BrAlionding iRk %L AlksBe Jsarterty
Heating ti rseparataqn b artbmatme;campbm si fromhene an enofespemﬂy:%@emratmhee about
3 dsi fr ot £ Gy

300 hours. dEFDbtlE? m%@esﬁé?%? pgmx{,]ERéT}'réﬂ[aeﬁ-H(:a&e Qﬁ t he

300[err]C ano[npre er a%)
zeol i te | aypaf. eptionally aéﬁnsdar&meﬁaa%# wroptics efydiffgtent\Farhon "E“HE“EEEL
layer in afooexanplet mimum\d:fl senaériep Noluéne| imdsmbmeeq ardthaticsy separdtiont 6t t he

settling of | GEL

ayer s ke bERodue TGS hipHE SoRielidl SpBaAy, ARATR! ofRPliBs WA

~ advant ageodminy 6ato S&ﬂmnatmns fronnkly tor € Gzr(m:nh;haatang@sahmam sépanatwm ofal |

or, especi h I o d r o]

' part icle s?tlét%cﬁlh&"ﬁ{%? gerlsnat r&el%afﬁ?ft% t r@p&}ﬁ&i eﬁ;e'cﬁilﬁ ixﬁﬂtgl U sfg%t Fon

be enpl oyedikape/pikene mityres rgsfﬁtquaé Yﬁhﬁ}é §iom ethane and propene from pmpane
removing hydrogen from hydrogen-containing streams, e.speclally from light refinery and
petrochemical gas streams, more especially from C2 and lighter components; and
alcohols from aqueous streams.. Also alcohols from other hydrocarbons, particularly
alkanes and alkenes that may be present in mixtures formed during the manufacture of
alcohols..

. Specifically, the fcl_loWing table . shqws-.,som.je:_ pqésible feedstocks derived
from petroleum, natural gas, hydrocarbons, or air and the molecular species separated
therefrom by use of the instant compositions. The table is not meant to be limiting.

v
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i paratins ot | on GRIQ ats
Light eokergasoil qontaarms Cay@ €18 mormaislefins t hCe kb es pemnal oledigs and
i sdtpakaffing 0 be one paraffins
Mixture of norma] and isopentanes Normal pentane
Mixture of normal and isopentenes Normal pentene
Mixture of ammonia, hydrogen, and nitrogen Hydrogen and nitrogen

Mixture of A10 (10 carbon) aromatics

e.g. Paradiethylbenzene

(PDEB)
Mixed butenes n-Butenes
Sulfur and/or nitrogen compounds H»S and/or NH1
Mixtures containing Benzene (Toluene) Benzene

Applicants believe that molecular diffusion is responsible for the above
separations. Additionally, the compositions can be used to effect a chemical reaction to
yield at least one reaction®prodiict by contacting thé feedstocks as described above or
below with the compositidns Kaving a catalyst ififorporated within the zeolite layer,
support, or intermediate layer or by placing the catalyst in close enough proximity with
the composition to form a module. A module would react the feedstock just prior to its
entrance into the composition or just after its exit from the composition. In this manner

one can separate at ledst one reaction product or reactant from the feedstocks.

The

catalysts of choice for particular process fluids are well known to those skilled in the art
and are readily incorporated into the instant compositions or formed into modules by



whi ch has nore than 90% of the crystals within one |layer inside the zeolite

| ayer exhibiting self simlar regular habits. The self simlar

requi r enpotosmeeans that the same ~ regular habit is exhi PCT/USOSN8S1dI N a

| ayer that can be drawn in the electron m crograph of t he cross-section

ofthe zeolite | ayer, however even thoughgthe shapes are the sane, they

do not all have to be the sane size. Because of the growh nechani sm of the

zeolite | ayer, it is possible to have one shape preferred orientation

at the bottom (base) of the . layer and another shape preferred
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only one habit throughout the t hi ckness’ of the zeolite Iayer Usual | y

-

MFl  zeol i t g—tayers Wluraprererreu caxrs
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| ayers havieethylBenzene ; o : 3 ~T.¥a . at-i-oh In
t he preferrad:awwarqehatudnheemtdnéte I_yer rnga bnd/srusmhde ng a
substrate [ gﬁ%.L' amtsi ngnTayer coat eme;‘iy eon |n a zeolite
synt hesi s th gmd, Iy e,ggtx UURSIENC L or e nt-cd—cue R TRRED

enhanci ng lBymnesdehydnogataﬁdnbutehcsImQO fo 270 inm sarl-ﬂydsqgmhesr s m xturle. and
wherein in . gﬁerr] orientation sajd  growh enhancing |ayer is {
hori zont al {~are—Fact+ - i F—S-eri=t _ ' ayer
is at IeasrP@md%emmhepmteom it t he Hysdrogan apd/onPropylensai d

zeolite sypg M ydrothermal fy treating’ bstrate -
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(hydrotreating/hydroprocessing)

The zeolite layer of the invention may be empieyed as a membrane in such
separations without the problem of being damaged by contact with the materials to be
separated. Furthermore, many of these separations are carried out at elevated
temperatures, as high as.500°C, and it is an advantage of the supported zeolite layer of
the present invention that _it_ may be used at such elevated temperatures.

_ The present invention accordingly 'al_so-p_rovid__es a process for the separation
‘of a fluid mixture which comprises contacting the mixture with one face of a zeolite
layer according to the invention under conditions such that at least one component of
the mixture has a different steady state ‘permeability: through the layer from that of |



about 30 mnutes to forma zeolite |layer on said growth enhancing | ayer.
Washi ng said CGEL and zeolite coated substrate with water for a tine and
af a tenperWOPSBIESHf ficient to renove any unreacted zeol i PETASHINESHY s

m xture, preferably at a tenperature of about 15 to about 100[err]C for
at |east about 10 m nutes, nore preferablyfor at |east about six hour s.
When the zeolite synthesis m xture contains an organic tenplate, the
conposition, follow ng washing, is calcined at a tenperature of about 400

t o about 600[err]C for at |east about one hour. Longer calcination tines
wi |l not affecanotherrisompenent apd reenvering @. component or mixture dftheompagientsfromthe
grown in accorgairFscedfithe fali& | Nstant invention will have a t hi ckness of
about 0.1-100[err], preferabiy about 0.5 to 20 microns. Thickness is herein
defined as the distance fromthe GEL zeolite |ayer interface to the

upper nost point on  Théénveaidd fivther prdvitles a process for catalyzing Recheffidal téction
| ayers of the Envent. eolite

nst ant ar repar fro nt hesi s .
mi xtures. SuchVIHFLEPRAses fentaghing 2 %eﬁ%g@(awft ¥R a&eécﬁcwrﬁy%gpst?\gllgvegp@
grown and ar e whichuslih attineveatalytic foemander eatalytic. epnversiondionditions and resoutring a
Si eves Rosemary ' NY 1992, Zeolite
Mol ecul ar Si eﬁ??"%ﬁ% @‘%P%r\gﬁﬁg %é?%?ﬁgdﬁﬂ%h%#%hi ng Co., Ml aba,
Florida, 1984 |SBN 0-89874-648-5.). The zeolites which can be utilized
i ncl ude those utilizabh@idventidiefurdtbr brtiviles a/proéeds eor Qfatyahg @ dhemiditeaction

zeolites Is froma |low alkaline, synthesi,s m xturge hay.l a pH qf about 8
to about 12 prdtchcomRpses c%{ﬁ{ﬁﬁ?‘gg'&e 'fcgﬁ‘ﬂﬂ'(m’fl,“a?ﬁa Mﬁ%@%" ngJadhs t e
crystal s can hmvegtianythatSiscin activericatalytiesfoem.cunden ciatajytier eqgravessibnbyortditions, and
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The menbranes reaction mixture. For example, a p-xylene rich mixture from the reactor or reactor
product in a xylenes isomerization process, aromatic compounds from aliphatics and
hydrogen in a reforming reactor; hydrogen removai from refinery and chemicals
processes such as alkane dehydrogenation in the formation of alkenes, light
alkane/alkene dehydrocyclization in the formation of aromatics (e.g., Cyclar),
ethylbenzene dehydrogenation to styrene.

The invention further provides a process for catalyzing a chemical reaction
which comprises contacting one reactant of a bimolecular reaction with one face of a
zeolite layer according to the invention, that is in active catalytic form, under catalytic
conversion conditions, and controlling the addition of 2 second reactant by diffusion
from the opposite face of the layer in order to more precisely control reaction
conditions. Examples include: controlling ethylene, propylene or hydrogen addition to
benzene in the formation of ethyl benzene, cumene of cyclohexane respectively.

The invention further contemplates sep&ration of a feedstock as described
herein wherein the separated species reacts as it leaves the composition or as it passes
through the composition and thus forms another product. This is believed to increase
the driving force for diffusion through the membrane layer.

Some specific reaction systems where these compositions would be
advantageous for selective separation either in the reactor or on reactor effluent include:
selective removal of a Para-Xylene rich mixture from the reactor, reactor product,



are grown by suspending the GEL coated porous substrate of choice in the

| ow al kal i ne synthesis m xture. The synthesis m xture is then heated to
‘about 50wooematssut 300[err] C, preferably about 180[ er rBCI/ES/HO85i9eri od of .
about 30 m nutes, preferably from about 30 m nutes to about 300 hours. '
The zeolite layer of the instant inventipn will preferably be t hat
grown on the 90 to 270 oriented grow h ‘€nhancing | ayer. Any growth on -the
substrate not on the GEL | ayer, can be easily renoved by known techni ques
such as “scraping or grinding, and is not part of -this invention:
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convent i ongfredni ko othiephidretfbomcar one or. nore surfaces of the

conposition such that Specific products or re_at:t ants. are continuously
and sel ectively renoved or added to the reaction-zone throughout the
react or. | npregnatThefollowing @rimples aredod ijlustration and aremmot aleantstodie lindtikg. oup
VI11 noble netals and particularly platinum can inpart the

EXAMPLES

-Materials

‘The following reagents were used in. preparing GEL coatings: - colloidal |
alumina solution, colloidal titania prepared from a sol-gel process, colloidal silicalite
solutions, and distilled water. Several batches of colloidal silicalite solutions prepared in
accordance with- PCT-EP92-02386 were used for the preparation of GEL coatings.
More information on these solutions are shown below:



catalytic function to the conposition. The catal ytic activity can be

I ncorporated b techni ques known to those skilled in the art such as the
i Aci pi ent \k@?ﬁg’g’s‘q echni que. WO 96/ 01687 PCT/US95/08514

PCT/ US95/ 08514 - 16- The
anount of Goup VIII noble netal to be inc2lrporated will range fromO0.1 to
about 10 wt % The conpositions are useful for separation
processes whereby feedstock derived from petrol eum natural gas,

hydr ocarbons, or air conprising at |east two nol ecul ar species is
contacted with the conposition of the invention, wherein at |east one

nmol ecul ar speci es of saSilicdliedFDck i s separated from sdikicalimgEFIdck by
sai d conpogj,t.i and i n saj rocar . st oc oal . .
OBhh . NIYRRLE! N, SAfleE 002 BalheRRST OCKEAL fef 02 Partice Size

bi tumen and kerogen ved fee s. Sep ns whitc be
carried out using a conpbemp.i6n | MFI) Wasghedr dance with the invention  (nm)
I ncl ude, for exanple, separation of nornmal al kanes from co-boi ling

hydr ocar bons, especially n-Clerr] to err] al kanes, from kerogene, nor nal
al kanes and al kenks fromt ﬁg[ correspo‘fc?%i ng br ancl@cf’ al kane ang- al kene ~30
| sonmers; sepaz ati on of saromati c cegpounds from3one anot he~9 especi al-lsp
separation of e_{r] aﬁﬁmat Ic isqpers from ea€g ot her, nog § especi al |
paraxyl ene fromad m xture of xyl enes and, optionally, ethyl'benzene, and
separation of archatics of 58ifferent ®arbon nunberls, for eRanple, ~60
m xtures of benzeqe, toluegg, and rn'ry?%g Clerr] arogptics; sepagation of _gp
aromati ¢ conpounds from al i phatic corfpounds, especially aromatic nol ecul es
W th from6 to 8 carbon atonms fromCerr] to Cerr] (naphtha range)

al i phatics; spgaskki on of ol-ef i ni ¢ compounds from saturated conpounds,
especially light al kenes from al kane/ al kene m xtures, nore especially
et hene from et hane and propene from propane; renovi ng hydrogen from
hydr ogen- cont ai ni ng dt r Athsespersigrsovere pyeparainfromghe sanad iype of spmthlesis solutions

pet rochem cal wﬂﬁ‘&eﬁa&ﬁ%md@‘faﬁ’s.%pe(ﬂ ally from{err] and lighter
conponents; an
2. Batch 4 was a duplication of 2. The solids content of batches 2 and 4
were calculated assuming 55% conversion of amorphous silica to zeolite. The actual
solids content of these 2 unwashed samples is of course higher, e.g. for 4 the solids
content (evaporation to dryness) was 23.3 wt%, but this includes zeolite, amorphous
silica and residual TPAOH-NaOH.

Porous alumina and stainless steel substrates were used for the support of
GEL and zeolite coatings. The average pore size and porosity of the alumina is about
800 A and 32%, respectively. Porous sintered stainless steel substrates from Mott's
(0.25 pm) and Pall's (M020, 2 pm) were obtained. All the substrates were cleaned with
acetone in an ultra-sonic bath, dried at 120°C..and then cooled down to room
temperature before use. g

&
GEL Coating
. -3 .

In general, a dilute solution is preferred to produce a high quality growth
enhancing layer. Dilution with distilled water to obtain a solids concentration less than
1 wt% is generally preferred. Colloidal silicalites and metal oxides are first diluted
separately with distilled water to the concentration of 0.5 wt%. The diluted colloidal
silicalite solution was slowly added into the desired amount of metal oxide solution with



al cohol s from aqueous streans. Al so al cohols from ot her hydrocarbons,

particul arly al kanes and al kenes that nmay be present in m xtures formned
duri ng t i sgmaedract ur e of al cohol s. SpecT/iUses«uissia, t he
foll owi ng tabl e shows sone possi bl e feedstocks derived from petrol eum

natural gas, hydrocarbons, or air and the_nolecul ar speci es separ at ed
therefrom by use of the instant conpositions. The table is not neant to be
limting. WD 96/ 01687 ' :

PCT/.US95/ 08514 - 17-

Feedst ock continuous stirring. The resultingSeglaticrtsewithvtHecdasired wolteof evtloidal Mlicatice

xyl enes (Orﬁ?’g mf@iiro?dd MELA) th%Hd bl g$nfny,§nutP ?rtsxééhﬁog the tMg%SE&’ra?rng and -

hydr ogen armoni Xt'ure nor
i sobut anes solutions. - - Nor mal but ane M xture of nornmal and :
| sobut enes Nor mal but ene  Kerosene containing CJerr]

to (Jerr] nornal Eafflns err err raffln M xture of
ni trogen and oxyge% e substrates were then SP‘“ 03§ Wﬁgéﬁgf'd" plutjons,at 4000 rpm aad ;¢ of
hydr ogen andicinetaad@0 - 500°C for 6 hours in air. Théyiehtingeste wasvbutrolled a0201C/Hr. 0gen,

et hane, and et hyl ene Hydrogen and/or ethylene - Herr], propane and

pr opyl ene Hydr ogen and /or propyl ene Coker napht ha
cont ai ni ng Hydeothermah Reaetion] nor nal ol ef i ns and C[err] to (Jerr] normal

ol efins and paraffins

paraffins Met hane and e han ni xtures cont ai nj ng argon, helium_ Helium
neon, and/or argon? rﬁxPF%‘BE'HS welle, PeraRmRAd, LENg cmdtyses oft AMs/tic -

reforner prigfiwing redgéﬁfso QNMOH qBaker), Al(0B)3 98EROS(Baker) ODidux"ASSI0NDpOHO)
.and/ or I gm!al@o SeflS 2326 tet@%ropydmmgl[uum lJr))mlde (98%, Aldrich), and distilled water.

- MFI membranes were prepared from two different reaction batch mixtures, _
“one containing silica only to make high silica MFI and-the other with added alumina-to
‘make ZSM-5. They have the general formulation xM,0:10 SiO,:z AlLO;:p
TPABr:yH,0; M can be Na, Li, K, Rb, and Cs; x was varied from O to 5, and y varied
from 50 to 30,000, z varies from 0 to 0. 5, and:p varies from. 0 2 to 1. All the results
shown in the next section have the composition of 0.22- Na20 10 SlO2 o A1203 280
H,0:0.5 TPABr with the exception of the ZSM-5 sample which contained 0.05 A1203_
for ZSM-5 sample. The 1.74 g of TPABr and 0.45 g of NaOH (50 wt%) were dissolved
in 52 ml of distilled water with stirring. To this solution, 18.8 g of Ludox AS-40 was
then added with agitation for at least 15 minutes until a uniform solution was formed.
‘"TPABr may be replaced with tetrapropyl ammonium hydroxide'- if desired.

Substrates with GEL coating were plaéed'iri\réxt‘ed_ (180° orientation) in a

Teflon lined autoclave by'supporting them on ‘the stainless steel wire frame. The

distance between the substrate and the bottom of the autoclave was at least 5 mm. The

synthesis solution was then poured into the autoclave to cover the whole substrate. The

autoclave was sealed and placed in an oven, which was preheated at the desired

temperature. The autoclaves were removed from the «ven after reaction and cooled to

* room temperature. The coated substrates were washed with hot water for at least 6

hours, then calcined at 500°C for 6 hours in alr The heatmg rate was controlled at
10°C/hour.



Fluid Catal ytic Cracking products containing Herr] and/or Hydrogen,

and/or |ight gases | i ght gases Napht ha containing (er r(]c_%i2 %Béé

ner mal par ¥ err] to CJerr] normal paraffins Li ghtP (o oi |
containing CJerr] to (Jerr] normal olefins {err] to (Jerr] normal ol efins
and and paraffins -23- paraffins

M xture of normal and isopentanes Nor mal pent ane

M xture of normal and isopentenes Nor mal pentene

M xt ure of ammqi a, hydrogen, and nitrogen Hydr ogen and nitrogen

M xt ure of carbon) aromatics e.g. Paradiethyl benzene

( PDEB) M xed but enes n- But enes

Sul fur and/or nit roggﬂnzggr@ ‘tgFQ,?mbr s were charactérézeg g QE,QJ, §ii%"a9tlxo%r &H;Sﬁ r]

M xt ures cont ai ni ng

Appl i cant s betniceascopyh dye test ansh pesmesbiility measmements.esponsi bl e for the above
separations. Additionally, the conpositions can be used to effect a

chem cal reactiopn to _,yield at |east one reaction product by contacting

t he feedstock%e—sg-gi@@sg—ﬁg%?é@ﬂabove or below with the conpositions having a
catal yst incorporated within the zeolite |ayer, support, or internediate
| ayer or by plga i the catal yst in close enough proximty with t he
conposition t a nodul e. A nodule would react the feedstock just prior
toits entrance into the corrposition or just after its exit fromthe

iti . In thi S1Z
conposition. In thi s?-g@%]%, st ocﬁw$@&] ﬁ,@ Jf«@,ﬁfel-ﬂ erent

product or reactant fromth nol ce

particul ar pr%@%”ﬁﬂtﬁ%@maﬁ% 5\;\@1 3s Q%WP@F“E%SMRE‘ PF@dafidrT‘“Pﬁéat&rt and
are readily incorporated into the instant conpositions or formed into
nodul es by WO 96/ 01687

PCT/ US95/ 08514 - 18-




one skilled in the art. The following table represents sone of the

possi bl e f eedst ocks/ processes, in addition to those above which can be
react ed wo®68188® possi bl e products yi el ded. The tabl epGIoUSYSO8SIRaANt tO .
be limting. _ Feedst ock/ process - Product

Yi el ded M xed xyl enes (para, ortho,_ 4gta) and Par axyl ene and/ or

et hyl benzene et hyl benzene Et hane dehydrogenation to ethyl ene

Hydr ogen and/ or Et hyl ene Et hyl benzene dehydrogenation to styrene

- Hydr ogen But anes dehydr ogenati on but pnes (iso's Hydr ogen
and nor mal s) Propane dehydrd@enagi onjto propyl ene Hydr ogen and/ or
Propyl ene ggrg]é)g 880 @g@gr affin Hydr ogen
dehydr ogenat @ruca_colc.eﬂ sC T .ahyikogen Sul fi de deconposition

Hydrogen 3 R?Cgrﬁlgfﬁ 222 s=2%F ~ "~ Hydrogen, light

hydr ocar bghs efri-Lefr ) F £ ghidropenati anlaromati zati on Li ght

Pet r ol eum 5 ’Hy dt 0g&n® _".g@yc@pgenati on/ aromati zati on M xed

But enes - n- but enes Hydr ocar bon
streans cantfpining sul fur and/ or nitfogen conpounds . . H2S

and or I\§;@_V\J th or without Herr] (hydrotreating/ hydroprocessi ng)

The zeol%t#e | ayer of the invention may pe enployed as a nenbrane in such
separati@rgs W thout the ergb_l\ gmyof. beinjg damaged by contact with the
‘materi afgd4 o Bo N JIFHarAidF ~ FustBernpre, nmany of these separations are
carriedgﬁ)b!_ﬁ at el evated tenperatures, as high as 500C, and it is an

- advant age off the supported zeolite layegr of =~ the present invention that
it may be usled at such elevated tenperatures. : = . - The present

i nvention agcordingly also provides a process for the separation of .a
fluid m gt&@rje which conprises contacting the mxture with one face of a
zeolite g :-I AW BEY RP[Ye O _the | nvernti on under conditions such that at
| east ong EMPGENTC of ™ TAEIMXTUPe Has a different steady state

per rreabiq‘ii'ty through the layer fromthgt of § _
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anot her corM¥BAeBIBANd recovering a conponent or mixture of cBERFYRLMBEIS rom
t he ot her face of the |ayer. The invention further

provi des a process for catalyzing a chem-.2d-reaction whi ch conpri ses

contacting a feedstock with a zeolite |ayer according to the invention
which is in active catalytic formunder catal ytic conversion conditions and

recovering a conposition conprising at | east one conversion product.
The invention € es a process for catalyzing a chem cal reaction
whi ch conprises contacting a feedstock with one face of a zeolite | ayer

according to the i.Qventi o that is in active catalytic form unde
catal ytic conversi on Xy Gifftaction, pattern, ivertcd. Zeplite Pl?ﬁ{béﬂ‘eoﬁﬁﬁ@i ?’éafég%' of

the layer at tesed substeate (DAB-GELOISQ)rwete wbserved. aReflectiogeof MFY type zeolite were
concentrati on, re t i n the. .
reaction m xt'&rg@.gf;@odr’ g@)?yﬁg%sl Igo g&%&bggéﬁtg:ﬁgﬁﬁﬁgiﬂ;sgwfz ?‘o?ﬁhg ﬁgi} ﬁg‘ﬁif%?‘eor
reactor  prpatteens nay assogiptedrwith theaeeliteddentified prithctbe poroussuppart  Therpatterds
from ref | naryaodied wil e GEEILAIISE Withibrdtic; Wa BRfafcaly BEHa0 #oul BT |
the formatio P&P’Q@‘heﬁ,‘s qugr(fe% Figuje 1 7o )t he m@?&w?m% Homhe
formation of GEDHBAI-ISC (e_n;hiﬁts_ px@yxcdxmal,ofo 1 p?kbybithan«_z ?ﬂl&rdﬁﬂiﬁﬁbﬁ' ﬁgﬁﬂ?‘ﬁté péakisO
styrene. N i nventiqn ef. Pro process. f or
ca%/al yzing a LEHEN tp%g%ﬁr%ﬁr d }(\Xﬁ ipfﬁys;%ﬁ%?{@é%ytoﬁﬁéist T "go%édepgedg'?ﬁﬁt
of a bi nol ecuprefermed aurtentationioaf HOdh® drafeekaod) directions piralid tbahe grewthodidéatignt o
the inventioneihlig eSmbMbfit. nctiér Al bE shytfg thit'Miftae B2 AR drfstal layer in
GEL-LAI-ISC membranes shows very strong crystallographic orientation with the
c-axis normal to the GEL layer. :

Figure 5 shows a plan view of a typical {C-axis orientation) GEL-LAI-ISC
membrane (sample #2). The close-packed top surface and cross-sectional columnar
habit of the crystals was observed for the zeolite layer. Figure 4a shows the zeolite layer
(C), the growth enhancing layer (B) and porous support (A). The major part of Figure
4a shows the continuous growth of zeolite that completely covers the surface of the
GEL layer. The formation of a dense packing of columnar crystals in the zeolite layer is
apparent. The width of the columns right on the growth enhancing layer is very narrow
and becomes larger and larger as the layer grows. As such, the cross-sectional area of
the grains increases upwards in the layer. The columnar nature of the microstructure is
consistent with the x-ray powder diffraction pattern.""'"ln Figure 5, it is clear that zeolite
surface consists of a continuous array of densely pacRed zeolite crystals, which are <10
um in width.

Effect of the Density of Nucleation Sites Upon the Width of MFI tals

The width of the zeolite crystal columns in sample #5 were smaller than
those in sample #6 which has a lower density of nucleation sites in its GEL due to the
addition of colloidal alumina. The morphology was similar, but the grain size is much
larger in sample #6 than in #5. Thus, by simply controlling nucleation density the width
of the zeolite crystals in the zeolite layer can be modified and controlled.



1

conversion conditions and cont rprg—tHre—age+ro) of a second reactant by
di f f usi on fromthe opposite |f ¢¥S BHEEhHABBREN |In order to nore precisely
control MRIL6RT condi ti ons. || ExanmRERLAGES ude: {{cont r ol PCRES28514ne, '
propyl ene or hydrogen addition to ——benzene 1n the formati on of ethyl
benzene, cunene or cycl ohexane respect-i26sl y. -The invention,
further contenpl ates separation of a feedstock as described - herein
wherein the separated species reacts as it | eaves the conposition or as it
passes t hrough the conposition and thus forms another product. This is
believed to increase . the driving force for diffusion through the

menbr ane | ayer. ' Some specific reaction systens where these
conposi tiog _selectbye. separation either in
the reacto tifiEhh R

O Fedctor et Fruern - et e ve renoval of a
Para- Xyl ene rich m'xture fromthe reactor, reactor product, _ WO

96/ 01687 Sample #9 grown on a stainless steel as substrate is veg similar in
PCT/ US95/ 085 A = =20 -

1 - L )
reactor f e@&"é‘PIQWh‘@r the muembrane fabiicatedan. a alumipgspbsirate. o Ths, MEFL ceystal

sel ecti ve fotinatici seems indepérideniy 6fthé substriteaséd. ons or specific aromatics

nol ecul e rich streans fromcatalytic - reformng or other aronatics
generation. processes such as |ight -al kane and al kene ~ dehydrocyclization
processes DyeBermeatoiTestar af fins to aromatics from processes such as _
Cycl ar), nethanol to gasoline and catal ytic cracking processes; selective
separati on of benzene rich fractions fromrefinery and chemni_cal_ pl ant

streans and. pr oceddefbsence of defpets in theMEhzeplitelayerrwas raeasured by itsinability ¢ (

ol ef i n fr agtpassidyd mokules infiethe poruls shitsstrater | Anypdyeowkich Wcks into Wi substrate! udi ng
catal ytic and t.het

o ol ot i nsitprasi StsRle bRt S exiSr Hapgtin BE RHsaf, R BRI 165 il
dehydr ogenmethemol defeqts ds addesis tos tieh centerpod p adriedd slembirang ctoa toad rthe supfacpy | ene;
sel ective RgERyiarél) 20 8fopdSRre applied to a 1 inch membrane and allowed to set for ~30
seconds before the excess dye was blotted off. Methanol was then blotted on the
membrane to 'remové any . §3¢°$$_ Rhodamine B solution on the membrane. The
_xhembrane was then washed urith"_ m'etli'anol_ for 10-30 seconds. Any permeation of the
dye into the substrate thrdugh _ii_efects in the m_einbran_é is then readily apparent.

Methanol permeated into the substrate, hpw_evex;_,_po ghbdamine'B dye was
observed in the substrate indicating that the membrane is capable of performing dye
separations. '

When the me-m'bran,e_.i__s__ .synfhesizgq from a zeolite synthesis mixture
 containing an organic template, the dye test is performed
after calcination. '

If a non-ceramic subs_ﬁate is utilized, methods other than visual examination
are used to detect wicking into the membrane. |

This Sheet Has Been Replaced
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fromrefinery and chem cals streans ﬂm ﬂ w mlﬂi h as catal ytic
reform ng, al kane dehydr ogenati ohx S ki ng, thermal

crsacki ng, | W@96/08Rane/ al kene dehydr o- cyclization, ethyPEEHEL/MS514
dehydr ogenati on, paraffin dehydrogenation; selective separation of

nmol ecul ar isonmers in processes such as buRdre isonerization, paraffin

I soneri zation, olefin isonerization, selective separ gtion—of om
aqueous streans and/ or ot her hydrocarbons. THIS SHEETTHAS BEENoy ng
exanpl es arew lustration and are not meant to bé |im BERYACED
EXAMPLES al s The foll ow ng re: fn
preparing GEL coatings: coll oidal al um na solution, colloidal titania

G oti1ed vater. — Sever 4 GORBRMISHD coRBnang o S8frath Shrvng SRS deredH' s
prepared i n mesoparousignovah enbancinglayePand @1886 ofieedlite seystalsoon sdid meseporous i on
3\‘;) %}oiggt?i YeSwih enhddifng' THyef, "Bhd OWhéBint BAG CmBQpdldiRNErdWh SHRMRInEC LYY
PCT/ US95/ 085 famprises zeolites; zeolite and metal oxide; zeolite and colloidal sized metals; zeolite,
gi i rC]a| ite ( Mﬂé@i?gl sized metal and xlnetal_ oxide; and nnxﬁlrdlesl tgxé&eiog,e afid/mhkrein saidBabslitesNo.
Tgﬂi). e[S';r] care 'ﬁ@)ﬁ?& #‘fgﬁhg}g gsr%ug t::'o(x)nrsllst?n':g| of nan%gry'staﬁing Qeolitesp %El'c%lllgi(dﬁfnfzx%ed
zeolites, and wherein said mesoporous growth enhancing layer has interstices of about

20 to about 2000 A, and wherein said zeolite layer is a polycrystalline layer.

2. A composition according to claim 1 wherein 99% of said zeolite crystals
have at least one point between adjacent crystals that is < 20 A.

3. A composition according to claim 1 wherein said substrate is a porous
substrate selected from the group consisting of stainless steel, pyrex, ceramic, alumina,
titania, cordierite, mullite, silicon carbide, silicon nitride, carbon, graphite, zeolite, and
mixtures thereof.

4. A composition according to claim 3 wherein said substrate is a porous
substrate, having a porosity of about 10 to about 70% and a pore size distribution of
about .004 to about 100 pm.

5. A composition according to claim 1 wherein said growth enhancing layer
is about 0.1 to about 20 pum thick.

6. A composition according to claim 1 wherein said zeolite crystals of said
zeolite layer and said zeolite of said growth enhancing layer are selected from the group
consisting of silica, sificates, aluminosilicates, aluminophosphates, silicoalumino
phosphates, metallo alumino phosphates, metallo alumino phospho-silicates and
stanosilicates. :

- 7. A composition according to claim 6 wherein said zeolite crystals of said
zeolite layer and said zeofites of said growth enhancing layer are selected from those of
structure type, zeolite X, zeolite Y, zeolite beta, MFI zeolite, silicalite, LTA, LTL,

This Sheet Has Been RTlaoed
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~50 WO 96/3687 ’81 € ¢t yes . PCY/0USI5/08514

9.1 -90 50 no ' >13
~9 ~60 5 -280 ’ yes ~10
~9 ... . ~60 . Remar ks: 1. Al suspensions were
prepared from t he sane type of synthesis sol utions with the sane raw
materials. - - 2. Batch 4 was a duplication of 2. The solids
cont ent ofCHA} AREAEL, BEA,EUO, F\EReKEhIMAZa OnF; JON,BAGN of

anor phous ¢ 'mt/ﬁ’@?@DtlﬁmTEﬂ'ﬁcAﬂﬁandnu }eb%r ntent of these 2
I ghe

unwashed sanpl es’i's df course e solids cont ent
(evaporation to dryness) was 23.3 w % but thIS |ncludes zeolite, anorphous

silica and residugl ﬂ'%ﬁdg&\ﬁ&ﬁ‘laccordmg to clalm l vﬂﬁi&ﬂl%aﬁ' mbiah xide bfsapl Nl ess
use

steel. substra wek e l.ite,coatings.
The ver agub Rl ndfi i b iendd GoR IR Bidun Sonsistneros Bl oA ke RRAn 0 306
respect i veiliga, titanig zircedintapd enixturesithéreef st eel substrates from Mtt's _
(0.25 [err]m. and Pall's (M)20, 2 [err]m were obtained. . All the
substrates were cleaned wth acetone in an ultra-soni ¢ bath, dried at

120C and t hen coo? eff c@BpEsitign ﬁmmgtt@ﬁ[?éﬁét%fh@'%éﬂ@r@lb!@l sized mefal isCoat i ng

I n gener alsejeéted okt the tdoRslsting dTcBpSdr! platinung sV AHE thiRtubdsGhergbfal i ty
growt h enhanci ng. Ia;glfedr‘# Di | u{nlgon w??éh % stlfnlql ed water. t.o obtain a solids

concentration | ess than | wt%is generally preferred. Coll oi dal _
silicalites and nkd.aA oothphsmomr ecdordiag tdi tlaited wherejrasait etompdsitiondhast i | I_e"
water to w?v&ﬁ geﬁ%ggl on of 0.5 wt% The diluted coll oi dal silicalite
solution was S ded 'nto the desi red armunt of rret al OXI de sol ution
with

11. A composition accordmg to claim 10 wherem said composition has less
than 0.1 volume % voids.

12. A composition according to claim 1 w_herein said composition has
< 10,000 defects per square inch of > 40 A.

-13. A composition according to claim 1 wherein said zeolite crystals of said
zeolite layer are about 0.1 to about 20 um in width and about 1 to 100 u thick.

14. A composition according to claim 1 Wherein said nanocrystalline zeolites
in said growth enhancing layer are from about 10A to about lum in size and said
colloidal sized zeolites in said growth enhancing layer are from about 50A to about
lpm. ' -

15. A composition according to claim 1 wherein said zeolite crystals of said
zeolite layer exhibit in cross-section an assembly of crystals of similar habit.

16. A composition according to claim 1 wherein said metal oxide and. said
colloidal sized metal are present in an amount of from 99.99 wi% to about 0.01 wi%.

17. A composmon according to claim 1 wherem ‘when said zeolite crystals
are of the MFI structure type they exhibit a C-axis onentauon within 15 degrees of the



1o u e, R 2

cont i nuous wWoi9smieey. The resul*ti ng solutisons with the desir eBCHUSo508514

colloidal silicalite and netal oxide were the egased for 15 mnutes to
renove the trapped air in solutions. _,q_ es were
then spin coated with these sol utions at 46%0 rp 400 -

500[err]C for 6 hours in air. The heating rate rtan-at
20[err] C hr. - Hydr ot hermal Reaction The hydr ot her mal

ﬁl)z; poa r |( ge Et S) V\@lﬁlﬁnﬁgg ftigr metzigu sggxﬁ z8olite ’L"S’S‘S"""A‘g“ﬁﬁ arianjtfaﬁbrt )ﬂw'x ﬁﬂxtﬁNgam%bﬁ and
aker), _ . . kel udo - _ 1 . g
115, 2326 tetr Eﬁ%@f’%ﬁ?ﬁﬁ I %‘F-B‘ﬁf’%‘é‘h&iﬁ% eRfY&H?”c%f F&g{ praszeqlite F‘é((ﬁz‘o ter.

MFI menbranes were prepared fromtwo different reaction batch m xtures,

one containing silica | Ao “alo ¥ ] ed
alumna to make ZS}\fg XOAZ‘ﬁ%y ga\?gérgp]\gst bé??g‘?é{@ F%?ﬁ%ﬁlgﬁ% 6‘_?1{15%%{) seﬁr‘ﬁn%{%p
Sigerr]:z A peerageruighpess with aprampplitydy @fr%ftpnw\mhnn@ep%,ratm of aroughness T
Cs, x was varijed fromO to 5, and y varied from50 to 30,000, z varies
fromO to 0.5, and p varies from0.2 to 1. Al the results shown in the
next section have the conposition of 0.22 Na[err]O 10 SiJerr]:0
Al[err](err]: 280 H}. eA rdo@position Ré&urdingtto ¢lhim &xwherein asaido fubistrateZiSN hon-

sanpl e which i WA . £ .
St IS A T opih o . L el e
distilled wat alassgsstdlay metal; palymerographite, densgtceramic aml @ixgures thereofx AS- 40 was
then added with agitation for at least 15 mnutes until a uniform solution

was fornmed. TPABr may, be repl.aced wi,th tetrapropyl a i um hydroxi de if
desi r ed. 30.7A compo?mon according to claimt 1 Wherein said zeolite )érystals are

columnar zeolite crystals.
21. A process for preparing a composition comprising the steps of:

(a) coating a substrate with a growth enhancing layer wherein said growth
enhancing layer is prepared by utilizing a solution compn‘sing zeolite; zeolite and metal
oxide; zeolite and colloidal metal; zeolite, colloidal metal and metal oxide; or mixtures
thereof; and wherein said zeolite is selected from the group consisting of nanocrystalline
zeolite and colloidal zeolite, and wherein said metal oxide is colloidal metal or metal
oxide prepared from sol-gel processing, followed by calcination;

{b) contacting said substrate having said growth enhancing layer coated
thereon with a zeolite synthesis mixture;

(c) hydrothermally treating said substrate and zeolite synthesis mixture for a
time and at a temperature sufficient to form a zeslite layer on said growth enhancing
layer and wherein settling of particles from saitt zeolite synthesis mixture during
hydrothermal treatment onto said zeolite layer is prevented;

(d) removing any unreacted zeolite synthesis mixture.

22. A process for preparing a composition according to claim 21 wherein
said coating step (a) is preferably performed by:dipping said substrate when said

£
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e “‘""‘="'""'"'i (180[err] orientation) in
UTPWS §HMJDHAS%Eth on the stainless steel wire
en mLmEatrate and the bot t opcOsys/es14

Substrates with GEL coati
a Teflon lined autocla
frame. Thwo 9601688t ance bet
aut octave was at—teast—5
the a the whol e substra%&z The autocl ave was seal ed and -
pl ace mmmmlmr}mmﬂl h was preheated atYthe desired tenperature. The-

aut ocl aves werenrenmowed fromthe oven after. reaction and cooled to room
tenperature. The coated substrates were washed with hot water for at |east

6  hours, shﬁ'éi‘ﬁté:fé'a%ﬂﬁﬁr &t ho'iQQ&rﬁ%ub?trﬁ@ '3hd sbx'ﬂ Rafing $i¢ siifiithieWhendafd VaS

controll ed at
PCT/ US95/ 0gybstrate 1 1sacp s?( or plate substrate. - _ .23 .
Anal ysi s The resulting rrerrbranes were characterized by

x-ray diffraction, egtr 0sC dye test r
neasurenents. Rgis'uﬁ[pg aaﬁogcﬁ €° c‘gﬁ% 21wk Wcﬁﬁgta S.Q?“t%" f‘gl?prepanngy saidrp o
foll owi ng t wmlmwmi@imruypsdmOrdm&mlasmnsmtahea of@d tari@ert¥dsdlider ent

24. A process accordixig to claim 21 further comprising calcining said
composition at a temperature of about 400 to about 600°C for at least about one hour
when said zeolite synthesis mixture contains an organic template.

, 25. A process according to claim 21 wherein during said contacting step (b) . {
said substrate is oriented such that said growth _enhancing layer is oriented from 90 to
270°C in said synthesis mixture and wherein in said 180° orientation said growth
enhancing layer is horizontal and facing downward, and wherein said growth enhancing
layer is at least about 5Smm from the bottom of said alkalme synthesis mixture. '

26. A process according to claim 2-1 wherein step (d) comprises washing
with a solution comprising water:

_ 27. A zeolxte membrane according to clalm 1 wherem saxd composmon has
incorporated therein about 0.1 wt% to about 10 wi% Group VIH noble metal.

28. A process éccording to claim 21 wheréin the width of the crystals in said
zeolite layer is increased by increasing the amount of colloidal metal or metal oxide in

step (b).

29. A separation process comprising contacting a feedstock derived from
_ petroleum, air, hydrocarbons, or natural gas, corhp_rising at least two molecular species
with a composition comprising a substrate having coated thereon a mesoporous growth
enhancing layer and a layer of zeolite crystals on said- mesoporous growth enhancing
layer, and wherein said mesoporous growth enhancing layer comprises zeolites; zeolite
and metal oxide; zeolite and colloidal sized metals; zeolite, colloidal sized metal and
metal oxide; and mixtures thereof, and wherein said zeolites are selected from the group
consisting of nanocrystalline- zeolites and - colloidal sized zeolites, and wherein said
mesoporous growth enhancing layer has interstices: of about 20 to about 2000 A, and

* wherein said zeolite layer is a polycrystalline layer. -
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experi nment al
substrat e.

condi b\bogz/ Oiggqlﬂmmm Inﬂrnmm"l on, reaction tinme, and

PCT/ US95/ 0891»96/01687 L _®4 & *err 06 PCTAIS95/08514

PCT/ US95/ 08514

General (bservations The x-gay diffra s BBE Eég ed
zeolite nenbrane grown on a GEL coated substrate (LM ;g e

observed. Reflections of MFI type zeolite were i d tifi &

_25_

di agrams. No second zeolite phase was observed. The only lines in the
patterns not associated with the zeolite identified with the porous

support. The pattern 30 froﬁ?%&' %Q?M&Eh;;gham%p%?&ﬁ%ﬁfm@?g r cxes is

dramatically differen

IS Seen

1 and 2) that sepasatrd-viagnelequigr diffission. prepared from  GEL-LAI-1SC exh| b| ts
pronounced 00 1 peaks W|th no other significant zeolite peaks occurri ng

in the pattern or aks se | £ This i,s.stro den
that a preferred oﬁ F?J"ﬁa gor ’@gég Egﬂ"'b?; (Nge{gxrwauﬁfe,eég?agﬁ llﬁ

to the growt h the gxeﬂb Icﬁﬁsnstmg&iﬂtﬁxked kylehdsandiyitensene Aipdrbgen, WS aid ﬁﬁix‘lbﬂlﬂ
this is that tlm%u oP r«%ﬁ%ﬁ' aljlcfa‘)fso'im{ages mixtures of riormal and isobutenes; kerosene

containing normal paraffins; mixtures of nitrogen and oxygen; mixtures of hydrogen and
methane; mixtures of hydrogen, ethane and ethylene; mixtures of hydrogen, propane and
propylene coker naphtha containing C5 to Cyg northal olefins and paraffins; methane
and ethane mixtures containing argon, helium, neon or nitrogen; intermediate reactor
catalytic reformer products; fluid catalytic cracking products; naphtha; light coker gas —
oil; mixtures of normal and isopentanes; mixtures of iormal and isopentenes; mixtures of
ammonia, hydrogen and nitrogen; mixtures of 10 carbon aromatics mixtures of butenes,
mixtures of sulfur and nitrogen compounds, mixtures of sulfur compounds, mixtures of
nitrogen compounds, mixtures containing benzene aitd mixtures thereof.,

32. A process for catalyzing a cheniical reaction comprising contacting
a reaction stream with a composition comprising & substrate having coated thereon a
mesoporous growth enhancing layer and a layer of ‘Zeolite crystals on said mesoporous
growth enhancing layer, and wherein said mesoporous growth enhancing layer
comprises zeolites; zeolite and metal oxide; zeolite and colloidal sized metals; zeolite,
colloidal sized metal and metal oxide; and mixtures thereof, and wherein said zeolites
are selected from the group consisting of nanocrystalline zeolites and colloidal sized
zeolites, and wherein said mesoporous growth enhancing layer has interstices of about
20 to about 2000 A, and wherein said zeolite layer ié:;‘é polycrystalline layer.

33. A process according to claim 29 wherein a cataiyst forms a module
with said composition or is contained within said céfliposition.

34, A process according to claim 33 wherein said feedstock is comprised
of mixed xylenes and ethylbenzene; ethane; ethylbenzene; butanes; propane; C1o-Cig
normal paraffins; HyS; catalytic reforming streams; light petroleum gases; sulfur and
nitrogen compounds; sulfur compounds; nitrogen compounds; mixed butenes; and
mixtures thereof, '
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=
GEL- LAl -1 SC nmenbr anes shows ver +rong crystall ographic orientation with

t he c-axis nornal to the CEL [l Byergye HAS Figure 5 shows a pl an
view of a typical (Caxis orienfati or@gE -@&?EENS NeaDUSSOSSBanpl e #2) .
The cl 342 ‘ﬁé ¥ed top surface and~eress=sectional ¢jol umar habit of the -

cﬁys*t—ai*s—was—obse‘rved for the zeolite | ayer. Figure 4a shows the zeolite
rowth enhanci ng Iayer B) and porous suppo'rt (A). The
m‘l&%‘lm‘m 4a shows the continuous growh of zeolite that
y oovers*the surface of the GEL layer. The formation of a dense
pack| ng of columar cr¥sta& pracess secomting td elaim\3dr wherein whep said feedstick isv dt h
of the colu | | arrow and
becones Iar{;q:et!:r§ %nwgrgﬂe&nﬁog ﬁ'g Wgﬂé&ﬁ%ﬁgé\/\%ﬁb%&@uéﬁs xﬁée@ross sect i onal
area of the grains incr eases upwards in the layer. The columar nature

of the m crostructure 36 Pf&bﬁst eédordihg Mot BginK mwwm»ﬂemddféeﬁﬁteeﬁh@n
pattern. In ur 1S, C

e,5 ear ,t zeol it ace nS|sts of a
cont i nuous a? sg¢ gg%"é’l Xylenes pad; € g’é{hﬂeﬁeée etsg}e Fé’yﬁ’ﬁ?ﬁ%ﬁ nes; propane;
[err]min wi@i¢Cys norEIaf cpataﬂ'ufs HpS; Ratadyticy refdrniiag Istredms) Hight tpetroldpon gases
W dth of M S
colums in sg'gqség‘ggﬁ mrtre° s c?rpgountdﬁanﬁo@%rﬂ%é}g;%unﬁpemﬁﬁ%én#%ﬁnvﬁuéﬁg,has
| ower densi tk}Ut@iCSm!@Imfmhg‘@%s inits CGEL due to the addi tion of
col | oi dal alum na. The norphol ogy was simlar, but the gr ain size is nuch

| arger in sanple #6 th n #5. .Thus, contr I ng..nucl eation
density the width :?-Fhéc?g'BP?’f’%“ e?%g%lFi’WRfﬂ@% ‘Fl?’f’@%layer can be (
modi fi ed and control I ed. WO 96/ 01687

PCT/ US95/ 08514

38, A composmon according to clalm l wherein %Rid zeolite layer
exhrblts a shape preferred orientation, a crystallographlc preferred orientation or a
| 'mlxture of the two o |

39. A proeess for catalysing a chemical reaction which comprises

contacting one reactant of a bimolecular reaction mixture with one face of 2 composition

| comprising composition comprising a substrate havmg coated thereon a mesoporous

- growth enhancing layer and a layer of zeolite crystals on said mesoporous growth

enhancing layer, and . wherem said mesoporous growth enhancing layer comprises

zeolites; zeolite and metal ox:de zeolite and colloidal sized metals; zeolite, colloidal

" sized metal and metal oxide; and mixtures thereof, . and wherem said zeolites are

selected from the group consisting of nanocrystalline zeolites and colloidal sized

zeolites, and wherein said mesoporous growth enhancing layer has interstices of about

20 to about 2000 A, and wherein said zeolite layer is a polycrystalline layer that is in

active catalytic form, under eatal_ytic converston conditions, and controlling.the addition
of a second reactant by diffusion from the opposite face of the structure.

40. A prec.ess'_ according to claim 29 wherein said composition adsorbs
at least one molecular species of said feedstock.
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Effect of Substrates Used Upon the Mrphol ogy of the MFI Crystals
Sanpl e #9 grown on a stainless steel as substrate is very sirrilarig;g/‘:1I
nor phol ogywoétores7nenbr ane fabricated on an al um na subst r aPETUPHED

crystal formation seems independent 167 the substrate used. Dye

Per meati on Test The absence of defects in the MFI zeolite

| ayer was neasured by its inability to pass dye nol ecules into the porous
substrate. Any dye which wicks into the substrate is readily visible

because of a color change in the substrate. Rhodamine B (0.5 wt% in

met hanol defects is added to the center of a dried nenbrane to coat the
surface. Approximately 2-3 drops were applied to a 1 inch nenbrane and
allowed to set for ~30 seconds before the excess dye was blotted off.

Met hanol was then blotted on the menbrane to renove any excess Rhodangne
B solution on the Lane The penbrane i I

for 10-30 seconds. [Any perneation of the dye into the substrate throddh
defects in the nmenbrane is then readily apparent.
perneated into the|substrate, however, no Rhodam ne B dye was obs ed in
the substrate indi¢ating that the nmenbrane is capable of performng yés
separati ons. - When the nenbrane is synthesized from a ote
synthesis m xture containing an organic tenplate, the dye test is
per f or med after ¢al cination. If a non-ceram c substratfe is
utilized, nmethods pther than visual exam nation are used to detect } o
w cking into the nenbrane. ' e
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WO 96/ 01687

PCT/ US95/ 08514
1.°
mesopor ous grow h e
Mesopor ous growt h
enhanci ng | ayer C
col | oi dal sized mnet
and m xtures thereo
group consisting of
zeolites, and where
interstices of abou
is a polycrystallin

claim1 wherein 99% of said zeolite crystals

bet ween adj acent cr
according to claim
selected fromthe g
al um na, titania,
carbon, graphite, z
conposi tion accordi
substrate, having 4
di stribution of ab
conposi tion accordi
about 0.1 to about
to claim1 wherein
zeolite of said grg
consisting of silig
silicoal um no

- 27 -
nhancing | ayer and a I&%
enhanci ng | ayer, and
onprises zeolites; zeolite and netal
als; zeolite, col | oi dal sized netal
f, and wherein said zeolites-
nanocrystalline zeolites and coll oi dal
in said nmesoporous growth enhancing | ayer
t
e |ayer.

erein said nmesoporous growt
oxi de;
and net al

si zed
has

have at | east one point

h

CLAI MS:

A corrp&‘fW'BFP’conpri sing a substrate having coated ther ®CuUS95/08514
er of zeolite crystals on said

zeolite and
oxi de;
are selected fromthe

20 to about 2000 A, and wherein said zeolite |ayer
2. A conposition according to o

3

ystals that 1s [err] 20 A : 3. ‘A conpos
1 wherein said substrate is a porous substrate
roup consisting of stainless steel, pyrex, ceramc
cordierite, mullite, silicon carbide, silicon nit
eolite, and m xtures thereof. 4.§£L4
ng to claim3 wherein said substrate is a porou
porosity of about 10 to about 70% and a pore size
out .004 to about 100 [err]m 5. A

ng to claim1l wherein said growth enhancing | ayer {
20 [err] mthick.

said zeolite crystals of
wt h enhancing | ayer are selected fromthe group

a, silicates, alumnosilicates, alum nophosphates,
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phosphates, netall o al um no phosphates, netallo al um no phospho-silicates
and, StanOSihhﬁﬁ%ﬁén 7. A conposition according to claim®é
zeolite crystals of said zeolite layer and sai drecewlodmesiqf

wherein said
said growt h enhancing |layer are selected §fomthose of structure type,

zeolite X, zeolite Y, zeolite beta, M-l zeolite, silicalite, LTA, LTL,

WO 96/ 01687

PCT/ US95/ 08514 -28 - CHA,

AFl, AEL, BEA, EUO, FER, KFI, MAZ, MOR, MEL, MIW OFF, TON, FAU, AFS,
8. A

AFY, APC, APD, MIN, MIT, AEL and m xtures thereof.

conposition according to claim1l wherein said netal
enhancing |l ayer is selected fromthe group consisting of coll oidal
al um na, silica, titania, zirconia, and m xtures thereof o
9 A conposition according te—chaim 1 wherein said collojdal sized netaLiZ;

sel ected fromthe group consisting of copper, platinum silver and m xtjures
t her eof 10. A conposition according to claim1l wherein gaid
conposition has < 1 volunme % voids. 11. A conpositioff
according to claim10 whergin said conposition has |ess than 0.1 urfe
% voi ds. 12. A conposition according to claim1 wherein]S#

conposition has
- -
" .
: i
—

J.ﬁ_f

oxi de of said grow h
si zed

d
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< 10, 000 defects per square inch of > 40 A 13. A
conposition according to claim1l wherein said zeolite crystals of said
zeolite | axepo@é@sbout 0.1 to about 20 [err]min w dth and PEIAIRISASSES 100
[err] thick. 14. A conpogjrion according to claim1l wherein
sai d nanocrystalline zeolites in said growt h enhancing |layer are from
about 10A to about 1 [err]min size and said col l oi dal sized zeolites in
said growt h enhancing | ayer are from about 50A to about 1[err]m

15. A conposition according to clLaim1 wherein said zeolite crystals of

sai d zeolite layer exhibit in&#ross-section an ass_,?ﬁol y q@crystals of

simlar habit. 16. , A coosi tion according to claim!|l
wherein said net sal d collol Si Zed-ret al==er=e=present in
A
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1:1. 19. A conposition according to claim1l wherein said
substrate is a non- porous substrate selected fromthe group consisting
of quartz, wol9%o087 gl ass, borosilicate gl asses, clay, nepPal/Usysdsyer
graphite, dense ceram c and m xtures the%ng. 20. A
conposition according to claim1l wherein id zeolite crystals are

col umar zeolite crystals. 21. A process for preparing a _
conposition conprising the steps of: (a) coating a substrate
with a growth enhancing Jiayer wherein said growh enhancing | ayer is
prepared by utilizing agol ution conprising zeol idR; zeoli t@and met al

oxi de; zeaqld \ : olite, collqidal netal and netal

oxi de; or in saVﬂ'?%BTT?e iS selected from
the e R ) Simnintents . i e,
and WEEEEE N . ) T T ar ed
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WO 96/ 01687

PCT/ US95/ 08514 - 30 - substrate is a tubular or honeyconb
sdbstrat e awe 9spié87coati ng sai d substrate when said SPUFUSSSI08534S a
di sk or plate substrate. 6/723. A process according to
claim 21 wherein said solution for prepari Ag sai d growt h enhanct ng
| ayer is a solution having a concentration of 0.1 to 10 w % sol i ds.

24. A process according to claim?21 further conprising calcining said
conposition at a tenperature of about 400 to about 600[err]C for at |east
about one hour when said zeolite synthesis m xture contains an
organi c tenpl ate. 25. A process according to claim 21
wherein during said contacting step (b) said substrate is oriented

—
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petrol eum air, hydrocarbons, or natural gas, conprising at |east two

nol ecul ar speci es with a conposition conprising a substrate having
coat ed t herwgRes@168®SOPOr ous grow h : ﬁlanci ng | ayer anBCHUSHPBS140f
zeolite crystals on said nesoporous gromﬁh enhanci ng | ayer, and

wherein said nesoporous growt h enhancing | ayer conprises zeolites; zeolite
and netal oxide; zeolite and colloidal sized netals; zeolite, colloida
sized netal and nmetal oxide; and m xtures thereof, and wherein said
zeolites are selected fromthe group consi sting of nanocrystalline
zeolites and colloidal sized zeolites, and wherein said Mesopor ous
grow h enhancing | ayer has interstices of about 20 to about 2000 A, and
wherein said zeolite layer is a polycrystalline |ayer. WO 96/ 01687
PCT/ US95/ 08514 -31 -

30. A process according to claim 19 wherein said nol ecul ar species is
separated via nol ecul ar diffusion. 31. A process according
to claim29 wherein said feedstock is selected from the group consisting
of m xed xyl enes and et hyl benzene; hydrogen, H2S and anmoni a; m Xt ures
of normal and isobutanes; m xtures of normal and isobutenes; kerosene
contai ning normal paraffins; mxtures of nitrogen and oxygen; m xtures of

hydr ogen and nmet hane; m xtures of hydrogen, ethane and_et hyl ene;.

m xtures of hydrogen, paop an nt ai ni ng
Cerr] to (Jerr] norntw45g;?nqh i ' ahd ¢t hane

m xt ures contai ning arjg¢n| heIiqu nejon d i P di ate reactor
catal ytic reformer prdddcts; f{l ui ! {si D ht ha;

i ght coker gas - oil} [m|xturjes
normal and i sopent enes|; {mjixt urles
m xtures of 10 carbon fadofatids ni

m )t ures of
nift r ogen,;
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T i o :
mxtures of sulfur and nltrogen corrpound's m xtures of sul fur seRpounds,
m xt ures of nitrogen corrpounds m Xt ures contai ni ng benzerg g m
tvher eof PC GRLDANTBLIBCIAGPROBERTY GRGANIZZTION @ ChenWgggdy r eact i on
conpri sing cont actzlgi ng a react i on™ePiEAARAE t h a conposition conprising a
subst r ANFERNATIONAJOAPRIACATIONERIBIISHED ANDEROTHHE BATENTVCOOBPERATIONTREATY (PCINd

a |<i)z§‘i‘fm@ifmt%ﬁ‘z@bh$n?cﬁ£sdéiiﬁ|65 on sal AP Rl one publcshitn g AN ”3%{56%'62@1
gggl [ te @W‘?@l’ gpﬂﬁmmgo?lr?\g ng‘li!'r L;Ega&%%ﬂﬁﬁmﬂ S;;&idr}@%(zsox 96)

al ac t [ aVal \l\ arnln
L A>3

| ol A L ha
col lFretdat—stzed—rretat—eantd—rretatl—od-der—ahRa—rodures Ret

sai Ay IelrnhtRSal Applidhieh Nudtib@¢t €d xfdxmgbs‘/ob,ﬁ/ ) (DURsignBtPitsls! AT, ek, :?am %tnadeln' fafent
zeolites and coTI oi dal sized zeol it e$, andATVBEraH, DE, D| ES, At SBPGH, Q) ST, LU, MC,

gr oyw2® Ietematiqesl Fling Bateer  has 1P fpyelf 259 of abdWtPT.SBY20 to about 2000 A, and
whe ei n said zeolite layer is a polycrystalline |ayer.
33. rding to claimZ9 whelpinishas cat al yst forns a nodul e ¥
wi t h sal (98/%5'6 o{wl oﬁrﬂulmrl”f*@&@m ai nedUd t hi n Whindraompsetirimon.
34. | A pr Qg%;%: ccor dj ?gg%ggh 33 wﬁ§ ein said feedstock is conprised

hy et

of m xed Xylenes and e enzene ahe; ethyl benzene; butanes; propane;

defr]- arafflns Herf]S, catalytic reform ng streans;
lig GCOM' rrogen comnpounds; sul fur conpounds;
nitf R m xtures thereof. WO

96/ - 32-

35. W)mvm@m@ymhm%éﬁmtSmuﬁwe ein when said feedstock is

react ed @ﬂ%‘g%’m %%e‘;ﬁ“ aér:ﬂ"awt or reaction product i§ obt ai neq.
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(57) Abstract ~
The present invention is directed toward a new zeo- /7\/\(\ /\/\/\/\/\

lite composition having coated thereon a mesoporous growth

enhancing layer and a layer of zeolite crystals on said meso- o—| D
porous growth enhancing layer, and wherein said meso-
porous growth enhancing layer comprises nanocrystalline or w

colloidal sized zeolites, nanocrystalline or colloidal zeolite
and metal oxide, or nanocrystalline or colloidal zeolite and
_colloidal metal, or nanocrystalline or colloidal zeolite, col-
loxdalmetalandmetaloxxde,andwhemnsmdmcsopcrom
growth enhancing layer has interstices of about 20 to about - b
2000 A, and wherein said zeolite layer is a polycrystalline [

layer of oriented crystals with similar habit wherein 99,9 % } ﬂ

of said zeolite crystals have at least one point between adja-
cent crystals that is < 20 A, The invention is further directed
to a process ofproducing and using the composition.
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36.

pr opane;
st reans;

ni trogen conpounds

t her eof

of clainms 21.

| i ght petrol eum gases

nrtrogen conpounds;

(LPG;
m xed

et hane;
par.af fins;

H2S;

sul fur,

et hyl benzene;

A process according to claim?29 wherein said feedstock is
conpri sed of m xed xyl enes and et hyl benzene;
Cerr]-Cerr] normal

but anes;

catalytic reformng
ni trogen conpounds;

but enes;

- and-m xtures

37 A conposi tion obtai nable by the process
: 38. A conposition according to claim

1 wherein said zeolite |layer -

orientation,
of the two.

reaction which conprises
reaction m xture with one face of a conposition
conposition conprising a substrate having coated thereon a nesoporous ,
growt h enhancing |ayer and a | ayer of zeolite crystals on said nesoporous
enhanci ng | ayer, -
enhanci ng | ayer conpri ses

growt h

zeolite and coll oi da
oxi-de;

and net al

sized netal s;
and m xtures thereof,

_ _ - exhi'bits a shape preferred
a crystal | ographic preferred orientation or 'a

39.

zeolites;
zeolite,

. m xture

A process for catal ysing a chem ca
contacting one reactant of a binol ecul ar

conpri sing

and wherein said mesoporous growth
zeolite and netal
col I'oi dal
and wherein said .zeolites are

oxi de;
si zed net al

sel ected fromthe group consisting of nanocrystalline zeolites and
and wherein sai d mesoporous growh:
20 to about 2000 A, and

col | oi dal’
enhanci ng | ayer.
wherein said zeolite | ayer

si zed

zeolites,
has i nterstices of about

is a polycrystalline |ayer that

active catalytic form under catalytic conversion conditions,

controlling the addition

opposite face of the structure.

according to claim?29 wherein said conposrtron adsorbs

mol ecul ar speci es of said feedstock.
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in

and {

of a second reactant by drffusron from.t-he

40. A process

at | east one
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