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EP 0 485 180 describes a catal yst conposition for purification of exhaust
gas ang its preparation. The catal yst conprises a first zeolite | ayer
w fh a het-resistant oxide Iayer deposited thereon; there is no

di scussi on Ofdﬁiﬂﬁﬁ} S. 120 692 describes two layered cglalaiehssfli ch
1P

conpri se
1(a)

S|eves coated Wi th non-oxide | ayers.
WO 92/ 13631 descri bes a nol ecul ar si eve nenbrane which

conprises nol ecul ar sieve crystals bonded to_a support by neans of a

gastight matri x.

Nunmerous materials are known to act as nol ecul ar

si eves, anong which zeolites forma well-known class. Exanples of zeolites
and other materials suitable for use in the present invention wll be

gi ven bel ow.

In our earlier International Application WD 94/25151

the disclosure of which is jnc rg at%g b refgr nce me have descri bed
. e a

for their Manufacture®

This invention relates to molecular sieves,
especially to crystalline molecula£ sieves, and to layers
containing them. More especially, the invention relates
to a layer, especially a supported layer, containing a
crystalline molecular sieve and a structure comprising
such é layer.

Molecular sieves find many uses in physical.
physicochemical, and chemical processes, most notably as .
selective sorbents, effecting separation of components in
mixtures, and as catalysts. 1In these applications, the
crystallographically-defined pore structure within the
molecular sieve material is normally reguired to be open,
and it is then a prereguisite that any structure-
directing agent, or template, that has been employed in
the manufacture of the molecular sieve be removed,
usually by calcination.

Numerous materials are Xnown to act as molecular
sieves, among which 2eolites form a well-known class.

Examples of zeoclites and other materials suitable for use

in the present invention will be given below.

In our earlier International Application
WO 94/25151, the disclosure of which is incorporated by

reference, we have described an inorganic layer
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an inorganic |ayer WO 97/ 25129

PCT/ EP96/ 05579 -2- conprising optionally
contiguous particles of a crystalline nolecular sieve, the nmean particle
si‘ze being within the range of from20 nmto 1 [err]mon a substrate,
which is advaWR8E¥¥ vy porous. Wien the pores of the subst rRGTAERIE/BSST9 -
covered to the extent that they are effectively closed, and the substrate
is continuous, a nolecular sieve menbrang results; such nenbranes have the
advant age that they may perform catal ysis and separation sinultaneously if
desired. In our earlier International Application No.

PCT/ EP95/ 02704, the disclosure of which is

conmprising optionally contiguous particles of a
crystalline molecular sieve, the mean particle size being
within the range of from 20 nm to 1 um on a substrate,
which is advantageously porous. When the pores of the
substrate are covered to the extent that they are
effectively closed, and the substrate is continuous, a
molecular sieve membrane results; such membranes have the
'~ advantage that they may perform catalysis and separation

simultaneously if desired.

In our earlier International Application
No. PCT/EP95/02704, the disclosure of which is
incorporated herein by reference, we have described such
a layer in which the crystals of the sieve extend
predominantly in a single direction, especially the
direction perpendicular to the plane of the layer, the
structure including an additional relatively thin layer
between the molecular sieve layer and the substrate.
Since the crystals of the layer are. ordered, diffusion of
materials through the membrane is hampered by grain
boundaries to a much reduced extent.

To achieve effective separation of the components of
a mixture containing a plurality of molecular species,
the structure must be substantially free of voids in the
sieve extending through the thickness of the layer that
are of sufficient cross-section to allow undiscriminated
passage of all species through them. 1In this

specification, the term "void" refers to any break in the
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I ncorporated herein by reference, we have described such a layer in which
the crystals of the sieve extend predomnantly in a single direction,
especially the direction perpendicular to the plane of the layer, the
structure including an additional relatively thin |ayer betmg¢ﬂEﬂﬂﬁ .
mol ecul ar si eVROPHF¥# and the substrate. Since the crystals of the Fgger
are ordered, diffusion of materials through the nenbrane is hanpered by
grain boundaries to a nmuch reduced extent; _ To achi eve effective
separation of the conponents of a mxture containing a plurality of

nol ecul ar species, the structure nust be substantially free of voids in
the sieve extending through the thickness of the |ayer that are of
sufficient croseoREdMigy P% she WP 1RRH AT iSieNgt BB UGN SagNBEDEr | 1R peci es

itgrfﬁ_gh t hem I%%é}%ﬂ S e%i Lirgct'ioanﬁ itn eert_%gg%;‘\:/ﬂd;pa%%f'egg to any break
PCT/ EP96/ 05579 otherwise, including, for example, a zone of amorphous
material which may appear solid but which actually has a
molecular structure that allows passage of all species
from one surface of the layer to the other.

The presence or absence of such voids may be
.established by the so-called "“dye permeation test", in
which a dyestuff, having a molecular size greater than
that of the zeolite pores, but smaller than that of the
voids e.g., smaller than about 2 nm, is appiied to one
face of the structure in a solution in a solvent the
molecules of which are small enough to pass through the
structure. After being allowed to stand for some
seconds, excess dye is washed off with more solvent. The
face is then inspected; no coloration indicates absence
of voids while their presence is shown by coloration, the
depth of color giving a gualitative indication of void
concentration. Another test for the insignificance of
voids is a pX/mX selectivity, as defined below, of at
least 2.0 at a substantially zero pressure differential
between opposite faces.

It has been found that while some membrane
structures, including those of the International
applications mentioned above, pass the test after

‘ manufacture, or after calcination to remove any organic

template employed in zeolite-forming process, and before
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- 3- continuity of the nol ecular sieve structure, whether in the form
of a crack, an inter-particle space, or - otherw se, including, for
exanpl'e, a zone of anorphous mat eri al which nay appear solid but which
actual ly has a nol ecul ar structure that allows passage of all species
from one surf X9@13¥he | ayer to the other. The pr ese T TFPMAHFnce
of such voids may be established by the so-called "dye perneation test",
in whi ch a dyestuff, having a nol ecul ar ,size greater than that of the
zeolite pores, but smaller than that of tfe™ wvoids e.g., smaller than
about 2 nm is applied to one face of the structure in a solution in a
sol vent the nol ecul es of which are snall enough to pass through the
structure. Aftasebetnglérata®dtdnperiatugel,0resteatingsageadSsucxanss dye i s
washed off with nore solvent. The face is then inspected; no coloration
i ndi cat es absesbews thaty oveidsihave Qeyedopedserifestiss ofhaepapatian or at i on,

the selectivity also indicate a lower than expected

-separation ability.

Without wishing to be bound by any theory, the
applicants believe that the observed deterioration in the
soundness of the membrane may be ascribed to physical
changes cccurring in the support or the zeolite layer (or
both) during thermal treatment or separations. These
changes may possibly result from mechanical stresses, at
least in part caused by ﬁhe different thermal expansion
coefficients of the various parts of the structure.

These stresses occur during exposure of the zeolite layer
to elevated temperature and pressure in the presence of
hydrocarbon molecules. The mechanical stresses may
cause deformation and provoke void formation.

To produce an initially void-free membrane it has
been proposed to grow the zeolite layer to a great
thickness, e.g., about 50 um, on the basis that no void
will extend through the whole thickness of such a layer.
A variation on this is to form an additional zeolite
layer on to the free face of an existing layer, in the
expectation that the locations of voids in the two layers
will not coincide. While these treatments may be
effective, the additional thickness introduced by either
method increases the mass transfer resistance, resulting

in low flux through the layer.
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depth of color giving a qualitative indication of void concentrati on.
Anot her test for the insignificance of voids is a pX/ nX selectivity, as

defined bel ow, of at | east 2.0 at a substantially zero pressure
differenti al %@%ﬁg@g opposite faces. It has been foupgr/ebidnsihi | €
sonme nmenbr ane o ures, including those of the International

applications nentioned above, pass the test after manuf acture, or after
calcination to renove any organic tenp gt e enployed in zeolite-formng
process, and before WO 97/ 25129

PCT/ EP96/ 05579 -4- use at el evated
tenperature, re-testing after such use shows that voids have devel oped.
Tests of separ at.i on Thes presenti ipvention myovidesa invierfirsinasreett

structure comprising a substrate, a molecular sieve
layer, and a further layer, the further layer being of a
refractory material having a melting point of at least
1800°C. |

The invention also provides, in this first aspect, a
structure in which the further layer is of a refractory
material other than silica. Silica is expressly to be
avoided because of its water-sensitivity, a serious
disadvantage in numerous membrane applications.

Advantageously, the effect of the further 1$yer is
to reduce indiscriminate, or non-selective, flux through
the structure while having little deleterious effect on
the flux of a species capable of passing through the
pores of the molecular sieve layer.

Advantageously, the refractory material layer
comprises a carbide, cspecially silicon carbide, or a-
nitride, especially boron nitride, silicon nitride, or,
preferably, titanium nitride. Advantageously, the
refractory material is water-~insensitive. Other
materials may be present in the layer, for example, an
oxide may be formed by exposure of the chosen refractory
material to the atmosphere; the resulting oxide is
preferably also a refractory. |

Advantageously, the thickness of the refractory

layer is within the range of from 1 nm to 1 um, more

. This Sheet Has Been Re
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Separation ability. Wthout wishing to be bound by any theory, the
applicants believe that the observed deterioration in the soundness of

t he ménbrane may be ascribed to physi cal changes occurring in the support
or the zeolite layer (or both) during thermal treatnment or separations.
These  changW®%@§12Bossi bly result from nmechani cal stressesPCHEPIASEWSt | n
part caused by the different thernmal expansion coefficients of the
various parts of the structure. These_stresses occur during exposure of
the zeolite | ayer to el evated tenperature and pressure in the presence of
hydr ocar bon nol ecul es. The nechani cal stresses may cause deformation
and provoke void fornmation. To produce an initially void-free
menbrane it hasdvarteeregusdyosedmt DO grovBdthemy cpkeferdslyerfron 20gteat

t hi ckness, e.g., about 50 [err]m on the basis that no void will extend
through the W% Nt AeeBesEf PEEEﬁr%P’rihfé'P‘“ 2°A"—9a¥$‘htﬂ“bn on this is to

e L RS T et L
to occlude any voids present in the molecular sieve
layer while not occluding all the pores in the sieve,
which are of smaller cross-section than the voids. This'
is the more surprising in that, in semi-conductor
applications, titanium nitride, at least, acts as a
diffusion barrier. As a result, undiscriminated passage
of molecular species through the molecular sieve layer is
reduced, and hence the selectivity of the molecular sieve.
layer is enhanced. For this reason, the further layer
may bé regarded as a selectivity enhancing layer, SEL,
ahd this term will be used in certain parts of the
following description. It will be appreciated, however, '
that the layer may have other fupctions and properties,
for example, i:: the case of layers of material that are
hard, the abrasion resistance of the structure is
improved. This is of special importance in applications
in which the structure is used in association with, for
example, catalyst particles which may.be packed tightly
against a surface.

The refractory material may have another function,
especially when it is applied by a method involving
elevated temperatures, as is at present preferred.

Without wishing to be bound by any theory, it is believed

that, at leaét in the form of a layer, a molecular sieve
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wi |l not coincide. Wile these treatnents may be effective, the
addi tional thickness introduced by either nmet hod i ncreases the nass
transf'er resistance, resulting in low flux through the |ayer.

5 The .present invention provides, in a first aspect ture
in the form oW1 ane conprising of a substrate, a nol ecuiar”gllb"észg

| ayer, and a further layer, the further |ayer being of a refractory
material having a nelting point of at-legast 1800[err]C. Silicais
expressly to be avoi ded because of its water- sensitivity, a serious

di sadvant age i n nunerous nenbrane  applications.

material may effectively have a negative thermal
expansion coefficient. Accordingly, when subjected to
elevated temperatures, as occur during, for example,
calcination, and certain operation and regeneration
procedures, the layer may crack. During application of
the refractory layer of the present invention, by a
method involving temperatures comparable with such
procedures, cracks may appear, but they are filled by the
refractory material. On cooling, the molecular sieve
material may attempt to expand but cannot do so, because
the cracks are filled, and thus the molecule sieve is
compressiveiy stressed. On.re—heating to operating
temperatures, the molgcular sieve will not crack again.

Although it is preferred thét the SEL be positioned
on the free surface §f the molecular sieve layer, it will
- be ﬁnderstood that it may be positioned elsewhere in the
structure, and that a plurality of SELs may be_included
in the structure, of which one is advantageously on a
free surface.

Advantageously, the molecular sieve layer is
crystalline, and advantageously the crystals are ordered.
This may be achieved as described in our above-mentioned
Application PCT/EP95/02704. Accordingly, in a second
aspect of the invention there is provided a structure
comprising a substrate, an intermediate 1ayer, an upper
layer, the intermediate layer comprising a crystalline

molecular sieve having a crystal size of at most 1 pum,
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Advant ageously, the effect of the further layer is to reduce
I ndi scrimnate, or non-selective, flux through the structure while having
li'ttle deleterious effect on the flux of a species capable of passing

through the pores of the nol ecul ar sieve |ayer. Adv ,. the
refractory nmeWe@m@7/28128 ayer conprises a carbide, especially ?ﬂ%ﬁ“@%¥bl de,
or a nitride, especially boron nitride, silicon nitride, or, preferably,
titaniumnitride. Advantageously, the _rgfjactory material is

wat er-i nsensitive. O her materials may be present in the |ayer, for
exanple, an oxide may be formed by exposure of the chosen refractory
material to the atnosphere; the resulting oxide is preferably also a
refractory. the uppélvddyeyccompyisihg a hexjsteddioé ndlequdfarastievg | ayer

is within the range of from1l nmto 1 [err] nor e
of crystals having at least one dimension greater than
the dimensions of the crystals of the intermediate layer,
and a layer of a refractory material having a melting
point of at least 1800°C or other than silica. “

In a third aspect, the present invention prbvides a
structure comprising a substrate, an'intermediaté layer,
an upper'layér, the intermediate layer comprising a
crystalline molecular sieve having a crystal size of at
most 1 um, the upper layer comprising a crystalline
molecular sieve in which at least 75 %, and
advantageously at least 85 %, of the crystallites at the
uppermost'face extend to the interface between the upper
and intermediate layers, and allayer of a refractory
material having a melting point of at least 1800°C or
other than silica.

In a fourth aspect, the present invention provides a
structure comprising a substrate, an intermediate layer,
an upper layer, the intermediate layer comprising a
érystalline molecular sieve having a crystal size of at
most 1 um, the upper layer comprising a crystalline
molecular sieve the crystals of which have a
crystallographically preferred orientation (CPO), and a
layef of a refractory matérial having a melting point of
at least 1800°C or other than silica. CPO and a method
by which it may be measured are discussed in more detail

below.
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WO 97/ 25129 PCT/ EP96/ 05579

- 6- advant ageously from 10 to 500 nm preferably from 20 to 300 nm
and nost preferably from20 to 150 nm surprisingly, the further,
refractory, |ayer appears to occlude any voids present int Qaﬁdmg ar
si eve | ayer PW@Rﬁ%t occluding all the pores in the sieve,per ichﬂgre
of smaller cross-section than the voids. This IS the nore surprising in
that, in sem -conductor applications,- toi taniumnitride, at |east, acts as
a diffusion barrier. As a result, undiscrimnated passage of nol ecul ar
speci es through the nol ecul ar sieve |ayer is reduced, and hence the
selectivity of the nolecular sieve, |ayer is enhanced. For this reason,

the further layer ASYAPtREePUBLY detf £° of) Ehei %A% fRa BPRY" | ayer, SEL,
0 =S VAPPSR AT Sob P 1 U LU BRLESET L o0
and properti esghe upplereiafitetuithed rcimtheobubsyparte.of material that are
Advantageously, in each of the second to fourth
aspects, the intermediate layer is substantially free of
voids greater than 4 nm in cross-section egtending
through the thickness of the layer, i.e., affording a
passageway between the substrate and the upper layer.
Advantageously, the crystal size of the molecular
sieve in the intermediate layer is at most 300 nm, and
preferably from 20 to 120 mm.
.Advantageously, the structures of each of the second
to fourth aspects havg an upper layer having the
p:operties of one of or both the other two of the second
to fourth aspects.
The crystals of the upper layer may be columnar.
It will be appreciated that the structure may be of
any shape, and may be, for example, planar, cylindrical,
especially cylindrical with a circular cross-section, or
may be a honeycomb structure. For clarity, however, the
following description will refer to the structure as if
it were planar, and references will be made to the plane
of a layer.
In certain embodiments, at leaét 75%, as viewed by
scanning electron microscopy (SEM),-of the grain

boundaries in the upper layer are, at least in the region

of the uppermost face, within 30° of the perpendicular to
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hard, the abrasion resistance of the structure is
i nportance in applications

speci al

I mproved. This is of
in which the structure is used in
association with, for exanpl e, catalyst particles which nay be packed

tightly agai nst a surface. The refractory material may have
anot her funct WeH972518special |y when it is applied by a met ho®GTRFSHOSHy-
el evated tenperatures, as is at present preferred. Wt hout wishing to be

bound by any theory, it is believed Ehf%“_at | east in the formof a
| ayer, a nol ecul ar sieve

may effectively have a negative thermal expansion coefficient.

Accordi ngly, when subjected to elevated tenperatures, as occur during,
cal adihwallager phanegpricre mapanthgesuaby stedEaEtabd®nbeing

exanpl e,

within that angle, and preferably at least 90% are within
25° and most preferably within 15° of perpendicular. The
directions of grain boundaries of the crystals in the
upper layer indicate the extent to which the crystals
have a shape preferred orientation (SPO).

Materials comprising non-spherical grains may
exhibit a dimensional preferred orientation or shape
preferred orientation. An SPO may be defined, for
example, as a non-random orientation distribution of the
longest dimensions of the grains or crystals. Such an
SPO may be detected, for instance, on cross-~sectional
electron micrographs; only the outline of the grains or
crystals is considered, the orientation of the longest
dimension of each being established and used to determine
tﬁe orientation distribution.

Because the shape of a grain or crystal is not
necessarily related to its crystallographic orientation,
SPO is in principle independent from CPO, although in
many cases SPO and CPO are related.

The products of the invention may be'characterized
by X-ray diffraction (XRD), among other techniques. For
this purpose a conventional powder diffraction technique
may be used, ﬁhere the supported lgyered structure in the
shape of a disk is mounted in a modified powder sample
holder and a conventional 8/26 scan is performed. The

intensities of the zeolite reflexions thus measured are
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procedures, the |ayer may crack. During application of the refractory

| ayer of the present invention, by a nethod involving tenperatures
conparable with such procedures, cracks may appear, but they are filled by
the refractor % Lhal . On cooling, the nolecular sieve mMapgkirpbe
attenpt to exﬁéﬂgg %Fbcannot do so, because the cracks are filled, an

thus the nolecule sieve is conpressively stressed. On re-heating to

operating tenperatures, the nol ecul ar sijgve will not crack again.
Al'though it is preferred that the SEL be positioned on the free surface
of the nol ecular sieve layer, it wll be understood that it may be

positioned el sewhere in the structure, and that a plurality of SELs may
be included Frupareditq he éntepsikied ohdhe rediarioReRfsidy on a free

sur f ace. Adv n%oglglgegt%dyyptohgggngteguéeaglﬁieeggeL@/er | S

. ngl sam .
crystalline, ahl : _ rystal’s are ordered. ®Thi s may be
achi eved as deggfihbesrd M lcohpRsetiBAL | ONEbne MRPhbsat 46k RYET/ EPI5/ 02704.

Accordingly, in a second aspect of the invention there is provided a

structure reflexions, related to one or more specific orientations
of the crystal, is or are significantly stronger than the
remaining reflexions, compared with the diffractogram of
a randomly oriented powder, this indicates that the
orientation distribution in the sample deviates from
random. This is referred to as a crystallographic
preferred orientation or CPO. A simple example of a CPO
is the case where the 001 reflexions (e.g., 002, 004,
006, etc. for MFI) are strong while all other reflexions
are weak or absent. 1In this case the majority of the
‘crystals has the crystallographic c-axis close to the
normal to the plane of the layer; this case is often
referred to as a c—axis CPO. Another example is a
diffractogrzsx where the h00 retlexions (200, 400, &00,
800 etc. for MFI) are dominant; this is referred to as an
a-axis CPO. More complex situations may also occur, for
example a diffractogram where both the 0k0O and 001
reflexions dominate, which is referred to as a mixed b-
and c-axis CPO.

In the case of a CPO, a unique identification of the
crystal structure type based on thi XRD diffractrogram of
the layer alone may not be possible, because only a
limited number of reflexions may be detected. Strictly,

the material of the layer should be separated from the

SUBSTITUTE SHEET (RULE 26)



in the formof a menbrane conprising of a substrate, an I nternedi ate
| ayer, an upper layer, the internedi ate |ayer conprising a crystalline
nol ecul ar sieve having a crystal size of at nmost 1 [err]m
- 8- t he upper |ayer conprising a crystalline nolecular sieve of crystals
havi ng at Ieéﬂ?’ﬂﬂézﬂinension greater than the di mensions OFCHERI6@378(5| s
of the internediate layer, and a layer of a refractory material having a
nmelting point of at |east 1800[err]Coryother than silica. In a
third aspect, the present invention provides a structure in the formof a
menbrane conprising a substrate, an internediate |ayer, an upper |ayer,
the internediate |ayer conprising a crystalline nolecular sieve having a
crystal size substrat®stgrioynst tion@ pewdeppand |pyandewbyproesiented crystalline
nmol ecul ar sieve in ' at_ | east 9 nd

powderv52§¥}actogram oz al%eg to verify the structure

type. 1In practice this is often difficult. Therefore,

if synthesis has yielded any powder product or deposits

on the walls or bottom of a reaction vessel, that

material is used for the identification of the structure .

type. If all the reflexions in the diffractogram of the

layer are attributable to specific sets of reflexions in

the indexed powder diffractogram (e.g., the 001

reflexions), it is a good indication that the layer has

the same structure type as the powder.

Quantification of the degree of CPO may be based on

a comparison between the observed XRD diffractogram with

that of a randomly oriented powder. For each type of

crystal structure and CPO a specific set of reflexions

may be selected to define a number that may be used as a

parameter to describe the degree of CPO. For example, in

the case of a structure in which the uppermost layer has

the MFI zeolite structure type, and the crystals have a

c-axis CPO, a CPO parameter Cgg} may be defined using the

intensities, I, of the 002-reflexion and the combined 200

and 020 reflexions, as follows:

(1p02/1200,020}s = (Ip02/I200,020)R _
CPO parameter = . 100

(I502/1200,020)s
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advant ageously at least 85 % of the crystallites at the uppernost face
extend to the interface between the upper and internediate |ayers, and a

| ayer of a refractory material having a nmelting point of at |east 1800C or
ot her than S|I|§§y? In a fourth aspect, the present invgal ,g

provi des a L in the formof a menbrane conprising a su stra"fe an
I nternmedi ate | ayer, an upper |ayer, the internedi ate | ayer conprising a
crystalline nol ecul ar sieve having a cryssat size of at nost 1 [err]m

t he upper |ayer conprising a crystalline nol ecul ar sieve the crystals of
whi ch have a crystallographically preferred orientation (CPO, and a

| ayer of a refractory materi al haV|ng a ltin oint o at | east -
1800[ err] C or WR®%S zne oo PRY. I rg; %55’°“T%7?ﬂﬂ FERCPE rmy be

neasured are dﬁéf&ﬁ%é”%ﬂ Qh@DEsmgfﬁéalanJ¥ﬂd9Wbo reflexions and of the

MFI-002 reflexion, respectively, for a randomly oriented
powder R and for the sample S under investigation, before
calcination. A zero value for the parameter represents
random orientation, while a value of 100 represents the
absence of (100) and (010} planes parallel.to the layer
plane. The absence of all MFI reflexions except the
(001) reflexions indicates a perfect alignment of (00l)
planes parallel to the layer. It will be understood that
for other CPO's or other zeolite types, other reflexions
are chosen.

For example, in the case of an a-axis CPO, a
paraﬁeter Choo may be defined using the intensity Sf the
10 0 0 reflexion relative to the intensity of, for
instance, the sum of the 002 and 0 10 0 reflexions, or
the 133 reflexion (before calcination) as in the
folliowing definition:

~ (110 0 0/1133)s~{I10 0 0/I133)R

Choo = . 100
(Ino o 0/I133)s

For other types of CPO other parameters may be
defined. Other ways to measure CPO may also be used, for
example, texture goniometry.

It will be understood that in principle SPO and CPO
are independent. For example, while substantially all

the crystals may exhibit grain boundaries extending
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WD 97/ 25129 PCT/ EP96/ 05579
-9- Advant ageously, in each of the second to fourth aspects, the
refractory material layer is on the face of the upper |ayer further from

tthe substrate. Advant ageously, in each of the second to_fourth
aspects, the WOoE2sR®i ate | ayer is substantially free of vo‘i%‘q‘%‘éﬁ’@f

than 4 nmin cross-section extending through the thickness of the |ayer,
i.e., affording a passageway between ihg substrate and the upper |ayer
Advant ageously, the crystal size of the nolecular sieve in the
internmediate layer is at nost 300 nm and preferably from20 to 120 nm
Advant ageously, the structures of each of the second to fourth aspects
have an upper pexpendhguial thdhepldyert Paangs e aiiedtab®h ehEM® her two

of the second to fourth aspects. The cryst.als of upper |layer may
be col umar . °rY5ta$g°ﬁf?? % RAANES: P4t §Betﬁ’é¥gﬁ%es ¢ P’ugégirseer'rray be of

Usually, however, the upper layer will either exhibit
strong CPO and SPO or weak CPO & SPO.

Advantageously, in'the upper layer, the crystals
are contiguous, i.e., substantially every crystal is in
contact with its neighbours, although not necessarily in
contact with its neighbours throughout its length. (A
crystal is in contact with its neighbour if the space
between them is less than 2 nm wide.) Preferab;y, the
upper layer is substantially freé from defects greater
than 4 nm in cross-section, extending through its |
thickness. Advantageously, the number of such defects,

. which may be detected by permeation of dye through the
layer, does not exceed 2, and preferably does not exceed o
0.05, per sq. cm. The contact between crystals may be
such that neighbouring crystals are intergrown.

As molecular sieves, there may be mentioned a
silicate, an aluminosilicate, an aluminophosphate, a
silicoaluminophosphate, a metalloaluminophosphate, or a
metalloaluminophosphosilicate. |

The preferred molecular sieve will depend on the
chosen application, fbr example, separation, catalytic
applications, and combined reaction and separation, and
on the size of the molecules being treated. There are

many Known ways to tailor the properties of the molecular
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any shape, and may be, for exanple, planar, cylindrical, especially
cylindrical with a circular cross-section, or mnmay be a honeyconb

structure. For clarity, however, the follow ng description will refer to
the structure g?% iuLt were planar, and references will be .
pl ane of a Ié@ . In certain enbodi nents, at |east 75% as viewed by
scanni ng el ectron nicroscopy (SEM, of the grain boundaries in the upper

| ayer are, at least in the region of thesuppernost face, within 30[err] of
t he perpendicular to WO 97/ 25129

PCT/ EP96/ 05579 - 10 - the | ayer plane, nore
advant ageously at |east 90% being wthin that an and preferably at

| e,
| east 90% ar e §EEYRFr U] &PPPIRd RDSHCPIS é:ryé’ﬁl'ygm(’?'l‘jrﬁar‘?‘ 15[ err] of

perpepdlCU|ar'cgmﬁ%sition, ion-exchange, and activation procedures.

Representative examples are molecular
sieves/zeolites of the structure types AFI, AEL, BEA,
CHA, EUO, FAU, FER, KFI, LTA, LTL, MAZ, MOR, MEL, MTW,
OFF, TON and, especially, MFI.

The structure types of the intermediate, if present,
and upper layers may be the same or different. Further,
if the structure types are the same, the compositions may
be the same or different.:

Some of the above materials'while not being true
zeolites are fregquently referred to in the literature as.
such, and this term will be used broadly in the specific-
ation below.

. The thickness of the upper layer is advantageously
within the range of 0.1 to 150 pm, more advantageously
from 0.5 to 40 zm, preferably from 0.5 to 20 um, and mosu
preferably from 1 to 20 um. Advantageously, the
thickness of the layer and the crystallite size of the
molecular sieve are such that the layer thickness is
approximately the size of the longest edges of the
crystals, giving essentially a monolayer.

The thickness of the intermediate layer, if present,
is advantageously at most about 1 pm; advantageously,
also, however, it is of sufficient.fhickness to cover

irregularities of comparable scale in the surface of the
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directions of grain boundaries of the crystals in the wupper layer indicate
the extent to which the crystals have a shape preferred orientation (SPO).
Mat eri'al s conpri sing non-spherical grains may exhibit a di nensional
pteferred orientation or shape preferred orientation. An SPO nay be-
defined, for VEQEMM¥ as a non-random orientation distributiRFTERICOSI -

| ongest di nensions of the grains or crystals. Such an SPO nay be detected,
for instance, on cross-sectional electrgg mcrographs; only the outline of
the grains or crystals is considered, the orientation of the |ongest

di rensi on of each being established and used to determne the orientation
di stribution. Because t-he shape of a grain or crystal is not
necessarily refapskrats.t dayppsaareegivptihe dnterrediagie lageo is ah

principle indqge dent fraq EPCL attpﬁu hiéﬁ ,JB0y cases SPO and CPO are
rel at ed. W%EQ%V%&EGF §5Ft R %gﬂﬁféh M§ be characterized by X-ray
diffraction (XRD), 1{@RApathate! R&P & U heEOhonl Phrodtdidp0Se a conventi onal
powder diffraction technique

preferably, porous. As examples of non-porous substrate

there may be mentioned glass, fused quartz, and silica,

silicon, dense ceramic, for example, fired clay, and

metals. As examples of porous substrates, there may be

mentioned porous glass, sintered porous metals, e.q.,

steel or nickel, and, especially, an inorganic oxide,

e.g., alpha-alumina, titania, an alumina/zirconia

mixture, a zeolite or Cordierite.

At the surface in contact with the intermediate

layer, if present, the substrate may have pores of

dimensions up to 50 times the layer thickness, but

preferably the pore dimensions are comparable to the

layer thickness. The pore size should, in any event, be

compatible with the process employed for makiny the

intermediate layer.

The substrate may be any material compatible with

the coating and synthesis techniques, as described, for

example below, e.g., porous alpha-alumina with a surface

pore size within the range of from 0.004 to 100 um, more

advantageously 0.05 tc 10 um, preferably from 0.08 to 1

um, most preferably from 0.08 to 0.16 um, and

advantageously with a narrow pore size distribution. The

substrate may be multilayered; for example, to improve

the mass transfer characteristics of the substrate, only
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may be used, where the supported | ayered structure in the shape of a disk
is mounted in a nodified powder sanple holder and a conventional [err]/20
scan is perforned The intensities of the zeolite reflexions thus neasured

are 79/1/::?1]2% PCT/EP96/0SST9 -

PCTI'/EP96/05579‘w onpared to the intensities of the reerX|ons 0
randomy oriented powder of a zeolite of the sanme: structure and
conposition. If one or nore sets of reflexions, related to one or nore
specific orientations of the crystal, is or are significantly stronger
than the remaining reflexions, conpared with the diffractogran1of a

andorty_or) ent Sk PONREL Ll Toh 1ok AL S ARk LIC)n ARALELgE gl 1 butiom
crystallographi g ¢eormediate layer may have small diameter pores, while
the bulk of the substrate, toward the surface remote from
the layer, may have large diameter pores. An example of
such a multilayer substrate is an alpha-alumina disk
having pores of about 1lum diameter coated with a layer of
alpha-alumina with pore size about 0.08 um.

The invention also provides a structure in which the
substrate, especially a porous substrate, has molecular
sieve layers on each side, the layers on the two sides
being the same or different; it is also within the scope'
of the invention to provide different types of molecular
sieve layer on .opposite sides of the substrate, or to
incorporate other materials in the substrate if it is
porous. As indicated above, the further layer may be .
provided anywhere in the structure.

The intermediate, if present, and upper layers may,
and for many uses advantageously do, consist essentially
‘of the molecular sieve material, or may be a composite of
the molecular sieve material and intercalating material
which may be organic or inorganic. The intercalating
material may be the same material as the substrate. The
material may be applied simultaneously with or after
deposition of the molecular sieve, and may be applied,
for example, by a sol-gel process }ollowed by thermal
curing. Suitable materials include, for example,

inorganic oxides, e.g., silica, alumina, and titania.
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preferred orientation or CPO A sinple exanple of a CPO

is the case where

the 001 reflexions (e.g., 002, 004, 006, etc. for MFl) are strong while
all other reflexions are weak or absent. In this case the majority of the
crystals has the g;éstallographic c-axis close to the normal to the plane

of the | ayer ; WO,

fise is often referred to as a c-axi s CPECTERWISED -

exanple is a diffractogram where the hOO retlexions (200, 400, 600, 800
etc. for MFl) are domnant; this is referred to as an a-axis CPO. More
conpl ex situations may al so occur, for exanple a diffractogram where both
the kO and 001 reflexions domnate, which is referred to as a m xed b-

and c-axis CPO - In the case of a CPO a unique identification of the
crystal structThe intErdesdsadngnmbherX&D s fddeaitaggoam wipreseat! ayer al one
may not be possible, because only a |imted nunber of reflexions may be

det ected. St rigpfficiantd indou paPrePorhion Rk thensaral praterdataréd fromthe

the layer that the molecular sieve crystals remain

contiguous.

The invention further provides a process for

manufacturing a structure.

The present invention provides a process for the

manufacture of a structure, which comprises applying to, -

or forming in or on, a sub-structure a layer of a

refractory material having a mélting point of at least

1800°C, or one other than silica, the sub-structure

comprising a substrate having thereon a molecular sieve

layer.

Advantageously, the molecular sieve layer has a free

face, and preferably the refractory layer is formed in or

on or applied to that free face. Alternatively, if the

substrate is porous, the refractory layer may be formed

in or on or applied to & free face of the substrate. It

will be understood that the refractory layer may be

formed within the sub-structure if the substrate or the

molecular sieve layer is permeable to the material of the

refractory layer or to reactants that will produce the

refractory material under the conditions of manufacture.

The sub-structure may be as described above with

reference to all aspects of the structure of the

invention.

—

This Sheet Has Been

[T
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WD 97/ 25129 PCT/ EP96/ 05579
- 12 - substrate, ground to a powder and a randomly oriented powder
dlffractogran1obta|ned to verify the structure type. In practice this is

often difficulg, Ther fore, if synthesis has yielded any poquﬁm&5gﬁg .or
deposits on th’ or bottom of a reaction vessel, that nateria ?i

used for the |dent|f|cation of the structure type. If all the reflexions
in the diffractogramof the |layer are attioi butable to specific sets of
reflexions in the indexed powder diffractogram (e.g., the 001

reflexions), it is a good indication that the |ayer has the sane structure

type as the powder. antification of the degree be based
on a conparison betWReh ‘?‘F%fed’tff@r PEQEKED ﬁ????%‘%&?aﬁ{'ﬁn thert ‘of a

random y orient g, PRUEEL et oy mat3t1alYRE Qbplied or formea by chemical

vapour deposition. Though at present less preferred,
plasma deposition or sputtering may be employed, as may
chemical interfacial reaction. In the last-mentioned
process, a reactant is applied at each face, and the
refractory magerial is formed at the interface between
the two reactants. Each reactant may be applied by any
suitable method including chemical vapour deposition.
The refractory material may be applied before or after
- mounting the sub-structure in a module. |

Advantageously, the substructure is one of those
mentioned above in connexion with the second to fourth
aspects of the inventiqn.

Appropriate procedures for forming the substructure
are given in detail in our above-mentioned Internationalv
Application PCT/EP95/02704; advantageously iue sSub-
structure is calcined before addition of the SEL layer.

Larger substrates, for example, honeycomb reactor
sections, may be treated by sealing the substrate in its
reactor housing, either before or after applying the
intermediate layer, and the synthesis mixture then poured
into the housing, or pumped through it, crystallization,
washing and calcining taking place with the substrate
already in its housing.

A catalytic function may be imparted to the

structure of the invention either by bonding of a
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crystal structure and CPO a specific set of reflexions

may be selected to

define a nunber that may be used as a paraneter to describe the degree of
CPO. * For exanmple, in the case of a structure in which the uppernost |ayer
has the MFI zeolite structure type, and the crystals have a c-axis CPO a
CPO par anet erWOPR$I2% npy be defined using the intensities, FCT 9 -

002-refl exi on and the conbi ned 200 and 020 refl exi ons,

[err] WD 97/ 25129 2o -

as foll ows:

PCT/ EP96/ 05579 T 4% 713 where I[err] and I[err]
are the background-corrected heights of the conbi ned M -200, 020

refl exi ons and of the

catalyst to the substrate or the free surface of the SEL

layer, or its location within a tube or honeycomb formed

of the structure, by its incorporation in the substrate,

e.g., by forming the substrate from a mixture of

substrate-forming and catalytic site~-forming materials or

in the intermediate or upper layer itself.

If the

substrate is porous a catalyst may be incorporated into

the pores, the catalyst optionally being a zeolite. For

- certain applications, it suffices for the structure of

the invention to be in close proximity to, or in contact

-with, a catalyst, e.g. in particulate form on a face of

the structure.

Catalytically active sites may be incorporated in

the upper layer of the structure, e.g., by selecting as

zeolite one with a finite Si05:A1,0; ratio, preferably

lower than 300. Ion-exchange of the zeolite with

cations, 2.9., NH; or metal cations or complexes, will

result in a layer having Lewis acid sites having

catalytic activity. Metal or metal oxide precursors may

be included in the synthesis mixture for the intermediate

or upper layer, or both, or metal, metal oxides, salts or

organic complexes may be incorporated by impregnation of

or ion-exchange with the pre-formed upper layer. The

structure may also be steamed, or treated in other

manners known per se, to adjust properties.

The layers may be configured as a membrane, a term

used herein to describe a barrier having separation
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MFI - 002 refl exion, respectively, for a randomy oriented powler R and for
the sanple S under investigation, before calcination. A zero value for the
paranmeter represents randomorientation, while a value of 100 represents

the absence of (100) and (010) pl anes paral lel to the Iayer he
absence of al IWREP2$12%| exi ons except the (00l) reflexions i nd| ca?%éoss‘;;
perfect alignnent of (001) planes parallel to the layer. It wll be
understood that for other CPO s or otherpyzeolite types, other reflexions
are chosen. For exanple, in the case of an a-axis CPO, a paraneter

Clerr] may be defined wusing the intensity of the 10 0 O reflexion
relative to the intensity of, for instance; the sumof the 002 and O 10 O
refl exi ons, or priopert3gsy ef¢=e>§mr@t§épar efchleithataaserugs 1iAvME 95| | owi ng

definition: — Lett] i eurf® £ANShabRSS oY e RAFAIF'RES S be
reaction from a feedstock mixture, or in catalytic
applications, which may if desired combine catalysed
conversion of a reactant or reactants and separation of
reaction products.

Separations which may be carried out using a
membrane comprising a structure in accordance with the
invention include, for example, separation of normal
alkanes from co-bdiling hydrocarbons, for example, normal
alkanes from isocalkanes in C4 to Cg mixtures and n-Cjqo to
Cie alkanes from kerosene; separation of normal alkanes
and alkenes from the corresponding branched alkane and
alkene isomers; separation of aromatic compounds from one
another, especially separation of Cg aromatic isomers
from each other, more especially para-xylene from a
mixture of ¥ylenes and, optionally, ethylbenzene (e.g.
separation of p-xylene from a p-xylene-rich mixture
produced in a xylene isomerization process), and
separation of aromatics of different carbon numbers, for
example, mixtures of benzene, toluene, and mixed Cg
aromatics; separation of aromatic compounds from
aliphatic compounds, especially aromatic molecules with
from 6 to 8 carbon atoms from Cg to Cyg (naphtha range)
aliphatics; separation of aromatic compounds from
aliphatic compounds and hydrogen in a reforming reactor;

separation of olefinic compounds from saturated
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defined. O her ways to neasure CPO may al so be used, for exanple, texture
goni onetry. It will be understood that in principle SPO and CPO are

i ndepéndent. For exanple, while substantially all the crystals nmay exhibit
grai n boundari es extending WD 97/ 25129

PCT/ EP96/ 055 7%0 97/25129 - 14 - per pendi BGFEPI§SSBhe

| ayer plane, the orientation of the crystall ographic planes of the
crystals may differ. Usually, however, £pq_upper | ayer will either exhibit
strong CPO and SPO or weak CPO & SPO. Advant ageously, in the upper

| ayer, the crystals are contiguous, i.e., substantially every crystal is
I n contact with its neighbours, although not necessarily in cont act
with its nei glioogountiae ceghecialXy Yighdt klkénes from alkane/alkene

mixtures, more especially ethene from ethane and propene
from propane; removing hydrogen from hydrogen-containing
streams, especially from light refinery and petrochemical
- gas streams, more especially from C, and lighter
components; removing hydrogen from the products of
refinery and chemical processes such as the
dehydrogenation of alkanes to give alkenes, the
dehydrocyclization of light alkanes or alkenes to give
aromatic compounds and the dehydrogenation of
ethylbenzene to give styrene; removing alcohols from
' agueous streams; and removing alcohols from hydrocarbons,
- especially alkanes and alkenes, that may be present in
‘mixtures formed during the manufacture of the alcohols.

Conversions which may be effected include
isomerizations, e.g., of alkanes and alkenes, conversion
of methanol or naphtha to alkenes, hydrogenation,
dehydrogenation, e.g., of alkanes, for example propane to
propylene, oxidation, catalytic reforming or cracking and
thermal cracking.

Feedstocks derived from hydrocarbons, e.g., in the
form of petroleum or natural gas or feedstocks derived
from coal, bitumen or kerogen, or from air, the
feedstocks containing at least two different molecular
species, may be subjected to separ;tion, e.g., by
molecular diffusion, by contact with a structure

according to the invention, advantageously one configured
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crystal is in contact wwth its neighbour if the space between themis

|l ess than 2 nmw de.) Preferably, the upper layer is substantially free
from def ect s greater than 4 nmin cross-section, extending through its

t hi ckness. Adv Iy, t he nunber of such defects, whi ¢ W
detected by pe%g?fsgn of dye through the | ayer, does not eQ’cee ssglsnd
preferably does not exceed 0.05, per sq. cm The contact between crystals
may be such that nei ghbouring crystals g6 intergrown. As

nol ecul ar sieves, there nmay be nentioned a silicate, an alumnosilicate,

an al um nophosphate, a silicoalum nophosphat e, a netall oal um nophosphat e,

or a nmet al | oal um nophosphosi li_cate. referred_nol ecul ar sieve
wi |l depend on@Sh@ mepRBRS:, aﬁfpllleééﬁ ghe FBPcéﬁ%rFEp)q &hesésedskecdn, catalytic

appl i cati ons, |o a p t n the size of
t he nol ecul es %e%:lné g@g@f&d;ae Qt QQ3§€ 8}’12 Jnfﬂbr ngcx?% tailor the
properties of the mi’hecfléﬁiowmg table gives examples of such

separations.
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PCT/ EP96/ 05579
chem cal conposition,

WD 97/ 25129

- 15 - sieves, for exanple, structure type,
I on- exchange, and activation procedures. Represent ati ve exanpl es are
mol ecul ar sieves/zeolites of the structure types AFl, AEL, BEA, CHA, EUQ
FAU, FER, KPI WQ¥RSI3T  MAZ, MOR, MEL, MIW OFF, TON and, cRGRERIGDSS]Y -
VFI . The structure types of the internediate, if present, and upper

| ayers may be the same or different. Further, if the structure types are
the same, the conpositions may be the safie¢ or different. Some of the

above materials while not being true zeolites are frquggﬁhﬁdqﬁﬁgﬁﬂgg to
Seegdl Y 1N _the

in the literature as peg@stocRNd this termw || be used

Kerosene containing Cg to Cjg normal paraffins

specific- ation bel ow The thickness of the upper layer 1Is

advant ageousl y Xylenes {(ortho, para, meta) and ethylbenzene Paraxylene
Hydrogen, HpS, and ammonia Hydrogen
Normal and iscbutanes Normal butane
Normal and isocbutenes Normal butene

Cg to Clg normal

paraffins
Nitrogen and oxygen Nitrogen
(or oxygen)
Hydrogen and methane Hydrogen
Hydrogen, ethane and ethylene Hydrogen andfor
' ethylene

Coker naphtha containing Cg to Cjg normal
olefins and paraffins

Methane and ethane mixtures containing argon,

Cs to Cyg normal
olefins and
paraffins

Helium, neon,

helium, neon, or nitrogen and/or argon -

Intermediate reactor catalytic reforwer Hydrogen, and/or -

products containing hydrogen and/or light gases  light gases
(C1-C7)

Fluid catclytic cracking products containing Hydrogen, and/or

Hy and/~r light gases light gases

Naphtha containing Cg to Cjg normal paraffins

Light coker gas o0il containing Cg to C;g normal

Cg to Cyp normal
paraffins

Cg to Cig normal

olefins and paraffins olefins and
. paraffins

Normal and isopentanes Normal pentane

Normal and isopentenes Normal pentene

Ammonia, hydrogen, and nitrogen Hydrogen and

10-carbon aromatics nitrogen e.q.
Paradiethyl-
benzene

Mixed butenes Butene-1

Sulpha and/or nitrogen compounds
Toluene/benzene mixtures
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within the range of 0.1 to 150 [err]m nore advantageously fromO0.5 to 40
[err]m preferably fromO.[err] to 20 [err]m and nost preferably froml
to 20 Jerr]m Advantageously, the thickness of the |layer and the
crystallite size of the nolecular sieve are such that the Iawl. ng'ﬁggqgss
i s approxi mat XYV ze of the |ongest edges -of the crystal s,’égl V1 ng

essentially a nonol ayer. The thickness of the internediate |ayer, if
present, is advantageously at nost about 54 [err]m advantageously, also,
however, it is of sufficient thickness to cover irregularities of
conparabl e scale in the surface of the WD 97/ 25129

PCT/ EP96/ 05579 - 16 - substrat e.

Advant ageously, the Brampifsdioft ehpRjesl | geagtions which may be effected

by the structure of the invention, advantageously one
configured as a membrane, in association with a catalyst,
(e.g., the catalyst is in a module with the structure) or
treated to impart a catalytic function to the structure,

are given in the following table:

Feedstock/process Product Yielded
Mixed xylenes (para, ortho, meta) and Paraxylene and/or
ethylbenzene ethylbenzene
Ethane dehydrogenat;ion to ethylene Hydrogen
Ethylbenzene dehydrogenation to styrene  Hydrogen
Butanes dehydrogenation to butenes ~ Hydrogen

(iso's and normals)

Propane dehydrogenation to propylene Hydrogen

Cy0~Cig normal paraffin Hydrogen
dehydrogenation to olefins.

Hydrogen Sulphide decomposition Hydrogen

Retorming Hydrogen, light
dehydrogenation/aromatization hydrocarbons (Cy-C7)
Light Petroleum Gas Hydrogen

dehydrogenation/aromatization

Mixed Butenes Butene-1

The structure of the invention may be employed as a
membrane in such separations and conversions without the
problem of being damaged by contact with the materials to
be treated. Furthermore, many of these processes are
carried out at elevated temperatures, for example, as

high as 500°C, and it is an advantage of the structure of

SUBSTITUTE SHEET (RULE 26)



nost the thickness of the upper |ayer. The substrate may be either
non- porous or, preferably, porous. As exanples of non-porous substrate

t here 'may be nentioned gl ass, fused quartz, and silica, silicon, dense
ceramic, for exanple, fired clay, and netals. As exanples of porous
substrates, tWO9%72829 be nentioned porous glass, sintered pBEHEPIGHSST s,

e.g., steel or nickel, and, especially, an inorganic oxide, e.g.,
al pha-alum na, titania, an alumna/zircopia_ mxture, a zeolite or
Cordierite. At the surface in cont&8t " with the intermediate | ayer,

I f present, the substrate nmay have pores of dinensions up to 50 tines the
| ayer thickness, but preferably the pore dinensions are conparable to the
| ayer thi cknesthe Hresgeote inveptsboutitht (it anay eecnsed et sa@fpati ble with
the process enployed for making the internediate |ayer. The
substrate nay PeRRRLFEIPEERLEERDati ble with the coating and synthesis

techni ques, as desqhibglecbRt :SUEMPYdh MRlBYaifydy: 2P PidviuRl3,3! umi na

with a surface
process for the separation of a fluid mixture which

comprises contacting the mixture with one face of a
structure according to the invention in the form of a
membrane under conditions such that at least one
component of the mixture has a different steady state:
permeability through the structure from that of another
combonent and recovering a component or mixture of
components from the other face of the structure.

The invention fufther provides a process for
catalysing a chemical reaction which comprises contacting

- a feedstock with a structure according to the invention®
which is in active catalytic form under catalytic
conversion conditions and recovering a composition
comprising at least one conversion product.

The invention further provides a process for
catalysing a chemical reaction which comprises contacting
a feedstock with a structure according to the invention,
that is in the form of a membrane and in active catalytic
form, under catalytic conversion conditions, and
recovering from an opposite face of the structure at
least one conversion product, advantageously in a
concentration differing from its equilibrium concentra-

tion in the reaction mixture.
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pore size within the range of fromO0.004 to 100 [err]m nore
advant ageously 0.05 to 10 [err]m preferably from0.08 to 1 [err]m nost
preferably from0.08 to 0.16 [err]m and advantageously with a narrow pore

si'’ze distri bution.F}gﬁ substrate may be nultilayered; for ex hiboshary -
| mprove the a7 sfer characteristics of the substrate, only

WO 97/ 25129 PCT/ EP96/ 05579

- 17 - the surface region of the substyate in contact with the
internedi ate | ayer may have small dianeter pores, while the bulk of the
substrate, toward the surface renote from the |ayer, may have |arge

di anet er pores. An exanple of such a nultilayer substrate is an :

al pha- al um na di sk Thevinyepbien DirthieyuProyifes murdhapreeeseeatk¥F with a
| ayer of al pha-alymina with pore size ahout.0.Q8

.0. 08 Th
i nvention al so G Y§ADd a chemicpl, reackiop ip i i ehk L tructure ¥s

in close proximity to or in contact with a catalyst.

The invention also provides a process for catalysing
a chemical reaction which comprises contacting one
reactant of-a bimolecular reaction with one face of a
‘structure according to the invention, that is in the form
of a membrane and in active catalytic form, under
catalytic conversion conditicons, and controlling the
addition of a second reactant by diffusion from the
opposite face of the étructure in order more precisely to
.control the reaction conditions. The process may, for
example, be used to control ethylene, propylene or
hydrogen addition to benzene in the formation of.
ethylbenzene, cumene or cyclohexane respectively.

The following Examples, in which parts are by weight
unless indicated otherwvise, illustrate the invention:

Support disks, seed sols and synthesis mixture were
prepared as follows:

 @-alumina disks with ca. 80-nm pores and ca. 30 %
porosity, thickness 3 mm, diameter 25 mm, were cleaned by
calcining in air for 2 hours at 600°C followed by
ultrasound cleaning in acetone for 5 minutes. The disks
were soaked with water overnight in vacuun.

The following seed sols were prepared:
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substrate, especially a porous substrate, has nol ecular sieve |layers on
each side, the layers on the two sides being the sane or different; it is
also Within the scope of the invention to provide different types of

nol ecul ar sieve | ayer on opposite sides of the substrate, or to

i ncorporate WOMRSRAterials in the substrate if it is poro®ET/EPYEOSST9 -

I ndi cat ed above, the further |ayer may be provided anywhere in the
structure. The internediate, if present, and upper |ayers may, and
for many uses advantageously do, cons7st®essentially of the nol ecul ar
sieve material, or may be a conposite of the nolecular sieve material and
intercalating material which nay be organic or inorganic. The '

i ntercal ati ngolmat echaso nmy il idNAl izererystelsal awv.hkewsybséririse. The
material may be applied sinmultaneously with or after deposition of the
mol ecul ar si &#d, 2an€a el HenmpptliarliteoFTERERPT e, By 7awsd| sQldsyr ocess

ot D LTt o 24 R SR e g
Sol 1 was prepa:ed by dissolving 11.47 g of NaOH (Baker
0402, >98% pure, in 818 g of a 20 wt% aqueous solution of
tetrapropylammonium hydroxide (TPAOH - Fluka 88111). -
Then 176 g of silicic acid hydrate (Baker 0324.5) were
added and the mixture boiled for 10 minutes with
stirring. After cooling, the water lost by boiling was
made up, the mixture was transferred to a polypropylene
flask which was placed in an oil bath at 50°C, and
maintained at that temperature for 14 days. The
resulting slurry was washed until the wash water pH felli‘
‘below 10.

Sol 2 was prepared by mixing a highly alkaline
synthesis mixture with a synthesis mixture of low
alkalinity.

The highly alkaline mixture was prepared as
described above for Sol 1, using 102.36g of TPAOH (Fluka
88111), 1.445g of NaOH (Baker 0402) and 20.95g silicic
acid hydrate (Baker 0324.5), but with boiling for 5
minutes only.

On cooling, the mixture was aged at room temperature
for about 7% months.

The low alkaline mixture was prepared by dissolving

0.599g of NaOH in 139.46g deionized water in a glass
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- 18 - The intercalating material is advantageously present in
sufficiently low a proportion of the total material of the |layer that the

mol ecul ar sieve crystals remain contiguous. The invention further
provi des a praqc¢ ial manuf acturing a structure. Theﬁ@m&@gy .
I nvention proWééia 9%rocess for the manufacture of a structure, IC

conprises applying to, or formng in or on, a sub-structure a |ayer of a
refractory material having a nelting poi gcj at least 1800[err]C, or one
ot her than silica, the sub-structure co%ri sing a substrate having thereon
a nol ecul ar sieve layer in the formof a nmenbrane. Advant ageousl vy,
t he nol ecul ar sieve | ayer has a free face, and preferably the refractory
| ayer is fornmegeakel.Or 2069¢9rofEtrapropylannofiiwe Yraxdde AfTRARE) | vely, if

(Fluka 88105) were added and stirred with a magnetic
stirrer until completely dissolved. Finally 50.06g
colloidal silica (Ludox AS—~40, du Pont) were added, the
mixture stirred for 2 minutes, then aged for 19 days at
room temperature.

The two agéd synthesis mixtures were mixed, using
28.38g of the low alkaline mixture and 3.17g of the high
alkaline mixture, and crystallized for 18 hours at 175°¢
in a 125 ml tube autoclave. The resulting slurry wvas
washed until the wash water pH fell below 10. Electron
microscopic inspection of the seeds reveals flat, oval
seeds, of dimensions about 120 x 90 (oval surface) x 50
(height) nm, i.e., an aspect ratio of somewhat above 2.

The soaked disks were placed in the specimen chuck
of a Convac MTS-4 spinner, and spun at 4000 rpm for 30
seconds to remove excess water. Then the disks were
covered with the seed sols as listed in the Table.below,
and after 10 seconds spun at 4000 rpm for 30 seconds to
obtain a thin zeolite nucleation layer.

The coated disks were clamped in a stainless steel
holder and placed in a stainless steel autoclave with
the seeded side facing downwards and at a distance of
8 mm from the autoclave floor.

To form the synthesis mixture itself, sodium
hydroxide was weighed into a polyethylene bottle, water

was added and the solution stirred with a magnetic .
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the substrate is porous, the refractory |layer may be formed in or on or
applied to a free face of the substrate. It will be understood that the
refractory | ayer may be formed within the sub-structure if the

substrate or the nol ecul ar sieve |ayer is perneable to the material of
the refractor yWORy@¥2%r to reactants that wll produce the PETEBR60557 -

mat eri al under the conditions of manuf act ure. The sub-structure
may be as described above with reference to all aspects of the structure
of the i nventi on. WO 97/ 251793

PCT/ EP96/ 05579 - 19 - In a preferred

process according to the invention,
stirrer until the sodium hydroxide was completely

dissolved. TPABr was then added and the mixture was
stirred until the salt was completely dissolved.
Finally, a silica gel (LUDOX HS) was added and the
mixture vigorously stirred for two minutes.

The resulting molar composition of the synthesis
mixture was: |

0.22 Naj0/10 Si0,/283 H,0/0.52 TPABr

The synthesis mixture was poured in the autoclave
until the liquid surface was just below the upper surface
of the disk. The autoclave was closed, placed in an oven-
and heated to 175°C for 24 hours.

After cooling down, the autoclave was opened, the
disk removed and placed in 200 ml of demineralized water
at ca 80°C. After one hour the water was refreshed.
This washing step was repeated until the conductivity of

- the water was <5 uSiemens/cm after being in contact with
the disk for at least one hour at 80°C.

Any zeolites formed on the non-seeded face of the
disk were removed by mechanical grinding.

The disks were then dried overnight in air in an
oven at 105°C.

Subsequently the disks were calcined by heating up
at 10°C/hour to 500°C, keeping at 500°C for 16 hours
under an air flow of 0.5 litre/min, and cooling down to

room temperature.
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the refractory material is applied or forned by chem cal vapour
deposition. Though at present |ess preferred, pl asma deposition or
sputtering may be enployed, as nmay chem cal interfacial reaction. In the
| ast - menti oned rocess, a reactant is applied at each face, :
refractory nat ¥P32NY formed at the interface between the t%@gﬁfﬁﬂts.
Each reactant may be applied by any sui tabl e net hod i ncl udi ng chem cal

vapour deposition. The refractory material may be applied before or after
mounting the sub-structure in a module. ~ 3! = Advantageously, the
substructure is one of those menti oned above in connexion with the second
to fourth aspects of the invention. Appropriate procedures for

form ng the substrucifter calicdirgitien anagdet eest iwvasoperabpwed nyt i oned
I nt ernati onal Appli cation PCT/ EP95/02704, advantageously the sub-
structure is cakeveringcthy eerlditel dayst whth SElwhaRapdamine-B igr ger

substrates, for exanple, honeyconb reactor sections e tregted b
sealing the subgﬁF'ég'Emr'n ‘\'Ie[tsnx‘gr ?é‘t?f‘gr %ﬁ5u§? nﬁ?cﬂdﬁheﬁngg‘?’/ﬁ i ‘%f"t er Y

applying the ¢ye excess dye with methanol. The permeation of air
through the disks was measured at room temperature by
applying air at an absolute pressure of 3 bar to the
membrane side, the support side being connected to the
~open air, absolute pressure 1 bar, through a flow meter.
The results of the tests are summarized in the Table
below.

The disks were then coated with TiN using chemical
vapour deposition (CVD). = For this purpose, each disk

~ was placed in a brass holder that shielded the back and
.part of the sides of the disk. Then the disk received a
thermal pre-treatment in the CVD-reactor by heating up at .
100°C/hour to 700°C, keeping at 700°C for 2 hours under
200 mTorr nitrogen, and coolingy down to room temperature.
During this pre-treatment and also during the subsequent
coating step, copper was evaporating from the brass
holder.

Then the disk was re-introduced in the CvD-reactor
at less than 350°C, heated to 700°C at 100°C/hour, and
coated with TiN using TiCl,, NH3 and H; as reactant
gases under conditions that form a_ layer of thickness ca.
200 nm on a silicon wafer reference material. The
reactor was cooled down at 100°C/haur to 450°C, opened to

atmosphere, and then left to cool to room temperature.
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i nternmedi ate | ayer, and the synthesis m xture then poured into the

housi ng, or punped through it, crystallization, washi ng and cal ci ni ng
taking place with the substrate already in its housing. A
catalytic function may be inparted to the structure of the invention
ei ther by borW®Ay25329 a W97/ 25129 ' PCT/EPIG/0SSTO -
PCT/ EP96/ 05579 - 20 - catalyst to the

substrate or the free surface of the SEL Ilayer, or its location within a
tube or honeyconb forned of the structdfe; by its incorporation in the
substrate, e.g., by formng the substrate froma m xture of
substrate-formng and catalytic site-formng materials or in the

i ntermediate or UppRl, LAkBrankSebhted fwitle titdhshn ol frriueP@08ELA Cat al yst
may be incorporated into
' was subjected to the air permeation test described above,
with results as shown in the Table below. Subsegquently
the membrane was mounted in a holder with connexions for
feed and sweep gas inlets and permeate and retentate
outlets. At a temperature of 250°C, the membrane was fed
with a hydrocarbon mixture, typically of about
14.3% ethyl benzene, 21.3% p~xylene (pX), 51.3%
m-xylene (mX) and 13.1% o-xylene. The hydrocarbon feed
was diluted with ﬁydrogen at a ratio of 1:1. Hydrogen
was used as a sweep gas at the permeate side of the
zeolite membrane. The membrane was heated further to
360°C and the permeate and retentate gas mixtures were
analysed by an on-line gas-chromatograph. Fron the Gc
analysis the flux and the selectivity were calculated at
different pressures. The pX/mX selectivity (a) is
defined as follows:
pX conc. {perm.) mX conc. (feed)

a = .
mX conc. (perm.) pX conc. (feed)

The total flux through the membrane is determined by
the hydrocarbon feed rate, the concentration of the
hydrocarbons in the feed and permeate stream, the ratio

of sweep to feed gas flow rate and the membrane area.
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t he pores,
applicati ons,
close proximty to,
formon a face of -

or

t han 300.
cations or conpl exes, wl
having catalytic activit
included in the synthesis
both, or netal, netal oxi
i ncor porated by inpregnat
| ayer: The structure may
known per se, to adjust p
a menbrane, a term used

TABLE

the catal yst optionally being a zeolite.
it suffices for the structure of
i n contact
t he structure.
i ncor porat ed i WO¥R8pper | ayer of the structure, e.g.,
zeolite one with a finite Sigerr]:Alf[err
| on- exchange of the. zeolite wt

For
the inv

certain
ention to be in

with, a catalyst, e.g. in particul ate
Catal ytically aCt'Ver§+&@3bd§ﬁé be
by sel'ecting as
%qse[_r] ratio, preferably |ower
cations, e.g., NHerr] or netal
result Jin a layer having Lewis acid sites
. Metal or netal oxide precursors may be
m &t uée flor the intermediate | or upper. layer, or
Hles™ ¥ ts] orY dEgafli c2¢DWP! exs may be
ongdt 5 or| i dh- Xchng® R the pre-formed upper
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WD 97/ 25129 PCT/ EP96/ 05579

- 21- properties, for separation of fluid (gaseous,

l'iquid, or m xed)

m xtures, for exanple, separation of a feed for a reaction froma
feedstock m xture, or in catalytic applications, which may if desired
conbi ne cat alyo8@2518%bnversi on of a reactant or reactants andPSEERIMI BN of
reacti on products. Separations which may be carried out using a

menbrane conprising a structure in-accordance with the

i nvention incl ude,

for exanple, separation of normal al kan¥s ~from co-boiling hydrocarbons,
for exanple, normal al kanes fromisoal kanes in Cferr] to CJerr] m xtures
and n-Cferr] to ({err] al kanes from kerosene; separation of nornal al kanes

As shown in the Table above, the selectivity of the

membrane of Ex. 4 is independent of the pressure and the

flux is proportional to the system pressure.

The examples also show that the SEL-coated membrane

is stable at temperatures in excess of 350°C.

The accompanying drawings show:

in Fig. 1, the secondary electron image of the

membrane of Ex. 4,

in Fig. 2, the Si element map of the same membrane,

and,

in Fig. 3, the Ti element map of the same membrane.

In Fig. 1, there are shown in turn, starting from

the bottom of thé figure, a cross-section of the support

disk, a cross-section of the membrane itself, and a

perspective view of the TiN-covered membrane surface.

In Fig. 2, the central dark band shows the Si atoms

in the cross-section of the membrane.

in Fig. 3, the membrane with its accompanying TiN

refractory layer is shown as the central band, with a

number of cracks in the membrane filled by the TiN.
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and al kenes fromthe correspmdﬁ#g—br—arﬁed—al—kane and al kene isoners;

separation of aromatic conp not her, especially separation
of Clerr] aromatic isomers m §"“ nore especially para-xyl ene

froma m xtu enes a hyl benzene (e. EFveRkab i-on
of p-xylene fr ?ng'&z%yxyl ene-ri ch mxture produced in a xyl e%l(’acr b

| soneri zation process), and separation of aromatics of different carbon
nunbers, for exanple, mxtures of benzepe, toluene, and m xed C8-
aromati cs; separation of aromatic conpouhds from aliphatic conpounds,
especially aromatic nolecules with from6 to 8 carbon atons from{err] to
CJerr] (naphtha range) aliphatics; separation of aromatic conpounds from
al i phatic comguar®ts and hydrogen in a reform ng reactor; separation of

ol efinic conpounds from saturated WO 97/ 25129

PCT/ EP96/ 05579

1. A structure comprising a substrate, a
molecular sieve layer, and a further layer, the further
layer being of a refractory material having a melting
point of at lsast 1800°C.

2. A structure comprising a substrate, a
molecular sieve layer, and a further layer, the further
layer being of a refractory material other than silica.

3. A strﬁcture comprising a substrate, an
intermediate layer, an upper layer, the intermediate layer
comprising a crystalline molecular sieve having a crystal
size of at most 1 um, the upper layer comprising a
crystalline molecular sieve of crystals having at least
one dimension greater than the dimensions of the crystals
of the intermediate layer, and a layer of a refractory
material having a melting point of at least 1800°C or cne
other than silica.

4. A structure comprising a substrate, an
intermediate layer, an upper layer, the intermediate layer
comprising a crystalline molecular sieve having a crystal
size of at most 1 pm, the upper layer comprising a
crystalline moiecular sieve in which at léast 75 % of the
crystallites at the uppermost face extend to the interface
between the upper and intermediate layers, and a layer of a
refractory material having a melting point of at least

1800°C or one other than silica.
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- 22 - conmpounds, especi atty tight—alkenres—from al kane/ al kene m xtures,
nore especially ethene fron1 ro ene from propane; renoving

hydr ogen from hydrogen-cont alﬂmﬂgjml i@ peci ally fromlight refinery
and petrochem cal gas strea Iy fromC2 and |ighter
conponents; r @912/d2%hydr ogen fromthe products of refinery m#ﬁ"ﬁal
processes. such as the dehydrogenation of al kanes to give al kenes, the
dehydrocyclization of |ight al kanes or al kenes to give aromatic conpounds
and the dehydrogenation of ethyl benzerre30~gi ve styrene; renoving al cohols

from aqueous streans; and renoving al cohols from hydrocarbons, especially
al kanes and al kenes, that may be present in mxtures formed during the

manuf acture of the @I cohol g, strucm{_‘gn‘\_{gﬁ,&gﬁnggl chpdeyade ahfected
include isonerizations, e.g., of alkanes and al kenes, conversion of

met hanol or naphtéméaaaﬂ&araqer hudr agpent iarer, dabyﬁhstmﬁm«aa, 18y@r, Of
al kanes, for exanple propane to

comprising a crystalline molecular sieve having a crystal

size of at most 1 um, the upper layer comprising a

crystalline molecular sieve the crystals of which have a

crystallographically preferred orientation (CPO), and a

layer of a refractory material having a melting point of

at least 1800°C or one other than silica.

6. A structure as claimed in any one of claims 3
to 5, wherein the intermediate layer is substantially free
of voids extending through the thickness of the layer.

7. A structure as claimed in any one of claims 1
to 6, wherein the crystals of the molecular sieve layer-
areicohtiguous;

8. A structure as claimed in any one of claims 1
to 7, wherein the refractory material is a nitride or a
carbide.

9. A structure as claimed in any one of. claims 1
to 8, wherein the refractory material is titanium nitride.

10. A structure as claimed in any one of claims 1
to 8, wherein the refractory material is silicon carbide or
boron nitride.

11. A structure as claimed in any one of claims 1
to 10, wherein the refractory material is water- |
insensitive.

12. A structure as claimed in any one of claims 1

to 11, wherein the thickness of the layer of refractory
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propyl ene, oxidation, catalytic rlj“mnmql mlﬂ:uiﬂl;l ng and t her mal
cracki ng. Feedstocks deriv ons, , inthe form
of pettoleumor natural gas or feelstocKs derfved fron1coa| bi t umen or
ker ogen, or fron1a|r t he feedstocks containing at |east tmo ﬂﬁggﬁﬂﬁp
ecular

mol ecul ar  spe¥@Y28 be subjected to separation, e.g., by O
di ffusion, by contact wth a structure according to the invention,

advant ageously one confi gured V[)§7/25129

PCT/ EP96/ 05579 - 23 - as a menbrane, at
| east one species of the feedstock being separated fromat. |east one
ot her speci es. The followi ng table gives exanples of such
separati ons. material is within the range of from 1 nm to 1 um,

advantageously from 10 to 500 nm, preferably from 20 to
300 nm, and more preferably from 200 to 150 nm.

13. A structure as claimed in any one of claims 1
to 12, wherein the intermediatg layer, if present, and the
molecular sieve layer are of MFI zeolite.

14, A structure as claimed in claim 13, wherein
the crystals have a CPO in which the c-axis extends in the’
direction of the upper layer thickness.

15. A structure as claimed in claim 13, wherein
the crystals have a CPO in which an axis other than the c-
axis extends in the direction of the upper case thickness.

16. . & structure as claimed in any one of claims 1

"to 1%, wherein the substrate is porous.

17. A structure as claimed in claim 16, wherein
the substrate is alpha-alumina or a porous metal.

18. A process for the manufacture of a structure,
which comprises applying to, or forming in or on, a sub-
structure a layer of a refractory material having a melting
point of at least 1800°C, or one other than silica, the
sub~-structure comprising a substrate having thereon a
molecular sieve layer.

19. A process as claimed in claim 18, wherein the
refractory material is applied or formed by chemical
vapour deposition.

20. The product of the process of claim 18 or

claim 19.
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WD 97/ 25129
PCT/ EP96/ 05579 - 24 -

;eoggir ded N?(L/Ieglrjllegr(ortho para HIH‘N“IHiI“HWﬁE"ﬂenzene dr og Par ax%l ene and

Hydr ogen, H ewo®2sead a e RCT/EP

| sobut anes hbrnal butane Nor mal and

| sobut enes ' Nor mal but ene Ker osene
containing CJerr] to (Jerr] normal paraf3si frs Cerr] to CJerr] norna
paraff ins Ni t rogen and oxygen Ni t rogen
(or ‘oxygen) Fydrogen and net hane ' '
;Zg/r S?en Hydrogen: et hal{.'estarrt]x%t%trgylagnglalmed in any one of clgtlﬁi%ygr ogen
Coker napht hag,gogbabpi 3@ & list InCkREr 0P dBla membraneerr] to (err]
nor mal ol efins and paraffins ol efins and

paraf fins Met haze. and &’ lmnsesisx forethe oserEnmatignaefom,£luidHel i um neon,
mixture which comprises contacting the mixture with one '
face of a structure as claimed in claim 21, under
conditions such that at least one component of the mixture
has a different steady state permeability through the
structure from that of another component and recovering a
component or mixture of components from the other face of
the structure.

23. A process for catalysing a chemical reaction
which comprises contacting a feedstock with a structure as
claimed in any one of claims 1 to 17 or 20, which is in
active catalytic form under éatalytic conversion
conditions and recovering a composition comprising at
least one conversion product.

24. 'A process for catalysing a chemical reaction
which comprises contacting a feedstock with a structure as
claimed in claim 21, that is in the form of a membrane and
in active catalytic form, under catalytic conversion
conditions, and recovering from an opposite face of the
structure at least one conversion product.

25. A process as claimed in claim 24, wherein the
conversion product is in a concentration differing from its

equilibrium concentration in the reaction mixture.
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g e NS 5
I nt er medi at e reactor catalytic refor rogen, and/or

products contai ni ng hydrogen and/or |i‘ghf gases $ |i*ght gases

(derr]- C[err]) Fluid catal ytic cracking products contai ni .
Hydr ogen, and/ o¥ ’ﬁ’%’rr] and/or |ight gases "RCTIEP96/05579

| i ght gases Napht ha containing (Jerr] to CJerr] nornmal paraffins

Cerr] to (Jerr] normnal - 39 -

par affins Li ght coker gas oil containing CJerr] to CJerr] normal (err]
to CJerr] normal ol efins and paraffins

ol ef ins and . . )

paraf fins Nornal nd i sopePFasess as claimed in any one of claims\gang|

pent ane d I,sopent , Nor nal
pent ene rTﬁf’a hﬁ}%&e‘r’i’ %§ﬁdsﬁrf‘%u§e is in close proximity tp gr .o,

and  10- carbon iR OO AS with a catalyst or a further catalygt.trogen e.g.
Par adi et hyl - benzene

M xed but enes 27. A process for catalysing a Bnémitall reacSibpha
and/ or nitrogen conpounds Herr]S and/or NH err]
Tol uene/ benzenewhih fiQRPrises contacting one reactant gfm dij@olecular

97/ 25129 reaction with one face of a structure agﬂVf%%ﬁy' §g7gn}

one of cla;ms 1 to 17 to 20, that is in the form of a
membrane and in actlve catalytic form, under catalytic
conversion cond1tzons, and controlling the addition of a
second reactant by diffusion from the opposite face of the
structure in order more precisely to control the reaction
conditions. | |

28. A_product-produced b§ a précess as claimed in -
any one of claims 22 to 27. | |

29. The usé of a refractory material other than
silica to improve the selectivity of a molecular sieve
membrane, especially a zeolite membrane.

30. Any new or novel feature described herein or

any new or novel combination of hereindescribed features.
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- 25 - Exanpl es of chem cal reactions which may be effected by
the structure of the invention, advantageously one configured as a
menbrane, in association with a catalyst, (e.g., the catalyst is in a
modul e with the structure) or treated to inpart a catalytic function to_

t he structure, Lven in the foll ow ng table: PCT/EPY6/05579
Feedst ock/ procgg?ﬁsgb Product Yi el ded M xed xyl enes (par a,
ortho, nmeta) and Par axyl ene and/ or et hyl benzene

et hyl benzene Et hane dehydrogenati on tg} éyl ene Hydr ogen

Et hyl benzene dehydrogenation to styrene gen But anes
dehydrognation to butenes Hydr ogen (iso's and normal s) - Propane

dehydr ogenati on t ropyl ene Hydr oger‘ﬁ Cerr]-Cerr] normal paraffin
Hydr ogen dehywenat ion to olefins 2 Hydrogen Sul phi de deconposition

LA

Hydr ogen Ret ng Hydr@agen, |ight
dehydr ogenati on/ ameeat i zati on hwdy oqar bons (( §§§IC[ err])
S 5s
8 << "
~

SUBSTITUTE SHEET (RULE 26)



Li ght Petrol eum Gas Hydr ogen

dehydr ggenati on/ aromati zati on M xed But enes

But ene- 1 The structure of the invention may be enployed as a
menbrane in such separations and conversions w thout the - probl em of being
damaged by contggb. Mo the materials to be treated. Furtherperrmpossssny of
‘these processes are carried out at el evated tenperatures, for exanple, as

‘high as 500[err]C, and it is an advantage of the structure of WO
97/ 25129 PCT/ EP96/ 05579 '
- 26 - t he present invention that itm be used at such el evat ed
t enper at ur es. - The present inventi cordingly al so provides a
N " =5
[ oy — gy
O rk S&
— < = -—t =
) o
T ~ = =
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process for the separation of a fluid m xture which conprises contacting
the m xture with one face of a structure according to the invention in the
formof a nenbrane under conditions such that at |east one conponent of
the mixture has a different steady state perneability through the
structure fromgd@lsspdy another conponent and recovering a CONOVEPSENSST
m xture of conponents fromthe other face of the structure. The

i nvention further provides a process for catalysing a chem cal reaction
whi ch conprises contacting a feedstock with a structure according to the

I nvention which is in active catalytic fom der catalytic conversion
conditions and recovering a conposition ¢ sing at | east one conversion
product . The invention further provides a process for catalysing a
chem cal reaction whi q[v’:orrpri ses contacting a feedstock with a structure
according to the invention, that is in't e forfn of a rrenbrqne and in
active catalytic for nder catalytic c on condi ti cEsq:. and
recovermgfroman oppess te face of the s r‘_U‘, e at x=:

L.
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| east- -ong conversion product, advantageously in a- concentratlon d1ffer|ng

fromits eqU|I|br|un1concentra- tion in the reaction mxture. . WO
97/ 25129 PCT/ EP96/ 05579 -
- 27 - The |nvent|on further provi des such processes for

- catalysing a chemical reaction in which the structure is in close
“proximty to or in contact with a catalyst. The invention also provides a

process for catalysing a Ch%ﬁ%ﬁﬁ£u15?954'% hp COMIJ.$€S contacting one
reactant of - a binolecular reaction wth 0 - ucture according
to the invention, that is in the ég gz of ﬁ ne&%rane ,and in active
catalytic form under catalytic s, and controlling the

addition of a second reactant by diffusion fron1the

!

This invéntian relates to molecular sieves, especially to
crystalline.moiecular sieves, and to layers containing'them. More
eSpecially, the invantian'relates td a layer, éspecially a supported
layer, containing a crystalline molecular sieve and a atructure
compriaing such a layer. o

Molecular sieves find many uses in physical, physicochemical,
and chemical processes, most notably as selective sorbenta, effecaing

~separation 6f components in mixtures, and as catalysts. In these
applications, the cryatailograﬁhically—defined_pore strucﬁure.within
the ﬁolecular sieve material is normally required to be apen, and it
is then a prerequisite that any strucrure- directing agent, or
template, that has been emploYed”in the manufacture 6f thermolacular
sieve be removed, usually by calcination. |

'EP d 485 180 describes a catalyst_coﬁpasition £or purification
of exhaus;'gas and ias preparation. The catalayst comprises a first
zeolite'layer with a heat-resistant oxide layer daposited thereon;
there is no discussion of.mambranes. |

US 5 120 692 describes twé'layered catalyst which,compriae

molecular sieves coated with non-oxide layers.
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opp05|te face of the structure in order e preCLseI y—'to contrc')'lr t he
reacti-on conditions. The process may, for exanple, be gsed-to control
et.hyl'ene, propylene or hydrogen addition to benzene in t he for mati on of

et hyl benzene, cunmene or cycl ohexane respectivel y. : The foll ow ng

Exanmpl es, in which parts are by weight wunless indicated otherw se,
iIIustrate'the invention Support disks, seed sols and syntheS|s :
m xture were 8¢, ks with _ca. 80-nm
pores and ca. 30 Yo gpgr%{y,é#ﬁ@ Redd %1‘*%1]5‘6. % rﬁﬁ? Wt ¢l eaned

b | f h 60 d by ul d
! caning | FORRELBFk Toc APt 866 cRNBUT RIS %séiéoi’éaﬁ Gt Wvomeens of &

overni ght in vacuum The fol l owi ng seed sols were prepar.ed:
28  Sol 19%ELigRF MASiM-calite crystals  10.64 wt % sol i ds. Sol 2, ca.

120 nmsilicalite crystals - 3.7 wt% solids.

Numerous materials are known to act as molecular sieves, among
which zeolltes fOrm a well-known class. Examples of zeolites and
dthe: materials suitable for use in the present invention will be
given below. | | |

In our earlier Internat;onal Application WO 94/25151, the
disclosure of which is incorporated by reference, we have described

an inorganic layer
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Sbl 3, mixture of 75 wt% Sol 1 and 25 wt28Sol 2.-7: Sol."1 was pregared by
di'ssolving 11.47 g of NaOH (Baker 0402, >98% pufe, ifA-818 g of a 20
W % aqueous solution of tetrapropyl amoni um hydroxi'de "(TPACH - Fl uka

'88111) Thersol76, g¢ao0%$0 sin isdild catitle hoirstad s( Bak®d . @3 3t t5polkd=®. added and
the mxture boiled for 10 mnutes with stirring. After cooling, the
wat er | ost gdhy2,beal iTap nasiliedbiteiprysihes nmd . etswaslidg ansferred to
a pol ypropyl ene flask which was placed in-an oil bath at 50[err]C and

mai nt ai ned o1t Bat miLrped JUre {es Sh 1w 28hees exdll ki.ng slurry was

washed until the wash water pH fell below 10. Sol 2 was prepared by
m xing a highly al kaline synthesis mxture with a synthesis m xture of |ow
al kalinity. The hi ghl y al kaI i ne m-xture was: prepared as descri bed -

?EilirfSLoz% °In $5° S&aéé)% o BRI A RaRer? oy s o)
78,10 S "M T At o B MO AR A 27
tetrapropylammonlum hydroxlde (TPAOH - Fluka® 88111) Then 176
| g of 8111c1c_ac1d hydrate (Baker® 0324. 5) were added and the
mixture boiled for 10 minutes with'Stirring.: After cooling,
the waﬁer los; by .bpiling Qas made up, ehe mixture. Wae
traneferred to a polypropylene flask whichlwas élaced in an
oil bath at 50°C{ and'maintained at that temperature for 14
days. The resulting slurfy was washed until the wash water pH
‘fell below 10. | |
.Sol 2 was prepered by mixing a highly aikaiiﬁe synthesis
mixture with a synthesis mixture of low alkaiinity.

- The highly'eikaline mixture was prepared as described
above for Sol 1, using 102.36g of TPAOH (Fluka® 88111), 1.445g
of NaOH (Baker® 0402) and 20.95g eilicic acid hydrate (Baker®
0324.5), but with boiling ﬁef 5 minutes onlyf. |

On cooling, the mixture was aged at rooﬁ temperature for
about 7% ﬁonths. |
The low alkalipe mixture was prepared by diesolving

0.599g of NaOH in 139.46g deionized water in a glass
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The toew.al kaline m xture was prepared bQQdISSO|VIﬂg 0 5999-of NaCH in- .

139. 46g. dei oni zed water in a gl ass - > 29
beaker. 4.69g of tetrapropylannonlun1bron1de (TPABr) (Fluka 88105) wer e

added and sthegiad Wi teh s6agnegnest fapiopylammeiniuh browddel ¢TPABrdi (lalkad.
Final Iy 50. 06g col | oidal silica (Ludox AS-40, du Pont) were added, the

m xture stiggesh)f Gfere MhdddESand bbEAraUERitlOr a 1Ragaysi At st Dffa ea@erat ur e.
The two aged synthe5|s m-xtures were m xed, using 28.38g of the | ow

al kal ine i agy %%Ql\gédt hehm%q&yakgabweco ot €a: Pilh Clriehcald | zed

for 18 hours a 125 e autoc ave. The resu t|n

S! urry m.SCX?-{bpdé#]i %' nt fw?lx:le X de t%'hep §1f1+ bselj_z.%e?iofor%eﬁié@@es, _

m croscopi eeds revea oval® Seeds
di mensi ons about 120 oval surface 50 height) nm i.e., an aspect
‘ratio of sEﬁﬁﬁMﬁﬂ?daEBFel% ays at Iepm (T rSks twere placed in the

speci men chuck of a Convac MIS-4 spinner, and spun at 4000 rpm for_ 30
seconds to The two aged synthesis mixtures were m:Lxed using 28.38g

-of the low alkaline mixture and 3.17g of the high alkaline
tﬁj.xture, and crystall:Lzed for 18 hours at 175°C in a 125 ml
tube ap.toclave. " The result:.ng slurry was washed until the
wash v;rater pH fell below 10. - Electron microscopic lnspectron
of the seeds reveals flet, oval seeds, of dimensions about 120
x 90 (oval surface) x 50 (height) nm, i.e., an aspect ratio of .
somewhat above 2.

The soaked disks were placed in the spe(:imen chucl_c of a'
Convac® MTS-4 spinner, and spun at 4000 rpm for 30 Seconds to
remove excess water. Theh the disks were covered wi_t.h the
'seed sols as listed in the Th_bl_e below, and after 10 seconds
spun at_-4000 rpm for 30 .seconds to obtain a thin zeo.lite .
nucleation layer.

The coated disks were ._clampeo. in a stainless steel
holder and placed in a stainless steel autoclave with the
seeded side facing downwards and at a distance of 8 mm 'frorlh'
the autoclave_ floorx.

To form the synthesis mixture ‘itself, sodium hydroxide -
was we:.ghed into a polyethylene bottle, water was added and

the ' solut:.on 'st:ered - with a. magnetic
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r‘erm'\'/e excess water. Then the disks wegge coveér&H with the; seed:sols as
listed in the Table below, and after 10 seconds §pun at 4000 rpm:for 30
seconds to obtain a thin zeolite . nucleation |ayer. ' “The coated

di sks wer egteradpedntil athé aBodbas hgamnddwobacharcmpiqﬂeayeanm-oaved
stainless steel autoclave with the seeded side facing dowwards and at a

di stance of pBai {a@MeHehe sAdeaClaite fhPOMixture waslOstDfrad Nentsiint Erei s
m xture itself, sodium hydroxide was weighed into a polyethyl 'ene bottl e,

vater vas added ang cbiffiecely 32bUb1PL. Figrgatl' 15,64 si11¥h!Be1

magneti c tlrrer unt| the 50|um

hydr oxi de vvasht o sltﬁ%gé%% oI ved f"e‘F@Fé d‘gdgggrggﬁl tf%% n): ure

was stirredig ina a5| I ca
gel (LUDOX HS) was = added and the m xt ure VI gorously sti rred for two
m nut es. minute&he resul ti ng .nol ar conposition of the synthesis mxture

The resulting molar comp051tlon of the synthesis mixture
was: | | D
0.22 Naj0/10 Si02/283 Hp0/0.52 fPAﬁr
The synthesis mixture was_pdured_in the autoclave until
the liquid surface wes just below the upper surfacenoﬁ the
disk. The autoclave was clqsed,;plaeed'in an oven and heated .
to 175°C for 24 hours.
After cooling down, ﬁhe autoclave was opened, the disk
removed and placed in 200 ml of deminef_alized water .atl ca
. 80°C. After one hour the water was refreshede This washing
_ stgp-wes repeated untii the conductivity of the_wate; was <5
' pSiemens/cm after being.in cqntact with the disk for at least
one hour at 80°C. |
| -Any.zeolites formed on the non-eeeded face of the disk
were removed by mechanical grinding.
The disks were then dried'overnight.in eir'in an oven at
105°C.
Subsequently the ~disks were calc:.ned by heat:.ng up at'_.
10°C/hour t0'500°c, keeping at 590°C for 16 hours under an air

flow of 0.5 litre/min, and coollng down to room temperature.
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was: "’ 0.22 Na[err] Q' 10 Si O errks283, FEerr]Q/0.52 TPABr-

The sy ﬂ Ijums poured in the autoclaveluntil - the Ilqw ‘d surface
was Jugt\'mnmr“u “ surface of the disk. The autocl ave was Cl osed,
pllaced ih ah dverl and heated to 175[err]C for 24 hours. Af ter

cool i ng down, the autoclave was opened, the disk renoved and placed in 200
.m of dem nerallzed water at ca 80[err]C After one hour the water was

r ef reshed. | S,aashing step was repeated until the conductivity of the
wat er was r] Sienmens/cmafter being in contact with the disk for at
| east one hour at 80[err]C Any zeolites formed on the non-seeded

face of the disk 1were? efforneetwye néBh&Hiec floxgw | fli agmembrane RempEHking a
were then dried overnight inm air in an oven at 105[err]C.

Subsequent Ipordigs diwkstvste, cal mohedulurhedieveg luyeat, atd ef riGHlesE 18yer,
500[ errTC~keeping at 500[err]C for 16 hours under arf air flow of 0.5

litre/mn, %@\Wéffgego% t%&@”&ﬂé”&%ﬁﬂ&xﬁ 1ayer is of a refractory

materlal having a melting point of at least 1800°C.

2. A structure as claimed iﬁ claim 1 wherein the
further layer is of $ refractory material other than silica.

3. A structure as claimed in claint_l which further
comprises an intérmediate"layer comprising a crYétaliine
molécular sieve having a.crystal size of at most 1 um, and the
molecular sieve layer is an upper layer comprising crystalline
molecular sieve of crystals having at least one diménsion
gréater than the dimensions 6f the érystals of the intermediate
layer.

4. A structure as claimed in claim 1 which furthér
comprises. an intérmediate layer comprising a crystalline
molecular sieve having a crystal size of at most 1 um, agd the -
molecular sieve lgye; is an upper 1ayé¥ comprising a
crystalline moleculaf sieve in Which. at least 75 % df the
crystallites at the. uppermost  face extend to the 'intérface

between the upper and intermediate layers.

r \3 { : ‘1". \.-ET
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m Il 36  -°I PCT/EP9&/ 05579: "
III"”““"B cal cination a dye test was pérforned, iy covering the..
zeo |Fe Fayer " t5h 3 wt % Rhodami ne-B in nethanol, letting stand for 10

séconds, and washisig of A tdteuetiass dee vm:lénmmdhaml cTaimpeLnewhich of
cair through t he di sks mas neasured at roon1tenperature by applying air at

- an absol ute e I d degbei ng
connect ed tgﬂ{ﬁe opéﬁ&n a so ute press%?ggtébafayéﬁrouaﬂﬁgi%iﬁ% neter

The results of the tests are s mrari zed ip the Table

di sks were tq%%??q;;'a]t’ébe wWRPhEEH aﬁ'sﬁi‘ge‘%eﬁ?gépg \?ap%Ws‘a%goﬁltzForP‘? C@'B) :

For this purpose, each disk was placed in a brass holder that shielded the

back and most 1 um, _and the molecular sieve layer is an upper

layer comprising a crystalline moleéu;ar sieve the
crystals of which have a crystallographically pref-erx_'ed.
orientation (CPO). |

6. A structure as claimed in any ;ne of claims 3
to 5, wherein the intermediate layer is substantially
free of voids extending through the thickness of the
layer. |

7. A sfructure as claimed in any one of claims 1
to 6, wherein the crystals of the molecular sieve layer
are contiguous.

8. A structure as claimed in'any one of claims 1
to 7, wherein the refractory material is a niﬁride or a

carbidg.

9. A structure as claimed in any one of claims 1
to 8, wherein the réfractory. material is ;itanium
nitride.

'10; A structure as claimed iﬁ any.one of claims 1

to 8, wherein the refractory material is silicon carbide

~ or boron nitride.
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part ‘mmﬂms““ﬁ“mm he disk. Then the3di sk ree&i ved a trrlierrreil”ii
pre-t D-reactor by heating up at- 100[ekr]C/ hgur:ito
700[:ert] ¢ KReefi ng at 700[err]C for 2 hours under” 200 miorr niffogen, and

cooling down to rppm t @mAlAidthere &% cbgimbis ipr ey eaieerf abdimbsa
- during the subsequent coating step, copper was evaporating fromthe brass

- hol der . wa e-1i r to | ess =
t han 350[ ertﬁ C éat g’%‘%g 0] glflré] C%’%f%*‘f%] Cflhoﬁfgggnd%%oa?ggg\%\n th TiN
using TiClferr], NHerr] and Herr] as reactant gases under conditions -

that form a?-ﬂﬁﬁfb?l‘a“’?hl ckness ca. 200 nm-on a silicon wafer reference

material. The reactor was cool ed down at 100[err]C/hour to 450[err]C,

opened to atnpspiese, rAaEtditirutefastoladmedt dnr amy teerpesftotaims 1
WO 97/ 25129 PCT/ EP96/ 05579

- 32 - to 11, wherein the thickness of the layer of refractory

t'nateri'al. is within the range of from 1 nm to 1 pum,
advantageously from 10 to 506 nm, préferably_ from 20 to
30Q nm, and more preferably from 20 to 150 -nm.

13. A structure as claimed in any one of claims 1
to 12, wherein the interm_ediéte layer, if present, and
the molecular éieirg layer are _<;f MFI zeolite.

14. .A structure as claimed in claim 13,.'-wherein.
the crystals have a CPO in which the c-axis extends in
the direction of the upper layer thickness.

15. A struct;,ure as -clairﬁed in claim 13, wherein
the érystals hafre a CPO in which an axis oﬁher than the
c- axis extends in the direction of the upper case
thicklne_ss.-.

16. A structure as claimed in claim .1, wherein -the
substrate :is alpha-alumina or. a porous metal.

17. A pi‘ocess for the manufacture of a structure,
which comprises éppiying to, or forming in or on, a sub-
structure a layér of a . refract_ory material having a

mel'ting point of at least 1800°C, or one other than
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Each “me E“mm‘!aﬂmum tltanl umnitride as SEL was subj ect ed to the air
per meat 'WB“‘“ above, with results as:shown: in tthe Table bel ow.
Subsequent| y* the "menbrane was rmounted in a hol der with corinexi ons for
feed and sweepigas ithet subrétpuoteatee qoupriséngate substrate Aawing
"~ tenperature of 250[err]C, the nenbrane was fed w th a hydrocarbon m xture,

- typically ofhabash althol¥éceiiby diReen@yedd. 3% . p-xyl ene (pX), 51, 3%
- mxylene (mX) and 13. 1% o- xyl ene. The hydrocar bon feed was diluted with

. hydrogen-at" a rat of droge s used as-a:s p s _.af, t

" perneate side of bﬁe z%o???gg n‘%‘lsar? LﬁFeénﬁb?%ﬁ%mmgg'h Z’[e&?lfrhnﬁ?‘u%r to
360[err]C and the perneate and retentate gas m xtures were analysed by an
on-line gasrefraphoryr apAteripdm e @plaad| yors formedubyndhemical
selectivity were calculated at different pressures. The pX/ nX sel ectivity

(a) is def{ggduasdtpbkation. pX conc. (pernﬁ) mX conc. (feed)
a = mX conc. (perm) pX conc. (feed) '

19. The product of the process of claim 17 or
claim 18.
20. A process for the separation of a £luid

mixture which compriseé contacting .the mixture with one
face of a structure as claimed in any.one' of claims 1 to
16 or .19,_ under conditions ;such that at least one
comporient of the ‘mixture has é_. different steady state
permeability through the structure from thai; of another
component and recovefing a. clo.mponent’ or mixture of
components from the other face of the structure.

21. A process fof'catalysing a .chemical reaction._
which comprises cént—a_cting a feedstock with a structure
as claimed- in any one of clairﬁs 1l to 16 or 19, which is
in active catalytic form under catalytic conver.sion
conditions and reco{reriﬁg a compositic_an. cémprisling at
least one conversion product.

22. A procesé for catalysing a chemical reaction

- which compfises contacting a feedstock with a structure

as claimed in any one of claims 1 to 16 or 19, that is in
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The -t
rate,

st ream ttte tatfo S

e e T

““ Hml““trnmnmLt he nembrane is @8ternined by the hydrocar bon feed . .
| of the hydrocarbons in the feed- and perneate .
of* sweep to feed gas flowrate and the menbr ane ar ea. '

WD 97/ 2512%he form of &a membrane and in active catalytic form,

PCT/-EP96/ 05579 ' - 33 - [err] -~ WD 97/ 23129
PCT/ EP96/ ORf¥fer catalytic conversion condifdons, and recovering

from an opposite face of the structure at 1least one -

conversion product.

23. A process as claimgd in clain 22, wherein the
conversion product is in a concentration differing from
its equiiibrium concentration in the reaction hixture;

24. A process as claimed in any one of claims 21
t§.23, wherein the structure is in close.proxihity to or
in contact with a catalyst or a further catalyst.

25. .A process for cataiysing a chemical reaction
which comprises contacting one reactant of a bimolecular
reaction with one face of a structure as claimed in any
one of claims 1 to 16 or 19, thét is.in the form of a
membrane and in aétivé catalytid form, under cétalytic
conversion conditionmns, and.cont;olling the addition of a
second.reactant by diffﬁsion frdm_the opposite face of
the structure in order more precisely to control the
reaction_e;nditions.

26. A product produced"b'y a pr.ocess as claimed in

any one of claims 20 to 25.

27. The use of a refractory material other than

silica to improve the selectivity of a molecular sieve

membrane, especially a zeolite membrane. REPLACEM™ T
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As %hbwﬁ in the Tabl e above, the sel éctivi ty of the rreanﬁBLACEMENIsSHEE]

-i ndependent of the pressure and the- flux is proportional to the system

pressure. The exanpl es al so show that the SEL-coated nenbrane is
stable at tenperatures in excess of 350[err]C. The acconpanyi ng

dr awi ngs show. in Fig. 1, the secondary el ectron i mage of the

menbr ane of Ex. 4, in Fig. 2, the Si elenent map of the sane
menbrane, and, in Fig. 3, the Ti elenment map of the same nenbrane.

In Fig. 1, there are shown in turn, starting from the bottom of the
figure, a cross-section of the support disk, a cross-section of the
menbrane itself, ﬁ@_p&es@ﬁﬁSP:%?édt\i%nVFQWIQieé,hQ.nTlaNf§9¥€r@ébé&r}fbraane _
surface. ~In Fig. 2, the central dark band shows the Si atoms in

~ the cross-sesidutuet LHecH@MHYAN®f a membrdn® tofipr Ssid@fmBupBerydh its
acconpanying TiN reffactory layer 1s shown as tﬁe central band, with a
nunmber of craaksldoultbesevdriaier,i bh@da bfudtherTilAver, the further

layer being of a refractory material having a melting point of

at least 1800°C.

Silica is expressly to be avoided because of its water-

sensitivity, a serious disadvantage in numerous membrane

applications.

Advantageouély, the effect of the further layer is
to reduce indiscriminate, of non-selective, flux through
the structure while having liftle deleterious effect on
the flux of a species cﬁpable of passing through the
pores of the molecular sieve layer.

Advantageously, the refractory material lavyer
comprises a carbide, especially silicon carbide, or a
nitride, especially boron nitride, silicon nitride, or,
prefer;bly, titanium nitride. Advantagecusly, the
refractory material is water-insensitive. Other
materials may be present in the layer, for example; an
oxide may be formed by exposure of the chosen refractory
material to the atmosphere; the resulting oxide is
preferably also a,refractory.-

Advantageously, the thickness of the refractory

layer is within the range of from 1 nm to 1 gm, more
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CLUAl M5+ 1. . A structuré in tr:e fo;m of a rrenbraneREMglEnMéNT SHEET

. porous substrate, a nolecul ar sieve |ayer, and a further |ayer,

characterised in that the further layer is of a refractory material having
a nmelting point of at |east 1800[err]C. A structure as

clainmed inclaim 1 wherein the furthekr-layer is of a refractory

mat eri al other than silica. 3. A structure as clained in claim1
whi ch furt

: I dj at talli

ol coul ar Vet REV RS 3 HRAThra LV boE a hraat ot o RTEPRAnG the
ol ecul ar skefshBkeldek AN LDRET | RUSLACQIR 51 Ngh gEVSLalLiRg 4 TRl ecul ar
sieve of crystals haV|ng a AS o f%

T%35t one greater

di mensi onse 0&vh 8@ aC kil Sa Ol &Qe Lat @l QS%‘P HfriddYefor examplst A

e
structure as claimed in claim1 which fur her
calcination, and certain déperation and regeneration

procedures, the layer may crack. During appliéation of

the refractory layer of the present invention, by a

method involving temperatures comparable with such

procedures, cracks may appear, but they are filled by the

refractory material. On cooling, the molecular sieve

material may attempt to expand but cannot do so, because

the cracks are filled, and thus the molecule sieve is

compressively stressed. On re-heating to operating

temperatures, the molecular sieve will not crack again.

Although it -is preferred that the SEL be positioned

on the free gurface of the molecular sieve layer, it will
be understood that it may be positioned elsewhere in the

structure, and that a plﬁrality of SELs m&y be included

'in the structure, of which one is advantageously on a

free surface.

Advantageously, the molecular sieve layer is

crystalline, and advantageously the crystals are ordered.

This may be achieved as described in our above-mentioned

Application PCT/EP95/02704. Accordingly, in a second

aspect of the invention there is provided a structure

in the f

orm of a membrane comprising of a substrate, an
intermediate layer, an upper layer, the intermediate layer

comprising a crystalline molecular sieve having a crystal size

of at most 1 um,




-

. - NT SHEET
conprises an internmedi.ate |ayer conprising a crystalli neREMQ§W§Je§§
having a crystal size of at nost 1 [err]m and the nol ecul ar si eve

‘layer is an upper layer conprising a crystalline nolecular sieve in
which at least 75 %of the crystallites at the uppernost face extend to
the interface bet ween the upper and 4 rg ernedi ate | ayers. - 36

4. A structure as claimed in claim 1 which further conprises an

i ntermedi ate layer conprising a crystalline nolecular sieve having a
crystal sith® H#PRET kB¥er ¥dmorisinand ch¥sydlddinarnslegslpayeieve an
upper layer conprising a crystalline nolecular sieve the crystals of

whi ch havé® %’r'gg iFo TRt ylprefePped AiF9nhHieR | BRepEPO) than 5.

A structurfhgs claimed in any one of cl ai to 4, wherein th

| y I N8 4, ,
i ntermediate | 4y oFmsdonfh R hint el F§Y5FP3§ &fz\}:d'r?isl‘é&?ﬁﬂasﬁéttehﬁﬂgeﬁ't he
- thickness Qﬁdtgelayer of a refractory material having a melting

point of at least 1800°C or other than silica.

In a third aspect, the present invention provides a
structure in the form of a membrane comprising a substrate, an
intermediate layer, an upper layer, the intermediate layer
comprising a crystalline molecular sieve having a crystal size
of at most 1 um, thg upper layer comprising a crystalline

molecular sieve in which at least 75 %, and

advantageously at least 85 %, of the crystallites at the
uppermost face extend to the interface between the upper
and intermediate layers, and a layer of a refractory

material having a melting point of at least 1800°C or

other than silica. _

In a fourth aspect, thg present invention provides a
structure in the form of a membrane comprising a substrate, an
intermediate layer, an upper layer, the intermediate layer
comprising a crystalline moléecular sieve having a crystal size
of at most 1 um, the upper layer comprising a crystalline
molecular sieve the crystals of which have a
crystallographically preferred orientation (CPO), and a
layer of a refractory material having a melting point of
at least 1800°C or other thaﬁ silica. CPO and a method

by which it may be measured are discussed in more detail

Below.

REPLAGE?-I:E?-&T SHEET
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| ayer. = 6. .A structure as cl alrredln any one of CIFSE?BL%CEMENT SHEET

-Wherein the crystals of the nolecul ar sieve |layer are contiguous..
7. A structure as clained in any one of clains 1 to 6, wherein the
refractory material is a nitride or a carbide. . 8. A structure as
claimed in any one of claims 1 to 7, Werein the refractory material is
titanium nitride. : 9. A structure as clained in any one of

clains 1 ?%g Znﬁ@??§¥{£the refractgrxﬁn&terial i S siiicon car bi de or

boron nitr EBRS materis SIRA A ESQUS LV aPFEF S &y one of
?Lg;gﬁiSiVigffgciéﬂﬁyf'fotheprESBEQEQQWBEr?ﬁgrégLal'%atetfgf of

the layer that the molecular sieve crystals remain

contiguous.

The invention further provides a process for

manufacturing a structure.

The present invention provides a process for the
manufacture of a structure, which comprises applying to,
or forming in or .on, a sub-structure a layer of a
refractory material having a melting point of at least

1800°C, or one other than silica, the sub-structure

comprising a substrate having thereon a molecular sieve

layer in the form of a membrane.

Advantageously, .the molecular sieve layer has a

free face, and preferably the refractory layer is formed

in or on or applied to that free face. Alternmatively, if
the substrate is porous, the refractory la?er may be

formed in or on or applied to a free face of the

substrate. It will be understood that the refractory

layer may be formed within the sub-structure if the

substrate or the molecular sieve layer is permeable to

the material of the refractory layer or to reactants that

will produce the refractory material under the conditions

of manufacture.
The sub-structure may be as described above with

reference to all aspects of the structure of the

invention.

TRrBLACEMENT SHEET
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l}VAs'tructure as CJl_a'I‘I’T‘Ed—‘I—ﬁ—aﬁ-y——e-FHf claims 1 to 10, wherein t

t hi ckness of the Iay mat 8bi al is mﬁthlqggﬂaLde Eﬁﬂﬁ} hﬁEE?r
1 nmto 1l [err]m ﬂ ’@E E #m 10 to 50.0 nm preeralyfromZOto

300 nm and nore pre

0 150 nm A structure as
clainmed in any one of clains 1 to 11 wherein the interrredl ate layer, if
present, and the . nolecular sieve Iayer are of MFI zeolite. 13. A
structure as clainmed in claim12, wherein the crystals have a CPO in

~which the ¢iaXMs extends in the direction of the upper |ayer thickness.

14. A structure as clained in claim 12, wherein t he crystals have a CPO
in which an axis otherta_ t axis e S. | ct on of the
upper case t hi ékness™ E %Jl%‘]% =0 éé?rd?turgoasgc%gﬁbn% nch“E‘i“rﬁ%nc a
wherein the substrate is al pha-alum na or a porous netal. 16. A
process foPORPAISEFHRSHETFR. 02 Boserudedr sievenfiayeTcommd FesiEppiss nayer,
or formng in or on, a sub- structure a layer of a refractory nmateri al

having a characterised in that the further layer is of a refractory
material having a melting point of at least 1800°C.
2. A structure as - claimed in claim 1 wherein the

further layer is of a refractory material other than silica.
3. A structure as claimed in claim 1 which further
comprises an incermediate layer comprising a crystalline

mclecular sieve having a crystal size of at most 1 um, and the

molecular sieve layer is an upper layer comprising crystalline

molecular sieve of crystals having at least one dimension

greater than the dimensions of the crystals of the intermediate

layer.

4. A structure as claimed in claim 1 which further
comprises an intermediate layer comprising a crystalline
molecular sieve having a crystal size of at most 1 pm, and the

molecular sieve layer is an upper layer

"crystalline molecular sieve in which at least 75 % of

comprising a

the

crystallites at the uppermost face extend to the interface

e e R T

between the upper and intermediate layers. AUEMENT DHEET
v Wit i

-
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of a nmenbran roeess as clainmed in claim16, wherein the
refractory material is applled or formed by chenical vapour deposition.

18. The product pof thg ps%%%:%@fu' 3 A MA8 i}eq Clidd Mt bim 1

process for the §§parat|on of a m Xt ure mhlch conpri ses contactlng
the m xture one face of a structure as claiped in any one of clains 1
Lol 15 or | T TRRr COMRRTFohs Shor RIBATA A LS | RNt & he

m xture has a different steady state perneability through the structure

fromthat ofrysoabkinecowjecaribramiiewcohaving a compareht sbzenoft e of
conponents fromthe other face of the structure. 20. A process for

catal ysing @o§heni Cih,reagdi @he molecular sieve layer is an - upper
layer comprising a crystalline molecular sieve the
crystals of which have a crystallographically preferred
orientation (CPO).

5. A structure as claimed in any one of ciaims_g.
to _4, wherein the intermediate layer 1is substantially
free of voids extending through the thickness of the
layer.

6. A structure as claimed in any one of claims i
.to §, wherein the crystals of the molecular sieve layer
are contiguous.

7. A structure as claimed in any ane of claims 1

to 6, wherein the refractory material is a nitride or a

carbide.

8. A structure as claimed in any one of claims 1.
to 7., wherein the refractory material 1is titanium
fiitride.

9. A structure as claimed in any one of claims 1

to 7, wherein the refractory material is silicon carbide

Oor boron nitride. cnhmT UH[ET

Hh.i
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whi'ch sconpri sesmng a feedstock with a structure

as cI ainmed in
one of claims 1 aw“ﬂ“mmnﬁmlm his in active catal thn: f@HEET
catalytic conver and redovering a conposition  conprising

at |east one converSidn Product.

21. A process for catalysing a
chemcal reaction which conprises contacting a feedstock W|th a structure

as clained in anyl@ne & simugiire tas 1Glaimad ippapy| enppof claims dg (e
formof a nmenbrane and in active catalytic form under catal ytic

conver si on g®ndist,i onghea8dnr eameer | pgErheosran oppeestisd f ades ofwateer-
structure at |east one conversion product. 22. A process as clained

in claim 21 g@ggﬁ Ehe conversion product is in a concentration
differing £ FOR ST equilibriumconcentration in the reaction m xture.
- 23. A process as cl ai rred in an%/ one of claing 20

11. structure as claimed in any one of claims 1

to 10, wherein the thickness of the layer of refractory
material is within the range of from 1 nm to 1 um,
advantégeously from'io to 500 nm, prefe;ably from 20 to
300 nm, and more preferably from 20 to 150 nm.

12. A structure as claimed in any one of claims 1
to 11, wherein the intermediate layer, if present, and
the molecular sieve layer are of MFI zeolite.

13. A structure as claimed in claim 12, wherein
the crystals have a CPO in which the c-axis extends in
the direction of the upper layer thickness.

14. A structure‘as claimed in claim 12, wherein
the crystals have a CPO in which an axis other than the
c- axis extends in the direction of the upper case
thickness.

15. A structure as claimed in claim 1, wherein the
‘substrate is aipha-alumina or a porous metal.

1l6. A process for the manufacture of a structure,
which comprises applying to, or forming in or on, a sub-
stfucture a layer of a refractory material having a

melting point of 'at least 1800°C, .the SUb'Strugt;}I;re
REPLACEMENT SHEET
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to '22; wherein th inSgm N Cl 0se proximty to Or@;@%ﬁﬂEN‘ﬁS%ET
catalyst or a f nﬁ'ﬂﬂ“ﬂgﬂ%ﬂﬂm : 24, A process for a ng a .
chemical reaction} rises conté%ting one reactant of a binol ecul ar
reaction with one face of a structure as clainmed in any one of clains 1 to

15 or 18 thapis;kbLhe, f f b d i ti talytic f
under cat al GUTRE TCORTersi SADEBRALE: ORY"and LORET bl A1 P 1SRN BFeHeof

second reactant by diffusion fromthe opposite face of the structure in
order nore pREEFséRythe fexit 9f ahmembzanei.on conditions. 25. A

product produced by a process as clainmed in any one of clainms 19 to 24.

26. - The use of alfiefraxtprycessensaklatimed tikArclaim!|iga Rek8PHO¥Ret he
selectivity of a nolecul ar sieve menbrane, especially a zeolite nenbrane.

refractory material is applied or formed by chemical

vapour deposition.

18. The product of the process of claim 16 or
claim 17.
1s. A process _ for the separation of a fluid

mixture which comprises contacting the mixture with one
face of a structure as claimed in any one of claims 1 to
5 or | 18, under conditions such that at least one
component of the mixture has a different steady state
permeability through the structure from that of. anothér
component and recovering a component or mixture of
components from thg other face of the structure.

20. A process for catalysing a chemical reaction
which comprises contacting a feedstock with a structure
as claimed in any one of claims 1 to' 15 or 18, which is
in active catalYt;.c form under catal)nrtic conversion
'genditions and recovering a composition .comprisiné at
least one conversion product.

_gi'. A process fd;‘ catalysing a chemical reaction

which comprises contacting a feedstock with a structure

as claimed in any one of Claims 1 to 15 or 18, that is in
REPLAGEMENT E":HEET '
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the form of a membrane and in active catalytic form,

under catalytic conversion conditions, and recovering

from an opposite face of the structure at least one

conversion product.

22. A process as claimed in claim 21, wherein the
conversion product is in a concentration differing from
its equilibrium concentration in the reaction mixture.

23. A process as claimed in any one of claims 20
to 22, wherein the structure is in close proximity to or.
in contact with a catalyst of a further cata}yst;

24,

A process for cétalysimg a chemical reaction
which comprises contacting one reactant of a bimolecular
reaction with one face of a structure as claimed in any
one of claims 1 to' 15 or 18, that is in the form of a
membrane and in. active éat%lytic form, under catalftic
conversion conditions, and controlling the addition of a
second reactant by diffusion from the opposite féce 6f

the structure in order more precisely to control the
reaction conditionms.

T 25. A product produced by a process as claimed in

any one of claims 19 to 24.
26.

The use of a refractory material other than

silica to improve the select1v1ty of a molecular s1eve

‘membrane, especially a zeolite membrane. . RH%ACEMENT:*EET
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