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BACKGROUND OF THE INVENTION

Fabrication of practical zeolite membranes has long been a goal of
separation science. For a zeolite membrane to be gractical, it must have a high
flux and selectivity for the desired permeate molegple(s). Obtaining such a
membrane has been difficult because of defects and interparticle voids inherent
to the zeolite film. .. This is especially true for membranes grown from classical
zeolite synthesis routes described in the literature.. These membranes have a
heterogeneous crystsl structure within the membrage layer and require an
enormous (> 50 microns) layer thickness to seal pinholes and void structures.
What is needed in the art is a thin, continuous zeolite layer with few defects, and
a method, or methods; to 'heal’ any remaining defegts and void structures and
stabilize these to subsequent severe conditions of gperation.

Membranes described in the literatugg are formed with several
zones (larget crystals grown on top of smaller cry§§pls) across the membrane
thickness. In several zones, the crystals are not grewn into a dense mat that is
free of intercrystalline voids To obtain a permselggtive zeolite membrane, the

‘above zeolite layers (comprised of zones) must bg grown to an excessive

thickness (> 50 microns) to seal off voids and defq;;ts within the membrane
system. This introduces 3 great mass transfer resnﬁyance resulting in very low

fluxes through the membrane layer.

Altem#tely, a method (or methods)ié 'heal' void structures and
defects in the membrane layer, without having a negative effect on permeate flux
or selectivity, would eliminate the need to grow excessively thick zeolite layers.
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film forming material which acts as a diffusion barrier. Reparation technologies
which attenuate rather than selectively seal defects or holes apply a permeable -
layer over the entire surface of the membrane. The mass transfer resistance of
this layer must be sufficient to attenuate the effect of defects in the membrane

~ and improve the permselective properties of the memb;éne. ‘In all events
reparation technologies improve the permselective properties of membranes with
existing defects or holes. Défects and holes form nonselective permeation
pathways through the membrane and reparation 'decr"easias the flux through these
nonselective pathways relative to permselectwe pathways through the reset of
the membrane ' : o

A large number of reparation coating tééhnologies have been
developed for organic membranes. Because of diﬁ‘éxj’ehces in materials,
conditions of use and physics of the transport mechanism through different
membranes, reparation coatings deve_lopéd for organic membranes cannot be
used with any predictability regarding reporting inorganic and zeolite
membranes. Coating materials which have been used to reparate polymer

“membranes have been generally polymer and epoxy materials. When they are
used to reparate polymer membranes by selectively sealmg defects, film forming
polymers or epoxies are applied in a manner such that they are selectively
absorbed into defects or holes. For example, hollow fiber membrane modules
containing a small percentage of broken fibers have been reparated by selectively
filling broken fibers with epoxy. When they are used to attenuate defects;
permeable polymers or epoxies are applied as a thin film coating over the _

* organic membrane surface. The polymer and epoxy matenals used to seal and
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to discriminate between void structures or defects and zeolite pores. If the

coating material enters the pore structure of the zeolite, it can occlude or block

the pore structure. When it occludes the pore structure, it hinders diffusion

through the zeolite and no transport occurs through blocked pores. Even when

the coating material does not enter the pore structure, it can occlude pore mouths

at the surface of the zeolite and hinder diffusional transport through the

membrane. There have been proposals that zeolite membranes grown by

hydrothermal synthesis could be reparated by deposition of a material that is

different from that used to form the zeolite layer in: the membrane (see for

example EP 481,660A1, S.A.1. Barri and G.J. Bratton, and T. de V. Naylor,

British Petroleum, 1991), however no specific recipe for reparation has been

presented. :

SUMMARY OF THE INVENTION

It has been discovered that thin coatings can preserve or enhance
the permselective properties of continuous, intergrown layers of zeolite crystals
during separation applications. Certain coatings are capable of preventing the
formation of defects and voids in the layer during high temperature use or testing
which can lead to a loss of molecular selectivity in;separation processes. When
acting in a preventative sense, these coatings may serve to stabilize the
separation between the intergrown zeolite crystals or ‘cushion’ crystals within the
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BRIEF DESCRIPTION OF THE DRAWINGS

Figurel is a diagram of the Cold Wall Reactor used for applying a
-~ selectivity enhancing coating using interfacial gas/liquid CVD. In the figure, (A)
is the air tank, (B) is the ozone generator, (C) is the mass flow controller, and
(D) is the membrane holder. (E) is the Cold Wall Reaction Vessel, (F) is the
zeolite layer, (G) is the substrate and (H) is the heating surface.

Figure 2 shows a scanning elecﬁ'bn'_micrograph of the morphology
of an MFI zeolite composition formed by the LAI-ISC Process. The porous
substrate that is formed from a-alumina with 800 A pores is seen in the bottom

. third of the figure. The dense mtergrown layer of MFI zeolite crystals is visible
in the upper pomon of the ﬁgure

: thure 3-shows a scanningeelectron-micrograph. of the exterior
surface of a GEL-LAI-ISC MFI zeolite composition. The surface shown is an
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Applications US95/0851 1, US95/08512, and3WsS95/08514. SUMVARY OF THE
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separation bet aeRiF! Kdolite omPosition containinga Growth Efhancitis Laflr (GELS' 2 S
optional permeable layer) that was fractured to revgal a cross section. The layer
labeled a) is the porous substrate that is formed frgin a-alumina with 800 A
pores. The layer labeled b) is the GEL layer which is mesoporous and is clearly
discernible in the micrograph. The layer labeled ¢) contains MFI zeolite crystals
which are intergrown together into a dense mat which is free of voids and
defects. The columnar nature of zeolite crystals in the layer is readily apparent

from the morphology of the fracture surface through the zeolite layer(c).

Figure 5 shows a scanning electron micrograph of the exterior
surface of a GEL-LAI-ISC MFI zeolite composition. The surface shown in an
intergrown dense mat of zeolite crystals which are free of defects extending
through the thickness of the layer.

Figure 6 shows a scanning electron micrograph of the cross-section
of a GEL-LAI-ISC MFI with a selectivity enhancing polyimide coating. The
coating covers the entire surface of the zeolite layer and is readily visibie on top
of the zeolite layer. :

DETAILED DESCRIPTION OF THE INVENTION

The present invention describes a new type-of supported zeolite
composition with a selectivity enhancing coating/8EC). The selectivity
enhancing coating prevents the composition's zeolite layer from developing
defects during process applications. These defectsuformed during process
application on the compositions not containing theselectivity enhancing coating
are found to degrade the permselective properties-of the composition. The
selectivity enhancing coating can also reparate defects, voids, and interparticle
spaces that existed in the zeolite layer of the composition before it was used for
process applications. Process applications in which the compositions can be
used include separations of molecular species, catalytic reactors and reactors
which combine reaction and separation. The composition contains at least a
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It is preferred that the zeolite ¢ryst'als""ate intergrown in the zeolite
layer so that nonselective permeation paths through the layer are blocked by the
narrowest point of approach between crystals. ‘Non-selective permeation
pathways are taken to.be permeation pathways which exist at room temperature
that do not pass through the zeolite crystals. This blockage of nonselective -
permeation pathways can exist at room temperature after a template which -
occludes the pore structure is removed from the zeolite crystals. Templates
which are used to aid in the crystallization of zeolites are typically removed by a
calcination step; intergrown zeolite crystals (within a layer) should exhibit a
blockage of nonselective permeation pathways after the template.is removed. A
preferred dense zeolite layer is formed such that there exists at least one ‘point on
a crystal that is less than 20 A from a point on an adjacent crystal. Between
these points can be'i inorganic oxide material that restricts nonselective
permeation of molecules through the layer. The spacing between zeolite crystals
in this dense intergrown zeolite layer can be established by TEM or with dye
permeation tests. :

‘The absence of nonselective permeation paths.can be detected by
the ability to prevent the permeation at room temperature (~20°C) of dye
" molecules through the layer after any template is removed from the pore
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permeatlon of dye molecules at room temperature gh the zeolite laye 1
of the dye molecules chosen have sizes less than 20 A. The lack of permeation
at room temperature of dye molecules with sizes, Jess than ~20A demonstrates
that non-selective permeation pathways with sizeg less than ~20A are blocked. It -
should be noted that this test does not have to be performed with a dye molecule,
and any molecular species that can be detected hajving a size less than 20 A and
greater than the zeolite pore dimension can be uspd. The advantage of using a .
dye molecule is that it can be readily detected by pptical means. An example of
dyes that can be detected by optical means (and have molecular sizes less than
20 A) include Rhodamine B and other laser dyes.

The zeolite crystais forming the zeplite layer of the composition
may be true zeolites or zeolite-like materials including molecular sieve materials.
As molecular sieves, there may be mentioned a silicate, an aluminosilicate, an
aluminophosphate, a silicoaluminophosphate, a metalloaluminophosphate, a
metalloaluminophosphosilicate, or a stannosilicate. The preferred molecular
sieve will depend on the chosen application for gxample, separation, catalytic
applications, and combined reaction and separatipn. These are many known
ways to tailor the properties of the molecular sigyps, for example, structure type,
chemical composition, ion-exchange, and activgtion procedures. Representative
examples are molecular sieves/zeolites of the simygture types AFI, AEL, BEA,
CHA, FUOQ, FAU, FER, KF], LTA, LTL, MAZ MOR, MEL, MTW, OFF, TON
and, especially, MFl. Some of these materials.qg;ile not being true zeolites are
frequently referred to in the literature as such, and this term will be.used broadly
in the specification below to include such mategials.

oY
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- Advantageously, zeolite layers used with -'the present invention R
should be substantially free of defects. Défects are gcnilected voids and are -
spaces between zeolite crystals extending through the thickness of the zeolite
layer. Itis preferred that any defects in the zeolite layer be formed from small
voids. It is preferred that the number of defect‘s-wit_h?-s"izes greater than 40 A be .
<10000 per square inch, and preferably <1000 per square inch. The number of
defects with sizes larger than 2000 A should be less than 1000 per square inch
and preferably less than 100 per square inch. L

The zeolite layer can have either a shai)e"prefe'fred orientation, a
crystallographically preferied-ofientati‘on, or both. - Shape or crystallographically
preferred orientations occur because of the control of the relative rates of
nucleation and growth offered by the synthesis procedure. Specifically, during
synthesis, the rate of growth can be made to dominate the rate of surface
nucleation of new crystals or incorporation of new crystals. Incorporation of
new crystals is defined as attachment onto the surface of the growing zeolite
layer of a crystal formed in the synthesis mixture. ‘Since the growth rate can
dominate renucleation or incorporation, crystals can competitively grow for long
periods of time without significant addition of new crystals into the growing
layer. Since the growing layer is composed of individual crystals and the
synthesis method seeks to prevent renucleation or incorporation of crystals, the -

- resulting composition can have shape, crystallographically preferred orientation,
or both. Shape orientation occurs because the crystals grow with preferred
regular habits (or morphology) at the surface of the zeolite layer. A regular habit
(or morphology) is taken to be a regularly shaped outline of a particular
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they do not alf have to be the same size. Because &f the growth mechanism of
the zeolite layer, it is possible to have one shape préferred orientation at the
bottom (base) of the layer and another shape preférfed orientation in a layer
drawn near the surface. An example of this is an MFI zeolite layer which has a
columnar habit at the base of the layer and a rectafigular habit at the surface of
the layer. Many MFI zeolite layers grown in accdffance with the present
invention exhibit only one habit throughout the thickness of the zeolite layer.
Usually MFI zeolite layers with a preferred C-axis!grientation exhibit a columnar
habit (or morphology) throughout the entire thickéifss of the zeolite layer. Often
shape preferred orientational layers have a preferéi# crystailographic orientation.
- : 8- &
~ The dense zeolite luyer is formed oi¥&ither a support or a
permeable intermediate layer supported on a supfié#t. The support (substrate)
can be porous or non-porous. If the support is poféus, it will be porous material
throughout its entire thickness. Preferably, an indfiganic oxide or stainless steel
will be utilized. The porous substrate, hence can ¥¥ ceramic, metal, carbide,
polymer, or mixtures thereof. For example, refracting oxides, such as alumina,
titania, silica, as well as materials such as cordierif®, mullite, stainless steel,
pyrex, zeolite, silica, silicon carbide, carbon, grapifite, and silicon nitride or
mixture thereof can be utilized. The substrate hefi¥® can have a uniform pore
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defects. Defects are connected voids and are spaces between zeolite

crystal s extendi ng through the thickness of the zeolite .
Additionally, non-porous supports will include quartz, srhcon

glass, borosilicate glasses, dense ceramics, i.e., o_lays metals, polymers, graphite

and mixtures thereof. When non-porous supports are :uti_:lized, the compositions

are useful as sensors. Most preferably, the support will be a porous ceramic ora -
porous metal. : | |

It is preferred that the surface of the subslrate porous or non-
porous on which the zeolite layer is grown be smooth Roughness in the
substrate leads to defects i in the zeolite layer. The substrate should have an
average roughness with an ampllt__ude of less than 10 um with an aspect ratio of
the roughness less than 1:1. It is preferable that the average roughness of the
substrate be less than .5 pm with an aspect ratio of the ro_u_g_hnes_s less than 1:1.
Though non-porous substrates may be utilized, porous substrates are preferred.

If a permeable intermediate layer is present, it may be mesoporous
Or microporous. Mrcroporous and mesoporous mterrnedrate layers can contain
zeolites. Mesoporous intermediate layers can contain inorganic oxides, metals or
carbides. Zeolites in the permeable intermediate layer can be used to nucleate
the growth of the zeolite layer. When the intermediate layer nucleates the
growth of the zeolite layer in a hydrothermal synthesis. process, the morphology
of crystals in the zeolite layer can be columnar platehke or mixtures of the two
and a crystallographically preferred orientation may be observed. When the
intermediate layer is mesoporous and contains nanocrystallme zeolites, it is
-referred to as a growth enhancing layer (GEL). When the intermeditate layer is
microporous and contains nanocrystalline zeolites it is referred to as a Seeding
layer. A growth enhancing layer (GEL) contains identifiable particles with
interstices between said particles of colloidal zeolites; or collondel zeolites and
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outline of a gftheseldyefs. This dense mat of crystals is closely packed together such that -
99% of the grain boundary zones stretching between top and bottom of the
zeolite layer have at least one point along their length where the width does not
exceed 20 A. As the zeolite layer grows from the interface at the GEL layer,
crystal width may increase, however the individual crystals remain separated at
their boundaries by a distance between adjacent crystals of <20 A. This densely
packed mat can have a columnar morphology. Zeolite membranes grown
without the use of seeding or growth enhancing layers do not have the degree of
perfection of such columnar compositions.

Both seeding and GEL layers contain nanocrystalline zeolites.
Growth enhancing layers can be formed from a solution containing a
nanocrystalline zeolite; a mixture of metal oxide and nanocrystalline zeolite;
a mixture of colloidal zeolite and colloidal metal; or mixtures thereof.
Preferably, colloidal zeolite or a mixture of colloidal zeolite and metal oxide
will be used to form the GEL layer. Seeding layers are formed from
solutions containing nanoerystalline zeolites. Napocrystalline zeolites have
sizes between 50 and 5,000 A and form a stable dispersion or solution of
discrete particles. In that process, a synthesis mixture is prepared by boiling
an aqueous solution of a silica source and an organic structure directing agent
in a proportion sufficient to cause substantially gomplete dissolution of the
silica source. The silica source is advantageouslyparticulate silica or
polymeric silica which is prepared by methods krown in the art; see for
example Brinker and Scherer, Sol-Gel Science, Academic Press, 1990. A
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Either GEL or seeding layers can be formed from solutions
contammg the colloidal zeolites. Composition of the solutions and
processing conditions determine if a GEL or seeding layer is obtained. For
the GEL layer, it is preferable to calcine it at temperatures < 1000°C,
preferably from about 300 - 600°C. When a GEL layer is formed, it is
maintained in the final composition as a distinct layer having a thickness of
about .1 to 20 um, preferably about 1 to 5 um This layer contains interstices
as described above. :

‘ By adjusting the ratio of colloidal zeolite and metal oxide, the
density of nucleation sites on the GEL can be controlled. This density
controls the morphology of the zeolite layer grown over the growth
enhancirg layer in a subsequent hydrothermal synthesis step. The higher the.

" nucleation density, the narrower the zeolite- crystal width the layer will
exhibit at the GEL zeolite interface. Nucleation density can be controlled by
the relative proportions of nanocrystalline zeolites and metal oxides (with the
density decreasing as the amount ‘of the metal oxide utilized increases) as
well as the size of the nanocrystalline zeolites in the GEL.. Nanocrystalline
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the nucleatlon density is set by the above formula'as well as the size of the

particies of colloidal zeolite. colloidal metal and thetal oxide. The smaller the
particle size of the colloidal zeolite particles, the denser the nucleation sites
which produces narrower zeolite crystal widths, !

The hydrothermal treatment to form the ch:sralIine zeolite layer is
advantageously carried out by contacting the GELior seed layer with a zeolite
synthesis mixture, and heating for a time and at tife temperature sufficient to
effect crystallization. Contacting as used herein Hicludes total and partial
immersion. Heating times may be, for example, it the range of from 1 hour
to 10 days, preferably from 24 hours to 4 days. Temperatures may be, for
example, from 50 to 300°C, preferably from 150 fo 200°C. Contacting of the
substrate with GEL or seed layer must be carried éut such that there is no
settling of crystals formed in the synthesis mixtité during hydrothermal
treatment onto the GEL or seed layer. When a tétle zeolite material is
formed, the synthesis mixture contains a source 8F silica; optimally a
structure directing agent, and a source of any oth& component desired in the
resulting zeolite. It may also contain nanocrystaﬁ%e zeolites or seed crystals.
Synthesis mixtures from which zeolite crystals'@e grown are well known in
the art {see e.g., Handbook of Molecular Sieves, Rosemarie Szostak, Van
Nostrand Reinhold, NY 1992). A preferred routé for MFI zeolites, e.g., is
from a Low Alkaline synthesis mixture having a'$H of about 6 to about 13
preferably about 8 to about 13, and from which’MFI zeolite crystals can be
grown. Such mixtures are readily prepared by tlise skilled in the art. For
example, suitable mixtures include Nag0, TPAB#"
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layer is to be grown is horizontal and facing downward, thus being referred
to as inverted. Applicants believe thts prevents. zeolntes which are _ -
homogeneously nucleated in the synthesrs mixture, from settlmg by
gravitation and incorporating into the _gr_owmg_zepht__e layer. Thus, _the zeolite
layer is not perturbed during the growth prdcess' “This synthesis technique is
referred to as an Inverted In-Situ-Crystallization (I-ISC) process. Growth on
a GEL from a Low-Alkalme-synthesrs solution using the I-ISC process is
referred to as a GEL-LAI-ISC process or composmon Growth usinga
Seeding Layer from a Low-Alkaline-synthesis solution using the I-ISC
process is referred to as a S-LAI-ISC process or composmon For I-ISC
GEL-LAI-ISC and S-LAI-ISC processes, the crystal width in the zeohte layer
is between 0.1 and 20 um. It has been found that when MFI layers are
grown by the: LAI-ISC process, a degree of crystallograpluc orientation
occurs. Much more s:gmﬁcant crystallographic orientation occurs when
MFT layers are grown by the GEL-LAI-ISC process or the S-LAI-ISC
process. Preferred orientation will be different dependmg on the zeolite
grown, however, a preferred orientation can be exhibited. When MFI-zeolite
~ layers are grown using a I-ISC process from a Low Alkalme synthesis .
solution, the crystallographic orientation of the MFI zeohtes is such that at _
least 75% of the crystals in the zeolite layer are. ahgned in the orientation
(with the c-axis parallel to the growth dtrectlon w1thm 15° preferably 5° of
the normal to the surface of the zeolite. layer) preferably at least 90% of the
crystals will display the preferred orientation. A measure of the propomon
of the crystals that have the longest axis normal to, the plane of the layer may
be obtained by companson of the X-ray diffraction pattem of the layer with
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platel ke or ot ﬁx&gr;oswx? fzettﬂ?t% Jrgrl\gtals would effect selective separations of molecuies.
An example of an expected selective separation is through molecular sieving
mechanisms. Such separations are realized when specific molecules are
sterically unrestricted by the zeolite pores (becoming permeate molecules)
while larger molecules (retentate molecules) are rejected because of steric
constraints. Thus the effective zeolite pore diameter becomes the controlling
aperture of the selective permeation pathway. An example of such
separations effected through molecular sieving would be the separation of
para-xylene from a mixture of xylenes isomers utilizing an MFI-based zeolite
composition. The controiling pore aperture for the selective permeation
pathway in the MFI system is larger than the kinetic diameter of para-xylene
and smaller than the kinetic diameters of ortho-xylene and meta-xylene.

Contrary to expectations, the previgusly described zeolite
compositions produced using LAI-ISC, GEL-LAI-ISC, or S-LAI-ISC
techniques, and having dense, intergrown, contimuous zeolite layers, exhibit a
separation with selectivities less than expected. This is very evident when
the compositions with dense, intergrown, continmifous zeolite layers are tested
in molecular sieving. Generally, expected separation performance can be
estimated from independent measurements of the diffusivity of molecular



and a crystallographically preferred ori ént ation may be observed. \Wen the
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oxi des; colZFeligforpagmplesylas mixtue bsingprocessed: Tachniques o measwer eof . The
oxi des whi ¢heseajnahtitieshdve et described P KCarigefl ahd DNRuthver i/tDifAiRsorst i ng of

o, bl ) M sy Sl VI RSS2

thereof. 1992kferably colloidal alumna will be used. The colloidal netals
whi ch can be used. i.ncl ude copper, platinum and silver. Said interstices
in the GEL are mesoporous. In a preferred enbodi nent, sai'd mesoporous

interstices in the GAPPlicantsascribe the lgss tign ideal periormgacs iLo00 A
L Et er SL I fﬁ@epcgal_ﬁdlmﬁapiﬂi:ﬁti?ﬁsﬂﬂﬁl tﬁééé\/dsd@nﬂlesiztdﬁeie%ﬁ] b&ﬂpﬁﬁ%iﬁni & rf%)' ec ;J! es
roug e er. | cul es.can per.neat e .t hrough .t hese.interstices
because t thyﬂF’el %g?sdw %aﬂff“ﬁﬂ} %%Oi%ﬁi@’ﬁf MP&-SepgﬁFﬂ%ﬁeS%&s
transport dunsexgThése physipabchanges in she zeaftite daydr Sduch arjséssghaning use nucl eat e
the formati : £ p . of i . | St QL ¢ rfaces
of these |ay rlgse.( d%sﬂgé}%?éémnéfrgbﬁeé ?ﬁgsﬁe g‘?@*@“@l@%‘%ﬁ@’%‘é@%ggt her such
t hat 9ooxpasursef theaaenlitmlayerto,elevated temperatires gnd pressurestintheind bot t om
of the  pRrekbhdeof RydtbcdiBYR nidletifids! APPHCRRS beliel Ot sBeisor ength where
the width doeﬁ not : . - .\
_ mechanical deformations in a layer of closely packed zeolite crystals may -
introduce defects or voids in the layer which can degrade the permselective
properties of the layer. Specifically the deformation or movement of one
- crystal will affect the neighboring crystals as well as the grain boundary
separating the crystals. - -~ - D

_ - Although, most of these dense intergrown zeolite layers

completely reject dye (using the Dye Test procedures described above) prior

. to testing (indicating continuous zeolite layers); they then exhibit less than -
expected performance characteristics during use for high temperature
molecular separations; and finally fail the dye test in post-testing evaluations

" by passing dye through the zeolite layer. Dense intergrown zeolite layers
which do not reject dye in 'testihg prior to testing in separations typically have
a small number of isolated defects. : -

In order for coatings to be effective, they must be applied
directly to the as-synthesized zeolite layer. - The coating can be applied to
either surface of the zeolite layer. In a preferred embodiment the coating is
- applied to the surface of the zeolite layer which is not in contact with the
support or intermediate layer. Additionally, these coatings must interact with
the zeolite layer without blocking or impeding molecular transport through
pore openings of the zeolite layer. Interaction of the coating with the zeolite
layer should be such that the coating does not block transport through more



exceed 20 A. As the zeolite layer grows fromthe interface at the GEL

| ayer, Wo ksgM dt h may increase, however the individual

remai n separ a?dé(g ?{M t heir boundaries by a distance bet mgﬁ%ﬁ%
crystals of < 20 A This densely packed?’mat can have a col umar

nor phol ogy. Zeolite nenbranes grown Wi t hout the use of seeding or growth
enhancing | ayers do not have the degree of perfection of such col umar
conposi t i ons.than nine - tenths of the thﬁhe-smpdseldqm{ndingb of theszenlite dayer.
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sol uti on cont nanocrys al oxi de
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Txture of ”Eéﬁe’?ﬁﬁf%“ﬁmt g ?*S"M SHenliysdt e ceolitetagerl AR nthe
X

GEL Iayer. SASSTHsION desnotomy s@ﬂibﬁw&ﬁ? dirasion o ety ey e

nanocrystal | |pwes;émt stgnsﬁchydun;lensahffuswnzﬁdhe n@emﬂmespemwd'entdnestween 50

and 5, 000 AI ﬁﬂﬁ]ufg?rtﬁb ?o?é ARk Sudh BPﬁﬁﬁong' 1195 §§E|t'ﬁé infdys Hansfe éqgﬁﬁ{) afib€ of

particles. §s, 'a syn Fareir s prepare I 'ng
an aqueous sdhqpomoalfaoa silica source and an organic structure d| recting

agent in a proportion sufficient to cause substantially conplete
di ssol ution of the ilica source. i ca source s adv. geously
particulate silica or SI“ Weﬁur:eesosflﬁr aemﬁSF§°ﬁPB% Y&G hlft hods

known in the pmemousiyenémmned cimamémtﬂs; akeatimnnhuScpessess sedetal GtherSci ence,

é“é?.? 82,19; ) ggg gopé'r%gg Fitst, the et 3¢5 stable at the:application temperature of
the compositions. Stability is taken to be both meghanical and chemical _
stability. The coating can change its physical characteristics within the first
~200 hours of use, after which the coating material should be stable.
Secondly, the coating must adhere to the zeolite layer and should not impede
molecular transport through a significant number of surface-exposed pores of
the zeolite layer. This means that the coating layee precursor material must
adhere to the zeolite without diffusing significantly into the pore structure of
the zeolite crystallites, inhibiting transport of the -desired molecular species
through the zeolite. For example many polymeriecoating materials cannot
be used even though they are stable under processiconditions because their
precursor molecules have molecutar sizes which permit their introduction
into the zeolite pore system. As such many polynjeric coating materials
inhibit transport of the desired molecules through the zeolite. It is possible,
however, to choosé polymeric coating precursor pgaterials which are
sterically incapable of entering the pores of the zgplite crystals. An example
of such a coating layer precursor is a polyimide resin which can be thermally
cured to produce a polyimide coating. Polyimidesfilms have been extensively
used in the semiconductor industry and are known to be thermaily stable in
non-oxidizing atmospheres to temperatures as high as ~500 °C. Additionally,
these polymers have éxcellent mechanical properties and adhere well to oxide
materials. This is especiaily true when an adhesién promoter is incorporated
in the precursor resin. These characteristics indigate that polyimide
represents an excellent candidate material for a sglectivity enhancing coating.
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preferred method for preparing polyneric silica is by the acid hydrolysis

of t et 4FJedyésg’ t hosilicate and a preferred nmethod for pggp@g&é}ﬁ l(50I | oi dal

silicais by the base hydrolysis of tetraethylorthosili or gani c
structure directing agent, if used, k#8-advantageously introduced into t he
synt hesi s m xture in the formof a base, specifically-in the formof a
hydr oxi de, or in the formof a salt, e.g., a halide, especially a

br omi flte fThte StrUCElﬁberdhée@hpﬁﬂtlonaahWe mndb@atéﬂuxeumsm?cTnEwAiye hydr oxi de'
or sa 0 ni 1

triethyl rret%ﬁ%’é‘ﬁﬁg %W?E %ﬁ%#mcreésyfﬁé 4&35’@%@6 H?QAP%P )

t et r abut y| aempoesition(affess to mqlecula&pcwnqamgﬂhm\@rﬂw zevljite layer by no

trimethyl b‘?ﬂ&ﬁé' TA&H}% e ptréfe{fr%fiféﬁd AR Eﬁf,”iﬁé‘ aem

tri met hyl neopent yl ammpni | um (TPBP),
bi spyrrol i %llﬁw& ppgting s nrpgrﬁasguthmmsmaps eg] #541 Bl@rl di.ni um ( DEPP)

or a S:Jbgt chﬂip@ﬁnonmwmeém@s: ml ating ghrdiigh{thb zeoléetllpyér de: i tuE ed
qui nucl i di ne_o ni cl.o octane. Prefegred structure-
directing 3R ttga%pgaqtﬂgoﬁ%d?g%c @gn%f(‘\ rayEdne masg Hangder oA ang TBA,
and m xt ur eesisthnce ofthecompositiomoffedsitd esoletsles permeating through the Either
CEL or see o] e

col 1 of dar - 220fke GV U oC ity (HeUBoRIE fre MequeBy Soveritg e

condi t i ons zeeliterpare struetuge. dﬂyaﬁﬁ ycsomaportiopeot the zgplite parg stmgiure  he GEL

layer, it legpoded ot ame 6f e sidésCofMfe izbokife lh?éﬂl@rcéﬁlﬂfeﬁ%ftmmgr] C
preferably om about ., 300 - 6( {err forned, it is

mai nt ai ned NG MEFEass pEmass, P 1SS %eyualtg?hﬁgqurgé%pfwwt% t hi ckness'
of = about poﬂe stouczire] is determinedbe thabinateriad usedltd forf therselectivityi s | ayer _

contains i s descri bed above. By adjusting the
SRt EGuing ity of i

ratio of coO te and netal oxide, the density of nucleation
sites on the GEL can be controlled. This density.

The selectivity enhancing coating material can be a permeable
or impermeable material. or a material which in some regions is permeable
and in other regions impermeable. The permeability of the coating is taken to
mean its ability to pass the molecules transported through the zeolite layer at
the temperature of composition use. Some coating materials are almost
impermeable at low temperatures and become permeable at high
temperatures. An example of a polymeric coating material which has a
temperature dependent permeability is polyimide. At room temperature,
polyimide films with thicknesses greater than .5 pm have a very low
permeability too hydrocarbon molecules containing between 5 and 15 carbon
atoms. At elevated temperatures (between 100°C and 500°C) these.
hydrocarbon molecules can permeate through the free volume left in dense
polyimide films. As such, polyimide films meet the requirements for a
permeable sélectivity_ enhancing coating. -

-

_ If the selectivity enhancing coating is made from a permeable
material, the material can be coated over the entire surface of the zeolite
layer. Permeable materials can either have a pore structure which transports
molecules that can pass through the zeolite or it can be a dense matenal "

. which has a free volume sufficient to permeate molecules which can pass
through the zeolite. Examples of permeable inorganic materials containing a



controls the norphol ogy of the zeolite |ayer grown over the growth

enhanci ng |lvageénoises @ subsequent hydrot hermal synthesis step. %ﬁﬁ J&}ogﬂgr t he
nucl-eati on density, the narrower the zeolite- crystal w dth ,f e ?ayer Wil |

exhibit at the GEL-zeolite interface. Nuct¥ation density can be controlled
by the relative proportions of nanocrystalline zeolites and netal oxides
(with the density decreasing as the amount of the nmetal oxide utilized

i ncreases) aspomeeittucire tane materialo pradueed dysolgel prdcessing.c Examples of a he GEL.

Nanocrystallig . . ¢
PCT/ US95/ 085 1Mé‘nse matefd i §E6a free volume sufficient to permea ellém}ecules sed

. . . S
zeolites in twhichganpass throggh the zeolise apopalymers: fyprefiemed palymerice |
The larger thpafMa0asedior the SeleZReity bfhdicisg sbftingl islgolyinide. Prefefddly t he

wi der the zeal jt olums .in _the. rane, wl |l be. | jcantg believe
that the a ist&ﬁvﬁ-Y °ﬁgg%m%maa%‘?5§g??'a‘%%}mﬁ&@m 8’?‘?% i!?w’&@ thereof to
t he col | oi dal mechamdcdli pmpertidstsaffifient wystabibize thelzeolitp dxyer duringoese.

nucl eation sites all ow ng for control of the crystal width in the
zeolite |ayer. _ CEL's containing pure netal oxides or

col loidal netal fail tolfthe pnaterisbusedciosshe seleetiviisenhansing eoating is

formul ati on ohad&frofPan ﬁhgénﬂ%ié(niﬁéﬁai, itehnf®Y dohpleielyebder 4id BRER| oxi de
and x wt % of colloidal ze I%&S, ere x,ls at IeaE} 0. 01. when t&e GEL is
not formed frOmPOR STUHTE Pt the zrelilc membrght cImpermegble RateEialy BRSLER si 1y | <
selt | b_ydt Ihe alnppdaieﬂebrt}:'mh lcweéﬂ 01?9 atﬁl@ct’fdril@f thic Zeblite layeartdleallymnof
col | oi dal zeaqljt i da an al , oxi de. L er
particle si zewgﬂ&fﬁﬁ %3{{%& EHFE? g“%ﬁf"f‘?‘lﬁ’%&%ﬁﬁg}g‘é;%g@.‘éet‘i%&%é?eat i on
sites prevent defects and voids from arising without blocking a significant fraction )

of the zeolite composition. Preferably, this type of selectivity enhancing

coating bridges boundaries between at least 10% of the surface-exposed

crystals in the zeolite layer and, more preferably, the coating bridges he

boundaries between at least 50% of the surface-exposed crystals in the

zeolite layer.

A third type of selectivity enhancirig coating may combine the
characteristics of the two previously described coating systems. It may be
both permeable (to process molecules) in some regions of the layer and
impermeable in other regions of the composition. .An example of such a
coating is a thin silica film which when deposited:on the surface of a zeolite
nucleates and grows a porous film in some areas and a dense film in others.
Applicants believe that such silica films can be deposited by interfacial ozone
assisted CVD processes. In the bulk phase, silicais a dense impermeable
material for the permeation of hydrocarbon molegules, however when
deposited as a thin film, some regions of the film.can be formed into pores or
isolated molecular or nanoscale aggregates of thegoating material on the
surface of the zeolite layer. In the region of the geolite layer covered by
either pores in the silica film or isolated molecular or nanoscale aggregates of
the silica coating material, the coating is said to be porous. The porous
region may occur at the edge of 3 dense region-iw the film.
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whi ch produces narrower zeolite crystal w dths. The hydr ot her mal
treat meng tggi %mthe crystalline zeolite layer is advant a eouslg carried
out by coﬂ t g the GEL or seed layer with a zeolite. %‘?H& mxture
and heating for a time and at the tenpejpature sufficient to effect
crystallization. Contacting as used herein includes total and partial

i Mersion. Heating times may be, for exanple, |n the range of from1 hour -

to 10 days, preferabl:}g‘gf@ f&ﬂH?r&xﬁ% ba ﬁ{,@fﬂ‘lﬁ&ﬁ, nggy be, for
exanple, fromi{0 to }R}g{ypre er F om 1 taq .200e C.' Cont acti ng
of the sEbShikean W‘m\m@i'e thrgugh defecks igya: B@“Eﬁ?‘F‘PBd BYsuch t hat
there is ngrovidinigtd feparatfoncofiexisting dsfentted Seaortdly, it ean pesvent lthe<t ure during

material ﬁém@h@‘ﬁ%ﬁ%ﬁsﬁé . Tt 8oRESE el AlneuldiE s PoncelinZ e - ©
optimally anpomntumdus eefgrmed do ias gtabilizationanfhe composition; Refectst her
cormponent éH & dl{&e{'\;eb;a tgrfbfgrg el&ang%sé‘;afé tfatk éh-hcﬁﬁ%( s il the iéaﬂieala er

nanocrystal li.ne zeo ys IS m xtu rom whi ch

zeolite cr %‘ﬂ W@? theperfarmance ﬁlawpmnosmme B Manyases se Handbook of
Mol ecul ar  &faeke extelid ifioethe gréwiséntianc aeﬂ“@iﬂbﬁ@ﬁlﬂﬁi&@fﬂt&la%f 1992). A

1T 20 CEhieL e b a5 ply DL i, Ve
13, and fr sniemimtyhoﬂhle compasitiorc r isetat¢ dscrack stractures may fom@n growthyres are
i xtur s 1 %?‘?“%Q‘“R%f% BEE of i caling thé B2 bmphiBfion pRSIR, Br b3t £ 201 €
PCT/ US95/ owjmg e total system pressure, or by introducing a liquid phase feed onto {
the composition. Crack structures. grow by either branching or by extending -
their length. As crack structures grow they form an intergrown crack network
in the zeolite layer. The: selectivity enhancing coating prevents these cracks
and crack networks from forming. As such, the selectivity enhancing coating
stabilizes the composition, preventing defect structures (i.e. cracks) which -
were not in the as synthesized composition forming during use or changing of
the physical conditions. By preventing defect structures from forming, the
selecxtmty enhancing coating 1mproves the separation propertxes of the
zeolite composmon '

All selectivity enhancing coating materials must be able to.
improve the separation properties of the zeolite layer of the composition.
Separation properties are measured as the ability of a composition to pass one
molecular species through the zeolite layer while impeding the transport of at
least one other molecular species. ‘Because flux through zeolite layers tends
to increase with temperature, it is preferred to conduct these separations at
elevated temperatures above room temperature, preferable above 100°C. For
hydrocarbon molecules other than methane and ethane, it is preferred to
conduct these separations at temperatures less than 600°C to avoid thermal
degradation of the hydrocarbons

The compositions with selectivity enhancing coatings are useful
for a variety of separations. The compositions are useful for separation
processes whereby feedstock derived from petroleum, natural gas,



t et rapropyl anmmoni unbrom de, SiJerr] and water. The conpositions are

grown by co@logloidzg the GEL coated substrate of choice in th i ne
sttt

synthesis m xture. The synthesis mxture is then heated to a

about 300[err]C, preferably about 180[er?3}]-C for a period of about 30

m nutes to about 300 hours, preferably for about 30 m nutes. After

crystallization, the supported | ayer nmay be washed, dried, and cal ci ned
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xylenes and, optionally, ethylbenzene, and separation of aromatics of

different carbon numbers, for example, mixtures af benzene, toluene, and
mixed Cg aromatics; separation of aromatic con_i@,ounds from aliphatic
compounds, especially aromatic molecules witl'#om 6 to 8 carbon atoms
from Cs to Cj (naphtha range) aliphatics; separation of olefinic compounds
from saturated compounds, especially light alkenes from alkane / alkene
mixtures, more especially ethene from ethane aﬁ@propene from propane;
removing hydrogen from hydrogen-containing stteams, especially from light
refinery and petrochemical gas streams, more especially from C> and lighter
components; and alcohols from aqueous streams.

P
1LY
P L

Specifically, the following table siws some possible feedstocks
derived from petroleum, natural gas or air and tHE molecular species separated
therefrom by use of the instant compositions. Tife table is not meant to be
limiting.
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Dye Test.

Intermediate reactor catalytic reformer products '
containing hvdrogen and/or light gases

' Hydrogen and/or light gases
(C1-CD)

Fluid Catalytlc Crackmg products contammg H» and/or.
light gases

Hydrogen. and/or light gases

Naphtha containing Cs to Cjq normal parafﬁns

| _ C g to Cio normal paraﬁ'ms

Light coker gas oil containing Cg to Cg normal oleﬁhs
and paraffins -

| paraffins

' Cg to C}g normal oleﬁns and

Mixture of normal and isopentanes

~ | Normal pentane

Mixture of normal and isopentenes:

‘|- Normal pentene

Hydrogen and nitrogen

Mixture of ammonis, hydrogen, -and nitrogen
Mixture of A10 (10 carbon) aromatics

eg. Paraglethylbenzene

- | (PDEB)
Mixed butenes ' n-butenes
Sulfur and/or nitrogen compounds.: | HgS and/or NH3
Mixtures containing Benzene (Toluene) | Benzene .
H», propane and propylene 'Hydrogen and/or propylene

al s

ri bed

Applicants believe that molecular diffusion is responsible for the

above separations. Additionally, the composmons can be used to effecta

- chemical reaction to yield at least one reaction product by contactmg the
feedstocks as described above or below with the compositions having a catalyst
incorporated 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
least 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



In this state, it would be expected that these continuous |ayers of

I nt er gr own | crystals woul d effect selective separatio /?‘I
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carng. LAl -1 SMiggd Rfanes %%ﬁoi,va A R R
i ntergrown, Cethivilemzese zeolite |ayers, exHibit a separation with
composi 11 one| EHERE AAIHroRERRROTfo il 7. - 5LY. PGl O ctblhe ., 1,
i n ol ecul ar | EtterlberzenEdehydroggnatéotpect ed |separ ali on Hgdfagemance can be
estimated fr DMependen_t measurenents of| the diffusivity of nol ecul ar
WO 96/ 01686 —= - —
PCT/ US95/ 085{1 Butanes dehydrogenation butenes Hydropgn.-
(iso's and normals) -
Propane dehydrogenation to Hsfarogen and/or propylene
propylene
C10-C1g normal paraffin "~ Hydrogen
dehvdrogenation to olefins ' _
Hydrogen Suifide det_omp_osition 7 Hydrogen
Reforming Hydrogégl, light hydrocarbons  (Cj-
dehydrogenation/aromatization . C7)
Light Petroleum Gas ’ Hydrogen
dehydrogenation/aromatization -
Mixed Butenes ' ) n-butenes

S

The supported zeolite layer of the, x;i;;v:ntion may be employed
as a membrane in such separations without the gioblem of being damaged by
contact with the materials to be separated. Fnr%ggmore, many of these
separations are carried out at elevated temperaturgs, as high as 500°C, and it
is an advantage of the supported layer of the presgnt invention that it may be
used at such elevated temperatures. i

Gl

The present invention accordingly glso provides a process for
the separation of a fluid mixture which compri_sﬁ% contacting the mixture with
one face of a zeolite layer according to the invenfion under conditions such
that at least one component of the mixture has a different steady state
permeability through the layer from that of another component and



species in the zeolites and the partition coefficient for nolecul es
ent er i ngwdws/mmiésézeol ite forma nol ecul ar m xture being prpﬁflgﬁws
ed J. Karger and

~ Techni ques to neasure t hese quantities have been descri
D. Ruthven in "Diffusion In Zeolites?¥and Other M croporous Solids" (John
Wley And Sons Inc. NY, 1992) . Appl i cants ascribe the

| ess than ideal performance in  separations applications for these

as- synt hesireenvering ai componeptof mixiige oHhcomponents firone tamotbsr fucef thecur in

t he zeoli tqea)}e@yer during separations testing or use. These physical
changes in tthe zeolite |ayer which arises during use  may :be due to
mechani cal stresses and deformations which occur -because of  -exposure of
tpehzgol ite | ayerI to'Iithu@émﬂ)Pftmmmf p%dv:im @pﬁﬁg@f@-wamyﬁngtahe hpr_eselnce
of hydrocar . el S.1: lcants l,eve that skress or .. nechanica
def ormat i Oﬁ@&ﬁf@rqa; 86 Wéﬁ?g@g ;sp%%xﬁggf?%shq&ét@vgﬁﬁ|asze9,H§Fnl%yFrnt roduce
def ects or acenrding to theénveation witich s teactivegpatalytic flermp andertatalytice
Snp&diabARbir

properties ' I {tionsRAA rbéFRking 4 & JoTatllale SR of one
crystal w F?ﬂ‘é‘% _glcltc%%‘ﬁ{euorlllg?gﬂggérl ng n?r y%t'a S as we ?-ﬁ‘asg{-%#ewgralE\3 boundary
separ at i ngCOMErsion praduct. Al t hough, nost of.these dense

intergrown zeolite layers caonpletely reject dye (using the Dye Test
procedur es descri bed.above) pr.ior to testing. (ingicating continuous
zeolite layers), t hegﬁf I‘l‘é‘(&é’)?ﬂifﬁf[pe\' B@é’@%ﬂ‘%ﬁé%&{fé@%ﬁf‘g&r mance

char act er i shémrealireactign wicli comprigés ¢omaetimg aifeedstovkl with bae facepef st | ons,

and finall L : -t eSt 4 -t est]. FONS passi ng dye
t hrough t héegzlggjlﬁég%f:ggfgﬁge %et#é gml%rﬁ'{é)rn g?’gv#/r‘l:ag%y@tl% g‘&e}ﬁ an dpl\)//\hi ch do not !
rej ect dyecatalVties epnNpriion sondisionssandscovering from poappesit faseiof heve a
smal | nunbRiyepht least ciecsbniefstst product, a_dvantaf;eously in h Rofiéélftfatior coatings to
be effect IH t hey must be.. | 1 ed direct % t.o:the as-.synthesi zed zeolite
layer. The ﬁge(ﬂqgn%orgd %“Qﬁ‘g&‘?‘&?“ﬁ’ﬁ“mn‘m in the reaction mixture. For

example, a para-xylerie rich mixture from the reactor or reactor product in a

xylenes isomerization process; aromatic compounds from aliphatics and

hydrogen in a reforming reactor; hydrogen removal"fi_"om reﬁtiery and

chemicals processes such as alkane dehydrogenation in the formation of

alkenes, light alkane / alkene dehydrocyclisation in the formation of

aromatics (e.g., Cyclar), ethylbenzene dehydrogenation to.styrene.

~ The invention further provides a process for catalyzinga
chemical reaction which comprises contacting one reactant of a bimolecular
reaction with one face of a zeolite layer according to the invention, in active
catalytic form, under catalytic conversion conditions, and controlling the
addition of a 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 benzerie in the
formation of ethylbenzene, cumene or cyclohexane respectively.

The invention further contemplates separation of a feedstock as
described herein wh'e_teix_i the separated species reacts as it leaves the zeolite
layer or as it passes through the membrane and thus for another product.

This is believed to increase the driving force for diffusion through the zeolite
layer. ' : '



either surface of the zeolite layer. In a preferred enbodi nent the coating
is appli 0168 surface of the zeolite |ayer which i s nGlcrkoSsas¥igct
with the support or internediate |ayer._Additionally, these coatings nust
interact with the zeolite |ayer w thouf %1ock|ng or inpeding nol ecul ar
transport through pore openings of the zeolite layer. Interaction of the

coating with the zeolite | ayer shoul d be such that the coating does not
bl ock transport through nore WO 96/ 01686
PCT/ US95/ 08513 Catalytic functions can be incorporated into the céthpositions. t han

"5 pref or r B SRR %ﬂ?éﬁ%ﬁf@aﬁ’%&% B e oo et Yo
| ayer shoubeld &wars active ¢lsmenhin & ozactory Sevesal diffeteint céactorarshiteture’s ough
more than c&’ﬁ‘ﬁ Rah{mtt, e& HE%étHufx%Sﬁ tﬁ{[ﬁ?ﬁﬁgfto?&ﬁe i&%te% thge zeolite

| ayer. An occ us! on oes ffusltﬁph f ol ecul es

through the compesition. (1nongicase thecqm yiic Wﬁi&“scad! QWWW €l ecul ar
speci es of i pécslfteddyer, whhéQﬂ&hoﬂk?ch‘he cAgalptic furittionuandislocaedease the

mass transfer tanc t he,co I n order
to successf ult émbg}ef agdybgp?%r E%‘;etk‘e\ﬁﬂﬁllyq$@mnoﬁr°§9 BSusly ment i oned
characteri st debmdqugboMe spppat,SGEkduycmr sget dayer anpirthpczeo ites. First,
t he coating
composi 1 ons‘“@% R f%?i}%@g HtaISREAY AT R RER e Bt Bhn impilt”
stability. ncmhg Sompositiopsi lma ditignacatalytistfusetion cai n t he
fslt s ]f . ~206k ﬁﬁ‘éﬁ'ﬁoﬁfedui%ﬁ} a MerRbrafB r€dt1d By fating Sofivéimtionl caland be
' particles near one or more surfaces of the composition such that specific i
reaction products or reactants are continuously and selectively removed or
added to the reaction zone throughout the reactor.




Secondly, the coating nust adhere to the zeolite | ayer and shoul d not
| npede | ar transport through a significant nunb ‘Fﬁﬁ .
surface-vevg[;m(;)gggblpores of the zeolite layer. This mean?; FOSOR3 coat | ng .
| ayer precursor material nust adhere2s0 the zeolite w thout diffusing
significantly into the pore structure of the zeolite crystallites,
inhibiting transport of the desired nol ecul ar species t hrough the
zeolite. FoExsmpleolle many pol yneric coating naterials cannot be used
even though they are stable under process conditions because their
precursor npl ecul es have nDIecuIar si zes which pern1t their introduction
into the zeXvlene Separationdsing MEI €outpositions Syint e LadelSA al s
inhibit tr t of the desired nolecules through the zeolite. It is

possi bl e, Eﬂéﬁ%&\ever to choose polyneric coating precursor materials which
are sterically |ncapable of entering the pores of the zeolite crystals.

An egarr{olhe of sucseaeﬁpaiffé}endmmrcoﬁfpmufoi@rwéx% p%eﬁﬂka'aﬁgdeslt%fg'enf}ﬂmgh
.can e .nej r.oduce. a..po e coa

have been é%éf"%émo Efé’ged'% 150RAE- sIﬁF&%ﬁ%ﬂWﬂ%F"‘?‘i}ﬁﬁé’q Py aé%d ‘are known
to be t her symthgsigeditriembranes whinh- didindit havgaaelcoaphysmbﬂmng copngt ures as
hi gh ~5 el

I gh as q{ﬂe[rﬁitéﬁﬁs u%@&'g&‘ @Hﬁﬁéﬂs of {.A?-'E@ecog@dﬁ%ﬁs Wil glrft)iﬁ.r ent

nmechani cal | €S an his is
especi al | yd F$‘i!‘5’°ﬂhefﬁ lgyed byydthe bﬁdmtbmaérsynﬂaemmdmmed fallowed:

~precursor bgwl deserf] ofﬂ%ﬂ‘bﬂﬁéﬂs%ﬁadésaﬂd“ﬂ'kﬁ%fa lof rSult from
represents an exceé) &tg na?te??:tv enréastegaru;a%lon e?cpegmségltse ich exhibited | ° {
coating.
PCT/ US95/ OREQSelecnwnes The results of the xvlene separation: expenmenté@howed i,
For the cogngsivitiolwhicl'\@éfe fRYs ﬁﬂl‘ﬁ%tegteﬁl ‘Por the Fanze' ot Contitons
under which the xylenes testing experiments were conducted, the selectivities
for the separation of para from either the metal or ortho isomer were expected
to be greater than 2.5 over the entire range temperatures used. This lower
limit for the expected selectivity was determined from measurements of
diffusion coefficients of the xylene i isomers in the type of high silica MFI

crystals present in the membrane.

1. Materials

The hydrothermal experiments were performed using mixtures
of the following reagents: .NaOH(Baker), AI(N03)3.9H20(Baker), Ludox AS-
- 40 (Dupont), tetrapropylamonium bromide (98% Aldrich), and distilled
water. |

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



enhanci ng coating should increase the nmass transfer resistance the

conposi t i onwis 961686t 0 ol ecul es perneating through the zeol i tperhikySissey NO
nore than a factor of five. In a preferred enbodi ment, the selectivity
enhanci ng coating should i ncrease the mass*transfer resi stance the -
conposition offers to nol ecul es perneating through the zeolite |ayer by no
nore than a factor of two. The coating can increase the nass transfer

resi stance of%ﬁﬁh@%ﬁﬁﬂ!ﬂiﬂﬂﬂﬂﬂﬂers to nol ecul es perneating through the
zeolite crystals by either occluding the zeolite pore structure, or
covering the zeolite e structure Inv ri rtion of the
zeolite pore structure SosBeesy Pﬁ%%%@e@”%? ENLIEAEHOL, | ayer
i s covered by batch mxdmiesgone corithined Bﬂroaanﬂycmb makeiilicaiite ind the Gtherawas due

to e cover aaspdf wilCuGRR fmake POV.S* THIGHAVE the gl Rrffadth k"

mat eri al used cr ng

The sel ectivi M2@nhhB8i02g (61%@45394}&{% HE] TBAereYHZ@éermM can bg Li,

i orher | eok b, afll G TNaicdBoM 670,57 aAR YVARA R SCLPROEAN B o
to nean |ti$§t§ ‘F‘W%E &; ’t"ﬁ@ tRBR rTEé“F‘P&HéBSW fiT'rF he

zeol i teI | ayer Adl the resuiss shemnamulrnext)§emmtﬂwoompesm8nmfmmtI ng

mat eri al s are u

per meabl o at éﬁf’ts‘oﬁﬁwg ‘ePA‘ﬁtB&‘A‘ﬁ&"i’q@f%r@%f R

mat eri al whi cK ple t'&mhﬁétgmﬁTBAandth 45@' H{(§0 Va"/pbwﬂem de. At
room tenperat Efs?olve? i 9% YhI bl stit éj?a\f@rtvbltﬁ ﬁu i Sl%ﬁ&r OlQ&ﬁ tigh, i8'8

[err] m have per me ecul es rcéont ai ni ng
bet ween 5 and E&"%Mﬂwas tél”@b‘&!*@ﬂ %ﬁé@?ﬁt@r@éﬂ B

100[err]C anduﬁmms@mﬁbnt‘b@sﬂ,med,hydrocar bon nol ecul es can perneate

through the free volune left in dense polyimde filns. As such,
polyimde films nmeet the requirements for a permeabl e selectivity
enhanci ng coati ng. The substrates wetef plabed inieetediin iat Teftothhined regctiont i ng i s

made from a PeEEARIported on a stainless steel wire frame. The distance between the
‘'substrate and the bottom of reactor was at least 5'rmm. The synthesis solution
was then poured into the reactor to cover the whole substrate. The autoclave
was sealed and placed in an oven which was preheated at the desired
temperature. The reaction bombs were removed from the oven 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 air. The
heating rate was controlled at 10°C/hour.

3. Products
i
The following table shows some typical examples synthesized
under different experimental conditions, such asseaction time, and substrate.

ETRE

4. Physical Characterization Of Compositions -

The resulting compositions were characterized by x-ray
diffraction and electron microscopy. X-ray diffraction revealed that the
zeolite grown was MFI with no other phases detected. The x-ray diffraction
analysis also revealed a degree of preferred orieration in the as-synthesized



material, the material can be coated over the entire surface of the zeolite
| ayer. PFgovgpidse materials can either have a pore structug M%Usih?sls

transports nol ecul es that can pass through the zeollte or It can be .
dense materi al whi ch has a free volum@-sufficient to perneate nol ecul es
whi ch can pass through the zeolite. Exanples of perneable inorganic
materials containing a WO 96/ 01686

PCT/ US95/ O@semabrane. To establish that the zeolite layer was. substantxally fregof voids, pore
'structure %iénﬁﬁh@i w%&écnawewﬁ?dimycraﬁ-s gbnermmé bfthe fé@i@ld%%r of a

dense materi al a free vo ume, suf fi ciept to g*errreate | ecul es

whi ch can Mé"?‘ﬂ?‘g% e §canping, electron WIcTasqAPE, 41gur Q¥$ _ETSI yrreri ¢
materi al usedidnal vieweof & [LAIHISC tomposition Igmvnmtarm hs-ahnmmm de.

unich has ibstiat® w80 Xogore O Shddenafing eBlig P2, LT .

| ayer duri apd substantially free of voids. Fllgnrd Bshows arplan vxmufftbe surfacesaf ectivity

enhanci ng gqaij. W,i@ ﬁrgﬁf’sbét‘é , it cannot
conpl etely cove%ﬁ?i‘ngp Iﬁ?ﬂ%ht’ ore structure g?} he zeolite menbrane.

| nper meabl e materi-als nust be appl i ed so that .they cover only a fraction

of the zeobjDgelTeéthge Pr 1 mm nmust bridge the
-~ boundaries of enough zeolite crysta sto prevent defects and voids from

arising wthout blocking a si gnificant fraction =~ of the zeolite
conposi tion. Prefer alfhe absérice af\ypedoin thelzeohiexdaygr wmbﬂcniedlgl the coati ng

in ?EZSZES ARy T e mBlech B Shott o bdshilfe B fp afigPRERERn e Vo141 S,

' ayer into the substrate.. Permeanon of dye through the zeolite layer can be )
detected by observing the way it soaks into the por,ous.subsn'ate. Dye.
permeating through the columnar zeolite layer will be wicked into the porous
substrate in a manner similar to the way ink soaks: into a piece of blotter

~ paper. The presence of dye in the porous substrate is especially easy to
detect when the substrate is made from a porous ceramic that does not absorb
light. Light scattering in such porous substrates causes-them to appear white
when viewed with the naked eye. Any dye which wicks into the substrate.
through a small pinhole in the zeolite layer will be readily visible as a
coloration change in the ceramic substrate. Dye molecules with sizes large
than the zeolite pore structure will not transport into the underlying substrate
except through defect sites. The rate at which the dye transports through a
pinhole is different from the rate at which dye spread over the underlying
porous ceramic can be removed through the same pinhole in a subsequent

- washing step. Thus a simple way of detecting dye permeation into the porous
substrate consists.of applying a dye solution to the zeolite layer and
subsequently washing excess dye away to reveal pinholes in the zeolite layer.
The test can be conducted with a soluble dye which has a physical size larger
than the controlling aperture size of the zeolite. A preferred dyeis
Rhodamine B ,which is a commonly used laser dye. A convenient solvent to
make a solution of this dye is methanol, however other solvents such as
toluene can also be used as long as they tend to wet (or wick into) the
ceramic substrate. Water is not a recomrhended-solvent_ for this test. This
dye should be applied from a concentrated solution which has a coloration

)




boundaries between at |east 50% of the surface-exposed crystals in the

zeol i t e | ay¥WpD.26/01686 A third type of selectivity pelegsdnass
coating may conbi ne the characteristics_of the two previously described
coating systens. It may be both per rreaBFg'(to process nol ecul es) in sone
regions of the layer and | npermeabl e in other regions of the conposition.

An exanpl e of ,sych a coating (s a.thin sjlica filmwhich en deposited
on the surf acimr te Hhabef semm P&f@kaﬁ%w&eémﬂasw&mf%mpwmsone

?_r Ieas and g Qcaiﬂs;e dbtaifte %lﬁ'dﬁﬁ_ b@lﬁxfﬁon_s w‘iﬂpl Rhﬁéﬂhﬁxe@!cbﬁ&?&étﬁinsiih@e sili c?
ilms can be 0 | | zone, ..assiste rocesses. In

t he bul k pha§§§£?s$ﬁ‘b§gs ?‘ﬁ"/"aa’g@ﬁ@?‘%ﬂ&%’%‘e Jlrgn(n%g%q% t. e permeati on
of hydr ocar baequirdd=fonithe dyé soaking tharongh taitheostbstrdteato becomevisiblen sone
regions of t Ldem [t \: | r or
nanoscal o agondail AeRire BBl B ot Kl soplifPmBkitaly BFHER
zeolite | aye©oR White IROTORGPTAINIR SUPSHAIRSISI t e | ayer covered by  either pores
in the silica filmor isolated nolecular or nanoscal e aggregat es of t he

SRR M A I i

96/ 01686 methanol. This solution should be stored in-a sealed bottle to prevent
PCT/ US95/ 08513  oyanoration of the methanol., . .- 20 - .
The selectivity énhRancing coating can serve two functions. First, it can

attenuate tH f|brommhesigrk dye selusionremoys ipdeopsi with amesregsppper #dvi ding a
reparation of exhsil/ile @9é AdpwisSes Bitdéenter &f BBHrP(P26IT f61130 minutes)

membrane so that the surface is covered. Typically 2-3 drops are
needed to cover the membrane surface. Each drop contains ~0.25
milligrams of dye. Do not let the dye wick over the edge of the
membrane into the porous ceramic exposed at the rim of the membrane.

3)  Let the dye covered membrane stand for ~30 seconds and then blot off
the excess dye solution with a paper towel.

4)  Apply methanol to a clean section of the paper towel and blot the
surface again with the towel to remove more dye.

5) Rinse the disk surface with methanol for 10-30 seconds. A convenient
way to do this is with a methanol wash bottle.

6)  Visually examine the substrate for any red colorations

6. Dve Testing Of Compositions Before Separations Testing

As-synthesizes LAI-ISC MFI zeolite compesitions were dye tested
before being used in separations experiments. It svas determined that the
compositions were essentially free of defects and#hat dye molecules did not
permeate through boundaries between crystals.

7. Xvlene Separations Testing

LAI-ISC MFI zeolite composition fabricated on 3mm thick 1 inch
diameter alpha-alumina supports (800 A pore size) were mounted into a



formati on of defects during use. The second of these functions is

especi al W ggro1dsgportant and is referred to as stabilizatighnpéeshbéis
conposi ti on. cts whi ch are observed to formduri ng use are crack
zeolite |ayer whi-@%- degr ade t he perfornmance of the
|ny cases, these cracks extend into the gromh -

n - lO'acks in the zeoliter |ayer provi de a very perneabl e -
nonsel ect memrpatlm/aqll ahdisealed withsa graphitear-ring. Thesnembrangsichosgn tofe

conpositi S enperat ure
Cycling, o PEaTons ?&““géﬁg‘l‘%“f‘?&%@‘ég% Té?ﬁé‘“‘?’é@‘iﬁ?‘l%m%“‘m cycling the

t ot al systtémpﬁl’aé@?ﬁrbé ean biP TGt angy whifg m'H“Bﬁ5?§§y eé@ds%‘ﬁf'@ the
conposi { | citowsd aer6ss ticfatelbf rddicmpdsition Which hid:dwuculitelayey. Theendi ng

networ k- Hgw iR STIBE Ky fene HEGA S 41nl SuinsfR HEaFS e PR BP0t cvent
t hese cr adhe membrane anacgomsweep was ﬂomadfatnates@c%mlﬁﬂland I4@03el ectivity
enhanci ng c‘éﬂﬂfﬂu‘i@ PresEﬁS@tWHo?ﬁ?hé Ei%gﬁ%%‘éﬁ'ahﬂ‘iﬁ' xPlenéqetd \as B!

structures (I.e

Conposi t i olnatmstrhﬁrg (absalnte).u Qbsgrvedrsglegtivgiesrior 53}!&2“%‘%9& H'Le‘:’lfflé%dl tions.

By pr eVentlSdYﬁel@ e [SAL-IST bmpobitions WilsMedd thanE 75 (p@ﬁy(ﬁﬁid bt/l ty enhancing
coatl ng | zeq osi tion.

ove e seaaratron i es ,0

sel ec %@rﬂq Wemﬁsﬁgs teﬁﬂ’é?@ Sﬁlﬁp‘%&%‘rfs a3 ¢T3 ¥ ove the
separ ati or’oepweq:mli()laml bh#. tAeotabof foue LAIYISC cémpobsitionsrpese tésted in - Separ at i on
propertie r s ?lﬁ?é ne
nol ecul ar Stg%etgi‘ﬂensaé’t ﬁ?g%L#i Iﬁge %@gr’&t'{‘g‘rsg‘f%@dmﬁ’r‘?ﬁ)@gﬂg“ e %rans port of
at | eastin@fangg héﬂ“’ml-‘e@td 3% mebeci es. Because flux through zeolite |ayers
t ends to increase with tenperature, .it is preferred to conduct these
separations . at el ev&}. dte eratu es above rqom.tenperature, preferable
above 100[= 1 €S L OMDOSHIONS O Loy JCDArIong 2 ESHNEhan net hane and et hane,
it is pref erred to - conduct these separatlons at tenperatures |ess than

600[err] C to avpig jshefi@ zeollqgg&ﬂggﬁxwﬂs Werd r@e%&é@%ﬁ@?%ﬁg used
in xylene separations experiments. ‘It was determined that compositions pass
dye into the substrate. A reddish color not present in the dye test before
~ using in xylene separation experiments was clearly visible in the substrate.
This indicated that defects formed during separations testing. |

Example 2

Xvine Separation By An MFI Composmon Smthesized Using' A GEL-LAI-
ISC Process e . ; .

Several different MFI compositions were prepared and tested
for the separation of xylene isomers. : The tests were conducted on as
synthesized compositions which: did not have a selectivity stabilizing cbating.
The materials used for the GEL layer will first be described, followed by the
techmque used to form the GEL layer, followed by the hydrothermal
synthesis conditions used, and a description of the final membrane structure.
Finally results are presented from dye testing before and after xylene
separation experiments which exhibited low selectivities. The results of the
xylene separation experiments with these GEL-LAI-ISC compositions



The conpositions with selectivity enhanci ng coatings are useful for a

vari ety of wepsnasssons. The conpositions are useful for sepapetivgdswossis
processes whereby feedstock derived from pe]\trol eum nat ural gas, WO

96/ 01686

PCT/ US95/ 08513 -21-
hydrocar bons | east .two nol ecul ar species is contacted

' m:)rl sipg, at

with the cor‘rpﬁ!ﬂ"f‘? ﬁ%‘?‘?ss H’cj havergsss than exae | Fogths rangsoft e | i ke
:ayer, a . sedmlitions ﬁndeelﬁﬁd@ ttngx)@ll enés Reting gﬁp&i’i @efitswére conducted) thee -

ayer, and op e b with the
substrate, t hée lgcgﬂHl%g f°F§€° ?e%a'%}a)oll}l %feéﬂr%?g}ﬁ egﬁ&f%@ﬁg%eérn%éﬁfg" fs@ﬁ'{?{ act with
the substrat eshould he grgatercham 2.5 over thewntirarangeyyftem pm;nmsmsa dds one
ai d_compos) rener kot B he eREGLA SRty vAS! *&ﬁ s E’?“%‘r"éﬁaﬁ jock
bi t umen and ﬁgﬁﬁ‘%e@gﬂqfé&f@%ék ne 150‘8@'&&? 1gh Sﬂﬂlﬁ‘m carried
out using a cryRaebi rBSBilt(ilQﬂWctah?mlﬁons zeolite Iayer i n accordance with
the invention iInclude, for exa separation of normal al kanes from

co-boi l i ng hydrocarbons, especi aI ly n-Cferr] ‘to Cerr] al kanes from
kerosene; also nornmal al kanes and al kenes from the correspondi ng

branched al kane anGER|G&itmg Mafeiags al so al cohol s from ot her

hydr ocar bons, particularly al'kanes and al kenes that nay be present in
m xtures fornmed during the manufacture of the al cohols; separation of
aromatic conpounds frorfhefellaming eeagentspeereaised in ppeparingoGEDf coatiags’]

?nr g{”&? ieco f e Sﬁﬁfife 1a xﬁ%%ﬁﬂ{&t 0§ l?xdgpfxfaﬂ?fgﬁﬁ;hgéd ﬁ'of?f"é Qolx%élﬁﬂﬁcésﬁom a
aromatics of colloxdal silicalite solunons and dlsnlled Water. Sgv eral batches of colloidal
silicalite solutions prepared in accordance with th; previously described
nanocrystalline synthesis method were used for the preparation of GEL
coatings. More information on these solutions are ; shown below:

)-—1

Batch # Silicalite Silicalite  Final Silicalli'}g . Solids  Particle
Synthesis Temp.  Washed? SolutionpH., (%)  Size.nm
1 68 ves 103 87  -50
2 509 no >13 -9 -50
3 81 ves 99 . 91 -90
4 50 no >13 - 9 -60
4 50 ves -10 9 -60
Remarks: -

1. All suspensions were prepared from the sajpie type of synthesis solutions
with the same raw materials. .

‘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 :}g_lwashed samples is of
course higher, e.g. for batch 4 the solids content (evaporation to

LB
o LB



di fferent carbon nunbers, for exanple, mXxtures of benzene, toI uene and

m xed C ¥é deifiksym@t i CS; separation of aromatic compounds fPE?‘ F?t I C
conpounds, especially aromatic nolecules with from6 to 8 car on a

i Q N ols éE? err] (naphtha range) aBtphatics; separation of olefinic
%p‘ﬁ}; m saturated conpounds, especially light alkenes from al kane
al kene Lxtiures, nore especially ethene from ethane and propene from-

propane; rerm%m&a ) WS 29 Bewt%! bilt thislineliries zeolity, angphouscsiliea and peci al | y
fromlight. hn@ Qﬂ* &eH&_ﬁchem cal gas streans, nore especially from
C2 and Iighter residy m d al cohol s from aqueous streans.

Speci fically, ‘the fol | owi ng tabl e shows sone possibl e feedstocks deri ved

from petrol eum nat Url"&roﬂ?ﬁlrﬂmﬁ'aﬁd%fﬂnl’é@st@?f ﬁ.&hﬁfes%@'rﬁéd f6Pheat ed
t herefrom by use of _the 1 nstant _h_'EIOI’lS he table not mi.ant to be

linmiting. Supportysh(lel andgeolite coatmgs e average pore size and p porosity
PCT/ US95/ 08h4 3lumina is about 800A and 32%, re gecnvely Porous siftéred stainless

d k
(or tho, - parsieelsubsiyates famybiop 078 BHgonpabd PAIIMO20 T RGP B G ogon.

Herr]S, arubtaimednAH the substratddywierzdeanedhivith acetone inanndtrasodici bathut anes
Normal - but 36 agM26bE" fhdthefl Q68RH d¥¥h t>FRIdM Rfiferature before use. Nor rral

but ene
2. GEL Coating

In general a dilute solution is preferred to produce ahigh - )
quahty growth enhancmg layer. Dilution with distilled water to obtain a
solids coricentration 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 continuous
stirring. The resultmg solutions with the desired wt% of colloidal silicalite
and metal oxide were then degassed for 15 minutes to remove the trapped air
in solutions. | ' "

The substrates were then spin coatéd with these solutions at
4000 rpm and calcined at 500°C for 6 hours in arr The heating rate was
controlled at 20°C/hr.

3. Synthesis Of Zeolite Compositions Under Hydrothermal Conditions

The hydrothermal expenments were performed using mixtures
of the followmg reagents: NaOH (Baker), AI(N03)3°9H20 (Baker), Ludox
AS-40 (Dupont), tetrapropylammonium brormde (98%, Aldnch) and
distilled water.

 MFHI :'cortipdsi'tion"s were prepared from two different reaction
batch mixtures, one containing silica only to make silicalite and the other
doped with alumina to make ZSM-5. They have the general formulation



Kerosene containing CJerr] to (Jerr] normal paraffins (err] to (Jerr]

nor mal par afd b&erege M xt ure of nitrogen and oxygen
Ni t rogen (or oxygen) M xture of hydrogen and mnet hane PCT/DS95/08513
Hydr ogen M xture of hydrogen, ethane, adt- ethyl ene Hydr ogen and/ or

et hyl ene Coker naphtha containing Cferr] to (Jerr] normal olefins and

Clerr] to (Jerr] normal ol efins and paraffins
paraffins  NM2@nd08iDx! ((k0H46) AlpOgs IHTPA By Hz@oM carlbeda, LiHel i um

neon, a”dlorégglgg%ﬂy %Q'iraﬁ%ﬂ Qrfﬂt%to'ﬂ“a?\'a? ek fib ﬁf"%% SééaAMt'C

reformer pro rogen al ni n@ vdro en

and/ or | i ght thgeesults thown in the %Wéﬁ?tjoﬁmﬁ‘ﬁ confpasitiprcd22) yazQ: 10y ackl ng

product s NgoRtsra;@mso Hb@0rd TRABQInd ddfih eﬁm 0.85 O3|fbﬂ’]§l$e zsses i ght
ases a al n I i ns

%[ err] nor IroraF Bfea%ﬁ}sﬁfgq Eﬁﬁﬁ%ﬂ@%ﬁ kﬁ]a TS %IIY'BJ er r]

normal ol efi A2 nﬂ(ﬁfedxsﬂxlled)w@tamﬂth stirring. Tal this miuami, 18 8gof ﬂmdakaSido

ffi
Pentane s i added QidiApieaRtn SOORIBRS 13 minutes undil a uniforp SLAIRR.
M xture of amﬁoraneday&%ar caarhe replaced avith aquaqps tegepropyamMonivELe n

M xt ure Of Ahpdrokidelf dedirb@NBuBthitES With GEL coatingwer8: plf&ﬂeiﬂi/&‘téﬂ" benzene
( PDEB) enes

put enes,

Sul fur and/ o&dsrq qrisgdation) ip 3 Feflon lined autoclave by supppging @eghﬁ‘)‘ g‘ﬂe NH[ err]
M >O<|t ures Iconsmxﬂessgstﬁme&aﬁﬁo rrlhertmtance between the Bsbsteaeand Hieebsttompr opane
and propyl en
Applicants bgf? t\%lavﬁ If acrtr?)'i WA, Fgreagﬁyf e&e Fﬁ“ﬁéﬁﬁé‘ﬁ@%ﬁwﬁ tPﬁr{lhe above
separ at i ons pourgdintorthe Iryactohm cavepdiss wholessubstratie Theauitodlaed wast a -
chemi cal aé‘éal&f‘aﬁé’gbb gn h o\x@ﬁ‘s&}m&ﬁewﬁ hﬁ@dﬁi fliddsifeg contacting the
feedstocks as descri ove orf below w't fl tﬁgn‘pOSI E_I ons havi ng a
cat al yst temperature. The autoclaves were removed from the oven atter reaction an

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 air. The

heating rate was controlled at 10°C/hour.

4, Products

The following table shows some typical examples synthesized
under different experimental conditions, such as GEL composition, reaction

time and substrate,
358
5. General Observations

The x-ray diffraction pattern of typigal inverted zeolite
composition (LAI-ISC), noninverted zeolite compesition (LA-ISC),
noninverted zeolite composition grown on 8 GEL:woated substrate (LA-

- GEL-ISC), and inverted zeolite composition grows on a GEL coated
substrate (LAI-GEL-ISC) were observed. Reflections of MFI type zeolite
were identified in all diagrams. No zeolite second.phase was observed. The
only lines in the patterns not associated with the zeolite identified with the
porous support. The pattern associated with the GEL-LAI-ISC membrane was
dramatically different from other sampies. It is seen that the MFI crystal layer



incorporated within the zeolite |ayer, support, or i nternedi ate | ayer or by

pl aci ng w talyst in close enough proximty with the conposition to
forma rrogtg?ﬁ&i nodul e woul d react the feedstock just BfYVEIS0813¢ 5

ent ﬁﬁ%éﬂ;&gﬁgﬂcomosi tion or justssafter its exit fromthe
CE

corposi kesl/A IS manner one can separate at | east one reaction
praduct or reactantl fromthe feedstocks. The catalysts of choi ce for

parti cul ar%ﬁpw%ﬁlcﬁﬂi@r-smkhluﬁawdﬁcbbm peaks with ndottiee art and
WO 96/ 0168 US95/ 08513

PCT.
. -23 - significant zaolife peaks assporingin the pattem. This é?rﬁtr%ﬁvdgﬂqe 8 51 for med
i nt o nodul prefgrred oriemtation loff ¢00 1)rditdrtions. para‘llebtd the growth dirgbtien r epr esent s

3ﬁf'§h°fcatn“%‘e' reaé‘?@m"aﬁfﬁ Aot Rl BF FYE it B @*‘%’.‘%‘8‘% BPooorete

not mean tlyesein GRELtEALISC membranes shmuwmqsrmmon with c-axis

Product Yigiriifat to ﬂMGEE myé,enes (para, ortho, neta) and Par axyl ene
and/ or et hyl benzene. et hyl benzene Et hane dehydr ogenat i on to ethylene

Hydr ogen and/ or ethyl ene Et hyl benzene ‘dehydr ogenation to
Hydrogen styrene FiButesh sisows b ypdam g:enamfmtyﬂlcﬁlﬁEE-LAI-ISC _ Hydr ogen

(iso's anqn%@f@e%ﬂpgﬁ %agﬂe LEINALRIRARE 16 sttface and columnar crddéd" 09N

and/ or prop
sectional morphologies were observed in the membrane. Flgure 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 columnar
structure 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 aV‘erage grain size of zeolite crystals increases
with increasing layer thickness. The columnar nature of the microstructure is
consistent with the x-ray powder diffraction pattern. The c-axis is the fastest
growth for the MFI zeolite in the membrane. In Figure 5b, it is clear that
zeolite surface consists of a continuous array of densely packed- zeolite

crystals, which are <10 um in width.

6.  Dye Permeation Test Before Xvlene Separation Testing: -

The dye permeation test described in Example 1 was'applied to
test the integrity of GEL-LAI-ISC compositions grown on porous alpha-
alumina supports. It was found that compositions grown with MFI zeolite
layers thicker than 5 pm did not permeate dye into the substrate even after
they had been calcined. For 1 inch diameter compositions grown on 3 mm
thick alpha-alumiria supports, even isolated defects.-were not detected in over
~95% of the membranes tested. - |

7. - Xylene Separations Testing.

GEL- LAI-ISC MFI zeolite compo.s_iﬁons fa_bricated on 3mm
thick 1 inch diameter alpha-alumina supports (800 A pore size) were



Cerr]-Cerr] normal paraffin Hydr ogen dehydr ogenati on -

to ol efi ns wodiigggen Sul fi de deconposition cbs
Ref or m ng Hydro%en, | i ght hydrocar gons 55 8 {ehrr] -
dehydr ogenati on/ aromati zati on -35- Cerr]) Li ght

Pet r.ol eum Gas Hydr ogen
dehydr ogenati on/ aromati zati on M xed But enes
n- but enes mounted into a pélitm:aﬁopmﬂtwd scaledi with lasgraphité otring.i &Xdeme on may

b | d f
e enpl oye dse?ﬁrai‘l Coﬁact W‘W"!ﬁ ﬁ{éx%ﬁldﬂ ddieHbed h?eﬁxﬁgieefn 0

bei ng danmage

mat et al s ra errmre
many of theseOb segmmlwtmges&f% seaaranea of the aylteapém@%yetﬁ?siiﬁ {h‘ig
hi gh as 500[ 8( fembighestwas l&s@liaxﬁﬂ\mr(pmnﬁobh arahnpea)taedlll ayer of the

T present  IRUBATHRS el o ybiopl sHEBffiss e @ﬁ%@% 5%%%%“ aid

separation ofl 4. A total ofi fivelGELRIAIRISED apmpositions wese tested inhdiisimanner with

one face of ts ﬁ.gg; i dR&di 1298 thidatk Neigt i ons
such that at eat:v'tL glﬁéﬁgs(;ccgn tSHOdt}gtégemmxt tfreée‘ﬁ%tas?a |ff§?§eér%t st eady
state per nedBAgS PEIWERR hH#M.ayer fromthat of another conponent and
WO 96/ 01686

PCT/ US95/ 085%3

; .. . ., =24 -
Dye Testing Of Compositions After Separations Testing

GEL-LAI-ISC MFI zeolite compositions’ were dye tested
after being used in xylene separations experiments. [t was determined that
membranes pass dye into the substrate. A reddish color not present in the
dye test before using in xylene separation experiments was clearly visible in
the substrate. This indicated that defects formed during separations testing.



recovering a conponent of m xture of conponents fromthe other face of the
| ayer. The invention further provides a process for

catal yzi WY %/01686. b onvi cal reaction which conpri ses cont actFﬁyuﬁ”l'oééﬁst ock
with a zeolite | ayer according to the invention which is in active
catal ytic formunder catalytic conversion conditions and recovering a
conposition conprising at |east one ~ fiversi on product.

The invention further provides a process for catalyzing a chem caI
reacti on which conprises contacting a feedstock with one face of a
zeolite |l ayer according ,E) ::gegl: nventi;.lr on, in active catalytic form under
catal ytic conversion, ¢con@t GOnk, &hd eizb\/ﬁrlmg &r @h an opposite face of
the “layer at |eastd GeZoeSsi @ @ oBuck, Zd@nt3geously in a
concentration diffs fQ)rrCit@ eQui O bDi U dna@ntration in the
reaction mxture. Fi:)’rg ga@ﬂ & p& axyer® ihctni xture £rom the
reactor or reactor product in a xylenes. isonerization prod&ss; aromatic
conmpounds from ali phatics and  hydrogen in a refornming reagtor; hydrogen
removal fromrefinery and chemical s processes such as -al kgrie -
dehydrogenation in lﬁ‘lé ormati on of al kenes, - Iight. al kanegﬂ al kene
dehydrocyclisation i he formati on of arongtics (e.g., | ar),

et hyl benzene dehydr _at Ol 1 & styrénes v The invention

- further provides a g dfless Tor“tatal yzifig ¥ mch@m%al react® on which
conprises contactin@ &te reactant of a binol €ul ar reacti @ with one face

p——

of azeolitelayer!ab rding to the invention, in active talytic form
under catal ytic conversion conditions, and controlling the addition of a!
second reactant by diffusion fromthe opposite face of the fayer in order
to nore precisely contrjpol reaction ‘condi ti ons. Exanpl es i nclgide:
control ling ethyl eng ﬁropyl ene or hydrogen addition to ben¥ene in the
formati on of et hyl be.'n an% cungone or cyél o@e&me{,rﬁpectl velgl
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The invention further contenpl ates separation of a feedstock as descri bed
herein wh i separated species reacts as it |eaves t SsiobSrs

| ayer or %8:9@0{6%%5 t hrough the nmenbrane and thus for another pro@uct.
This is believed to increase the driving force for diffusion through the

zeolite | ayer. WO 96/ 01686 - 37 -
PCT/ US95/ 08513 - 25-
Catal ytic functions can be incorporated into the conpositions. When a

catalytic function isyincorporated into the conpositions, it can be used
as an active elenent infa EedEt . meVEr & dGf rent reactor architecture's
can be constructed di Bg Bn EheE| EatZoZofSthe catalytic site in the
conposition. In on& 8ase tde Cat@l i ©f @ciPocan be | ocated within the
zeolite |ayer, whiP& farfyt Hyr Bagy @e%a@xl f8i'c function can be |ocated
wi thin the support, ahd in another case the catalytic function can be

di stributed throughout the support, CEL |ayer or seed |ayer and the zeolite
| ayer. Inpregnating wigth catalytically active netals such as Pt can inpart

the catalytic func %1 to the conposition. In addition, catalytic function
can be i ncorpor a@em into a nenbrane reactor by locating conventional
catal yst parti _cl'e‘sglear ANENOly Mk e SUId aces Hf the conposition such that
specific reacti oﬁ_ﬁ otfuc®Ps Ir Feddt Mt S2a® Sontinuously and sel ectively
renoved or added@t.a the reaction zone throughout the geactor.
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WO 96/ 01686
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1: %ﬁ?ene 6Separ ation Using Ml Conpositions Synt hes."ﬁﬁ’%’?ﬁl’r
LAI -1 SC Process -3®veral different MFI conpositions
were prepared and tested for the separation of xylene isomers. The tests
wer e conducted on as synt hesi zed nenbranes which did not have a :
selectivity stabilizing coating. The materials used for synthesis of
LAl -1SC ¢ will first be descri bed, followed by the

hydr ot herml s conditions used, followed- by a description of the
products made and then by a summry of results from dye testing before
and after %éﬂ%%d@ %rmgﬁoﬁ{paﬁ,ﬁa@ bi t ed | ow

sel ectivitTes. U € Xylene Separatlon experlnents showed

selectivities which were | ess than expected. For the range of conditions
under which the xyl edeelettieity eghancieg coatiigsmade froovpdlytmede wabe

Soner  worpblsd to pEblict WerifiHedbud? (Brofiks LATbAS b e LARISE, 7L S o7t R

t enper at ur@ELﬂs%HISG rorsSS/LaldSC methodsdesenibedabaye)cbhe-zealise dayervi ty was
det erm newdﬁﬂease?ﬁﬁgeafﬁ*&h% @25 md' WlPéfﬂié &ﬁﬁfds'nﬁdﬁ'élfos@ﬁ r?hggedxyl ene
Ssta n

Exanpl e

i soners in t SN C he menbr ane.
ye tést escnbed n examp?e 1. As such th appear e freeo

defects.

Zeolite compositions were coated utilizing a spin coating
apparatus (Headway Research, Inc.). The coating material was a polyimide
precursor resin, PIX-8203, from Hitachi Chemical Company, which

~ contained an adhesion promoter. The composition material was initially
dried at 120°C and any dust or foreign material removed with high pressure
filtered nitrogen just prior to applying the permeation stabilization coating.
The compositions were placed on the spinner and the apparatus set to the
desired spin speed and duration, two of the principle: factors whlch
determine coating thickness. As the spin speed i mcreases the coating
thickness decreases.

The entire surface of the zeolite layer is next covered with
polyimide precursor resin (neat, as received) and allowed to sit, without
spinning, in air, for 10 to 20 seconds. Next, the spinner is turned on which
spins the material, removing any excess polymer resin from the surface. As
an exaxhple, the material is spun at a rate of 6000 rpm for 30 seconds which
results in a coating layer thickness of 1 mm.

. The coated composition in then placed in a2 120°C oven, in

~ argon, for 30 mmutes to remove any solvents (mherent to the as received
polymer precursor: N-methyl pyrrolidone and/or dimethylacetamide). The
oven temperature is then raised (over a one hour period) to 400°C and held
at this temperature for 2 hours. . A cross sectional view taken in the
scanning electron microscope of a GEL-LAI-ISC composition with a



1. Materials

sintered sta|5nl ess steel substrates from Mott

2 [err]m were obtained. Al of the substrates were cleaned with acetone

in an ultra-
t enperature

The hydrot hermal experinments were perforned
usi ng m xt uye9ep1686 t he follow ng reagents: NaOH(Baker),

Al (NO[err])[err].9H err]O(Baker), Ludox AS- 40 (Dupont), PCT/US9S/I08513
t et rapr opyl anoni um brom de (98% Al drich) ~3and distilled wat er .
Porous al um na and stainless steel substrates were used for the support
of the zeolite layers. The alum na substrates al pha phase and has an

aver age por e thermmibnehrpd pobjifmideseledtbuty &ﬁﬁﬁcﬁ?h&?ﬁ?,ls skowndh Figirg

errlm and Pali

Por ous
(MD20,

sonic bath, dried at 120[err]C and'then cool ed down to room

before  Ugthe method \YP eXGHPIEP@nd 2 wassused to megsure the

PCT/ US95/ 08513 2.
Hydr ot her mal SE€sEYity for the separation of xylengrisomegrs, JhemadmupR selegiwtigs ed from

two dif f er enfor heGeparationihé gYlefik 1édmes wﬁuttmhadnam:ﬂdamumnl y to nake

I I h he h
The gener al - PAERANLY i ffksd o e eftfficihe fibaiafipt TntBt Fh B8 e Wiliiespde®” "3
TPA Br : yH & tHeQ@rthdisomerior e bepakation fastor fier thépararwitiCsespect/torthed f rom 0

to 0.5, and

thefd is6el, WHichOvers Afiidr. Three polyimide coated LAI-ISC
compositions were tested which showed maximum selectivities in the range
from 2.5 to 5. The average maximum selectivity #as approximately 3.5.

Six polyimide coated GEL-LAI-ISC compositions Sere measured which
showed a maximum selectivity between 4 and 10/ The average of these
maximum selectivities was approximately 6.5. One S-LAI-ISC composition
was measured which showed a maximum selectivity near 5. These

' maximum selectivities are significantly higher thdsfthe selectivities observed

for LAI-ISC and GEL-LAI-ISC compositions (deséribed in Examples 1 and
2) that were tested without the selectivity enhancifig coating. The
selectivites measured are in line with the expected maximum selectivity.

Alternately, different coating thickimésses can be effected by
varying the spin rate of the spinner and/or the spirining time duration. A
thicker coatings was produced on a GEL-LAI-ISC composition by spinning
at 5000. The maximum selectivity for separatiorn ‘of the para isomer from

either the meta- or ortho- isomer was 6. ™
EXAMPLE 4 B B

Repartion Using Silicone Oi}

Zae g
B 2N

Selectivity enhancing coatings werelipplied to zeolite

membrane layers (produced using one of the LAIISC, GEL/LAI-ISC, or

S/LAI-ISC methods described above). The zeolitédayer thicknesses ranged
from 2 to 25 um. All of the membranes chosen péssed the dye test

described in Example 1. As such they appeared t8:be free of defects.
© 3t



TPABr may be repl a d th tetr anmoni um hydr oxi de if desired. Al

the resu Béen n have the conpositio

Na[ err] Owl%%gi err] ‘E TPA Br and dopi ng w Pﬁﬂ‘gs@%&il 31203 for
the - ZSNk TPA Bt0-and 0.45g of NaCH (50 W% were
di ssol ve nHlSS‘iEEM of dIStI ter wwth stirring. To this solution, 18.8
g of L REPAF n added wth agitation for at |east 15 m nutes

until a _
pl aced inver.
stai nl ess &t

jéam depiceed in Figure 1 (Cold Wall Réletorswhighr at es wer e

B GBI AE anliBR Ehe T VAT SRS BT (e

19’9171'!9 Pgo

bot t om of sdaemmy mhammg enatings torthe compesjtions: sThe Keactor ¢limingigs t hen
poured int ghd féed' dféi‘@-?ih g8 th SRV mﬁ'stéxﬁ'ﬁn&"ﬁﬁ hﬁeﬁmégé fdrge sddle fabridtlonve  was

seal ed and Bl aced In an-oven I ch was preheated at "t he desired
t enper at ur 8PEFBAONS.cacti on borbs were renmoved fromthe oven after reaction
and cooled to room tenperature. The coated substrates were washed w th hot

Thet" honting rare vAURDHRL GhTF BeSi StFiof mutlRiirel o, PO DAk AR " "

The foll oangtthysIesisovas usedwfor thei experimentp| The systrumentautizedader

Qi fierent f@* cﬂ?éﬂ'ai# %% % c%‘H‘an@ fdl&%?éxgﬂppéﬂc%m hgt rate.
4. Ph ? t @Pog)u S _ L al t
corrpo>s/|5|t Fgﬂez %&%&Ccﬁ%pg@(é&gz@a“mewas m? by amassy flawean 5{4 sulting

m cr ?ﬁ CODYLhaXle& ?@Idcﬁﬁiﬂ_rﬁ:ﬁchﬁi/ﬂ%l xedct]g&iﬁtoﬁ&e'rhe esﬁldéxﬁegh?mm&s N|FI dwn th
no o er p ases ec e .Xx-ra ra na al SO . reveal e a
Gegreoof " RRaCin B, FEAdion 200 8 2P femi by BEbiaffie SAE Bptr eRpitarie, c

since ozone has a specific half -ife at ngen temperatures. -

With a reactor volume of 50cc, a reactor pressure of 1 atm, and
temperature of 200°C, the residence time of ozone flowing at 300 cc/min was
10 seconds. The liquid phase oxidized by ozone to produce the silicon oxide
SEC was Invoil 940 silicone diffusion pump fluid (Inland Vacuum Industries).

The use of this technique to produce selectivity enhancing'
coatings is illustrated for to ozone assisted CVD coating methods. The first
method involves application of a liquid selectivity enhancing coating
precursor to the front side of a zeolite layer followed by ozone treatment in

‘the Cold Wall Reactor. The front side of the zeolite layer is taken to be the
side of the zeolite layer opposite to the side nearest the porous substrate. The
second example illustrates a application of a liquid selectivity enhancing
coating precursor to the back side of a zeolite layer followed by ozone
treatment in the Cold Wall Reactor.

A) Formation of an Selectivity Enhancing Coating from Front Side
Treatment of a GEL/LAI-ISC Zeolite Composition

A GEL/LAI-ISC zeolite layer (supported by a poroﬁ_s Al6 .
alumina support) was coated with a thin layer of Invoil 940 silicone_difﬁxsion
pump fluid (Inland Vacuum Industries) applied by pouring the material |
directly on top of the zeolite layer. This oil was allowed to stand, in air, on
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menbrane. To establish that the zeolite | ayer was subst ant [ al(l’rm§95108513
voi ds, menbr anes were cl eaved and the-éteoss-sectional profi I e of the
zeolite | ayer was viewed in the scanning el ectron microscope. Figure 2
shows a cross sectional view of a LAI-1SC conposition grown on an

al pha- al uni nahe zeslitocrystals, partly peﬁﬁﬁamg)mtesthe httewsyﬂdhmtde&cts Bnd zeolite

:o?gﬁr v: ZWCSP t‘)t E%pﬁs{ur‘%dace ﬂ}mﬁ% ﬁi’fg{e 6@&8?#%6‘1?%@ %&E{rhat SP ?\25 :

crystal s ar e MigutesganyFemainingssilicore ik seasirgmpved diom éhm@mo bythletiinger i ze

Conposi ti ons with a towel. The absence of voids in the zeolite |layer is
reflected in the inability of |arge dye nol ecul es such as rhodanine B to
perneate through the | ayer into the substrate. Perneation of dye through

the zeolite |ayer can [The treated diskavasiiyiserbesbinto dee Cold Wall Reactonkhei nto t he

e i cked | neRtifs syt plackldiEhdithg e A0 rddiy rebeiBre Sl el VO,
soaks into aop? @rmxmﬂ@ed ovegrhe surfaes Thedemperature mﬂmnltamdﬁorous
substrate i s2667CGha ekl Sksd nmgéﬁgﬁfto p’oaﬂ]@&ﬁ AR IZBhE tedudiBfte [ rom 2

por ous cera does not ahsor scatt ri I'n slch

por ous subs m&’&%@"‘%ﬁ%‘f? énd d\kﬂﬂl technt ﬁ\?ﬂf’&ﬂt’m he naked
eye. Any dyet}mbughﬂwmbmbrﬁie) t he substrate tbrough a smal | pinhole in
the zeolite layer will be readily visible as a coI oration change in the

ceram ¢ substrate. Dye nolecules with sizes large'
The method of example 1 and 2 wasused to measure the

selectivity for the separation of xylene isomers, ang the maximum
selectivities for the separation the xylene isomers 'was determined. This
maximum selectivity is taken to be either the separation factor for the para
with respect to the ortho isomer or the separation factor for the para with
respect to the meta isomer, whichever is higher. Three GEL-LAI-ISC
membranes tested showed maximum selectivities in the range from 3.5 to 5.
The average maximum selectivity was approximately ~4. These maximum
selectivities are significantly higher than the selectivities observed for LAI-
ISC and GEL-LAI-ISC membranes (described in Examples 1 and 2) that
were tested without the selectivity enhancing coating. The selectivites
measured are in line with the expected maximum selectivity.

B) Formation of a Selectivity Enhancing Coating from Back Side Treatment
of a GEL/LAI-ISC Zeolite Composition

A GEL/LAI-ISC zeolite layer (supported by a porous A16
alumina support) was placed in Invoil 940 silicone diffusion pump fluid
(Inland Vacuum Industries) such that the oil covered the back side of the disk,
but did not contact the zeolite layer. The disk was allowed to stand, in air, in
the oil, which permeated into the substrate by capillary action. The oil
eventually permeated into the intercrystalline defects and voids in the zeolite
layer. After 30 minutes, the disk was removed from the oil and any remaining
silicone oil was removed from the ceramic by blotting with a towel.



~than the zeolite pore structure will not transport into the underlying
subst r atwo ogiofpsgept through defect sites. The rate at V\/m %%%ﬁ
transports through a pinhole is different fromthe rate dye
spread over the underlying . porous ceiam c can be renoved through the
sane pinhole in a subsequent - washi ng step. Thus‘a sinple way of
detecting dye perneation into the porous substrate consists of appl yi ng.
a dye solution to the zeolite Iayer and subsequently washi ng excess dye
away to reveal pinho in the zeolite | S n conduct ed
with a soluble dye %ﬂ'eﬂtgg ‘§5]f)W§|“&5§Fteg E'LQ tpﬁa%aﬁﬁ#ﬁ?ﬁ? ha’econt tol ling
apert ulr e semtirecysteireplaced ona. heﬁnpgeﬁﬁ‘acelchtdyam temperdthre)panditheB, whi CP Iﬁ a
comonly usg of this
- dye is mstﬁarlekaJs m{'ﬂygﬂ(’&eﬁ%\é?ﬁeeen %%gsxg exﬁﬁﬂan%‘%n@e@g%&é#g&; be used
as | ong as2Q07& andheid:as these copditiansifor Atloy 4 hpurs. Afler ozane Eeatmientit e. Mt er

‘IS not a reeqnembrne wal dRléd hid washéd With'tectilicl gradéYsluen@drdwae appl i ed

froma con entra ed SOLUtlﬁ)n Whl ch has a- coI oratl on
REPLACEI_\/E . -30 -
perneation cell and seal ed with a graphite o-ri ng The menbr anes chosen

Lo Temperatures. EZE&E‘EH@W& j:?;@ﬁﬁl %@?&%@eﬁé F‘ﬁﬁé‘nﬁ’ﬁ'@ﬁﬁl e of xylene
i soners fyeleativityfonthe separdtuonco lemlsomepms'l'ha maxinumiselestivities foeol i t e
llayer. Thege skgayaﬁaﬁm@%{w iSOMéS SverE Qetefftned. M bfrPGE eLAfsCISGSS the

opposite fac rape an,ar gon_ sweep was v\gB rates between

100 and 4(195“’@54‘}13 thEFFé ymaximupseleqtiyaty, pgdif-Sve eseylene |
feed was fsepatim@h fadtoed Wimmmlé abirds véen) thaf applFingoehk infGefacial gds

sel ectivi tﬂha%e rgﬁaril?&? fecimgl%gy to- GEL-LAI-ISC zeolite membranes the
selectivity for the separation of xylene isomers has been ;mproved




the xylene isomers by the LAI-ISC conpositions,was |l ess than 1.75

(par a/ or t howorsspsesa/rret a)---at._all_tenperatures d. Typi capcgRisesdssid L1 es
[ %ﬁ—oﬁ LAl -1 SC

were in the range be -and 14 Atot O

conpositions were te Qﬁmw er. Brie | - 5SC corrp03| tions tested

had zeolite |ayer thi ange bet weerﬁ HBBebrRepihdby 8. Dye
NF

Test | ng O Conpositions After Separ ation Testi ng . I
zeolite conp@gﬁllmis were dye tested after being [ ¢ separations
experinments. It was determ ned that conpositions pass dye Into the
substrate. A reddish color, not pr.esent he dye test e using in

xyl ene separation expeti ne%?%m evaﬁvFﬁabP&S%@the@@ SPOBRY This

i ndi cat ed thﬁtercthfmxgmsc riginig dgubsteate cpacolite argblite-libg layeExasgiectivity Xyl ne

Several ot EiReligsd 9?@%3@&%%?‘%?@%?@% I35t Fntopafy s erhigabla” e

separ at i on omtsameshiase layerdn sontaptwithsthe substrate othgzeolite layenbeingrin icontagtd

conposi tions 1B, ilizing coating. The
material s usvevgmfor {ti'?]s‘ir Pfaay r vﬂ%ﬁlﬂf' rsta§e§ gltS)CI‘I bed, followed by the
techni que used to formthe GEL | ayer, followed by:the hydrot her mal
synthesi s conditions ugedThaRremposiival ofiain 10Vhéremn tHenaystaR el the2eolite
structure. K nal!#é results are presented fromdye testing before and after
xyl ene separléy é’)@b@ Pt s which exhibited | ow selectivities. The
results of the xylene separation experiments with these CEL-LAI-ISC
conposi tions

3. The composition of claim 1 wherein the crystals of the zeolite
laver are intergrown. _ N

4. The composition of claim 3 wherein the zeolite layer has a
thickness ranging from 0.1 to about 150 microns.

5. The composition of claim 1 wherein at least about 10% of the
. zeolite pore openings remain unblocked by the coating.

6. The composition of claim 5 wherein at least about 50% of the
zeolite pore openings remain unblocked by the coating.

7. The composition of claim 3 whetein the coating increases the
mass transfer resistance of the zeolite to permeating molecules by a factor of five

or less.
-
8. The composition of claim 7 wheérein the coating is permeable.
9. The composition of claim 7 wherein the coating is
impermeable.

10. The composition of claim 7 whetein the coating is both
permeable and impermeable. B
L
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PCT/ US954ahsss30 Lﬂm,ﬂi " ”Luﬂermeation cell and Seﬁéf,ﬂ %}
graphite o-ring. Th n for : .- separations tésting

‘passed the dye test. The perneation celds-was heat ed to

t enper at ur es—betveEen 10 [err] C and 300 [err]C while a m xture of xyl ene

| sonerg SSHEETHAS ed across the face of the conposition which had the
zeol it ayeert AR e oo yidsitibn Gf Glaith 8'Wiertitl e chfing iyas 1 nl/

m nut e. 1e opposite ce o he menbrahe an argon sweep
was flowedp es between 100 and 400 cc/ mnute. Pressure of
both the argon sweep and the xyl ene ‘feed was fixed at

at nosphere (absol ute S _ xyI ene
somers by the LA -1 % E8nsabfHesiREdin Bl ég%ﬁﬁﬁseéw%hs#‘? .
par a/ net a)siiea @ilj tenperatures tested. Typical selectivities were in the
range . between 1.0 and 1.4. Atotal of four LAI-1SC conpositions
were tested in t his manner, .The L I.SC Co os ons, tested had
zeolite layer thi ckngs@e composition ofjglaim M’Qb? °12§ Ferrlm

8. Dye TesnicropéouSormessoporous ghowtl erfitancingi lag Bﬁc&ﬂﬁi‘mn‘%zeohte

LAl -1 SC MFI zggl ite COh‘pOgl ti ongs%were dyeh?{ast ed after being used

in xyl ene separations experinents. It was determ ned that conposi tions pass
dye into the substralé. ceupositionaf@lainod qumemrtheusqlecumtylynhmng bef ore
using in I | e :
substrat e?ﬁg a%uﬁgﬁﬁéﬁ%ﬁg Eglﬁggtt.%?} %ec?‘s’lg'? gérlﬁe R.II’I n%l{]separ ations
testing. Exanple 2 {

15. The composition of claim 1 wherem the selectivity enhancing -
is a coating preventing the formation of defects in said composition during use.

16. A separation process comprising contacting a feedstock
derived from petroleum, natural gas, air or hydrocarbons, comprising at least two
molecular species with a composition comprising.a substrate, a zeolite or zeolite-
like layer, a selectivity enhancing coating in contact with the zeolite layer, and
optionally, a permeable intermediate layer in contact with the substrate, the
zeolite layer being in contact with the substrate or optional intermediate layer,
wherein at least one molecular species of said feedstock is separated from said
feedstock by said composition, and wherein said hydrocarbon feedstocks are
selected from the group consisting of coal bitumen, kerogen and mixtures

- thereof.

17. A process according to claim 16 wherein said molecular
species is separated via molecular diffusion.

18. A process according to claim 16 wherein said feedstock is
selected from the group consisting of mixed xylenes and ethylbenzene;
hydrogen, H2S and ammonia; mixtures of normal and isobutanes; mixtures of
normal and isobutenes; kerosene containing normal paraffins; mixtures of
nitrogen and oxygen; mixtures of hydrbgen and methane; mixtures of hydrogen,
ethane and ethylene; mixtures of hydrogen, propane and propylene; coker
naphtha containing Cs to C}( mixtures containing argon, helium, neon or

This Sheet Has Been Re’ill




Xyl ne Separation By An MFI Conpositi on Synt hesi zed Usi ng A GEL- LAl -

| SC Pr ocessWO 96/01686 eral ent M cpn'pmsbs]dsgm
were prepared and te Bﬂluulgu"""”llnp thé separ atlon of xyl ene isoners.
The tests were condu ynt hesi zed conpositions which
di d not haveaselectlwty €a|||2|ng coat i ng. ' The materials
used for the GEL | ayer vaI first be descrlbed fol]l owed. h the

t echni que use@W@dﬂFﬁW@E[ﬁ%ﬂﬂyﬁp refosan gl'mtfh é

synt hesi s conglatkiag prodies; ﬂpﬁtxﬁ @éek&rl 238 off; niiikeures Bﬁhoﬂﬁﬁbixﬁhe

structure. Fi.n esu r.e pr sen d_from esting before
and after Xylléﬂgentanes mlxg“%@{ﬁ rgﬂl % M e, g%‘m’ %d | ow
sel ecti vi t i eshydfbgen sndihiteogeh; mhixtures of 10 carbon;akmanss;pmmmﬂoﬁbptmtszént S
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selectivitie M@S%@WWQXMM commgmbemmg@ndfmlxmmdl tions
under which tiheresy! enes testing experinments were conducted, the
selectivities for the separation of para fromeither the nmeta or ortho

| somer shoul d be greater than 2.5 over the entire range of tenperatures
used. This lower |ini% Adgrotéss foxpstalysihgsethehical teaction cbatprisinges from

measur enent s ff i t he type
o hi'gh o111 cgufcrie'a 143k95h 60 oBF Riedmboshidh ChGHRgk SMRdh

comprising a substrate, a zeolite or zeolite-like layer, a selectivity enhancing
coating in contact with the zeolite layer and optionally a permeable intermediate
layer in contact with the substrate. the zeolite layer being in contact with the -

substrate or optional intermediate layer.

20. A process according to claim 19 wherein a catalyst formsa
module with said composition or is contained within said composition.

21. A process according to claim 20 wherein said feedstock is
comprised of mixed xylenes and ethylbenzene; ethane; ethylbenzene; butanes;
propane; C1g-C1g normal paraffins; H2S; catalytic reforming streams; light
petroleum gases (LPGs); sulfur and hydrogen compounds; nitrogen compounds;
mixed butenes, and mixtures thereof.

22. A process according to claim 20 wherein when said feedstock
is reacted with said composition a reactant or reaction product is obtained.

23. A composition according to claim 1 wherein said zeolite layer
exhibits a shape preferred orientation, a crystallographic preferred orientation or
a mixture of the two,

24. A process for catalysing a chemical reaction which comprises
contacting one reactant of a bimolecular reaction mixture with one face of a
composition comprising a substrate, a zeolite or zeolite-like layer, a selectivity
enhancing coating in contact with the zeolite layer, and optionally a permeable
intermediate layer in contact with the substrate, the zeolite layer being in contact



1. GEL Coating Materials ' The foll ow ng reagents were
used in whap pog—GEEToarings: col |l oi dal al um na sol ut | | oi dal
titania greparded fr, ‘m(s:ess col | oi dal sil |%‘§][}P§9§%b‘lbl utions,
and distilled vvate “ﬂw ﬂ Iﬁ of4gc0l | 0i dal silicalite solutions -
prepared in accord ecW| th ®hes previ ously descri bed nanocrystal |l i ne
synthesis nethod were used for the preparation of GEL coatings. Mre

i nformati O%ﬂi‘thE{lﬁg&rftelorl b &f:ﬁ éﬁl@ﬁ%di*ﬂﬂ {igér that33 st Bctive cat§l jccal ite

Silicalite,_, Fina Parti nt Is Te
Washed?  fossn.indshcafaiytic qoqyersgpxkgon ditions, andfontrollmg the @{non ofa rrges _
10. 3 seddnd reactaﬁlcby dlﬁ’usi’on from the oppusite face of the stroture. >13

-9 -50 - 3 . yes - _ 9 9 9.1
-90 4 50 >13 ' - 60

4 50 25. A prosess accordmgm@lalm 16 wher@in saxd c@upositienar ks:

1. Al sugpssr ﬁgﬁ{ i dSeddtodky Pe of synthesis

sol utions E*% I@@gﬁgﬁ{ag %r%teglr)f%ﬁ EO Batch 4 was a.
duplication of _2. The solids content of batches 2 and 4 wer e

cal cul at ed assum ng 55% conversi on of anorphous silica to zeolite.
The actual solids content of these 2 unwashed sanples is of course

hi gher, e.g. f_or batch 4 the solids content (evaporation to



- 32- dryness) was 23.3 wt % but this includes zeolite, anorphous
silica an si dual TPAOH NaCH. Por ous ]

st ai nl essqg?g(’e/?mgﬁbstrat es were used for Hpg support of GEﬁll(’f';lkz6 ?’ggﬁq?te
coatings. The average pore size and porosity of the alumna is about 800A
and 32% respectively. Porous sintered stainless steel substrates from Mtt
(0.25 mcroneter) and Pall (M)20, 2 mcroneter) were obtained. Al the
substrates were cleaned with acetone in an ultra-sonic bath, dried at
120[err] C and then cool ed down to roomtenperature before use. 2. GEL
Coati ng In general, a dilute solution is preferred to produce
a high quality,gromh enhancing layer. Dilution with distilled water to
obtain a soli@& concentration less than 1 W% is generally preferred.

Col | oi dal silfralites and netal oxides are first diluted separately with
distilled wat to the concentration of 0.5 wt% The diluted col |l oi dal
silicalite sefution was slowy added into the desired anount of
sol uti on wkt hEconti nuous stirring. The resulting s

wt % of col Foi@al silicalite and netal oxideg"r’e*t"
S

mnutes td—t &bve the trappede@iLin soluti

substrat esﬂ/\%e then spin coated with theseXSol utions at
cal cined as 580[err]C for 6 hours in air. THe heating ratef
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controlled at 20[err]C/ hr. 3. Synthesis O Zeolite Conpositions Under
Hydr ot hermal Condi tions The hydrot hermal experinents were
per f or medwusssngssyi xt ures of the followi ng reagents: NaOH (RefBédsmgsis

Al (NO[err])[err].9H err]0 (Baker), LudoysAS-40 (Dupont),

t et rapr opyl anmoni um brom de (98% Al dric é\ and distilled water

M-I conpositions were prepared fromtwo different reaction batch m xtures,
one containing silica only to make silicalite and the other doped with

alum na to make ZSM 5. They have the general fornulation WD 96/ 01686
PCT/ US95/ 08513 - 33- xMerr] O
10 Sigerr]: (0-0.045) A1203 0.5 TPA Br gy Herr]G Mcan be Na, Li, K

Rb, and Cs, x was varied fromO to 0.5, and y varied from50 to 3000. All
the results shown in the next section have the conposition 0.22 Na[err]QO
10 SiJerr]:280 Herr]0:0.5 TPABr and doping with 0.05 [err] for the
ZSM 5 sanpl e. The 1.74g of TPABr and 0.45g of NaCH (50 wt% were

di ssolved in s sol uti on,
18.8g of Lud
m nutes unti |
aqueous tetr
coating were

F1G 2




(180[err] orientation) in a Teflon Iined autoclave by supporting them on

t he stainless steel wire franme. The di stance between the substrate and

t he botto tocl ave reactor was at |least 5 mm The syn}, I ol ution
was t hen %%%‘ﬁrg into the reactor to cover the whol e subs%{é?{;ipg‘}.%'@i‘%%

aut ocl ave was seal ed and placed in 36 oven, which was preheated at the
desired tenperature. The autocl aves were renoved fromthe oven after
reaction and cooled to roomtenperature. The coated substrates were
washed wi th hot water for at |east 6 hours, then calcined at 500[err]C
for 6 hours in air. The heating rate was controlled at 10[err] C hour

4. Product s The followi ng table shows sone typical
exanpl es synt hesi zed wunder different experinmental conditions, such as GEL
conposition, reaction tine and substrate. 5. General Cbservations

The x-ray diffraction pattern of typical inverted zeolite conposition
(LAI-1SC), noninverted zeolite conposition (LA-1SC), noninverted zeolite
conposi tion B gubstrage (LA CEL-} mnd i nverted
zeolite conp k. oated ‘substrate -1SC) were
observed. Ref]|; _of el > i tig were |ded h al | diagrans.
No zeolite s : 3 . patterns not
associ ated w Bort. The

B cally

e | ayer

different fr
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34 prepared from GEL-LAI-1SC exhi bits pronounced 001 peaks with no other
significant zeolite peaks occurring in the pattern. This is strong evidence
that a prei@bisdsrientation of (001) directions parallel to.the {ﬁg
direction exists in the nenbrane. Another way of saying this is't

MFl crystal layer in GEL-LAI-ISC nenbr#dés shows very strong orlentatlon
wth c-axis normal to the GEL | ayer. Figure 5 shows a pl an
view of a typical CEL-LAI-ISC nenbrane (sanple #2). The cauliflower-1like
top surface and columar cross- sectional norphol ogies were observed in the
menbrane. Figure 4a shows the zeolite layer (C), the grow h enhancing | ayer
(B) and porous support (A). The major part of Figure 4a shows the
continuous growh of zeolite that conpletely covers the surface of the GEL
| ayer. The formation of a columar structure in the zeolite |layer is
apparent. The width of the colums right on the growth enhancing layer is
very narrow and becones |arger and ¥arger as the l-ayer-.grows. As such, the
average grain size of zee%r%eme%yeea%ew%ﬂeﬁeases W th increasing Iayer

t hi ckness. The cqlduy the mcrostructure i's consistent with the
x-ray powder dif : ow h for the
MFl zeolite int eolite surface
consists of a co al s, which
are <10 [err]Imi ene Separation
Testing

sek 20
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The dye perneation test described in Exanple 1 was applied to test the
integrity of GEL-LAI-ISC conpositions grown on porous al pha- alum na
supports. WEAES8¢ ound t hat conpositions grown with M| ze@kirhigod:@¥er S
thicker than 5 [err]mdid not perneate dygginto the substrate even after

t hey had been calcined. For 1 inch (2.54 cm dianeter conpositions grown on
3 mmthick al pha-alum na supports, even isolated defects were not detected
in over ~95% of the nenbranes tested. 7. Xylene Separations Testing

GEL- LAI-1SC MFI zeolite conpositions fabricated on 3mnmthick 1 inch

di anet er al pha-al um na supports (800 A pore size) were WD 96/ 01686
PCT/ US95/ 08513 - 35- nounted into
a perneation cell and sealed with a graphite o-ring. Xylene separations
tests were conducted using the nethod described in exanple 1. Obser ved
selectivities for separation of the xylene isonmers by the GEL-LAI- | SC
menbranes was | ess than 1.75 (para/ortho or para/neta) at al

t enper atures tested. ' ySel. YA Lnh the ran
and 1.4. A total
manner . The
t hi cknesses in

between 1.0
ed in this

1.8 kV x5.80K S.08
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8. Dye Testing O Conpositions After Separations Testing

CGEL- LAl -1 SC MFI zeolite conpositions were dye tested after being used in
Xyl ene sepanadidiegs experinments. It was determ ned that nesbrasemspass dye
into the substrate. A reddish color not gpgesent in the dye test before
using in xylene separation experinments was clearly visible in the
substrate. This indicated that defects fornmed during separations testing.

WD 96/ 01686
PCT/ US95/ 08513 - 36 - [err]
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WD 96/ 01686 - HEET
PCT/ US95/ 08513 - 37 - [er E{EPLACENE‘JNgé 8p
PCT/ US95/ 08513 EXAMPLE
3 Sel ectivity Enhani cng Coati ngs Made~ Ft om Pol yi mide % 1AUG 19% A
sel ectivity enhancing coating made from polyi m de was applied ta ofite
menbrane | ayers (produced using one of the LAI-ISC,
C S W VITY
ENHANCING COATING

EIELD OF THE INVENTION

" The present invention is directed toward a supported zeolite
composition containing a coating which enhances the permselective properties of
the composition.

BACKGROUND OF THE INVENTION

Fabrication of practical zeolite membranes has long been a goal of
separation science. For a zeolite membrane to be practical, it must have a high
flux and selectivity for the desired permeate molecule(s). Obtaining such a
membrane has been difficult because of defects and interparticle voids inherent
to the zeolite film. This is especially true for membranes grown from classical
zeolite synthesis routes described in the literature. These membranes have a '
heterogeneous crystal structure within the membrane layer and require an
enormous (> 50 micrometers) layer thickness to seal pinholes and void
structures. What is needed in the art is a thin, continuous zeolite layer with few
defects, and a method, or methods, to 'heal’ any remaining defects and void
structures and stabilize these to subsequent severe conditions of operation.

Membranes described in the literature are formed with several
zones (larger crystals grown on top of smaller crystals) across the membrane
thickness. In several zones, the crystals are not grown into a dense mat that is
free of intercrystalline voids To obtain a permselective zeolite membrane, the
above zeolite layers (comprised of zones) must be grown to an excessive
thickness (> 50 micrometers) to seal off voids and defects within the membrane
system. This introduces a great mass transfer resistance resulting in very low
fluxes through the membrane layer.

Alternately, a method {or methods) to ‘heal’ void structures and
defects in the membrane layer, without having a negative effect on permeate flux
or selectivity, would eliminate the need to grow excessively thick zeolite layers.
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coating matenal enters the pore structure of the zeolite, it can occlude or block the pore

structure. When it occludes the pore structure, it hinders diffusion through the zeolite

and no transport occurs through blocked pores. Even when the coating material does -

not enter the pore structure, it can occlude pore mouths ai the surface of the zeolite and

hinder diffusional transport through the membrane. There have been proposals that

zeolite membranes grown by hydrothermal synthesis could be reparated by deposition

of a material that is different from that used to form the zeolite layer in the membrane

(see for example EP 481,660A1, S.A.I. Barri and G.J. Bratton, and T. de V. Naylor,

British Petroleum, 1991), however no specific recipe for reparation has been presented.

Other references relating generally to the use of zeolites include International
PCT Application No. WO 93/19840 relating to a deposition process, Application No.
WO 92/13631 relating to an inorganic composite membrane comprising molecular
sieve crystals, European Patent Application EP 0 254 758 Al relating to a
pervaporation process and membrane, and copending PCT Applications US95/08511,
US95/08512, and US95/08514.

SUMMARY QF THE INVENTION
It has been discovered that thin coatings can preserve or enhance the
permselective properties of continuous, intergrown layers of zeolite crystals during

separation applications. Certain coatings are capable of preventing the formation of
defects and voids in the layer during high temperature use or testing which can leadto a
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GL- 1 ozone gsRISNHALRE zEGinY flagdr arRiipReferably leEothand 1% voids in the zeolite layer.

Such zeolite layers which are substantially free of voids are taken to be dense.

QD

-

Advantageously, zeolite layers used with the present invention
should be substantially free of defects. Defects are connected voids and are
spaces between zeolite crystals extending through the thickness of the zeolite
layer. It is preferred that any defects in the zeolite layer be formed from small
voids. It is preferred that the number of defects with sizes greater than 40 A be
<10000 per square inch (6.4516 cm?), and preferably <1000 per square inch
(6.4516 cm®). The number of defects with sizes larger than 2000 A should be
less than 1000 per square inch (6.4516 cm®) and preferably less than 100 per
square inch (6.4516 cmz).

The zeolite layer can have either a shape preferred orientation, a
crystallographically preferred orientation, or both. Shape or crystallographically
preferred orientations occur because of the control of the relative rates of
nucleation and growth offered by the synthesis procedure. Specifically, during
synthesis, the rate of growth can be made to dominate the rate of surface
nucleation of new crystals or incorporation of new crystals. Incorporation of
new crystals is defined as attachment onto the surface of the growing zeolite
layer of a crystal formed in the synthesis mixture. Since the growth rate can
dominate renucleation or incorporation, crystals can competitively grow for long
periods of time without significant addition of new crystals into the growing
layer. Since the growing layer is composed of individual crystals and the
synthesis method seeks to prevent renucleation or incorporation of crystals, the
resulting composition can have shape, crystallographically preferred orientation,
or both. Shape orientation occurs because the crystals grow with preferred
regular habits (or morphology) at the surface of the zeolite layer. A regular habit
(or morphology) is taken to be a regularly shaped outline of a particular

~ 5y 3'1 13 t
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habits. "The self similar requn'ement means that the same regular ha%:t it
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. An example of this is an MFI zeolite layer which has a
columnar habit at the base of the layer and a rectangular 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 orientation exhibit a columnar
habit (or morphology) throughout the entire thickenss of the zeolite layer. Often
shape preferred orientational layers have a preferred crystallographic orientation.

The dense zeolite layer is formed on either a support or a
permeable intermediate layer supported on a support. The support (substrate)
can be porous or non-porous. If the support is porous, it will be porous material
throughout its entire thickness. Preferably, an inorganic oxide or stainless steel
will be utilized. The porous substrate, hence can be ceramic, metal, carbide,
polymer, or mixtures thereof. For example, refracting oxides, such as alumina,
titania, silica, as well as materials such as cordierite, mullite, stainless steel,
pyrex, zeolite, silica, silicon carbide, carbon, graphite, and silicon nitride or
mixture thereof can be utilized. The substrate hence can have a uniform pore
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PCT/ US95/ 08513 -141- 7 .‘th
zeolite crystals, partly perneating into the intercrystallimé%@@zs ang
voids in addition to coating the surfaces of -t he zeolitie fcrystal 5. Aftdgr
m nutes, any remaining silicone oil was renoved fromthe Té&ramc by
blotting wth a towel. The treated dj_sk was inserted—

i(nto t he tCol dsiwttﬁro ﬁ@ﬁttlir,ntrmjﬂbe asﬁﬁhid/tﬁgﬁ)’ﬁéﬁ?g@m%ﬁl p@geguﬁ&aﬁtéhng pl ?te
at roomtenpgraturey,, a ozone/ ai.r. m xtfre f1owed over the surface.
The terrperatrrput‘flé0 Fité?lg&% ‘iﬁt&elsgg&ag?)&f‘@? TWQW%IWF%E@ £t i ons
for hodl '-tﬁ [fﬁhn: substfateporezsine ist dictatedely mass transfiee cbnsideratiaas.c idk gekfosrdd
ed Wi .

The et hod o tagdieiitre S8ttt Sad MEIAES Bithe sidakeRe RO A Mitimass, ¢ e
separ at i on oftragsferwssistanesrdoes antilimitthedhuixnefmaterial permoatingthréughduh ¢he

ion thed . . . : e ieiey i
aken 1o be erSHErENIAPNLe, TRE P s WS Ropgd titplay PROMMB REaBOM 510, 1o
ortho i somer 7% ﬁ@fgr@bivf@wg@rta&%’@ apg AnaVeraee ROrGisize of ahoyp8H04tte t he
neta i somer, aWdut o ehictGmbiesd) Preferdblp abeil.054b 5! MferoniBsthr anes tested

showed nmaxi mum sel ectivities in the range from3.5 to 5. The aver age
maxi mum sel ectivity was approxi mately ~4. These maxi mum selectivities are

significantly higher thaAdditiomaiyg] set-putrdussappbetewitldnélade lgbhrtz, sili&éa,and

GEL-LAI-1SC 'Eg& BBFo%ilﬁgl?é %Hspé‘s? dgﬂse%(e%c%,si.%., %Pag's,z )neﬁl?,tpolymers, graphite
and mixtures thereof. When non-porous supports are utilized, the compositions
are useful as sensors. Most preferably, the support will be a porous ceramic or a
porous metal.

5

It is preferred that the surface of the substrate, porous or non-
porous, on which the zeolite layer is grown be smooih. 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 um with an aspect ratio of
the roughness less than 1:1. It is preferable that the average roughness of the
substrate be less than .5 um with an aspect ratio of the roughness less than 1:1.
Though non-porous substrates may be utilized, porous substrates are preferred.

If a permeable intermediate layer is present, it may be mesoporous
or microporous. - Microporous and mesoporous intermediate layers can contain
zeolites. Mesoporous intermediate layers can contain inorganic oxides, metals or
carbides. Zeolites in the permeable intermediate layer can be used to nucleate
the growth of the zeolite layer. When the intermediate layer nucleates the
growth of the zeolite layer in a hydrothermal synthesis process, the morphology
of crystals in the zeolite layer can be columnar platelike or mixtures of the two
and a crystallographically preferred orientation may be observed. When the
intermediate Iéyer is mesoporous and contains nanocrystalline zeolites, it is
referred to as a growth enhancing layer (GEL). When the intermeditate layer is
microporous and contains nanocrystalline zeolites it is referred to as a Seeding
layer. A growth enhancing layer (GEL) contains identifiable particles with
interstices between said particles of colloidal zeolites; or colloidal zeolites and
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neasured are in line with the expected naxi mum sel ect B) |—or I on
of a Selectivity Enhancing Coating from Back Side Treat "re&t UG a
GEL/ LAl -1 SC Zeolite Conposition ~30 - A CEL LAI-I‘Sé zeo?lte | layer

(supported by a porous Al6 alunmina support) was pl acpdiin—-Aveil—040
silicone diffusion punp fluid (Inland Vacuum I ndustrjes) such that th oi |
covered the b eh'neatckm odll aﬂnésmled(mﬂmlgra}bhdemnngoﬁhe ' er.

The di sk was t into

t he substrate ;8@%%::@%?«:5;@@@@%&%{333/ ?ﬁ g\f}g%enae%@br? Fgre z{s@%ae B the
i ntercrystal Inenmedaheestlmt’a'nm\}aﬂdg andBﬁ@ °Cowhilca mi}ﬁg@rof}gﬂem 1sGﬁ1ens nut es,
t he di sk was [ '
omoved 1 om L EARYSErdss B8 E‘ﬁ”“e EdfipBiitioh SRCANAE the 2Ry |

PCT/ US95/ 085 1f20w rate of the xy ene feed was 1 ml/ minute. Across the opposite face of

The treated Cthé‘fnéﬁﬁrddé%f&r%@n's%@ W@M@d YedatesRAGceh - IOU%d 400entl re

system pl aced ting Su e room te at ure
ozone/ air ni ﬁimqtpo%éﬁssg%ﬁ’hﬂg t@éj AFSRTSW %ﬁéﬁ’é‘?‘%ﬁ Eeeaa&asttﬁw #ai sed
to 200[ er r] gipassphiesd (hbsbluttd)e(d €0 10t t Ob@ervfedrselbcimne% fop sésaratidt 6f ozone
treat nent, t he, nenbr ane wa washe ,&lhnl C‘?% gr ade
t ol uene ( dr athe xquq;rlg %m iﬂgcomposmons whi NedSRAR"1
(para/ortho or para!meta) at all temperatures tested. Typical selectivities
were in the range between 1.0 and 1.4. A total of four LAI-ISC
compositions were tested in this manner. The LAI-ISC compositions tested
had zeolite layer thicknesses, in a range between § and 25 pm.

LAI-ISC MFI zeolite compositions were dye tested after being used
in xylene separations experiments. It was determined that compositions pass
dye into the substrate. A reddish color not present in the dye test before using
in xylene separation experiments was clearly visible in the substrate. This
indicated that defects formed during separations testing.

Several different MFI compositions were prepared and tested
for the separation of xylene isomers. The tests were conducted on as
synthesized compositions which did not have a selectivity stabilizing coating.
The materials used for the GEL layer will first be described, followed by the
technique used to form the GEL layer, followed by the hydrothermal
synthesis conditions used, and a description of the final membrane structure.
Finally results are presented from dye testing before and after xylene
separation experiments which exhibited low selectivities. The results of the
xylene separation experiments with these GEL-LAI-ISC compositions
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was used to neasure the selectivity for the
The maxi num sel ectivities for t he

wer e deterndhed. One GEL-LAI-1SC nenbraie”
e¢tivity near 4.5. Conparing thése separation’’
seen that applying the interfacial gas

phase repar gy to CEL-LAI-ISC zeolite nenbranes, the

sel ectivity for eSEPRASLES 3rwgh, butthikdntindeezeolitesame cuspilivaehd
- 43 - \/\V—lATIStﬂéﬁ1 7 1. Acorrpogiilonthat al | ows

sel ective nol ecufe¥Y Wé@iﬁé‘% *hrough conprising a substrate, a

con;iguous I ntergrown zeolite or zeolite- like Iayer havi ng at | east one
surface with exposed p ' &n
contact with the subst f}&,&&’@%ﬁg&g@ apﬂﬁ{gg agg?{ﬁa%%gtﬁlg%\%ﬁ#ﬁhcont act
with at | eassupport of GE endaeolitg wnpng%mrmmmgﬂwdmowﬁpf guous
h”t ergrown Zﬁf(’é AlufyihaYe OLRrS@Y)Ad%fH 399 r. %sgﬁ?ﬁ%l?cﬂbfﬂuk%nﬁ&%'%ﬁ&s@Oat' ng

oes not bl ock or occlu e nor e an oné- %;\ e- exposed, pore
openi ngs.  steel substrates from Mott (0.25 mlcrometer) and ?1 (T\X{) % rmcrometer)

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.

2. ati

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 continuous
stirring. The resulting solutions with the desired wt% of colloidal silicalite
and metal oxide were then degassed for 15 minutes to remove the trapped air
in solutions.

The substrates were then spin coated with these solutions at
4000 rpm and calcined at 500°C for 6 hours in air. The heating rate was
controlled at 20°C/hr. '

The hydrothermal experiments were performed using mixtures
of the following reagents: NaOH (Baker), AI(N03)3+9H20 (Baker), Ludox
AS-40 (Dupont), tetrapropylammonium bromide {98%, Aldrich), and

distilled water.

MFI compositions were prepared from two different reaction
batch mixtures, one containing silica only to make silicalite and the other
doped with alumina to make ZSM-5. They have the general formulation
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araemafD SHEE!



|REPLACEMENT SHEET

2. The conposition of claim1 having a perneabl e internedia AT
situated between the substrate and the zeolite or zeolite || kg qugﬁ %161

wherein the internediate layer is in contagt -with the subst' e0 G996 .|,
3. The conposition of claim2 wherein the zeolite or zeolitk |ike layer is¥
contact with the internediate |ayer 4. The cpnposition of

claim3 wherein the zeolite |ayer has a thickness ranging fi
150 m cr onet gjrgpared from GEL-LM&SC"HxhlhlBrpIOﬁommwd 0ff1 péakisrwith nbetlssrn at

coating. . sienificant Kol kS BTl e BinefoThR M RORE SRR 1T, o

§O%Tﬁf t he zecpirefeereﬁmreemmn ofj0 01 directionsparalleldonhe ghewtudireaitpn
e co '
transfer gg?&%eﬁéﬁ%ﬁg%gowggﬁk% %ernségfﬁ&&ﬂsrrigqgc gﬁgi @@1 aifor of

five or |esslayerin GEL-LAI-ISC membranes shows very s ono orientation w1th c-axis
normal to the GEL layer.

QD X D

Figure 5 shows a plan view of a typical GEL-LAI-ISC
membrane (sample #2). The cauliflower-like top surface and columnar cross-
sectional morphologies were observed in the membrane. 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 columnar
structure 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 average grain size of zeolite crystals increases
with increasing layer thickness. The columnar nature of the microstructure is
consistent with the x-ray powder diffraction pattern. The c-axis is the fastest
growth for the MFI zeolite in the membrane. In Figure 5b, it is clear that
zeolite surface consists of a continuous array of densely packed zeolite
crystals, which are <10 pm in width.

The dye permeation test described in Example 1 was applied to
test the integrity of GEL-LAI-ISC compositions grown on porous alpha-
alumina supports. It was found that compositions grown with MFI zeolite
layers thicker than 5 pm did not permeate dye into the substrate even after
they had been calcined. For 1 inch (2.54 cm) diameter compositions grown
on 3 mm thick alpha-alumina supports, even isolated defects were not
detected in over ~95% of the membranes tested.

7. Xylene Separations Testing

GEL- LAI-ISC MFI zeolite compositions fabricated on 3mm
thick 1 inch diameter alpha-alumina supports (800 A pore size) were
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8. The conposition of claim7 wherein the coating is permg ]eACEMENT SHEET]
9. The conposition of claim7 wherein the coating is inpejngable. , -
16. The conposition of claim7 wherein thegoating conprises & tAYGARIGT
per neabl e coating and a region of inperneabl e coating.
REPLACEMENT SHEET 11. The conposition of crarm g wieret
the coating is a polyimde. 12. The conposition of claim$8
wherein the coating conm’esg?aga $ Besidtedith Fi The:
conposition of clajm1l er.éin ttEe olgttl nlglplg%ry?elrF(F%ldawr%llclr{%%é?roﬁglcgr
mesopor ous gr SWEHIEATA2RENS 6331'&9@!10% euisdeptithe _f@ggtrppezone) was us_ed to app1y1_4_
The conposi ti s¢leofiviey @hladcing eo&tinysitoehe ebmpbiivibhy. TRERWHCRS difniBaegat i NY

attenuating the passing.of nol ecules thr sai,d conposition
g Ble ctd f‘or%—nngs in the sys%em and is amenab e to large scal% fabrication

operations.

A model GL-1 ozone generator manufactured by PCI Ozone and
Control Systems was used for the experiments. The instrument utilized a
plasma discharge system to produce ozone (four weight percent in flowing air,
0.2 SCFM, 5000 cmzf‘min). This stream was split by a mass flow controller so
that ~100 - 300 cm*/min reached the reaction zone. The residence time of the
ozone in the reaction zone is governed by regulating the reactor temperature,
since ozone has a specific half -ife at given temperatures.

With a reactor volume of 50 cmz, a reactor pressure of 1 atm
(1.013 bar), and temperature of 200°C, the residence time of ozone flowing at -
300 cm*/min was 10 seconds. The liquid phase oxidized by ozone to produce
the silicon oxide SEC was Invoil 940 silicone diffusion pump fluid (Inland
Vacuum Industries).

_ The use of this technique to produce selectivity enhancing
coatings is illustrated for to ozone assisted CVD coating methods. The first
method involves application of a liquid selectivity enhancing coating
precursor to the front side of a zeolite layer followed by ozone treatment in
the Cold Wall Reactor. The front side of the zeolite layer is taken to be the
side of the zeolite layer opposite to the side nearest the porous substrate. The
second example illustrates a application of a liquid selectivity enhancing
coating precursor to the back side of a zeolite layer followed by ozone
treatment in the Cold Wall Reactor.

A) Formation of an Selectivity Enhancing Coating from Front Side
Treatment of a GEL/LAI-ISC Zeolite Composition

A GEL/LAI-ISC zeolite layer (supported by a porous A16
alumina support) was coated with a thin layer of Invoil 940 silicone diffusion
pump fluid (Inland Vacuum Industries) applied by pouring the material
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15. The conposition of claim1l wherein the selectivity enhancing | S a
coating preventing the formati-on of defects in said co Ao a) gs Hse.
h

16. In a sepaJm‘ npri sing cgptacting a fe ‘ffc at -
| east two nol mwmmzﬁj @ ived frompetroleum n al gas, air dr
hydr ocar bons sél eét ed group consisting of coal ,| b{tlukifodser qogn
and m xtures thereof with a conposition conprising a sjudstrate and a
conti guous IiWRAT IWILAIMED4GSor zeolite-like |ayer, tlhhe~zeotteot olfite
| i ke layer having at |east one surface with exposed pdre_openi ngs,
wherein sel ective pathways exi st through the conposition whereby at Teast
one nol ecul ar species of said feedstock is separated from said feedstock by

sai d conposition, and whereln n-sel s _exi st through
the conposition ther ebl afy CRAAPRitIoR thay B?VStSﬁE“i’é( %E‘E&e??é ? 8&%h the )

ceroct vt Uy Sl GG bt W RGN 2 e o
o o6l uded HrtigEt ABHRR1osRt bn® i AR RBUER bt RN iy RElcoC

least one surface in contact with the substrate, and a selectivity enhancing

coating in contact with at least one surface having exposed pore openings of the
contiguous intergrown zeolite layer, provided that the selectivity enhancing

coating does not block or occlude more than one-half of the surface-exposed

pore openings.

2. The composition of claim 1 having a permeable intermediate -
layer situated between the substrate and the zeolite or zeolite like layer and

wherein the intermediate layer is in contact with the substrate.

3. The composition of claim 2 wherein the zeolite or zeolite

like layer is contact with the intermediate layer

4. The composition of claim 3 wherein the zeolite layer has a
thickness ranging from 0.1 to about 150 micrometers.

5. The composition of claim 1 wherein at least about 10% of the
zeolite pore openings remain unblocked by the coating.

6. The composition of claim 5§ wherein at least about 50% of the
zeolite pore openings remain unblocked by the coating.

7. The composition of claim 3 wherein the coating increases the
mass transfer resistance of the zeolite to permeating molecules by a factor of five
or less.



pat hways are bl ocked or occluded thereby substantial | {5 RkCVanGT N
transportation of feedstock through the non selective L&@Mbﬂ? gﬁﬁﬁT

claim 16 wherein selected fromthe grpup consisting of
m xed Xyl enes and et hyl benzene; hydrogen, H2S and ammpnia; m Xtures of
normal and isobutanes; mxtures of normal and isobutepes: kergsene

contai ni ng normal paraffinsg; mXxtur g Btr ' s X of
hydr ogen and net hane; r%‘xt eecsorgyos‘@(gqg ‘é%}ﬁjefmggggﬁgé%‘%%ﬁg mé@é’r es

of hydrogen, propane and propyl ene; coker naphtha containing Clerr] to

Qerrlmxtures contal i nong) gofbodibh UTHAEC werein the YOS R1080

PCT/ US95/ 08513 ni rimediate reactor catalytiC reforner
products; fl impemaeahletic cracki ng products; naphtha; |ight coker gas
oil; mxtures of normal and i sopent anes; m xtures of normal and

i sopentenes; m xtures of a nia, ,.hydrogen and ni.trpgen;.m xtures of 10
car Eon aromatics, "m xtl@ q)qow%g@ifaf clgaxm f‘w?xerem tgg coating comprises a

region of permeable coating and a region of impermeable coating.
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17. A process ac i ' 6 wherein said nol ecufar species is
separated via rml(]ﬂﬂ!ﬂﬂu!mmﬂumt - 43a - 18. A|pjo€ctAUGER% dijng to
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m xtures of sul fur and nitrogen conpounds; m xtures of WLA@E%%&W

m xt ur es of n|tro en conpounds; m xtures contai ni ng bgnzene and m xt ure

t.her eof . u,lulw, m ocess foj, catal ysing g4 chdmumigaeadt i | on
conpri sing cont Eg streamvvlth a conpagsijti on conpri si g
conposition conpri sf ngt a ®sulss a zeolite or zedl ite=tTketayer; a
sel ectivity enhancing coating in cont act wwth the zgolite | ayer and
optional ly a perneabl e jintygy substrat e,
the zeolite |ayer bei ng |n cont a@és@twn bP&ﬁfm sug&?l?g%ee&%%tﬁl(%oltg?onal

i nt er nedi at eppByide. 20. A process according to claim 19

wherein a catalyst forns a nodul e with said conposition or is contained

Wi thin said conpositio oce ordin o.claim
20 wherein said feedstggkwcomﬁl‘?%gﬁcéfmr%AW %%%womeﬁ@nzene;
et hane; et hy§ibeasthe; but anes; propane; derr]- C[ err] normal paraffins;
H2S; catalytic reformng streans; |ight petrol eum gases (LPGs); sulfur

and hydrogen conpounds; nitrogen conpounds; m xed butenes, and m xtures
t her eof . 13. Zhe ovmpasiten oficlaondi wherein ghewptiomlperds a when

ereof . | |
o oduct 1 5. 0Bt SRS ST bsdidets Bow MG bl 1y e CRRARIE 2 ISPt PR m

wherein said zeolite layer exhibits a shape preferred orientation, a
crystal | ographic pref ermecnﬁ-rd&ﬂ% ﬂx@tﬁ‘o@l‘:ianﬁ mnwaﬁu@é sélbeivinoenhancing

24. A process for catal ysing em. cal ct I se
contacting olfed F%%Hﬁ%‘f‘ﬁg%‘ﬁuag HBRSIS Qf ge&l.kqs(r}hr gnﬁﬂms’%}%’ face of
a conposition conprising a substrate, a zeolite or zeolite-like layer,
sel ectivity 15. The composition of claim 1 wherein the selectivity enhancing

is a coating preventing the formation of defects in said composition during use.

16. In a separation process comprising contacting a feedstock
comprising at least two molecular species derived from petroleum, natural gas,
air or hydrocarbons selected from the group consisting of coal, bitumen, kerogen
and mixtures thereof with a composition comprising a substrate and a contiguous
intergrown zeolite or zeolite-like layer, the zeolite or zeolite like layer having at

least one surface with exposed pore openings,

wherein selective pathways exist through the composition whereby at
least one molecular species of said feedstock is separated from said feedstock by

said composition, and

wherein non-selective pathways exist through the composition thereby

allowing passage of the feedstock through the composition without separation,

the improvement of adding a selectivity enhancing coating in contact with
the zeolite or zeolite like layer whereby substantially all of the non selective

pathways are blocked or occluded and no more than one half of the selective
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enhancing coating in contact with the zeolite layer, and optionally a

Ipermeagl e interned aiui Wﬁmﬂ contact with the substrate, the zeolite
ayer being in c 5/01686
PCT/ US95/ 08513 N!"“J u it st rat e-of4at ke optional internediate |ayer,

that is in active catalytic form under catalytic conversion conditions,
and controlling the addition of a second reactant by diffusion fromthe
opposi t e facepathwalie ast blocked er occluded thereby substantially preyendgstiieaccor di ng
to claim 16 wherein said conposition adsorbs at | east one nol ecul ar
speci es of sairanspesiation e feedstock through the non selective pathways.

17. A process according to claim 16 wherein said molecular
species is separated via molecular diffusion.

18. A process according to claim 16 wherein said feedstock is
selected from the group consisting of mixed xylenes and ethylbenzene;
hydrogen, H2S and ammonia; mixtures of normal and isobutanes; mixtures of
normal 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 C mixtures containing argon, helium, neon or
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