94A02 1 1 "Mol ecul ar Sieves and Processes
for:thei r Wen9GMit683t ur e" This invention relates to nol ecul ar RGTERISO27%b o
especially to crystalline nolecular sieves, and to | ayers containing them
More especially, the invention relates to a |ayer, especially a supported
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Numerous materials are known to act as molecular sieves, among which zeolites form a well-

known class. Examples of zeolites 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 a supported inorganic layer comprising optionally contiguous
particles of a crystalline molecular sieve, the mean particle size being within the range of from
20 nm to 1 pum. The support is advantageously porous. When the pores of the support are
covered to the extent that they are effectively closed, and the support is continuous, a
molecular sieve membrane results; such membranes have the advantage that they may
perform catalysis and separation simultaneously if desired.

While the products of the earlier application are effecti\_re in many separation processes, the
crystals of the layer are not ordered, and as a resuit diffusion of materials through the
membrane may be hampered by grain boundaries. Further, there are voids between the
crystals.

Other literature describing supported inorganic crystalline molecular sieve layers includes
U.S. Patent No. 4,699,892; J. C. Jansen gt al, Proceedings of 9th International Zeolite
Conference 1992 (in which lateral and axial orientations of the crystals with respect to the
support surface are described), J. Shi gt al, Synthesis of Self-supporting Zeolite Films, 15th
Annual Meeting of the British Zeolite Association, 1992, Poster Presentation (in which
oriented Gmelinite crystal layers are described); and S. Feng &t al, Nature, 28th April, 1994, P
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In a third aspect, the present invention pmvides a structure comprising a support, an
intermediate layer, and an upper layer, the intermediate layer comprising a crystalline
molecular sieve having a crystal size of at most 1 um, and the upper layer comprising a
crystalline molecular sieve the crystals of which have a crystallographically preferred
orientation (CPO). CPO and a method by which it may be measured are discussed in more
detail below. '

Advantageously, in each of the above aspects, the intermediate layer is substantially free of
voids greater than 5 nm in cross-section extendmg through the tluckness of the layer, i.e.,
affording a passageway between the support and the upper layer

Advantageusly, the crystal size of the molecular sieve in the intermediate layer is at most 300
nm preferably from 10 to 300 nm, and most preferably 20 to 120 nm. Advantageously, the
structures of each of the first to third aspects have an upper layer having the properties of one
of or both the other two of the first to third aspects. Advantageously the crystals of the upper
layer are columnar. | |

It will be appreclated that the structure may be of any shape, and may be, for example, planar,
cylindrical, especlally ‘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.

Advantageously, at least 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°
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orientation, SPO is in principle independent from CPO, although in many cases SPO and
CPO are related. ' |

The products of the invention may be characterised by X-Ray Diffraction (XRD) among
other techniques. For this purpose a conventional powder diffraction technique may be"
used, where the supported layered structure in the shape of a disk is mounted in a modified
powder sample holder and a conventional 6/20 scan is performed. The intensities of the
zeolite reflections thus measured are compared to the intensities of reflections of a
randomly oriented powder of a zeolite of the same structure and composition. If one or
more sets of reflections, related to one or more specific orientations of the crystal, are
significantly stronger than the remaining reflections as compared to the diffractogram of a
randomly oriented powder, this indicates that the orientation distribution in the sampie
deviates from random. This is referred to as a crystallogtaphic preferred orientation or
CPO. An example of a simple CPO is the case where the 004 reflections (e.g., 002, 004,
006, etc. for MFI) are strong while all other reflections are weak or absent. In this case the
majority of the crystals has the crystallographic c-axis close to the normal to the plane of
the layer; it is often referred to as a c-axis CPO. Another example is a diffractogram where
the h0O reflections (200, 400, 600, 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 0k0 and 00¢ reflestions 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 the
XRD diffractogram of the layer alone may not be possible, because only a limited number
of reflections may be deteeted, In principle, the material of the layer should be separated
from the substrate, ground to @ powder and a randomly oriented powder diffractogram
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crystal structure and CPO a specific set of reflections may be selected to define a number

that can 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 C,o¢ may be defined using the intensities,

I, of the 002-reflexion and the combined 200 and 020 reflections, as follows:

(1002/1200,020)s - (1002/1200,0200R
Coot = . ~=-- 100

(1002/1200,020)R

where 100,020 and Iggp are the background-corrected heights of the combined MFI-
200,020 reflections and of the MFI-002 reflection, respectively, for a randomly oriented
powder R and for the sample S under investigation, before calcination.

In the Examples the peak at about 8.8°26 in the powder diffractogram 'generated using
CuKj, radiation is interpreted to represent the combined MFI-200,020 reflections, while

~ the peak at about 6.7°20 is interpreted as the MFI-002 reflection. A value for the
parameter C,q of O represents random orientation, while 100 represents the virtual
absence of 100 and 010 planes parallel to the layer plane. The absence of all MFI
reflexions except the 00¢ reflections indicates a nearly perfect alignment of 001 planes
parallel to the layer.

Similarly, in the case of an a-axis CPO, a parameter Cho0 may be defined using the
intensity of the 10 0 O reflection relative to the intensity of, for instance, the sum of the
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Advantageously, in the upper layer, the crystals are contiguots, 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.) Preferably, the upper layer is substantially free from defects greater
than 4 nm in cross-section, extending through its thickness. Preferably, 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 0.05, per sq. cm. The contact between crystals may be such
that neighbouring crystals are intergrown. Alternatively gas permeation techniques may be
used to determine the number of defects in the upper layer. If the permeability of the zeolite
layer to nitrogen at room temperature is less than 5 x 10 -6 moles/(m2-sec-pascal) for each
micron of thickness of the zeolite layer, the membrane ¢an be said to have an acceptable
defect density. More preferably it is less than 5 x 10-7moles/(m2-sec-pascal).

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, for 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 sieves, for
example, structure type, chemical composition, ion-exchange, and activation procedures.



CPO. In the case of a CPO, a unique identification of the crystal structure °
type basewbggorsge XRD diffractogram of the |ayer alone may poliB2799ssi bl e,
because only a limted nunber of reflectbons may be detected. In principle,
the material of the |layer should be sepalfated fromthe substrate, ground to
a powder and a randomy oriented powder diffractogram WO 96/ 01683

PCT/ tE.F>95R éSehtAive *&?&hﬁlg@ﬁeﬁﬁélﬁéﬂﬂ?ié@%ﬁéﬂqﬂtﬁfsﬁcﬁﬁé e§ APIPAEL! BElAa g
practice | n u e : e Sy Si | el de

by pondGF by BT AT BEBo s [t HELwAAZ: BIORoMm BT Wn Ok ToN 9

t hi s nat especiblly,MEEed for the identification of the structure type. If all
the reflections in the diffractogramof the |ayer can be attributed to
specific_sets of reflections in the indexed EOWder diffractogram(e.g., the
00[ err] The |seuetugsntypes jof the ipteweediateliandtunpar daysrs may beather sames or rdifferente |
st ruct ur PurthepSif 8fe sttiBuRONPIE are tHe shit@, h@86m siﬁ&ﬁ%mhéfmﬂﬁéﬁd" .bel ow,

t he powder diffactogranms of the nmateri al ogét_he bot't om of the algt@%gf ave

al ways indicated the MFl structure type. The reflections in the :
di f f r act Somewf thé abdve matgrals ovhilechot [beingstriee zeulitesi dre frrquémlyspeatedi 1o iaahe

hat ¢ ol e & stk bid Bl ey WiEBe B brdechPin B BCHCESGH B8R Tt on of e

degree of CPO may be based on the conparison between the observed XRD

di ffract pRe fiiekNedd of the upBér 1ayer 38 ddEntho Ot Wﬁi PR . p

crystal sjructure aigd - l-aa}émgecifi C e}l__: f retnl ectl <§ﬁs?lf(r?ral &ﬁggbsg%ﬁégl}og% to

defi ne aaciymg;ously om 0.5 to 40 pm, preferably from 0.5 to 20 pm, and most 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 mono.layer.

The thickness of the intermediate layer is advantageously at most about 1 um;
advantageously, also, however, it is of sufficient thickness to cover irregularities of
comparable scale in the surface of the support. Advantageously, the intermediate layer is at
most the thickness of the upper layer.

The support may be either non-porous or, preferably, porous. - As examples of non-porous
support there may be mentioned glass, fused quartz, and silica, silicon, dense ceramic, for
example, clay, and metals. As examples of porous supports, there may be mentioned porous
glass, sintered porous metals, e.g., steel or nickel, and, especially, an inorganic oxide, e.g.,
alpha-alumina, titania, , an alumina/zirconia mixture, Cordierite, or zeolite as herein defined.

At the surface in contact with the intermediate layer, the support 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 making the intermediate layer.

The support 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 pm, more advantageously 0.05 to 10 um, preferably from 0.08 to
1 pm, most preferably from 0.08 to 0.16 um, and advantageously with a narrow pore size
distribution. The support may be multilayered; for example, to improve the mass transfer
characteristics of the support, only the surface region of the support in contact with the
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in the support if it is porous.

The intermediate 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 support. 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 followed by thermal curing. Suitable materials include, for
example, inorganic oxides, e.g., silica, alumina, and titania. The intercalating material is
advantageously present in sufficiently low a proportion of the total material of the layer that
the molecular sieve crystals remain contiguous.

The invention further provides a process for manufacturing a structure.

The present invention accordingly also provides a process for the manufacture of a molecular
sieve layer on a support, which comprises applying molecular sieve crystals of particle size at
most 1 pm, and advantageously at most 300 nm, to the support, or forming such crystals on
the support, contacting the resulting coated support in a molecular sieve synthesis mixture and
subjecting the mixture to hydrothermal treatment. '

ZSM-5 or 3111ca11te-l ._thg_sgmhm.s
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In this context it has been found that lgyers having a CPO ir which the a-axis is or axes other
than the c-axis are transverse to the plane may be obtained by a number of methods of which
some may advantageously be used in combination.

The present invention accordingly also provides a structure comprising a support, an
intermediate layer, and an upper layer, the intermediate layer comprising a crystalline
molecular sieve of crystal size of at most 1 um, and the upper layer comprising a crystalline
molecular sieve the crystals of which have a CPO in which an axis other than the c-axis of the
molecular sieve extends in the direction of the upper layer thickness.

In some embodimen_ts, the CPO of the upper layer is with the a-axis extending in the direction
of the upper layer thickness (an a-axis CPO), while in further embodiments the CPO is with
the 210-axis so .extend,ing.

The invention also provides a second process for the manufacture of a molecular sieve layer
on a support, which comprises applying molecular sieve crystals to the support, or forming
such crystals on the support, the particle size of said crystals being at most 1 pm, and
contacting the resulting coated support in an aqueous molecular sieve synthesis mixture
containing a source of silicon and a source of potassium having molar ratios of components,
expressed in terms of oxides, as follows:

kd
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pum, and contacting the resulting coated support in an aqueous molecular sieve synthesis
mixture containing a source of silicon and a source of potassium, and optionally also a
structure directing agent and a source of at least one other element, the molar ratios-of
components, expressed in terms of oxides, being as follows:

K»0:SiO2 - 0.1 to 0.65:1 preferably 0.1 to 0.25 :1
H»0:Si01 - 20 to 200:1
Na20:Si02 - 0 to 0.175 :1 preferably 0 to 0.033 :1

and subjecting the mixture to a hydrothermal treatment at a femperature below 150°C.

The third and fourth processes are advantageously carried out at a temperature with the range
of from 80 to 150°C and preferably from 95 to 125°C.

Without wishing to be bound by any theory, it is believed that, by the process of the
invention, the crystals applied to-or formed on the support-act as crystallization nuclei for the
synthesis mixture during hydrothermal treatment. Such crystals that act as crystallization
nuclei are often referred to as "seed crystals”. It is believed that during the hydrothermal
treatment the seed crystals grow in size, part of the seed crystals growing upwards to form the

upper layer.

In relation to the processes described herein contacting is to be understood to include
immersion or partial immersion of the substrate in the relevant zeolite synthesis mixture.
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be retained in the pores during spinning if that technique is used; accordingly the rate of
rotation, pore size, and physical properties of the fluid need to be taken into account in
choosing the fluid.

*

The fluid should also be compatible with the spin- coating mixture; for example, if the
mixture is polar, the barrier fluid should also be polar. As the spin- coating mixture is
advantageously an aqueous mixture, water is advantageously used as the barrier layer.

To improve penetration, the fluid barrier may be applied at reduced pressure or elevated
temperature. If spin-coating is used, the support treated with the barrier fluid is
advantageously spun for a time and at a rate that will remove excess surface fluid, but not
remove fluid from the pores. Premature evaporation of fluid from the outermost pores during
treatment may be reduced by providing an atmosphere saturated with the liquid vapour.

As a temporary barrier layer suitable, for example, for an alpha-alumina support there may be
especially mentioned water or glycol. As a permanent barrier suitable for an alpha-alumina
support there may be mentioned titania, gamma-alumina or an alpha-alumina coating of
smaller pore size.

A synthesis mixture to form the colloidal zeolite crystals that are advantageously applied to
the support is advantageous_ly prepared by the process described in International Application
WO093/08125. In that process, a synthesis mixture is prepared by boiling an aqueous solution
of a silica source and an organic structure directing agent in a proportion sufficient to cause
" substantially complete dissolution of the silica source. The organic structure directing agent, if



| ayer of al pha-alum na with pore size about 0.08 [err]m It is to be
under st ood Wh96/6MBEN t he support is a zeolite as herein def i PEHEPSS2204
|east at its surface it has the requisite ropertles for the i nternedi ate

| ayer in relati.on arti Ie si,ze I|n|t hen sSuppQr t
surface it 5% HeRFY tgg h}é“ﬁ°ﬂ{‘ Pr‘r@cdé?at!% f@‘P o' a base,
i nt er nedi aswcipray indbe ﬁnrxmlo%pémémtldm phin onnm”m; salty ea, aohqudeyespegaay a

structure kidrd r
si eve Iayers accor dl ng to egfﬁ‘sg%?l?on O&gnZag ﬂ &ﬂgeﬁ‘l&ﬁ%ﬁt ayegsrégght?ﬁ(ghftv\o
si des bei ntherpibobdgmisureli fferent; it is also within the scope of the

I nvention to pI’OVI de a layer not in accordance with the invention on one
side of th or.t tQ incorporate.oth rrater alg in the.support . if it
i s porous. %‘n rTé{ﬁ CERE oPRFCLpPRY Ib§yef§ d o?‘yweus‘g"s salt 'of
advant ageotetﬂa;netlwlammmunt ERdANS i Etrhgthyibmntwmnl e(E'EJAa,r wicthydmethylnindniumr
may be a c gnn% I %lﬁfnﬂ :

mat eri al r#’a{aengémgggam Gl (?g%?g;%l e ?ir?fﬂirﬂ?a‘?‘gtl ng . b& ?%?m%
be the sarréT%)ser mwe@y A&y lapmesium TﬁEV[MOeHB‘!m lamsm

si nmul ta”eoﬁﬁhéth &61- Orgé Elﬁhnﬁﬁﬁﬁ?' t (PN ﬁhéﬁxuxﬁnd W‘PBPPE

appl i ed, -gel pro&&isﬂ&ﬁg’gm mgﬁg&gm a!quﬁ‘»?t@ded

Sui t abl e
al um na, ambnﬁabﬁ@mlo@ctaﬁé;ee gnmmlcﬁteﬂm_g subktitated| quisuchidisendn d glodiazonigbicognt

in suffici ff'ﬁ bz c{ag\é’ {.6° dgﬁﬁﬁéﬂe%)ne,fl 8t (ﬂg'tnjn%togt!ang%%_g c}o% 8{1 ItrH% #lg(?/ ?{]léére .at

t he nol ecu reve ctystals remarin’ con uous € 1 nven
provi des a process for manufacturing a structure. The present invention

accor di ngl prefdredd ﬁﬁﬂﬁir@'ﬁﬁ-e&m@a%%ﬂt%%ré e ﬁﬂ%ﬂ&é&%ﬁ%ﬁﬂ&s &f TRIATOFESA UTPA. and
sieve laye[_on a support, which conprises applying nol ecul ar sieve crystals

of pal’tIC|€B§‘Z€ at nost 1 [err]m and advantageously at nbst 300 nm to
t he support, or form ng such crystal S on the support, contacti ng t he

resulting gRatsihigaRRNds brd, & f1BlcGeY Bbve; aGVaheapeBidly Sppiied vt SupBOY by spin-
coating, the viscosity of the mixture and the spin rate controlling coating thlckness. The
mixture is advantageously first contacted with the stationary support, then after a short contact
time the support is spun at the desired rate.

In a further embodiment of the invention, the intermediate layer molecular sieve crystals are
synthesized in situ on the support before the upper layer is applied by hydrothermal treatment
of a synthesis mixture in the presence of the support. According to this embodiment, the
process comprises preparing a first synthesis mixture comprising a source of silica and an
organic structure directing agent in a proportion sufficient to effect substantially complete
dissolution of the silica source in the mixture at the beiling temperature of the mixture,
contacting the support in the synthesis mixture, crystallizing zeolite from the synthesis
mixture onto the support, to form the intermediate layer. This procedure may be carried out
as described in the above-mentioned Application WO 94/25151. The resulting coated support
is then immersed in a second synthesis mixture and subjected to hydrothermal treatment.

The synthesis mixtures will also contain a source of other components, if any, in the zeolite;
the two mixtures may be the same or different.

In other embodiments of the invention, the intermediate layer is applied to the support by
other techniques known in the art, for example, wash-coating, spray-coating, brushing, slip-
casting or dip-coating in a suspension of the colloidal zeolite crystals.
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Contacting of the the coated support is advantageously carried out by immersion or partial |
immersion and with the support in an orientation and location in the synthesis mixture such
that the influence of settling of crystals formed in the reaction mixture itself, rather than on

- the coated surface, is minimized. For example, the surface to be coated is advantageously at
least 5 mm, and preferably at least 8 mm, from a wall or, especially, the base, of the vessel to
avoid interference from crystals settling and local depletion of the mixture by a high
concentration of growing crystals. Further, the coated surface is advan_tagebusly oriented at

" an angle within the range of from 90° to 270°, preferably 180°, 180° representing the coating
surface horizontal and facing downward. Especially if the coated surface of the structure is
three dimensional, e.g., a honeycomb, other means may be used to inhibit settling, for
example, agitation, stirring or pumping. | '

In one aspect of the invention the support is placed in the synthesis mixture immediately
after applying the intermediate layer. Even when submerged in the synthesis mixture, the
particles in the intermediate layer remain adhered to the support and facilitate growth of
the zeolite layer. However, under some circumstances, e.g. during stirring or agitation of
the synthesis mixture, the adhesion between the particles and the support may be
insufficient and steps must be taken to stabilize the intermediate layer.

Therefore, in another aspect of the invention, the intermediate layer is stabilized before being
placed into the synthesis mixture. This stabilization can be achieved in one aspect by heat-
treating the intermediate layer, e.g. at temperatures between 30 and 1000°C, preferably greater
than 50 °C and more prefer;lbly between 200°C and 1000°C and most preferably greater than
300°C. and between 400°C and 600°C for several hours preferably at least two hours. This
stabilization technique is particularly useful in the preparation of membranes which hve a-axis
CPO. With this technique the intermediate layer may comprise additional materials such as
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pot assi unoxides orpaiymeric metal oxides prepared from sol-gek prosessing. | Narosrystallirie zeolitess
gSéT; E::lgg),\%’f-f&f%ﬂeg Haiihf iBres from about 10 A to 1 pm. Nanocrystalline zeolites can, e.g., be
prepared in accordance with the methods set forth in PCT-EP92-02386 herein incorporated by
reference, or other methods known to those skilled in the art. Colloidal sized particles are
between 50 and 10,000 A and form a stable dispersion or solution of discrete particles.
Preferably, the colloidal particles will be 250 to 5,000 A, most preferably less than 1000 A.
Colloidal zeolites with sizes < 5000 A are readily obtainable. Following calcination -the
zeolite will be nanocrystalline or colloidal sized zeolite and the metal and metal oxide will be
colloidal sized metal and metal oxide. In this aspect of the present invention the layer can be
formed from silica, silicates, aluminosilicates, aluminophosphates, silicoalumino-phosphates,
metalloaluminophosphates, metalloaluminophosphosilicates, and stano-silicates.

Representative of molecular sieves (zeolites) which can be used include but are not limited to
those of structure type AFI, AEL, BEA, EUO, FER, KFI, MAZ, MOR, MEL, MTW, OFF,
TON, FAU (includes zeolite X and zeolite Y), zeolite beta, LTA, LTL, AFS, AFY, APC,
APD, MTN, MTT, AEL, CHA and MFI zeolites. Preferably, an MFI zeolite with a silicon to
aluminum ratio greater than 30 will be used including compositions with no aluminum. MFI
zeolites with Si/Al ratios greater than 300 are herein referred to as silicalite. Some of the
above materials, while not being true zeolites are frequently referred to in the literature as
such, and the term zeolite will herein be used broadly to include such materials. In this aspect
of the present invention the metal oxides which can be used herein are selected from the group
consisting of colloidal alumina, colloidal silica, colloidal zirconia, colloidal titania and
polymeric metal oxides prepared from sol-gel processing and mixtures thereof. Preferably
colloidal alumina will be used. The colloidal metals which can be used include copper,
platinum and silver.

In an alternative method of stabilisation the intermediate layer may be treated with a
solution that modifies the surface characteristics of the particles in the intermediate layer.
For example, the layer may be washed with a solution that would cause the colloidal
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bel i ev ethetltmrmed)qte tlayeer parobe smn'_dlledh'ﬂus den51ty controls the morphology of the zeohte
film grown over this layer in'a subsequent hydrothermal: synthesis step. The higher the
nucleation density, the narrower the zeolite crystal width the crystals will exhibit at the
zeolite layer intermediate layer interface. Nucleation density can be controlled by the relative
proportions of colloidal Zeolites and metal oxides (with the density decreasing as the amount
of the metal oxide utilized increases) as well as the size of the colloidal zeolites in the
intermediate layer. Colloidal sized zeolites in the range of from 50-10,000 A are thus used in
this layer. The larger the colloidal zeolite crystals utilizéd in this layer, the wider the zeolite
crystals in the upper layer will be. Applicants believe- that the addition of metal oxide,
colloidal metal or mixtures thereof to the colloidal zeolite in the intermediate layer provides
spaces between nucleation sites allowing for control of the crystal width in the zeolite layer.

The composition of the synthesis mixture varies according to the process; the mixture always
contains a source of silicon, and usually contains a structure directing agent, for example one
of those mentioned above, and a source of any other component desired in the resuiting
zeolite. As indicated, in some processes according to the invention, a source of potassium is
required. A preferred silicon source is colloidal silica, especially an ammonia-stabilized
colloidal sikica, e.g., that available from du Pont under the trade mark Ludox AS-40.

At least in the second and fourth processes, the source of silicon may also be the source of
potassium, in the form of potassium silicate. Such a silicate is conveniently in the form of an
aqueous solution such, for example, as sold by Aremco Products, Inc. under the trade mark
CERAMA-BIND, which is available as a solution of pH 11.3, specific gravity 1.26, and
viscosity 40 mPas. Other sources of silicon include, for examplé, silicic acid.
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K20:Si0p 0.1 to 0.65 :1 preferably 0.1 to 0.25 :1
Na20:Si0Op 01t0-0.175 : 1 preferably 0 to 0.033 :1
TPA70:Si02 0to0 0.075:1 '

H»>0:8i07: 20 to 200 :1

Si02:A1203 200 to infinity :1

In the other process according to the invention, for the manufacture of a c-axis CPO MFI-
containing structure, the molar composition, expressed in terms of oxides, of the synthesis
mixture is advantageously within the following ranges:

M0 : SiOp 010 0.350 : 1 preferably 0.016 to 0.350 : 1
TPA70O:Si0 0to0 0.075 : 1 preferably 0.009 to 0.013: 1
H70:8i02 9 to 300 :1 preferably 9 to 200 :1
Si02:A1203 400 to infinity :1 preferably 200 to infinity : 1

In this case M represents alkali metal ammonia, preferably Na, K, or Cs and most preferably
Na.

If desired, the formation of zeolite crystals within the synthesis mixture itself may be inhibited o
by maintairing the pH of the synthesis mixture in the range of from 6 to 13. In such low-
alkaline synthesis mixtures the effectiveness of the zeolite crystals in the intermediate layer in
acting as seed crystals is enhanced, thereby facilitating the growth of the upper layer. On the
other hand, if so desired, the formation of zeolite crystals within the synthesis mixture itself
may be controlled by adding very small quantities of colloidal size seed crystals to the
synthesis mixture, thereby reducing the growth of the upper layer. It is believed that the
addition of controlled amounts of colloidal zeolites to the synthesis mixture enables the
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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 Si02:Alp03 ratio, preferably lower than 300. The
strength of these sites may also be tailored by ion-exchange. 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 properties, for separation of fluid (gaseous, liquid, or mixed) mixtures, for
example, separation of a feed for a 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-boiling
hydrocarbons, for example, normal alkanes from isoalkanes in C4 to Cg mixtures and n-Cjg
to Cjg 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



11 used, is advantageously introduced into the synthesis mxture in the
form of aYWA¥6&hecifically in the formof a hydroxide, orPCHEPIO2IYrm of
a salt, e.g, a halide, especially a bromde. Mxtures of a base and a salt

ther eof b,@,égeegure Rt B xPlenk LA obflondy, SRk e sfard tﬁﬁox.

m xt ure. truc rectlng agent

or salt ofXyieag rfzomt & yR-ByigRMTichn MAIXIES P@‘E’W‘&éﬂh@l’%ﬁﬁ?ﬁmsmm}l PTOCCSS ,
tri et hyl nggguratasmmen Iawm(tﬂaEM‘f) diffefnt @mﬁﬁmlfweﬁe&iﬁﬁk, mixtures of benzene,

b I JTBA b T
Gt noutile Tt e -
trinmet hyI rpennds pepﬁc;dllanmmaummolemyath fromph eo\8 bmbnylmns;ﬂmm@gnto Cio
(onr) " o il by B depa BH 6 bPWolE cbiplrid, it il RBfothdl 48

( DEPP) or azohi abl cyc ooctane
subst i t ut &ydggeming re@mang)reaqwnsepaam %fim @pmmozmés Bl ¢orgpounds,

di am nOhe)é@ﬁ!’.@xall I%hﬂhlﬁ%da(ﬁ&ﬁ glk8ne/Skere rﬁf)@ﬂi@s Qﬁ&i@ bsﬁ'&éiﬁll?'eﬂ&n@%oﬁﬁ@lﬂane and
Preferred strucAzjrelo directin lg a are d oxi des. and hal i des ofall '
TEA, TPA RFRPORBAOT FIORARE GGG By IoRFY VSRS GPREINE ST, cspecially

aﬂvant ageduont Yighp péfiredy tand tﬂe&oehqmcaltgdsyst&mns, o espegially hitomi € caidt lightér

t t .

v ant age STEPGlor SerhBuile hOMDEER BORPinel ROV Rfinke) i BERical Bocspl Midh ' ©
short contaache dehydrogprationnf alikanesstosgivmalkeneashibe diehydreey ogaatpn ofilight ﬁuqanmr
enmbodi rfemau&ﬁem J%Sﬂhﬁ@&b dimdl Hﬁcﬂh@%@hﬁﬁ@g&nﬁﬁ&f emﬁseﬂzeﬁe & ﬁV@styrene,

crystals are synt In situ on the support hefore 't upper | ayer i's
appl i ed byerﬂ%%me? QB ACHERHS SHeamS: 31k Senaving lgahols. ATOh MYGrQEZERRDE, of
t he suppolkspeciligOaltaiig bad tdlkénes,Tiodi MeNtbe tpheseiit’ O anixtpresotmed duridgaktieng

2t ruct ur o FARERPF O B AIBRER S L opor (i on sufficient o offect oo
substantially conplete
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 separation, e.g., by molecular
diffusion, by contact with" a structure according to the invention, advantageously one
configured as a membrane, at least one species of the feedstock being separated from at least
one other species.
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96/ 0168The following table gives examples of such separations.
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Is applied to the support by other techniques known in the art,
br ushi ng,
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al so contain a source
the two m xtures may be the
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for
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12 Larger supports, -for exanple, honeyconb reactor sections, may be treated
by sealing the support in its reactor housing, either before or after
applying the internediate layver. and the synt hESI S mxture then poured into
the hoysing, or punped Heedsiogkh it, crystalli zatSeparateddeblenglanSpkcies
t aki ng [ MliR6Exylehds (oREko, P4fi) ficta) ahd eﬂ@lbenienet S .
;23a2¥f~ e OFfydrogen., alfgloalﬁlﬁéﬁih[ e Trysta _er S
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I nter - @eﬁ Sis—mxire —and ; hd at
the te pEnormalandiisgbytenest f oct crystal || o in an
aut oc| qKereseneconainingdlotoC 1 eesual parafost i ng | GqﬁeOmylotmal pacaffimscanpl e, i n{
t he ranf®ixfire of Ritfogeand oxyged 4 days, advantage N;@genfibmyge@our to 4 days.
TemerI'WMme Hydrogen

Mixture of hydrogen, propane, and propylene Hydrogen and/or propylene

Mixture of hydrogen, ethane, and ethylene Hydrogen and/or ethylene

Coker naphtha containing Cj to C( normal olefins and | C5 to Cj( normal olefins and

paraffins o | pasaffins ~

Methane and ethane mixtures containing argon, helium,
neon, or nitrogen

Helium, neon, and/or argon

'| Intermediate reactor catalytic reformer products Hydrogen, and/or light gases
containing hydrogen and/or light gases (C1-C9)
Fluid Catalytlc Cracking products contaxmng Hy and/or | Hydrogen, and/or light gases
light gases - S '
Naphtha containing C5 o C10 normal paraffins Cs to Cy0 normal paraffins
Light coker gas oil containing Cg to C}g normal olefins | Cg to C1g normal olefins and
and paraffins paraffins
Mixture of normal and isopentanes = Norinal pentane
Mixture of normal and isopentenes Normal pentene
Mixture of ammonia, hydrogen, and nitrogen Hydrogen and nitrogen
Mixture of A10 (10 carbon) aromatics e.g. Paragiethylbenzene

' (PDEB)

Mixed butenes n-butene
Sulfur and /or nitrogen compounds HjS and or NH3
Mixtures containing benzene (Toluene mixtures) Benzene

Examples of chemical reactions 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 a module with the structure) or treated to impart catalytic
activity to the structure, are given in the following table:
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The structure of the invention may be employed as a membrane in such separations
without the problem of being damaged by contact with the materials to be separated.

Furthermore, many of these separations are carried out at elevated temperatures, as high as
500°C, and it is an advantage of the structure of the present invention that it may be used

at such elevated temperatures.

The present invention accordingly also provides a process for the separation of a fluid
mixture which comprises contacﬁng 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 component and recovering a component of mixture of components

CONFIR

MATION COPY



stabilization technique is particularly useful in the preparation of

menbr aneWomeeé83hve a-axis CPO. Wth this technique the i pcgmpsshres | ayer
may conprise additional materials such as WO 96/ 01683

PCT/ EP95/ 02704 .13 et oxi de; metal parPicles; netal particles and netal
oxi des, mé*‘%Pﬁe"s%‘Fﬁpg%FW‘&“are sel ected fromthe group consisting of

nanocrystalline zeolites and colloidal sized zeolites. The internedi ate

I is e us_angd has interstices of, ab ut .20 to
wbout o PleSestaRisioh horBRRRCBRY brides S Bross 5 e Shasiiol AT uced
her ei n midxdwe which cérgprises scantactingethe adixmbdw‘shrajcstmctaret accondihguio thee | ayer.
I nt er stjng, 1dnr‘1nt$}lesen%3£m5ﬁriﬂ%9rf ﬁgn 2 R hhdR cBAlitiohd bucdlEEH ©S

t hrough, t I'n one aspect far a- aXl s t he

i nter msJ&?s&t %nq &9@P°F°§‘tf9fr Hﬁdml?‘%‘ﬁﬁ as sTGlnBY@FQ)rﬁ%rfbalmlmgeabh&dmygn al line
orI Icol | Of ﬁkaiallyaﬁé adsortd dnffonéntris rétovered ahctl ﬁseldciﬁ aaéliérﬁi@dl'l QEdc!il d&? ?F Ha?et or 4
col | oi e 0 xt ure an al.lipe,ot colloidal zeolite an
col | oi g%méégéa mﬁ‘%?@?%??‘“ﬁ&%%%?ﬁﬁ?%‘f (,IB? IWERYID 20l ite or a

m xture of nanocrystalline or colloidal zeoli te and netal oxide wll be

used t re
0 o A e proVides St roded 55 oMl Gl rhBEh of FRRSHE. oo
process$%mm@l°§§%’¢mmé°§@cﬂ°ﬂtaé‘swﬁhécétﬂ§7§t allites having sizes from
about 10 A to 1 [err]m Nanocrystalline zeolites can, e.g., be prepared in

accord e. gﬁﬁmt hods, set forth in PCT- EP92- 02386 herejn |ncorporat ed
by refe éxéven PR JOFHAST REAVEAlSSs2 \PRORRSS foF € &@ing, ¢ | sheniqal, reagtion whicho | oi dal
si zed peomiprises somactinget fuedstodi@wﬁhd shcifdacdortig fd)llhlﬁhﬂsadﬂlhab IvéhiH e sion g{
sol utio G I e oidal particles w e
250 to %‘ 8%8%3’% pr e%rer a 'JT?’('algésr(g %ﬁx‘llﬁé'bs %%Orecovenng a composition

comprising at least one conversion product

The invention further provxdes a process for catalyzing a chemlcal ‘reaction which -
comprises contacting a feedstock with one face of a structure accordmg to the invention,
that is in the form of a membrane and in active catalytic fomx, under catalytlc conversion
conditions, and recovenng from an opposite face of the structure at least one conversion
product, advantageously in a concentration differing from its equilibrium concentration in
the reaction mixture. | ' -

The invention further provides a process for catalyzing a chemical reaction which
comprises contacting a feedstock with one face of a structure according to the invention

~ that is in the form of a membrane under conditions such that, at least one component of
said feedstock is removed from the feedstock through the structure to contact a catalyst on
the opposite side of the structure under catalytxc conversxon condmons

The invention further provides a process for catalyzing' a chemical reaction which
comprises contacting one reactant of a bimolecular reaction with one face of a structure
according to the invention, that is in the form of a membrane and in active catalytic form,
under catalytic conversion conditions, and controlling the addition of a second reactant by
diffusion from the opposite face of the structure in order to more precxsely control reaction
conditions. Examples include: controlhng 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 otherwise, illustrate
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some examples this was used alone; in others a mixture of 0.624% by weight of the
suspension was used in admixture with 99.376% by weight of a synthesis mixture as

described above.

In another example, the suspension was mixed with water and Ludox AS-40 colioidal silica to
provide a content of 4.56 wt. % zeolite particles and 4.56 wt. % silica particles. A porous
alpha-alumina disk, diameter 25 mm, thickness 3 mm, pore size 80 nm, 33% porosity,
machined and polished on one face was soaked in demineralized water overnight under
vacuum. The soaked disk was placed in the specimen chuck of a CONVAC Model MTS-4
spinner and excess water removed by spinning the disck at 4000 rpm for 30 seconds. The
resulting barrier-impregnated disk was then covered with one of the seed mixtures with the
polished side upward. 10 seconds after contact between the seed mixture and the disk, the
disk was spun at 4000 rpm for 30 seconds. After spin-coating, the coated disck was
maintained in a humid atmosphere before being placed in a stainless steel autoclave. Two
orientations in the synthesis mixture were used. The first was in a holder with the spin-coated
" face downwards, near the surface of the synthesis mixture, referred to in Table 1 below as
"Inverted". The second was in a holder, immersed vertically in the mixture ("vertical"). |

The autoclave was closed, placed in an oven, and heated during 30 minutes to the
crystallization temperature and maintained at that temperature for the period specified in
Table 1. The oven was then allowed to cool to room temperature. After cooling, the disk was
removed and washed in demineralized water until the conductivity of the last washing water
was < 5 uS/cm. The disk was then dried in an oven at 105°C.
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Appl i cant's ‘eﬂq?e\?‘té‘lgt hat the addition of netal oxide,

1 g of colloidal zeolite suspension is added to 159.33 g of synthesis mixture to prepare

the spin-coating mixture.

Examples 6, 14 and 15

The products of these examples passed the dye permeation test described above.

Example 9

The absence of seeds gives a lower CPO.

Hydrothermal treatment was 30 minutes at 200°C; cooling to 175°C over 10 minutes;
50 minutes at 175°C and quench-cooled.

Hydrothermal treatment was 30 minutes at 175°C, 23.5 hours at 150°C.

Examples 14 and 15 |

~ These examples illustrate that, in accordance with the process-of the invention, the width of
crystals extending to the top of the layer may be influenced by the concentration of zeolite
crystals in the precursor to the intermediate layer, lower concentrations leading to wider
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extends only a short way from the interface, while that shown at 7 extends for a greater

distance. Note that in the diagram, as in SEM and any other two-dimensional representation,
it is not possible with certainty to distinguish a crystal that actually terminates in the plane of
the diagram from one which continues at an angle to the diagram plane. Some crystals 11 of
the intermediate layer have penetrated into the support 1. As can be seen from the
enlargement, an individual crystal 9 of the intermediate layer 2 appears to form a "seed" for a
corresponding columnar crystal 10 of the upper layer 8.

Example 16

A membrane, fabricated according to Example 6, was mounted into a holder with connectors
for feed, sweep and effluent streams and tested in separation of a liquid mixture of xylenes
and ethylbenzene. The feed mixture, which was originally liquid, was evaporated by heating,
nitrogen gas at a flow rate of 50 ml/min being used as a diluent for the feed and as purge gas
at the permeate side. Liquid flow rates were varied and on-line GC analysis showed the
following results at a temperature of 150°C, atmospheric pressure and zero pressure difference
over the membrane, the separation factor being defined as ([permeate 1)/[retentate 1]y

([permeate 2)/[retentate 2]).

Liquid flow pX/mX  Flux through membrane
| [mltx] Sep.factor  (mmol/m2s]

0.8 3.1 0.033
1.55 2.5 0.076.



In the processes according to the invention, for the manufacture of an
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TPA[ er r Mith Ygristipn in pressure difference) OM%the megmbrane; fletsnee ispositive
H er r ] Cif$hépressure at the feed sid8 i$ BighétQhanlthpy ﬂfﬂﬁfﬁéﬁrﬁatg sid@ 200 1
SSQ2:Al[err]Jerr] . 400 to infinity :1 preferably 200 toinfinity: 1

In this case Mrepresents al kali metal ammonia, preferably Na, K, or Cs and
nost pr ePressint diffia. pX/mXle sFlusdhrouglemembranei on of zeolite crystals within

the synth m tsgﬂ,{n e inhibited by maintaining the pH of the
synt hesi s??%!r);tur%bl n tt’l ange of)bfrom 6 to 13. I n such |l ow alkaline

synt hesis—mixtures the effectiveness of the zeoglite crystals in the
intermediate layer in acting as seed crystals is enhanced, thereby

faci Iltat{)ﬁg the owth 6 %126 upper layer. On the other hand, I f so
desired efor |on of 9 lite crystals within the synthesis m xture
itsel f nef.08e conBiol | ed Byladdi ng very snmall quantities of colloidal si ze‘
seed cry%qis to th@ synt f’i?ls m xture, thereby reducing the growth of the -
upper Iayer elleve that the ' '

501

An a-alumina disk, diameter 25 mm, thickness 3 mm, pore size about 80 nm, porosity about
30% was ultrasonically cleaned first in hexane and then in acetone, and dried at 60°C for 2
hours. The disk was soaked in water and then covered with a colloidal silicalite zeolite sol,
10.64% by weight solids, spun for 30 seconds at 4000 rpm, heated at 20°C/hour to 500°C and
maintained at that temperature for 6 hours.

The disk was clamped in a stainless steel holder and placed in a stainless steel autoclave with
the seeded face downwards about 9 mm from the autoclave base. A synthesis mixture was
prepared from the following components: '

NaOH 0.97 parts

TPABr0.25 "

K38i03 15.09* " .

HyO  36.11 " * In the form of an aqueous solution, Cerama-Bind 643

A portion of the synthesis mixture was poured over the disk. The autoclave was closed and
placed in a room temperature oven, which was then heated to 175°C, maintained there for 12
hours, after which it was left to cool. The autoclave was opened and the disk was washed,
dried, and after X-ray diffraction (XRD) & scanning electron micrograph (SEM) analysis,
calcined.

The XRD pattern of the disk is shown in Figure 6. Apart from the a-Al203 reflexions, the
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Exampie 20

An a-alumina disk, as described and cleaned as described in Example 17, was seeded by spin-
coating a 1:4 mixture of 0.5% solids colloidal alumina & 0.5% solids colloidal silicalite.

The disk was placed in an autoclave following the procedure of Example 17 and a synthesis
mixture of the composition given in Example 17 was poured over it. The autoclave was
closed and heated to 140°C and maintained at that temperature for 16 hours. The resulting
disk was washed, dried, and after XRD and SEM analysis, calcined.

The XRD pattern (Fig.7) of the disk shows only h 0 0 peaks, indicating a pure a-axis CPO. A
dye test showed a moderate proportion of apertures in the upper layer. When an air pressure
of 6 bar was put on the layer face, no flow was observable. The structure was used to separate
a xylene mixture at 360°C and a pressure differential of 0.5 bar. A p-xylene/o,m—xylene
selectivity of 2.5 at a flux of 2.7 kg/mzlday was observed.

Example21 .
In this examples, the procedure of Example 20 was followed, except that the
procedure for forming the intermediate layer was varied:

Example 21. 4:1 colloidal zeolite:colloidal alumina mixture used as seeding layer; and
calcined.

The disk of 21 showed an a-axis CPO.
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The synthesis mixture was poured over the disk, the autoclave was closed; placed in an oven,

heated up to 140°C and maintained at that temperature for 16 hours. The XRD pattern of the
resulting layer, shown in Figure 9, is dominated by the 200,400,510,600,8 00 and 10
0 0 reflexions, indicating a strong a-axis CPO of MFI crystals.

A synthesis mixture is prepared similar to the Examples 1 to 16, using 3.54 g TPABr, 0.45
g NaOH, 37.89 g colloidal silica (Ludox AS-40, Dupont) and 130.45 g HO. An alpha-
alumina disk is prepared, cleaned and spincoated with colloidal silicalite crystals similar to
the Examples 1 to 16. Immediately after spincoating, the disk is submerged in a 0.01 N
CaClj solution for 5 minutes. The disk is taken out of the CaCly solution, placed in the
spincoater and spun for 5 seconds at 4000 rpm to remove excess solution. Immediately
afterwards the disk is placed in a stainless steel autoclave in an inverted orientation, and
synthesis mixture is poured into the autoclave until the disk is Submereged. The autoclave
is closed, heated to 175°C in 30 minutes, kept at 175°C for 24 hours and left to cool down.
The disk is removed from the autoclave, washed and calcined. The XRD diffractogram of
the resulting layer is given in Figure 9.-- The dif&actogram is dominated by the MFI-002
reflection, while the other reflections are MFI-Ak¢ reflections with high ¢ compared to A,k.
This is consistent with a strong c-axis CPO. The autoclave shows much less material
deposited on the bottom of the autoclave compared to syntheses performed without the
CaCly treatment, indicating that fewer seed crystals have come loose from the
intermediate layer to further grow and settle on the autoclave floor.
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I ncl ude i sonerizations, e.g., of alkanes and al kenes, conversion of

met hanol or naphtha to alkenes hydr ogenati on, dehydrogenation, e.g., of

al kanes, npl e propane to propyl ene, oxidation, catalytic reformng
or cracking and thermal cracking. Feedstocks derived fronIhydrocarbons

.g., in the f f trol Ly I dst
coal | bitdmen o SREHBBCreTRISEE Boprrt o dnpaugsts JRct 8¢ 3 st T, B
two di f f ejtérimedidte taybrcomprisings crysnuniaendada;lacmm hamng@ra'ystah H7E O%atgnost By
I I di ff
"venti on o gl ThE Bongtpts? %h@%a%%%@lﬁyﬁmﬁﬁﬁé%%ﬁzé?ﬁg g leas
speci es obne Himensiongreatér thas the mmse fithe,caystals of the intermediaty laysr. speci es.

2. A structure comprising a support, an intermediate layer, and an upper layer, the
intermediate layer comprising a crystalline molecular sieve having a crystal size of at most 1
pm, and the upper layer comprising a crystalline molecular sieve in which at least 75 % of the
crystals at the uppermost face extend to the interface between the upper and intermediate
layers.

3. A structure comprising a support, an intermediate layer, and an upper layer, the
intermediate layer comprising a crystalline molecular sieve having a crystal size of at most 1
um, and the upper layer comprising a crystalline molecular sieve the crystals of which have a
crystallographically preferred orientation (CPO) or shape preferred orientation (SPO) or a
combination of CPO and SPO.

4. A structure as claimed in claim 1 or claim 2, wherein the crystals of the upper layer
have a crystallographic preferred orientation.

5. A structure as claimed in claim 1 or claim 3, wherein at least 75 % of the crystals at
the uppermost face of the upper layer extend to the interface between the upper and
intermediate layers.

6. A structure as claimed in claim 2 or claim 3, wherein the crystals of the upper layer
have at least one dimension greater than the dimensions of the crystals of the intermediate
layer.

7. A structure as claimed in claim 1, wherein the crystals of the upper layer have a
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M xt ur & of norrgrg}g&%n fd‘%ﬁ‘ﬁ%ﬁ? &y gue of claims 1 to 10, s¢hgrain Hl?rff‘?fﬂge‘ilate layer is |

substantially free from defects greater than 4 nm in cross section extending through its ‘
thickness.

12. A structure as claimed in any one of claims 1 to 11, wherein the crystal size of the
molecular sieve in the intermediate layer is at most 300 nm. ' -

13. - A structure as claimed in any one of claims 1 to 10, wherein the upper layer. is
substantially free from defects greater than 4 nm in cross section extending through its
thickness.

14. A structure as claimed in any one of claims 1 to 13, wherein the upper layer has a
thickness within the range of from 0.1 to 150 um.

15. A structure as claimed in claim 14, wherein the thickness is within the range of from
- 0.5 to 40 um. '

16. A structure as claimed in claim 14, wherein the thickness is within the range of from
0.5 to 20 pm.

17. A structure as claimed in any one of claims 1 to 16, wherein the intermediate and
upper layers are of an MFI zeolite.

18. A structure as claimed in claim 17, wherein the crystals have a CPO in which the c-
axis extends in the direction of the upper layer thickness.

19. A structure as claimed in claim 17, wherein the crystals have a CPO in which an axis
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Propane d&hydr Agtmstureas claimed in any one of clijmis 3 ded 1 amhbrein the suppo=t icporous.

23. A structure as claimed in claim 22, wherein the support is alpha-alumina or a porous
metal.

24. A structure as claimed in claim 22 or claim 23, having layers as defined in any one of
claims 1 to 21 on each side.

25. A structure as claimed in claim 1 wherein the support is zeolite and there is no
intermediate layer. ‘

26. A structure as claimed in any of the preceding claims in which the CPO is a-axis, c-
axis or a mixture of a-axis and c-axis.

27. A process for the manufacture of a molecular sieve layer on a support, which
comprises applying molecular sieve crystals of particle size at most 1 um to the support, or
forming such crystals on the support, contacting the resulting coated support in a molecular
sieve synthesis mixture and subjecting the mixture to hydrothermal treatment.

28. A process for the manufacture of a molecular sieve layer on a support, which
comprises applying molecular sieve crystals of particle size at most 1 um to the support, or
forming such crystals on the support, and contacting the resulting coated support in an
aqueous molecular sieve synthesis mixture containing a source of silicon and a source of
potassium having molar ratios of components, expressed in terms of oxides, as follows:
K70:8i0 - 0.1 to 0.65:1 preferably 0.1 to 0.25 :1
Hp0:Si05 - 20 to 200:1
_ Na20:Si02 - 0 to 0.175 :1 preferably 0 to 0.033 :1
the synthesis mixture optionally also containing a structure directing agent and sources of
other elements, and subjecting the mixture to hydrothermal treatment.

29. A process for the manufacture of a molecular sieve layer on a support, which
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propyl ene Clerr]- ms Hydr ogen
dehydr ogwmd,.ﬁ@s;t o o] | II mllm Hﬂmﬁ ul fide decorrp05| ti oN poT/EPSH2704
Hydr ogen Refo en, |ight hydrocarbons

(der r] - dehydr ogenat [ on/ ar orrat i zat ion 30 C7) Light
Pet r ol ecomfrises applying molecular sieve crystals of partjale sigeat most 1 um to the support, or

dehydr og&?ﬂh &?ﬁ_‘ &gm

n- But ene {Mr uc ure o %" %gpéwrl{e( %ﬁ?ﬁﬁon e r%seulténrgpfoatedds uggort ineq HBAaRe i n
such sepplenuiassievg synthgsis mpixtuse awf & Jeq'ﬂns 7 iEIR 40 By tl@gn@la%@ammvnatt he
mat er i alpglotol90eCsepar at ed. Furthernore, many of these separations are
carried out at elevated tenperatures, as high as 500C, and it is an

advant age of the structure of the present invention that it may be used at
such el 80at ed tpeoness dantlmmaih&cmreeséru niukoularisievaalayer abhngls;appdrs,owhrchvi des

a proce t }%ggo M I tin
the m Xt%ﬁxrngx%es %ﬁl ?{ice Sig"st uct ur accor %h{tagt P%EPI nyent 6&11:,'3(% t hg
f or m of fermingsuchherystals<an @ersupnqrbﬁgn@m Jesultin @@sqd IPPORt dP8B AGHEOUS t he

m xture xﬁaécu?ar%é\feemmesﬁtxﬁa&&e Contathif® af heabi b isbiirck BTOsidont A & tsolifce Uofe
f r om t hat of, another, c onent and recoveri ngn %on'ggnent of . m xt ure, of
One,gptgssmm\mdgmtrg also a structure directing agent an urce of at least one other

PCT / EP9 sleaizhf)4heRolar ratios of components; expressed in terms of oxides, being as follows:

K20:5i07 - 0.1 to 0.65:1 preferably 0.1 to 0.25 :1

H50:8i07 - 20 to 200:1 _

Na20:Si02 - 0 to 0.175 :1 preferably 0 to 0.033 :1 _ ‘
and subjecting the mixture to a hydrothermal treatment at a temperature below 150°C.

3. A process as claimed in any one of claims 27 to 30, wherein the particle size is at most
300 nm.

32. A process as claimed in any one of claims 27 to 31, wherein the support is porous. -

33. A process as claimed in claim 32, wherein a barrier layer is applied to the porous
support before the crystals are applied.

34, A process as claimed in claim 33, wherein the barrier layer is water.

35. A process as claimed in any one of claims 27 to 34, wherein the support is planar and
crystals are applied by spin-coating.

36. A process as claimed in any one of claims 27 to 34, wherein the support is three-
dimensional and the crystals are apphed by dip-coating, wash-coating, spray- coating, slip-
casting or brushing.

37. A process as claimed in any one of claims 27 to 36, wherein the molecular sieve
crystals are applied to or formed on the support in admixture with silica.

38. A process as claimed in any one of claims 27 to 37, wherein the synthesis mixture
comprises colloidal silica, an organic structure directing agent and a source of any other

“ﬁﬁ’iiﬁ‘fiiilﬂﬁi“m i

components of the zeolite.



fromthe other face of the structure. The present invention accordingly

al so pr oviV@26/81683 ocesﬁ ul“ ’ H ;lHLi on of a fluid m xtuPETHARIHIF704
conpri ses contacting t A e s%{ ucture according to the

i nvention in one enbodinent in the formof" a nmenbrane under conditions such

that at | east one conponent of the mixture is renoved fromthe m xture by
adsor pti 0¥, Ophipoecess §s elaimedds eny ene efgipiorsadittoid8, whensincthe dynthesismiduierhas
chemi cal gﬁg%&gﬁlﬁg of Foni 83548d as an adsorbed. species on the structure
according to the 1nvention. The invention further provides such processes
for catalysing a chem cal reaction in which the structure is in close
proxi m ty4r iA profdsek cMifmed dn Ghiidl Y8 or clBia 39) Wetitkdin thd wyhthésis mitvielglso a
process for catal yzi chem cal reaction which conprises contacting a
feedstockmwe%se\séﬁrcﬁ%fﬁ‘e according to the invention which is in active
catal ytic formunder catalytic conversion conditions and recovering a
conpositign co I\ Sd S ' 8 t ' '
further p4r)l(')vi es l’géé&ggaggélginfegr {“cglgfu";’}g%aa cﬂgﬁitga ’rvgé%%llﬁoﬂrtllgmi C%tﬁ&mal
conpr i sestreagnentds rarged ontdorFomckhayrth 19 dayst ace of a structure according to
the invention, that is in the formof a nmenbrane and in active catalytic
form und catal ytic conversion conditions, and recoverin roman .
opposi t e Tace gm%/qqgs & lamed inany oﬁotggg{ecgeﬁingccgﬂggr e HngﬁIFP?On density of
advant agethe ftermediate Iayercis contadlledn di ffering fromits equilibrium
concentration in the reaction m xture. The invention further provides a
process for catalyzing a chem cal reaction which conprises contacting a
f eedst ockd3ni t hhksrrodug ebtginahledhyr the processas slaimiediin any onkof tlairen27 o2 hat i s
in the formof a menbrane under condi.tions such that, at |east one
conmponent, of said feegstock is.re Vﬁd fr,omthgicgeedst,ock througgjalpt he
struct ur édo COPIOREEs 1or thesqparation,of 3 Hiud spixBRs Waichcompgses;qqBtasting the FXtIER der
cat al yt i cwitly 8\¢guctufe ascodaifhietl il By one of claims 1 to 26 and 43, under conditions such that at
least one component of the mixture has a different steady state permeability through the layer
from that of another component and recovering a component or mixture of components from

the other face of the layer.

45. A process for catalysing a chemical reaction which comprises contacting a feedstock
with one face of a structure as claimed in any one of claims 1 to 26 and 43, which is in active
catalytic form or which is in close proximity to or in contact with a catalyst, under catalytic
conversion conditions and recovering a composition comprising at least one conversion
product.

46. A process for catalysing a chemical reaction which comprises contacting a feedstock
with one face of a structure as claimed in any one of claims 1 to 26 and 43, that is in the form
of a membrane and in active catalytic form or in close proximity to or in contact with a
catalyst, under catalytic conversion conditions, and recovering from an opposite face of the
layer at least one conversion product, advantageously in a concentration differing from its
equilibrium concentration in the reaction mixture.

47. A process for catalysing 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 26
and 43, that is in the form of a membrane and in active catalytic form, under catalytic
conversion conditions, and controlling the addition of a second reactant by diffusion from the

opposite face of the structure. —
This Sheet Has Been Reﬂlaced
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The invention furt ss for catalyzing a chem cal reaction '

whi ch cowzﬂmgsg,cont nt of a.bi nol ecul ar rpeaAipeHoR7s t h ONne.
face of a structure m{lﬂmaw HE: nvention, that is in the formof a
menbrane and in active dRder catal ytic conversion

conditions, and controlling the add| tion of a second reactant by diffusion-

f romt t ha80ppg$;zécﬂné Qﬁé?n&ﬁnelt b@nﬁﬁﬁ?@tg%@sthm?@ rn?clﬁécdl& s{l&felehdiﬁﬁ’g?b {aYs aamt r ol
reaction c Pti Lo,e3|cu ontrolling e ene r ene or
hydr oge ™ 5%3‘93538 °€W FATETH Qﬂ'ﬂ%‘ f%?%?lséﬁp P"eg?'Fﬁf’ @POL#?eﬂ%aor

. cycl ohenmnbmaae:pef:CPOQh;tSPme foll owi ng Exanples, in V\:hl ch parts are by

wei ght unl ess indicated otherw se, illustrate WO 96/ 01683

PCT/ EP95/ 02704 21 the invention; Synthesis m xtures were prepared as

f ol | ows 4975, Aumgmbrane g5 Flginard ingiaim48 whareinitesCPQdsivAXisS 40, supplied by Du
Pont) were mxed with a solution of 6.95 g of tetrapropyl ammoni um brom de
(TPABr) .j,n 1Q0 f wat n of OH (98.4%purity) in 109.2
g of vvalsg'r V&mgggga?a%ﬁlau?@em,c&@ IﬂEFt‘EB&la%\& i xed for two mnutes
in a high shear m xer.. The resulti ng rml ar conposition was as follows:
0.22 Na2GQ, 0.52 TPABr; 10 Sierr] ; 283 water For other exanples,
conpositions were prepared with half and tw ce the indicated proportions of
NaOH, giving nolar conpositions with 0.11 and 0.44 Na20 respectively. For

anot her exanple, the alkali source was CsOH giving a nolar conposition with
0.22 Cs[err]Q :
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For spin-coating, a colloidal suspension of 10.46% by wei ght of 30 nm si zed
VFI -(':rystalg")\fefS 83 pure silica conposition was prepared accPCTEPSs/d24t he
process of WO3/08125. In sone exanples tQ%% was used alone; in others a

m xture of 0.624% by wei ght of the suspeﬂ n was used in adm xture with
99. 376% by weight qf a synthesis m xture as described above. |n another
exanpl e, the susperfsion gLis g xed with yater and Lkudox -AS440 col | oi dal
silica to prowdp acontent ot £ 56 w.2*%%Zed itevparticlesSarg 4 56 wt. %
silica parti cI”es% por ou ?walg)hep adcung neg dgsig 9l gnefer: 25 nm St hi ckness 3
mm pore size~80%nry 33% p& d3i B, “michi ned andnpol iShéd Oncon@ face was
soaked in demn neral%zed ter overni ght under vacuum The sdaked di sk was
pl aced in the specinmen chuck of a CONAC Mddel MIS-4 spinner and excess

wat er renoved bygspi nni ngj t he disck at 4000 rpm for 30 seconds. The
resulting barriew-inpregnated di sk was then covered with one of the seed

m xtures with ¥hg pol i she “Si de upward. 10 seconds after contact between
the seed mixtgeSamd the dFsk] heldidkSnwas Spufi & 2000 fp@ fQr 230
seconds. After+sgin-coatipng, the coated disck was naintained in a humd

at nosphere before being placed in a stainless steel autoclave. Two

orientations in the synthesis mxture were used. The first was in a hol ger
with the spin-cogted face| downwards, near the surface of the synthesiy &

S M 1L} 1 m M
mixture, referre@ to in Tah e2lbefow ag "gnyertef 2 The Se@ng s i g 8
hol der, i mrersed vertical]wifn the~m=tuore~(~entrcak" ) ~het att ecl av was
cl osed, placed in an oven} and heated during 30 mnutes to the @
crystallizatiog tenperatufe and maintained at that tenpgrature for th&\™
period specifi®dg n Tabl el 1, JThe, oyen.was then allowed fo_cpl_tqQ roodd o
tenperature. Akter cooling, therdi ok wast renoved andswashada nv ~T
dem neralized water until}the conductivity of the | ast washi ng water was
[err] 5 [err]S/cm The digk was then dried in an oven at 105[err]C. .4~
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WO 96/ 01683 PCT/ EP95/ 02704
22 The abs¥R¥MYS8Yefects in a |layer may be neasured by its RGRAERISIOLIP4t 0
pass dye nol ecules into a porous support.2/Agy dye which wicks into the
support is readily visible because of a col our change in the support.
Rhodamine B (0.5 wt. % in nethanol was added to the centre of the surface
of the layer after calcination. 2 to 3 drops are applied to a 25 nm di sk
and al l oned tw[Set Tor about 30 Seconds Hefore thé excess eis blotted
of f. Methanolifs then blotted on the disk toremove any excgss Rhodam ne B
solution. Theegtructure is then washed wi th.met hanol for to 30 seconds.
Any perneati ¢h|of the dye into the substrapewt'hroug s in the |layer
is readily afpgrent. The procedures and resulting productsjare sumari sed
in Table 1 (id{which NA indicates: not anal ysed). Exanple In this

exanpl e, inst—?z of form ng an internedi ate | ayer bpo&pi ating, as in
the remai ni ngg ¢xanpl es, the layer was fornmed by in situ criystallization
froma highly al kaline synthesis mxture (72 hourcéag_t 120[krg] C). Exanple 2
1 g of colloiglal zeolite suspension is added to 1 V33 ynt hesi s

m xture to prepare the spin-coating m xture. Exanples 6, nd 15 The
products of t§1 se exanpl es passed the dye pgeghati scri bed above.

Exanple 9 & '.
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The absence of seeds gives a |lower CPO Exanple 12 Hydrothernal treatnent
was 30 mi nuiWegL6/8168%00[ err] C; cooling to 175[err] C over 10 mni POI/RRIS/AaM04
m-nutes at 175[err] C and quench-cool ed. Exgma e 13 Hydrot hernal treatnent
was 30 mnutes at 175[err]C, 23.5 hours at 150[err]C. Exanples 14 and 15
These exanples illustrate that, in accordance with the proces& of the

a

N

i nvention, the wi dth of crystals extehding to the top g,layer nmay be
i nflugnced by the concentration of zeolite crystals in tha[precursor to the

interpedi ate | ayer, |ower concentrations |eading to w der WD 96/ 01683
PCT/ EFP95/ 02704 23 crystals. The acconpanying draw ngs sho in Figure 1,
X-rayl{diffraction patterns show ng: 1(a) 'The strong (er paraneter val ue
(100. @0) of the product of Exanple 15. 1(b) CPO absent fr aspowder

produgt. Figure 2a shows an SEM of the cross-section of tQ¢ product of
Exanplite 15, Cerr] parameter 100.00. Figure 2b shows an SEMPE t he
crossq{section of the product of Exanple 7 ( Clferr] paranefer &.87); in
both FKigs. 2a and 2b the columar nature of the upper |ayef ig;readily
appar?nt. Figures 3 and 4 show the top surfaces of the | Ers of Exanpl es
14 and 15 respectively. <
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Figure 5 is a diagrammtic cross-section of a product simlar to that shown
in Fig. 2aWa%/0af3ch a porous support gliqgupports an inter nediCamEposiagres 2,
the individual particles 4 of 3hixch are shown in _the enl argenent annexe,
and _fromwhich layer 2 crystals 5~ 6, 7 of the upper.|ayer 8 extend. A
crystal such as that shown at 3 é€xtends fromtheInterface between the

| ayers 2 and 8 to the Uppernnsf surface B to the Jupper layer. A crystal
such as that shown at b extengs adly a short way-Fromthe interface, while
that shown at 7 extendf for argreater diktance. thégthat in the diagram
as in SEM and any ot het two-diftensi onal fepresenuathon, it is not possible
with certaipt ' ' tal that actually .termpates in.the

pl ane of t ki A Q-+ g% G

pl ane. So he

support 1. of

the inter

columar c ted
accordi ng eed,
sweep and of

Liquid flo ng
results at Ssd - WL BB - ISPl ik y ikl ol SRR
pressure dige e e Rl phie “shiparal- OB EROE0E: RS pttned
pX/ mX FI§ . 8
3.1 '
. I
SR G .
sialeene . Ceeeal: S n . A
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1.55 2.5 0.076 WO 96/ 01683

PCT/ EP95/ OWIpe5/a26834 . 1 1.1 2.5 pX and nX repr esentPqIEPSS/OZI04

met a- Xyl ene respectively. The sane merrbrgrpzwas tested under the sane
conditions at aliquid flowrate of 1.55 m/hr with a variation in pressure
di fference over the nmenbrane (the pressure difference is positive if the
pressure at the feed side is higher than that at the perneate side):
Pressure diff. pX mgyl ux, through menbrane (bar) sep. factor

(mol /nferr]s) -0.3+= g3.8 0.081 -0.08 3.2 0.11 +0.08
1.0 1.5 +0.19;= 3,0 2.6 Exanple 17 An [err]-al umi na disk,
diameter 25 nmm thi c®esgg3 nm pore size about 80 nm porosity about 30%
was ultrasonically c@®amed first in hexane and then in acetone, and dried
at 60[err]C for 2 hod¥s. ¢lhe di sk wasegoaked in water and then covered with
a colloidal silical ;_ﬂqz zglite sol, 1gx64%by wei ght solids, spun for 30

seconds at 4000 rp eagd at 20[ere r to 500[err] C and mai ntai ned at
that tenperature fo hers. The di sgvva cl anped in a stainless steel
hol der and pl aced i st=i nl ess st eefyau | ave with
R _—
xR L
o=
B w»n

piota TG SOPY
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t he seeded face downwards about 9 mmfromthe autocl ave base. A synthesis
m xture waw@eemessed fromthe foll ow ng conponents: NaCH 0. PCHERISS2704
TPABr O. 25 K2Si @3 15.09* Herr]O 36.11 "§s42n the formof an aqueous

sol ution, Cerama-Bind 643 A portion of the synthesis m xture was poured
over the disk. The autoclave was cl osed and placed in a roomtenperature
oven, which was then heated to 175[err]C, maintained there for 12 hours,
after which it was left to cool. The autoclave was opened and the di sk was
washed, dried, and after X-ray diffraction (XRD) & scanning el ectron

m crograph (SEM analysis, calcined. The XRD pattern of the disk is shown

in Figure 6. Apart fromthe a-Al2 ex 683
conponent siEhe el S ay SRER TSI hAR Y ner Ul
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curing in two steps, at 90[err]C and 148[err]C. I n Exanple 19, the Exanple
17 procedwesorsss ol | owed, except that the seed | ayer was {PCTERDS704
spin-coating a 1:1 mxture of colloidal_ silicalite seeds and coll oi dal

alum na, and calcining at 600[err]C for’/¥ hours. In each case, the XRD
pattern is dominated by 2h k o reflexions, and there is no c-axis

refl exi on. Exanple 20 An a-alum na di sk, as described and cl eaned as
described in Exanple 17, was seeded by spin- coating a 1:4 m xture of 0.5%
solids colloidal alumna & 0.5% solids colloidal silicalite. The di sk was
pl aced in an autoclave follow ng the procedure of Exanple 17 and a '
synthesi s mgXxiuf e T i on 7 AG AL g Y. jee
it. The aufBeigmaasy

t enper at ur &3

XRD and SEM#

A

ul’t,

o~

noder at e pr opFEad
of 6 bar wags*pus:

2

of 2.7 kgl nferk}/Bay
procedur e ofEREMp]
t he i nter mediat®




CLAI M5 27 1. A structure conprising a
support, awagsstoasssedi ate |ayer and an upper |ayer, the intepondreserbayer
conprising a crystalline nolecular sieveghpying a crystal size of at nost 1
[err] m and the upper layer conprising a crystalline nolecular sieve of
crystal s having at | east one dinmension greater than the di nensions of the
crystals of the internediate | ayer. 2. A structure as clainmed in claiml
wherein the upper |ayer conprises crystals which have a

crystall ographically preferred orientation (CPO or shape preferred
orientation (SPO) or a conbination of CPO and SPO 3. A structure as
clainmed in claim2 wherein thecgPO paranme(®y has a value of at |east 50. 4.
A structure as clained in clais2 wherein the crystals have a CPO in which
the c-axis extends in the diredtion of the}l upper |ayer thickness. 5. A
structure as clainmed in claim2 wherein the crystals have a CPO in which an
axis other than the c-axis extegnds in the direction of the upper |ayer

t hi ckness. 6. A structure as| clained infclaim?2 wherein the a-axis
extends in the direetd+enof thel upper |aye }, ss. 7. A structure as
clained in claim?2 mﬁfﬁ*ﬁﬂ%—%her- i —2XESI , or a mxture of a
axi s and c-axis. 8. A—St+tettre—as—charmees iml or claim2 wherein
at | east 75% of the—ePwHHﬂﬂ}ﬁﬁ&%& t he upper | ayer
extend to the inter diate | ayers. 9. A
structure as cl ai ned— ' et it he upper layer is
col umar. 10. A strtaeture—as—ctarned igl f clains 1 to 4 wherein,
when vi ewed by SEM —at < ‘Sme—
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| east 75% of the grain boundaries in the upper
region of wW@e6o1sser nost face,

within 30[err] of nornal

| ayer are,

at least in the

t o tPeI/EPgs®mR70al ane.

11. A structure as clainmed in any onegpf2 clains 1 to 6 wherein the
crystal size of the nolecular sieve in the internediate layer is at nost
300 12 A structure as clajned |n any one of clains 1 to 7 wherein
t heShiint er medi at e | ayer and' upper Iayer are. an Ml zeelst & 3. A
st r&;cffure as claimed in claim1l1 having |layers as describedf Fn claim 1 on
eac® |si de of B sypp@rs . 14. A structure as clained ifnf any of clains 1
to @3 wher eﬁi He upper layer 1s a zeollte nenbrane support is
por@us. 15. A process for the manufacture of a nol ecul af| si eve | ayer on a
suppdrt, which process conprises applying nol ecul ar '3i évellcrystal s of
parfilcl e size at nost 1 [err]mto the support or forming sjuch crystals on
t hexsupport, to forman intermediate | ayer, contacting thg-Besulting coated
suppgrt in a nol ecul ar sieve synthesis nixture and subjecting the mxture
to _ | hydrothermal treatment in order to dep03|t an_upper ¢ ayer conpri sing
a cpylstalline nol ecul ar sieve oF ‘G H sEHhabi ng one di nensi on
gr €dtler than the dinensions of the crystals of the internkdiate |ayer. 16.
A prgcess as clainmed in claim15 wherein the coat edesippoft is contacted in
an aqueouﬁgsmbepuwapbgzev.e_sym_h%m xte—tentar g o source of silicon
anded source of potassium having nolar ratios of cOEptherts™ expressed in
ter 5| of oxides as foll ows: K[err]OS|CIerr] - 0.1 to O.6% 1 preferably 0.1
to 9.125: 1 sz - s
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Herr]OSigerr]

20 to 200:1 Na2O SiQ2 - 0 to 0.175:1 preferably 0 to

0.033:1 t hAWR6MIAE3si s ni xture optionally al so containing a RAVERISD2I04

di recting agent and sources of other eljgpents,
to hydrot her nal

and subjecting the mxture

treatment. 17. A process as clained in claim15 or 16
wher ei n _the hvdrnf hermal treatment is at below 18. A process
as &lai med in any one of claims 15 to m,reln t he parti’¢le size of the
nol ¢yl ar sieve crystals is at nmost 300 nm 19. b As clained in
any <one _of clal ms_ 15 to 18 wherein the nol ecul ar stals are applied
to ap f §Prigd™ S t1e & suppor A process as
clai‘a‘md in any one of clains 15 to 19 wherein the syntheS| b m xture has a
pH Wi tthin the range of from6 to 13. 21. A process®as‘clqined in any one
of ctdins 15 to 19 wherein the nucleation density of the ijiternediate |ayer
is conytrolled. 22. A process as clained in any of clainsiid to 21 wherein
the‘:j‘ilrterrredi ate layer-is treated with a solution that nodjifies the surface
charadtersistics of the paélcles in the intermediate | ayed]. 23. A
prodeds for the separation P 2V U¥d mi $&ufe des contacting
the TFijxture with a structure as clained_in any one of claiyjs 1 to 14, under
condgtli ons such that at |east one conporesat 'p)f t he mxturgihas a different
st eady &hap e xper neal | Hy—thought-hed-ayer—framthat—of arLogher conponent
and ggcovering a conponent or nixture of conponents from tjje other face of
the Egyer. 24. A process for catalysing a chemnical reactjfon which
conp¥i|ses contacting a feedstock with one face of a structljre as clained in
any grle of clainms 1 to 14, which is in active catalytic
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formor which is in close proximty to or in contact wwth a catal yst, under
catal yti c WO86M16830n conditi ons and recovering a conpositi oPCTEPEPI784 ng at
l.east one conversion product. 25. A pryggess for catal ysing a chenical
reacti on which conprises contacting a feedstock with one face of a
structure as clainmed in any one of clains 1 to 14, that is in the formof a
29 rrenbrane and in active catalytic formor in close proximty to or in

copt gTt—wWitha tatal yst, under catal ytic corgver*m on condtions, and
recdovering from an opposite face 5P FheSik ayer &€ TEast oneonversi on
pr @luct, advantageously in a concentratl on di ffer| ng frombits equilibrium
cor&g:e;ntr% i dnevBR Eac H-ohr—m catal ysing a
chemrijcal reaction which conprises cont actl ng one react anty| of a bi nol ecul ar
re&fion with one face of a structure as claimed in any Qhe of claims 1 to
14 %hat is in the formof a menbrane and in active catalygic form under
cat@liytic conversion conditions, and controlling the addi Jg)n of a second
jant by diffusion fromthe opposite face of theggt ure. REPLACEMENT
SHis=T WD 96/ 01683 ot her than the c-axis extends In thej{direction of the
uppen case thickness. 20. ¢4y Wt-u—kﬁ‘ as Tl ad 'm 19, wherein the
a- &ils extends in the direction ofthe -
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upper layer thickness. 21. A structure as clained in claim19, wherein
the.2 1 0 woyws/0asg3s extends in the direction of the upper | ®gFrEPISIOIIBNESS.
22. A structure as clainmed in any one19?1glajns 1 to 21, wherein the

support is porous. 23. A structure as clained in claim22, wherein the
support is al pha-alumna or a porous netal. 24. A structure as clained in
claim ZZor—ctarmr23, having'  ayers as'defined 1n* any one of t{;;I ains 1 to 21
on e&th-side. 25. A structure as clainmed in claim1 whereijnethe support
IS nglite and there is no internediate | ayer. 26. A strugture as clai ned
in any jof the preceding clains in which the CPO is *a’awi® <§- axis or a

m xtgy¢ of a-axis and c-axis. 27. A process for the manufgcture of a

nmol e€lllar sieve |layer on a support, which conprises applyind m@ ecul ar

sieve, ¢rystals of particle size at nost 1 [err]mto the sup
suchxiystals on the support, contacting the resulti®§ Boa

=
nol eaul

ryy or formng
support in a
ar sieve synthesis m xture and subjecting the m xtur

hydr & hernmal treatnent. 28. A process for the manufacture jof a nol ecul ar

sieve |

of pgticle size at nost 1 [err]mto the support, or formn

ayer on a support, which conprises applying t@teguhakr sieve crystals

sieh crystals

on thelsupport, and contacting the resulting coated support }in an aqueous
nol e@uljar sieve synthesis mxture containing a source of silficg and a
sour &e tof potassi um having nol ar ratios of corrponenf%?\‘fe'%r in terns
of od des, as follows: KlerrJOSiJerr] - 0.1 to 0.65:1 prefgerably 0.1 to
0.2521 Herr]OSigerr] - 20 to 200:1 NaJerr]O SiJerr] - t420.175 : 1
prefetdbly 0 to 0.033 : 1 S
C
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the synthesis m xture optionally also containing a structure directing
agent and_saqurces of other elenents, and subjecting the mxture to ,
hydr ot her #192¢ r eat ment .  29. A processlfo.r t he manuf a ; éMemmghggpl ar

sieve layer on a support, which WO 96/ 01683 — A
PCT/ EP95/ 02704 30 conprises applying nol ecul ar sieve cfyftals of partif

size at nost 1 [err]mto the syppahlar Stved MdProtessdiCh ¢r Vs SEM WIe
support, contacting the resulting,coat sypporf 1n anjaqueous nol ecul gr
sieve synthesis mxture and subj e@%ﬁﬁﬁgﬁ%re to Rydrottermal
treatnment at bel ow 150[err]C. 30. A process for the nuf act ur
nol ecul arsj eve. | 1 a A Lch co | se LN | ecul ar

ot eve. or Bk egych Sl BlionGRRRe eved h6id IR R7 5 FRfind bl SEes Bpdy g
such crysoalagersrcontaining hem.t , Motsnespecinllyy therdnvestion rélatgs doat byers espaidilyi m an
agqueous r@&hﬁ&‘t‘é@fa?éﬂ, %8&@}@;@&;&:&11&3 Holé%@l_aﬁ&l@{eaéda' 8% &Puchﬁé‘%mgrisﬁ{?% GG P

potass I ture

silicon and a soufce of um and optionally also a struc Irecting
agent anda¥efsource of at |east one other €lement, the nolar ratios of
conponents, expressed in ternms of oxides, being as foll ows:

Klerr]O S err] - 0. 0 .0.65:1 preferahly 0.1 to 0.25 :1 Herr]OSigerr]
M50 o Motshinh sieves e i tn Byl brdieochprmishl, pid Zhergicd] mipedssess gioss
and subj emttabiyas beleative sorbents,ceffectingisepadatiomaf campoments it midtures,tandpe catalyss.
\%L?‘é"i ﬁS?%‘gﬁ%%%PP@%gms‘?’ ?é§§r2§§ﬁ)§ﬁ@§{cﬁ%géﬁél%d pBreA B cRRE withinthe hB¥echifr 5@ve0:
material is normally required to be open, and it is then a prerequisite 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 known to act as molecular sieves, among which zeolites form a well-
known class. Examples of zeolites and other materials suitable for use in the present invention
will be given below.

In our earlier International Application WO 94/25151 we have described a supported inorganic

layer comprising optionally contiguous particles of a crystalline molecular sieve, the mean

particle size being within the range of from 20 nm to 1 um. The support is advantageously

porous. When the pores of the support are covered to the extent that they are effectively

closed, and the support is continuous, a molecular sieve membrane results; such membranes
* have the advantage that they may perform catalysis and separation simultaneously if desired.

While the products of the earlier application are effective in many separation processes, the
crystals of the layer are not ordered, and as a result diffusion of materials through the
membrane may be hampered by grain boundaries. Further, there are voids between the
crystals.

Other literature describing supported inorganic crystalline molecular sieve layers includes U.S.
Patent No. 4,699,892; J. C. Jansen et al, Proceedings of 9th International Zeolite Conference
1992 (in which lateral and axial orientations of the crystals with respect to the support surface
are described), J. Shi et al, Synthesis of Self-supporting Zeolite Films, 15th Annual Meeting of
the British Zeolite Association, 1992, Poster Presentation (in which oriented Gmelinite crystal
layers are described); and S. Feng et al, Nature, 28th April, 1994, p
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32. A process as clained in any one of clainms 27 to 31, wherein the
support is porous. 33. A process as clained in claim32, wherein a
harrier layer is applied to the porous d port before the crystals are

applied. 34. A process as claimed in claim33, wherein the barrier |ayer -

is water. 35, Abqpéocess, as clained in any one of clains 27 to 34, wherein
the support WO E#4P desaribes g Brosess for the dppsisition ayeasting-reasenial ag 2 @6ous A
process as ChuppBRUthe Rupibitt RBPbOpreCtaatddBwitya sdlutish ot MIRIGI. tWesaKZA8st IS

t hree- di rrenc?l nal and th ra/s als are appl|ed % di -coatlngk .

wash- coat i ng,‘s‘gﬁeéﬂ-pr%‘i?éiﬁﬁa,e qs{tiop-on - ypp othm@ glﬁfﬁ ve layer whepeinthecess as
clainmed in aspputivnetemberatire isHndastd diing depositior) WOH3r08126 desikibed @IBidal yst al s
are applied -0r 2 L 1, ) hth silica. .38. A
o ocess as crALRmHBHE nPRcihoSs SHRRPbleniy iR T 0 Uat BbiatcRbed Eicnid, <

m xt ure conp?fi mamifachire of aeglite membranesdn whichaamumber pfidenpsisionistages dragsedhent

and a sour cejoduiladty thé ABMbFABBREGRISS WHLE20EALdIERs a conthidoPEBLER3 Im
31 PCT/ EP95/ 02704 39. A process as_clalned in any

) r I d
one of cl ai e Zs9litenagporgpsinderiayen andsy progessifr ity 4 §s WORHOR9%hi n t he
\rA;mge of 1;] r odasé€ritied akBuctlited cataﬁ/slrmyataaswhaaincal SR ded ﬁppbﬂ:imo%rsdrwi@ﬁ ai m 39,
erein the nt hesi;s. m xtu 0 | S8s, se crystals. 41 .A process
i e 1 Bt Tl Sl SrBaB OFRYTHS Siei s § RIS i tidiengrifor

treat ment i sof@ageolitecbnousupport. from 1 hour to 14 days.

Related copending PCT Applications are PCT/US95/08511, PCT/US95/08513, and
PCT/US95/08514.
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42. A process as clained in any of the preccedi ng clai.nms. wher.ein the
nucl eation density of the internedi ate 9yer Is controll ed 43
product obtainable by the process as cl &

[ i med|nanyo Lﬂ H{j 0 42.
44, A pooaggs for the separation of a fluid mxture

contacting the mxture with a structure as clainmed in any one of clalms 1

to 26 and 43, ons s that, at ast one co th
nixtur e ks a AAPEEpEE P0G b 40 s ik ?z R ng& from
that of alftrRe la@d ARmPrISiRg F‘é(&‘é i 3R YRTROFANRE DFTHRbS fost 1 i
conponent & M%’frhﬁtuﬁéefd%)f?é eompgsingy crystalline gk eculg5 sieve of grysiele bgvmg)at least ahg/si ng
a chemi caflimeasion gmttha@Hheadmpnm@r@stmraﬁahs ofj the inteodedige layar.t h one face of
a structure as clained in any one of clains 1 to 26 and 43, which is in
active catal yt Actruoture sy clalined ih dlsimi Inwhéreiahe upperiayey coipiies crysalnvige W th
a catal ysztavetarwﬁtalrégta@hmw;pp&eﬁw bfbRBHSGDTHG) atbﬁaﬁét&efeﬁea\bﬁemaﬂo@(SPO)
conposi t '&na&ﬁﬁmﬁdtﬁw'nrlﬂ hpSioone conversion product. A process for
e

catalysing a m cal reaction which conprises contacti ng a feedstock with

one face of a uct ure as ¢ n, an f clains 26
“that is |ﬂ theR iﬂ‘ UG asc ﬁr{ema#hﬂh"rrﬁ%‘ég? &@@ RALRIPLSE t’acs af‘@thtﬁ‘?f?at?%sg Oose
proximty to or in cont act vmth a catal yst, under catal ytic conversion
condi tiond, and struetyvess Gaimed wralaim 2owhersinithe erystalsdrave p l}ilé’lfhld! thegaasis one
conver si mﬁmd@@luﬁte direchicnmfabeenpst layenthigknesscentration differing fromits
equi libriumconcentration in the reaction m xture. 47, A process for
catal ysing a cAefructate ds@dittdh dMiin wharsirthe staltadsh OPOD pchicleackaat of a

bi nol ecul @he i@ tHeQPaxl¥ dxlferds tﬁt@@ﬁe&fon%f%é&ﬁeﬂa?eﬁ%&hé’s!smd in any one of
claine 1 to 26 and 43, that is in the formof a nenbrane and in active

catal yticgfor v, ng the
addi tion of alnA SH-H feraégcg@h&% nbdaﬁlsci;’rhf ?E%%:%Ehf?%%stehﬁﬂasplgggggx?gc]@ ac gﬂ)}k t he
st ruct ur PPEF ayer

7. A structure as claimed in claim 2 wherein the CPO is a-axis, c-axis, or a mixture of a-

axis and c-axis.

8. A structure as claimed in claim 1 or claim 2 wherein at least 75% of the crystals at the
uppermost face of the upper layer extend to the interface between the upper and W
o pperiey PP WEPLACEMENT SheE

layers.

9. A structure as claimed in any of claims 1 to 3 wherein the upper layer is cd lurhna9. G SEP 1996

10. A structure as claimed in any one of claims 1 to 4 wherein, when viewed §y SEM, at
least 75% of the grain boundaries in the upper layer are, at least in the region of the uppermost —
face, within 30° of normal to the upper plane.

11. A structure as claimed in any one of claims 1 to 6 wherein the crystal size of the
molecular sieve in the intermediate layer is at most 300 nm.

12. A structure as claimed in any one of claims 1 to 7 wherein the intermediate layer and
upper layer are an MFI zeolite.

13. A structure as claimed in clatm 1 having layers as described in claim 1 on each side of
the support.

14, A structure as claimed in any of claims 1 to 13 wherein the upper layer is a zeolite
membrane and the support is porous.

15. A process for the manufacture of a molecular sieve layer on a support, which process
comprises applying molecular sieve crystals of particle size at most 1 um to the support or
forming such crystals on the support, to form an intermediate layer, contacting the resulting
coated support in a molecular sieve synthesis mixture and subjecting the mixture to
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\Ié\gT?E{DSé?827O4 48. A zeolite nenbrane npri sing um‘m l"zJ"“ ”ILI "rl’mecul ar

0
si eve having crystals with crystallogra&% cally preferred‘orienfatton (CPO)

a shape pfé)":‘dr&rhe Q{ehﬁﬁgn?H &Her(t§ er of Hﬁgﬂweg%hgﬂﬂsxﬂé a%aﬂ ] 9: 1>

ﬁ\e gpg:}g” %"ec‘? 5N E?ﬁvngg & l%] {Tén F Isioh grﬁ%terdg;gx dimé mggﬂogxs ofthe crystals of

ayer

e 1nte

16. A process as claimed in claim 15 wherein the coated support is contacted in an
aqueous molecular sieve synthesis mixture containing a source of silicon and a source of
potassium having molar ratios of components, expressed in terms o OWE’A%%W%HEET

K20:Si09 - 0.1 to 0.65:1 preferably 0.1 to 0.25:1
H»0:Si05 - 20 to 200:1 30 SEP 1996
Nay0:SiO - 0to 0.175:1 preferably 0 to 0.033:1

the synthesis mixture optionally also containing a structure directing agenrandsources of
other elements, and subjecting the mixture to hydrothermal treatment.

17. A process as claimed in claim 15 or 16 wherein the hydrothermal treatment is at below
150°C.

18. A process as claimed in any one of claims 15 to 17 wherein the particle size of the
molecular sieve crystals is at most 300 nm. :

19. A process as claimed in any one of claims 15 to 18 wherein the molecular sieve crystals
are applied to or formed on the support in admixture with silica.

20. A process as claimed in any one of claims 15 to 19 wherein the synthesis mixture has a
pH within the range of from 6 to 13.

21. A process as claimed in any one of claims 15 to 19 wherein the nucleation density of
the intermediate layer is controlled.

22. A process as claimed in any of claims 15 to 21 wherein the intermediate layer is treated
with a solution that modifies the surface charactersistics of the particles in the intermediate
layer.

23. A process for the separation of a fluid mixture which comprises contaéting the mixture
with a structure as claimed in any one of claims 1 to 14, under conditions such that at least one
component of the mixture has a different steady state permeability through the layer from that
of another component and recovering a component or mixture of components from the other
face of the layer.

24. A process for catalysing a chemical reaction which comprises contacting a feedstock
with one face of a structure as claimed in any one of claims 1 to 14, which is in active catalytic
form or which is in close proximity to or in contact with a cétalyst, under catalytic conversion
conditions and recovering a compositions comprising at least one conversion product.

25. A process for catalysing a chemical reaction which comprises contacting a feedstock
with one face of a structure as claimed in any one of claims 1 to 14, that is in the form of a
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.

membrane and in active catalytic form or in close proximity to or in contact with a catalyst,

29 .

under catalytic conversion conditions, and recovering from an opposite face of the layer at
least one conversion product, advantageously in a concentration differing from its equilibrium
concentration in the reaction mixture.

26. A process for catalysing 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 14
that is in the form of a membrane and in active catalytic form, under catalytic conversion
conditions, and controlling the addition of a second reactant by diffusion from the opposite
face of the structure. .
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