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Progcedurge for Preparing Ml ecular Sieve Filns The present invention is
concerned with a nmethod for preparing nolecular sieve filnms on a variety of

substrates. %vg?.;,;ﬁ‘es coated with such thin films find theperempbizéat i ons
in the fields oOf nmenbrane separation, sensor technol ogy, catalysis,

el ectrochem stry, electronics as well as reinforcing polyner fillers.
Mol ecul ar sieves are characterized by the fact that they are m croporous

materials with pores of_ a | | -defined si in the r e of 2-20 A. Most

nol ecul es, whether in t‘II'E%@I&”&?’ I‘ﬂﬁw b’ﬁ’z%%'?"b%'fﬁe?ﬂ%?gani c and organi c,

have dinensions that fall within this range at roomtenperature. Selecting
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selective catalysis. In the latter two cases, significant properties other
than the mcropore structure are, for instance, ion exchange capacity,
speci fi c sMolezolar asievesmteacharacterizap| by thgr fagiethat they are cmieropprass i n
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i nproved stheicstruttural properties; AArrup f malgeyiar sigves of commercial interest is

the group comprising the zeolites, that are defined as crystalline aluminium
silicates. Another category of interest is that of the metal silicates, structurally
analogous to zeolites, but for the fact that they do not contain aluminium {or
only very small amounts thereof). An excellent review of molecular sieves is
given in "Molecular Sieves - Principles of Synthesis and Identification” (R.
Szostak, Van Reinhold, New York, 1989).

Membrane processes for selective separation have attracted considerable
interest, partly due to the fact that they are potentially more effective and more
economically advantageous as compared to the currently used separation
processes, and partly due to the fact that they may open up new separation
possibilities, that are not feasible with the currently available techniques. There
is also considerable interest in the development of catalytic membrane reactors
and chemical sensors with improved selectivity. The limitations associated with
the use of membranes in various applications are primarily due to the membrane
itself. The performance of the currently available membrane materials is
generally less than optimal as regards capacity, selectivity, thermal and

CONFIRMATION COPY



the use of menbranes in various applications are primarily due to the
menbrane.itsel f. The performance of the currently avail able menbrane
materials is generally |ess tw ards capacity, selectivity,
ther mal andy,. o, mechani jcHlIS pitEErHASSERN [wel | as resj let‘,@%g uE

bi odegr adat I'on. ﬁ“ls known tfhat sRERiLAGEDant i gprovenments can be obt ai ned
with zeolite based nenbranes. Menbranes consrsting solely of nolecul ar
sieve material are known and reported in various patents and publications.
Suzuki (Europ. Pat. Appli. 180200.(1986)) describes a nmethod for preparing
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covered 1o 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 this earlier application are effective 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 and voids betwseen the crystals effect selectivity.

Internationa! Applications PCT/EP93/01209, and PCT/US95/08514 published
as WO 96/01687 describe the use of nucleation layers deposited on substrates
for the manufacture of molecular sieve layers. These nucleation layers are
relatively thick and unordered and the molecular sieve layers are relatively thick.

In International Application PCT/US95/085611 published as WO 96/01685
molecutar sieve layers are synthssised without the use of a nucleation layer.
The resultant molecular sieve layer is relatively thick from 2 to 100 ym. This
process produces molecular sieve layers which have a relatively fow density of
molecular sieve at the interface with the substrate.

Furthermore considerable interest has been shown for the development of new
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nol ecul ar sieve |layers are synthesised without the use of a nucleation

| ayer. The resultant nolecular sieve layer is relatively thick from2 to
100 [err]m This process produces nol ecul ar sieve |ayers which have a
relatively | quoonfgsd y of nolecular sieve at the interface wCEiEPYINA267
Substrate. 2 I n European patent application
87308451, 1, published as EP 0 270 212 a process is described for the
preparation of close packed colloidal particle coatings. The process
requires as an initial step the formation of a monol ayer at a liquid/air
i nt er f ace; attieimproved yeemposité anatasigls ooosigtingr primaghp @fi fibeausoinerganic
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between fibers and polymers. For inorganic fibers, this may be achieved by using
suitable coupling agents, that is, compounds characterized by the fact that they
contain functional groups with a strong affinity towards both the fiber and the
polymer. Several methods have been devsloped to achieve this aim. It is also
known that certain types of inorganic molecular sieves show a strong affinity
towards organic compounds, such as the monomers used in the production of
polymers, and it is known that fibers coated with molecular sieves can impart
reinforcing properties when used as fillers in polymer matrixes.

It is possible to prepare continuous molecular sieve films with the techniques
known in the art. However, such films have dimensions with a lower thickness
limit range of more than 1-10 micrometers, the exact limit depending on the
type of molecular sieve being used. Attempts to prepare thinner films with the
current available techniques result in discontinuous films, of very limited use in
the current fields of application. For example with prior art molecular sieve
structures for use in separations there may be restrictions on the flow of
material through the membrane due to the presence of flux limiting attributes of
the structure and/or there may be defects in the membrane which contribute to
non-selective pathways through the membrane. Efforts however are being made
to prepare even thinner films, because of the technical advantages such films
would offer in several potential applications. However when moving to very thin
membranes such problems are compounded; some prior art techniques as
indicated above provide low density membrane structures at the interface with
the substrate which may only be overcome by the use of thicker membranes or
extensive reparation of the membrane. For the use of molecular sieve films as
membranes in separation processes, the membrane flux is primarily influenced
by the film thickness. The thinner the membrane, the higher the flux. For
application as a chemical sensor, the response time is of prime importance. For a
given molecular sieve, the response time is shortened by reducing the film
thickness. In catalytic processes, the efforts are directed towards avoiding low
reaction rates due to limited diffusion transport of species in the catalyst. In
catalytic membrane reactors where the molecular sieve is the active phase, the
resistance to pore diffusion is lowered as the film thickness is reduced.
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PCT/ EP97/.01267 and inproved conposite naterials consisting primarily of
fibrous inorganic materials in conbination with various types of polyners
and plastlc er to obtain advantageous nechanical propetl f the
conposites, e?#gmgﬁpare made to ensure conpatibility, and where gggggprlate
create the best chem cal bonds, between fibers and pol yners. For inorganic
fibers, this may be achieved by using suitable coupling agents, that is,
conpounds characterized by the fact that they contain functional groups
with a strong affinity towards both the fiber and the polynmer. Several
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materials, it is often desirable and, in many cases required, for use in the
envisaged applications, to have films that are free of cracks and large pores.
With the currently available techniques, it is difficult to produce zeolite films that
are crack-free both immediately after production and after exposure to high
temperatures.

Another problem associated with the production of membranes via the formation
of molecular sieve films on porous substrates according to the known
techniques, is blocking of the substrate pore system due to deposits of
molecular sieve material in this pore system, causing an effectively thicker film
to be made.

A further problem associated with the production of molecular sieve films on
substrates according to the known techniques is that in practice the number of
possible substrate/molecular sieve combinations is limited by the fact that the
conditions required for synthesizing numerous molecular sieves are so severe
that the substrate is dissolved or etched.

A problem with the use of fibers in composite materials or as fillers in polymers
and plastics is the low degree of compatibility between polymer and filler,
ultimately resulting in a material with unsatisfactory mechanical properties.
However, this compatibility problem can be wholly or partly overcome by using
known techniques, but only at the expense of significantly increased production
costs.

The present invention provides a means for avoiding the problems associated
with the known procedures for preparing molecular sieve films on substrates and
describes a new procedure for preparing molecular sieve films on substrates
espacially very thin films.

A purpose of the present invention is to avoid the disadvantages associated with
the known methods used for preparing molecular sieve films and to present a
new procedure allowing to prepare in particular very thin continuous films of this
type. Another purpose of the present invention is to develop a procedure for



polynmers, and it is known that fibers coated with nol ecul ar sieves can

impart reinforcing properties when used as fillers in polynmer matrixes. It
i s possible to prepare continuous nol ecular sieve filns with the techni ques
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thickness limt range of norejt =910 1t ers, the exact limt .
dependi ng on the type of nol egul ar RiPSAGEDei ng jused. Attenpts to prepare
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filnms, of very |limted use in the current fields of application. For

exanpl e wi deppsiting vary thin malgaarssieve fims o theesurfage abe pafous subsiratens
Ehe:ﬁ My R@thet f&?rﬁlté?ﬁl‘épg_vt bﬂ&@kihb?tﬂgeOfsyftB&?&]?l tﬁbrekh?wﬂﬁtbdsftﬁwgmjimé&{]& due
o the presence 0o ux himting ajtri es_ o structure and/or. there
my. be et SEVE TR PR, Ao 4 TuEBH: Bities ot Rt TrviloR i oy <

t hr ough t halexelepraipeocedure wherglyitvisrpassible &0 pienate e/ery thinapalesulay sieve
thinner filgigs ESABAPateS thiCalcchkolN €6 /distdUaN62B6 BtehtthuhddritheVdditicHs’ er
in several poteptial %Eeodatocatl ns, 'Eé ver .wh nsm)el.ngqto ver .thl'n th
menbr anes SOERA{Y SATPX X YONBo ,eg"(?rl%c“%’i BTV eI ST R édﬁ?sé’s e

i ndi cat ed auemasepebthialprasent dniestion tocdavelona frecedune dor prepaningivere thince
with the syhsbédahe sithhe FimEitha? are chRtkoss B8t irkihetiliRely ttd? prbparalieh and
menbr anes or, e>é ensi.ve r'_eq%ﬁ{atlon of the menbrane. For the use of nol ecul ar

sieve film@ mal drpat separation processes, the nembrane flux is
primarily influenced by the filmthickness. The thinner the nenbrane, the

O o A et e o MR 9350 flo 1 W R RRIIT |
short ened %"fBﬂﬁd?ﬂﬁc‘(t’)'ﬁés'falgf’ﬁ'f‘ﬁggl?ﬁ@%g?{ Fﬂdgiéfﬂ'fﬁ"febétﬁ?? esses, the
efforts are directed towards avoiding |ow reaction rates due to limted

di ffusion ﬁfh@fb?egéﬁt iRt H6as WAtH BDrocddiry $br preBafind Mloibdia BB RilRs,
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3 mickaBrgstals3@gel bound to the surface of a support to form a monolayer
PCT/ EP97/ 0153§s7mising molecular sieve microcrystals, which is subsequently made to grow

into a continuous film of molecular sieve.

The key aspect in the process of the present invention is the formation of an
intermediate product which comprises as a key component a monolayer
comprising molecular sieve microcrystals on a suitable support.

The present invention therefore in a first aspect provides a molecular sieve
monolayer structure which comprises;

a) a substrate and deposited thereon
b} a monolayer comprising molecular sieve microcrystals.

The term monolayer in the context of the present invention is taken to mean a
layer comprising microcrystals which are substantially in the same plane
deposited on a substrate. The microcrystals and other materials if present may
be close packed to provide a classical monolayer. Alternatively the
microcrystals and other materials if present are not close packed and therefore
are present as a sub-monolayer. The exact packing density required depends to
a certain degree on the nature of the molecular sieve microcrystals and the
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It is often desirable to produce thin films of inorganic materials that are
crack- free and in nost cases this is a prerequisite. For preparing thin

films of |norgan|c mat eri al s, .§@&§§ pl e and, in many cases
required, n the envis [ to havef' Epdy, are
free of cracks a?sgkl arge pores}) Wth FHACEﬂrrent y avail able tecﬁ?ﬁ‘aues, It

is difficult to produce zeolite TiTns that are crack-free both i medi dtely
after production and after exposure to high tenperatures. Another problem
associated with the production of .nenbranes via the formation of nol ecul ar
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ultimately resultin
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over cone domprisesg known techni ques, but only at the expense of
significantly increased production costs. The present invention provides a
nmeans for av0| di ng the problens associated with the known procedures for
prepar i nlRSPRIINIGR disRelzion coOMmPriging.diperete, microgrystals of maoleaular sieve pr ocedur e
for prepawhich haveer slidacescleargef i | N5 on substrates especially very thin
films. A purpose of the present invention is to avoid the di sadvant ages
associated with the known net hods used for rg;eparl ng nol ecul ar sieve filns

and to priiRelRcting RN PrePaRglasuba WY a surfacechasae which is epnasitedter y t hin
cont i nuouhat bf e Giscidte InickaPystalzah tRe dispepsios, of the present invention is
to devel op a procedure for 4

c} contacting the substrate with the dispersion comprising discrete microcrystals

of molecular sieve such that discrete microcrystals of molecular sieve are

attracted to and adhere to the substrate as a monolayer.

The present invention in a third aspect provides a method of preparing a
structure comprising a molecular sieve film which method comprises;

a) depositing on a substrate a monolayer comprising molecular sieve
microcrystals which are capable of nucleating the growth of a molecular sieve
film,

b) forming a molecular sieve synthesis solution,

¢} contacting a) and b) and hydrothermally growing molecular sieve to form a
molecular sieve film on the substrate.

The present invention in a fourth aspect provides a structure comprising a
support and a film comprising a crystalline molecular sieve in wherein the
molecular sieve film bhas incorporated within its structure a monolayer
comprising molecular sieve microcrystals,
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depositing very thin nolecular sieve filnms on the surface of a porous
substrat.e w thout simultaneously bl ocking the substrate pores by depositing
nol ecul ar sieve material in those pores. A further purpose of the present

i nvention i sglfomhsssd! Op a procedure whereby it is possible porpeepize very
thin nol ecular sieve filnms on substrates that are |likely to dissolve or, be
et ched under the conditions normally enployed for synthesizing the

nol ecul ar sieve in question. It is also the purpose of the present

i nvention to develop a procedure for preparing very thin nolecul ar sieve
films that are crack-free both inmmediately after preparation and after
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according to the present invention. Molecular sieves such as zeolites or
crystalline microporous metal silicates are generally synthesized by hydrothermal
treatment of a silicate solution with a well-defined composition. This
composition, as well as the synthesis parameters such as temperature, time and

pressure, determine the type of product and the crystal shape obtained.

Suitable molecular sieve microcrystals for use in the present invention include
nanocrystalline zeolites which are crystallites having sizes from about 10 A to 1
u#m. Nanocrystalline zeolites can, e.g., be prepared in accordance with the
methods set forth in PCT-EP92-02386 published as WO 93/08125 the teaching
of which is hereby 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 particies. 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 caicination the
zeolite will be nanocrystalline or colloidal sized zeolite. Representative of
moiecular sieves {zeolites) which can be used include but are not limited to
those of structure types AFl, AEL, BEA, CHA, EUO, FAU, FER, KFI, LTA, LTL,
MAZ, MOR, MEL, MTN, MTT, MTW, OFF, TON (includes zeolite X and zeolite
Y) zeolite beta and especially MFl zeolites. Preferably, a MF| zeolite with a
silicon to aluminium ratio greater than 30 will be used including compaositions
with no aluminium. MFI zeolites with Si/Al ratios greater than 300 are herein
referred to as silicalite. Some of the above materials, while not being true



5 desired nol ecul ar sieve filmto be grown fromthese
m crocrystals. The packing density of mcrocrystals in the nonol ayer should
in any event be such as to enable a thin | ayer of nolecular sieve filmto

be grown fr g\,t,)ggﬁayer. If the mcrocrystals are of an i%%ﬁspensity
i n the nonol ayer e grom h of nolecular sieve filmcrystals Tromsuch a
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directing agent, if used, is advantageously introduced into the synthesis mixture

in the form of a base, specifically in the form of a hydroxide, or in the form of a

salt, e.g, a halide, especially a bromide. Mixtures of a base and a salt thereof

may be used, if desired or required, to adjust the pH of the mixture.

Other suitable molecular sieve microcrystals may be prepared by the methods
described in PCT/EP96/03096, PCT/EP96/03097, and PCT/EP96/0309698, the

disclosures of which are hereby incorporated by reference.

The structure directing agent may be, for example, the hydroxide or salt of

tetramethylammonium {TMA), tetraethylammonium {TEA),
triethylmethylammonium {TEMA), tetrapropylammonium {TPA),
tetrabutylammonium (TBA]}, tetrabutylphosphonium (TBP),

trimethylbenzylammonium (TMBA), trimethylcetylammonium (TMICA),
trimethyineo- pentylammonium (TMNA), triphenyibenzylphosphonium (TPBP},
bispyrrolidinium (BP}, ethylpyridinium (EP), diethylpiperidinium (DEPP} or a
substituted azoniabicyclooctane, e.g. methyl or ethyl substituted quinuclidine or
1,4-diazoniabicyclo-{2,2,2)octane. 1,6- diaminohexane, 1,8-diaminooctane, or a
crown ether may also be used.

Preferred structure directing agents are the hydroxides and halides of TMA, TEA,
TPA and TBA.

The monolayer of the present invention may further comprise additionat
materials such as silica and/or metal oxide; metal particles; metal particies with
metal oxides and/or silica. The monolayer may be formed from a solution
containing a nanocrystalline or colloidat zeolite or a mixture of metal oxide and
nanocrystalline or colloidal zeolite or a mixture of nanocrystalline or colloidal



c) contacting a) and b) and hydrothermally grow ng nol ecul ar sieve to form
a nolecul ar sieve filmon the substrate. The present invention in a third
aspect provides a structure conprising a support and a filmconprising a
crystalline %%k@r sieve in wherein the nol ecul ar sieve pciErPHIDI267

I ncorporated wthin its structure a nonol ayer conprising nol ecul ar

si eve m crocrystal s. 6
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The present invention is particularly suitable for the production of very

t hi n nol eczgddite Angy eoliqidalsmets).  Rreferably, \nanpcrystalling opcollgidab Zpeliteiome with
fi t hi ;:EneSﬁwiﬁfgré F Sndrivvystaling rdritolioitiih | devlitecand trietal Joxid[y Willnbepﬁ_!?éhcﬁ rt<tab| y
ess than Q. r e @SS n.Q. r e.term
ni crocryst gqrﬁghgsagmpﬂany?ﬁggﬁéerr gf ﬁ%n’@%ﬁ %l#és%'r Jéent w?“%lentﬁ’o']ﬁmpg*agﬂ o

nmol ecul ar Ptepared: aye teglloidal tmetal sixjdesopr |pehgnerinmmeab oxidesr pfepares \frdmss
than 200 ngpi-deleprobysding. Shv ek Uispeef othinghpaanb thveitiohi frieCthetl Sxiday

diffraction,. .l nternational | i cat.ion PCT/ SE93/ 0071 5 published as
04) 05567 Pihict 228 h*r%gs'a? ToorpBlalec Soiecion o ie groif soppng fchafiaal”
descri bes aluminaodolididalesilica,t calloidabzirconia, colleidal titania @ndopélpimgrc metal
tsEs pensi on&ta,aas dbr];%‘bhﬂdelfmhe@ﬂlkgél fs}oe;\sssmgcaﬁcg _rmtah% ﬁﬁé&ab.l e F{r&fermet! n

e reparat,| Qn .0 nno r Str,uc res cpr al N e esent .l nventi on.
Vol eoul ar GPIaR i ot By dReds 5 eccpgé*@afmea@g ¥BiebEarDe tpep jpelude
silicates ocoppagepiatinuny aggdrsilvesi Jtasey these edditionall materialsronmst ddise haive i cat e

sol uti on wiidreduirellsuffabs RRErgeaRTERItibh 88 thd BuBsARPOSI tion, as wel | as the
synt hesi s paraneters such as tenperature, tinme and pressure, determne the

type of product and the crystal shape obtai ned.
By adjusting the ratio of colloidal zeolite and metal oxide, the density of

nucleation sites on the monolayer can be controlled. This density controis the
morphology of the zeolite film grown over this layer in a subsequent
hydrothermal synthesis step. The higher the nucleation density, the narrower
the molecufar sieve crystal width the crystals will exhibit at the molecular sieve
film / substrate interface. Nucleation density can be controlied by the relative
proportions of microcrystals and metal oxides {with the density decreasing as
the amount of the metal oxide utilised increases) as well as the size of the
microcrystals in the monolayer. Microcrystals in the range of 50-10,000 A are
thus used in this layer. The larger the microcrystals utilised in this layer, the
wider the zeolite crystals in the upper layer will be. It is if preferred that the
monolayer consists substantially of molecular sieve microcrystals and most
preferably that these molecular sieve microcrystals are zeolite crystals and are
colloidal in nature preferably les than 100 nm.

The first step in preparing molecular sieve films according to the present
invention entails bonding to the substrate surface of one or more nearly
continuous monolayers of discrete microcrystals that will uitimately form and
become an integral part of the molecular sieve film. To obtain the best resuits, at
the time of deposition, the microcrystals should form discrete entities and not
aggregates consisting of several particles.

Advantageously, the crystal size of the molecular sieve microcrystals in the
monolayer is at most 500 nm preferably at most 300 nm, ideally within the
range 10 to 300 nm, 20 to 200 nm and most preferably 20 to 120 nm.



Sui t abl e nol ecul ar sieve mcrocrystals for use in the present invention

I ncl'ude nanocrystalline zeolites which are crystallites having sizes from
about 10 [err] to 1 [err]m Nanocrystalline zeolites can, e.g., be prepared
i n accor dangg oyhiehs t Ne Nethods set forth in PCT- EP92- 02386pdaiebaldgs as WO
93/ 08125 the teaching of which is hereby incorporated by reference, or

ot her nmet hods known to those skilled in the art. Colloidal sized particles
are between 50 and 10,000 [err] and forma stable dispersion or solution of
di screte particles. Prefe(abI?/, the colloidal particles will be 250 to
5,000 A, Arantagegushyabhe sizesel theyaddidnal padisiésifdpiteservhre tise watrie sr zes <
5000 A arsgmiigred that @9 itAt RedlbsularSibl@Mitdchdtalsnation the zeolite will be
nanocrystalline or colloidal sized zeolite. Representative of nolecul ar
sieves (zeolites) which can be used include but are not limted to those of.
st ruct ur A kepeaspest of Abis stage of Ghe, pretias iE/the seldRtiolFor, pteparationlof kieZ, MOR,

VEL, ‘MMNsublBfard o Whioh fiinbholayetdg sotalddainigand zeol ite Y) zeolite

beta and especially MFl zeolites. Preferably, a MFl zeolite with a silicon -
to alumniumratio greater than 30 will be used including conmpositions with
no al uni [SielentionFf theoapprepristiet subSiratd assumes that ahée substhiate Sf€ace IBad6r €i n

ref erredgtg Be ifipatedld bGrfacPBRargh thie iﬁﬁﬁYi@ie%{ﬁy%&}&bsan%weggﬁéfé%@ang

t . . . .
PCT/ EPo7Figiotorthat of the srecies to be adserber, Theaeietty pb the,malesyian sipvasr ¢ as

such, andftimerestrimtbe giresentinvedntioararermeétal silieatels) theatimay beidhakatterizadc h
mat eri al : | ' ; h e S| 1 CI O stal s
that ar e%gdl\‘/?;:tﬁ%g‘égﬁs% :aﬁvéndi-falk%ﬁ "% gﬁezuﬁ{gms&pﬂggweiéug v!"asn% ggﬁe&%}s%f ’ ?r:ﬁeia ared
by the preRaritidscaictha,surade £hArae o aerally A isi ighess in ks BEOEMES, 112 ( hat
process, aadsheridecttis pi xangeeisi suitablp fioredddorbingi micrgerystals| oate Substratd on of
a silicaggpdpss and an organic structure directing agent in a proportion
sufficient to cause substantially conplete dissolution of the silica
source. The organic structure directing agent, if used, is advantageously

i nt r oduc @briaivi typee ofy mdlerilar siexesirate i prepaved! v theofpresdeeecof Ipaablkycal |y
in the fopmhehium Y G %ecﬂﬁrﬁe?ﬂé Rcb . MiPlsuén S?Jstes ?hg’?d%opﬁﬁérgeon
especi al lsgvgraPtr:y%Tsdoef' su'na)éteg rise %ro?notaedt%? '%i'?e g;]éjesg tset%agik;[maegxga%nium ions are
replaced by, for instance, ammonium ions. This may be achieved by allowing the
microcrystal suspension to pass through a column packed with an organic ion
exchange resin in the ammanium form, or by adding ion exchange resin in such
form to a microcrystals containing suspension and, after complete ion exchange,
separating the ion exchange resin from the suspension through for example

filtration or centrifugation.

The support for use in the present invention may be may be either non-porous or
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 or precious metals, and, especially, an
inorganic oxide, e.g., alpha-alumina, titania, an alumina/zirconia mixture,
Cordierite, or zeolite as herein defined.

Examples of substrates that are of major interest for coating with thin molecular
sieve films, in order to be used in the field of sensor technology include sotlid
silicon wafers, quartz, aliminium oxide, aluminium silicate and precious metals.
Porous aluminium oxide, silica, aluminium silicate, sintered metal and polymer
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may be used, if desired or required, to adjust the pH of the m xture.

O her swtabl e nol ecul ar sieve mcrocrystals may be prepared by the nethods
described in PCT/ EP96/ 03096, PCT/ EP96/ 03097, and PCT/ EP96/ 0309698, t he

di scl osures Qfo¥4Hagdh are hereby incorporat ed by reference. pdhgpsioizet ure
directing agent nmay be, for exanple, the hydroxide or salt of

t et ranet hyl ammoni um (TMA) , t et raet hyl anmoni um (TEA),
triethyl nmet hyl amoni um (TEMA) , t et rapr opyl ammoni um (TPA),

t et rabut yl anmoni um (TBA), - tetrabutyl phosphoni um (TBP),
tri met hyl benbstratesmné ammple(swmtenatsmhnemgm lzeeuwgfmmneamng N(emlm)ms

L rimet hy: ng é}ﬁ?&ﬁdrﬁﬂ?&@ﬁé&? arid] YDA eertdih I@R?éﬁé' bR} 2R icprheﬁiblgﬂ'iﬁsu w,(tKBEEE)P)

i spyrrolidjni i ni um er i, di.ni um or
a St%st i t utley E?U%Fg%fhtsg?’l M%’gﬁ omgsgpg)ﬁ-e%t ftéjfls%rp W BYPY+ ut ed

qui nucl i di sabstrates 4reliof pomeaibtarest. Exempiespyiotibrave mmﬂalsdhahmwmﬁ(ane

1,8-diam n%es{e@né‘eco%ng 16 rtﬁ%r@ée%l‘es’@ééc?ibé@ nb@hélin%‘ient RivBhash Bikiadd uct ure
directing a are t TPA and TBA.

The® onol aPes ot @i Hberen GATED Jibert,BrpeTe, SPersn AHIIEES Hlere: i
mat eri al s sra:ihuapolyrﬂardd:emdﬁlbthmdhtme mentienedchsybsitrates tayl s pradeced

particles wibh ﬂﬁJ kifSWH GRethBdS QF\F%&Haﬁfisut;g?Faté@gml i me%iﬂlspﬁv;tﬁbme‘j from

a sol ution cont I'ng a nanocrystalline or Ite or a mxture
of netal oxide and nanocrystalline or colloidal zeolite or a m xture of
nanocr yst afThersupportcimialy diedady material compatible with the monolayer deposition and

WO 97/ 33684 lrn sTynth%sisr techm?uespas desc bed for example bet]ow, e.g., S&U %3&91267

zeolite and co r ef nocr i ne CO
zeol i te or AUMNALYWHE Fsu éﬁ%(ﬂ“&/%tséﬁq é""l')rt R SPP g '%09&0@

oxi de wi || nireuadvaritagdausty Ch@5 nendOayer, prefenablyTiemed.aB txxl‘blqtm.f mtV\:hl ch
Lhe dggng'rg Fhtetabip tRR 0208 %% 99 b, i ER/aRtagtbudSwith B HakEw iporé8ize!
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 monolayer may have small diameter pores, while the
bulk of the support, toward the surface remote from the layer, may have large
diameter pores. An example of such a multilayer support is an alpha-alumina
disk having pores of about 1um diameter coated with a layer of alpha-alumina

with pore size about 0.08 ym.

For building up films on porous substrates, it is often advantageous to choose
the microcrystal size or the porosity of the support so that microcrystal size is
slightly larger than the substrate pores, to avoid forming a film in the substrate
pore structure and blocking the substrate pore system.

Many substrates of interest for the preparation of thin molecular sieve films
according to the present invention are oxides or have a surface covered with an
oxide layer, which means that the substrate also has a negative charge in an
aqueous suspension in the pH range of interest. In such cases, to make the
substrate surface suitable for adsorbing negatively charged microcrystals, it may
be charge reversed to obtain a positive charge. Such a charge reversal can be
achieved by treating the substrate with a solution containing 0.1-4 weight%
cationic polymer. The pH value for the charge reversal is selected after
considering both the substrate and the polymer chemistry. However, cationic
polymers may be used within a wide pH range. The repeat unit in such polymers
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sol -gel processing. In this aspect of the present invention the netal

oxi des whi ch can be used herein are selected fromthe group consisting of
col I oi dal alumi na, colloidal silica, colloidal zirconia, colloidal titania
and pol yner o éhads OXides prepared from sol-gel pr ocessq;?.F tur es
thereof. Preferably colloidal alumna will be used. The coll ol taI S
whi ch can be used include copper, platinumand silver. |If used these
additional materials nust also have the required surface charge in rel ation
to the substrate. By adjusting the ratio of colloidal zeolite and netal
oxi de, t heanibesquatewiary @apriaes vith biydrexybgraups intthel mgisy closin. Be exahplel | ed.
Thi s densu ¥uGIP At pély et e BEPSIINCS T, waétla?ssﬁsléb ﬁiérrﬁri% %&?Ln&h' S
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nucl eat i 0 m ) Eﬁ‘ﬁ?" gigbt c oy s QFOQ@dQW"Phe
crystal s miarketed ibybAkzaNobebABDISsvatdear Ster suitable golgmerd aavsll kindwhiiace.
Nucl eat i ofhedgigsity can be controlled by the relative proportions of

m crocrystals and netal oxides (with the density decreasing as the anount

of the metal oxide utilised increases) as well as the size of the
m crocr ysAal altérnatives bun tessypreferéd methyd! i $o ichatdie reverse thé rﬁerelzﬂld?OO A

are thus ysed Jﬁeﬁns §t4!§"¥ﬁ§teaa_ hé It %{bﬁﬁ?ﬁe @uﬂaegrﬁgsalrﬁ%}“ﬁe 68 ;eﬂa | ;h: fs

| ayer, the w zeol S I"ayer

preferr ePqaRsdinghte ﬂlM"a 96%3?'91'@' §8b§1°§ﬂt‘|‘§9ldl @foﬁhﬁfsﬁ devpeRing ithe e

m cr ocr ysdubissrasend nost preferabl y that these nol ecul ar sieve mcrocrystals
are zeolite crystals and are colloidal in nature-preferably I es than 100

nm The l;i rst s_teg }Pn 1;)reparl ng gDI ecul ar sieve filns according to the
present |fRIeReRtER BHbSIIates L ek be FdvaBtageses, it ©rder tadepert dpethemnore
nearly cosatisfantosy sorfateymopentiesdits csubimit themory wak adrs rﬁd?atprwtl'éatmefn't mat el'y

form and #@ﬁé’ma’ h{‘tc?ﬁrﬁt\% ngéﬁ sgf'faép%rrw*%&ﬂm\@ hﬁfres Jol léﬂ?&ﬂgﬂpsial n the

best resu ge ositron rocry
di screte F?%’e?' d'ﬁéF @ a%@gﬁ%ﬁ%&%ﬁ@mqhﬁw& '%ém@r‘aﬂ mede talkaline,
Advant ageanid oy, oxtidieingr pistningsstaps,06r tombindtions | dir sudhey®ps] Adeeiptidribs | N

1 Tt ko G Sy o S o 3"
9 treatment of the substrates mvolvmg deposing a t m ssltca iayer, that provndes a
surface with a high hydroxyl group density and higher surface charge density
under the conditions where the adsorption takes place. Another way of
enhancing microcrystal deposit is to carry out the adsorption in two or more
steps, as the case may be, with an intermediate charge reversal. For certain
substrate types, that may be of interest for coating with very thin zeolite films
according to the present invention, the procedure described above for depositing
a more or less complete microcrystal monolayer is not satisfactory, since it is
not possible to achieve a sufficiently high surface charge on the substrate
surface. Examples of such surfaces are precious metals and the majority of the
organic polymers. In such cases coupling agents, for instance of the silane type,
may be used according to known techniques. Such coupling agents are
characterized by the fact that they consist of two functional groups, one of
them having affinity for the substrate surface and the second one binding to the
microcrystal surface. For bonding zeolite or metal silicate microcrystals to
precious metal surfaces, a silane containing a thiol group is often suitable.
Coupling agents are made by for example Dow Corning and Union Carbide and
they are generally used for incorporating inorganic fillers and reinforcing agents
into organic polymers. The coupling agent may be deposited on the substrate
and then hydrolised to provide the required surface charge or it may have

12



WD 97/ 33684 PCT/ EP97/ 01267
Advant ageously the size of the additional particles if present are the sane
or simlar to that of the nolecular sieve mcrocrystals. A key aspect of
this stage ofwtt,gﬁx,gfpcess Is the selection or preparation ofpcith@ofsibgt r at e
onto which the nonolayer is to be deposited. Selection of the appropriate
substrate assunes that the substrate surface has or may be inparted a
surface charge that is sufficiently strong and of the opposite sign to that
of the species to be adsorbed. The majority of the nol ecul ar sieves of

i nt er est i inhesentp functinnality, avhich reravideacthgl resuired acharges h&uitable beupling
characteri égdq_%sarbadﬂd_ﬂliﬁicﬂs rwfmahiare v@élftkwh En e aFesudh as gy él{i:pﬁteuwls
SuUsSpensi oNgya: The ni 0 unface char IS ner at its

i ahest | n O CREEL i Giaest, SRar el o WRlieiast dn 4R SHde!pitienpi for
adsor bi ng theseoergdicas.s That counlipgt agers mayf be astilisedeint gonjungtiers with the

nol ecul ar thfl¥A PEIPrIFERA" Rididated %ooée@eﬁmmﬁ th&regdiréd |suPfaBl éHHRyé ONS

i n stoechi trj,c excess. |n such cases, t adsorption on .several types of
sur faces | SMIPotR EUSIGR FPted) e COREPF mpY e’ ARHiSNPH-PY:oLeAton af) e
by, for i nsppropgistaphbof tie soltion Thtos which the substeateds lisnnadrsediiang whizh

m cr ocryst gbnfuiSd B hilbrocfysRas SolifaRIBp ol sHEgP okesly Waldlakd sBbSGHC | ON
exchange resin lon e € reshn In

t he . f b ddi . h
such Tor m SHTACR; GeBEDER P o saliani; Relvete WhISH, imBRYS aRriBPriatsBhetas | on
exchange, seyrasaltinmglatine todhe ewictapnystalse or ptifisation bba coupling agentt withusrh f or

exanmpl e fi |Wiflﬂ$dtq{yd%lg§i§%'}' bH At #BuitatiB @atibRie Pdlyrher, USe in the present
i nvention may be may be either non-porous or porous. As exanpl es of

non- por ous support there may be nentioned glass, fused quartz, and silica,
si licon, ddheemonclayecdepasitiox prgress rodyipe repdatedt @ihambés of tianes &rs oeder

pOr ous SUpReTengure THa Somiphérd ForikationOed tRY Ribhotllya?s or tﬁié&ﬁ’é\/_@dﬂ Odé¥ired
netals, e.q., .steel or mcﬁ*l or#ﬁ CIO%} rrev;tga,l's, gndm‘ﬁsgema , an
i nor gani c g?f’ffi’f °€9§Y?’aﬂ?8 "% FY e SUIEGR WY AFPURrMAPAYS T r coni a ni xture,
Cordierite, or zeolite as herein defined. Exanples of substrates that are
of maj or i IH BheAspe& ofcthBdraSentiffertibntheRuPpEItaNith infdifolhyer Bepobited’ der to

quar tz. al PATRPRIT BLEFER I BT AMEPER Sk U ia aovetribe Hsatheat oBor ous
al um ni um the gwnotayer.civerawben submesgdd inathe, systhresis eniktusd, aheand pol yner
10 microcrystals of the monolayer remain adhered to the support and facilitate
growth of the molecular sieve film. However, under some circumstances, e.g.
during stirring or agitation of the synthesis mixture during hydrothermal
synthesis, the adhesion between the particles and the support may be
insufficient and steps must be taken to stabilise the monolayer and fix its
position.

Preferably therefore the monolayer is stabilised or fixed in place before being
placed into the synthesis mixture. This stabilisation can be achieved in one
aspect by heat-treating the monolayer, e.g. at temperatures between 30 and
1000°C, preferably greater than 50 °C and more preferably between 200°C
and 1000°C and most preferably greater than 300°C. A preferred range
would be 400 to 600°C. This heat treating is for preferably at teast two
hours with or without steam.

in an alternative method of stabilisation the monoclayer may be treated with a

solution that modifies the surface characteristics of the microcrystals in the
monolayer. For example, the layer may be washed with a solution that would
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substrates are exanples of materials that may be used for preparing
menbranes for separation processes and, to a certain extent, catalytic

menbr anes. W&J},}ng%he el ectrochem stry and el ectronics app&%ﬁﬁ&@& I)i el ds,
metal and all oy Substrates are of prinme interest. Exanples Ot 0s
materials that nay be coated according to the procedures described inthe
present invention include glass fibers, ceranic fibers, carbon fibers,

graphite fibers, cellulose fibers.and various polynmer fibers. Al the above
ment i oneccausbsthe ahiesosrpstab panichuilinatie ancHolgyerdot fbdelis: Withb@ds and certain

substr at es;: 3k L gl ' . t may. Db ny materi al
conpat i bﬁ%’ﬁﬁ?‘?ﬁg%ﬁ%hgldgyy@% @Leiﬁggs)lb 1‘%‘??%8% Wﬁ%ﬁ?ﬁ?%@f’sﬂ?echni gues, as
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: to : : . T rr most -preferably from
0. 08 1o corubiid Masdidh Srlch Wit Ik anab Ryiin 144 MRl 1865 ¢ |
di st ri butineiyde melutionsef divalapt metashions susheas fior exampis sohitiopst o i nprove t he
{rﬁss t rarﬁ{rﬁpriﬁh@hﬂ{aﬂiﬂé ie_%th?ﬁﬁi sblbe.l AdiPekamPIB! ¥ vdkh f;ﬂgt@&m{t@agi on of

e supp iLpn can with. t he nonol ayer y,_have sma i amet er pores,
whil e thgé%ﬁPlﬁ % ':%?I%LTB%'E'PP,'" n&ﬁr’ﬂe%t‘@e rlﬂ:@@ 7%& there may ﬁ% | ayer,
may have iheluged dhemddisionsbstep. of heatingmfitbe dfeatert layar atih tteimpgmtuuport i s
Fm al ph?-@l tkﬂt;oerdia_ﬂa ﬁﬁf@(rﬂﬂyﬁﬁfﬁ%@@@ﬁ%?s&okgigé&mfﬂeﬁ‘éﬁéﬁﬂ Coalt g_d with a
ayer of al pha- m. na_ W ore . size abo errlm or _byilding up
(i1 on SREPERate Rt FParh athe? Bofiuidns or drrihantsmas e s ethien e
m crocr ysthgimenolagyen the porosity of the support so that microcrystal size
is slightly larger than the substrate pores, to avoid formng a filmin the

bstrat t Ki th bst t Ma
Subst r at cURDoNRlevsE BB PR A 3hg PitsaR IBRRER %S [fsertiPaba i pbyes ] | s
accor di nepfrtamdiecytarcsieve filmagnending to theopriegent ipventiore I this peooess ther ed
Wi th an gxbASialey Sructifé iedMasediWith o {mtsedis Loiatien 3bsthdRauffedegat i ve

charge in an a%ueous suspension in the pH range of interest. In such cases,
to make t'ARCEHTESI®YPe surface suitable for adsorbi ng negatively charged
m crocrystals, it may

In the manufacture of molecular sieve films according to the present invention,
the deposited microcrystals are allowed to grow on the substrate surface. The
growth of the initially discrete crystals leads to their intermeshing and the more
or less complete discrete microcrystal monolayer is transformed into a
continuous and dense molecular sieve film on the substrate surface. The
thickness of the thinnest film necessary to obtain a continuous and dense film is
dictated by both the size of the deposited crystals and the degree of close-
packing of such crystals on the substrate surface and their orientation on the
substrate surface. With maximum close-packing, it is in most cases sufficient to
grow the crystals to a film thickness corresponding to one and a half times the
thickness of the monolayer which when the crystals are approximately spherical
corresponds to one and a half times the diameter of the initially deposited
crystals, in order to obtain a continuous and crack-free film. When the crystals
have a geometric shape other than spherical then they may be deposited on the
substrate to form a monolayer which consists of crystals which are oriented and
may also be close packed. In this case the faces of the crystals which are in a
plan other than the plane of the monolayer surface may in fact be the faces of
the crystals from which the new molecular sieve growth is greatest for film
formation. The result of this arrangement is that the crystals in the monolayer
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be charge reversed to obtain a positive charge. Such a charge reversal can
be achieved by treating the substrate with a solution containing 0.1-4

wei ght % cati oni ¢ polymer. The pH value for the charge reversal is selected
after consi deghsdeed h the substrate and the pol yner chem stpcu/ersineser
cationic polyners may be used within a wide pH range. The repeat unit in
such pol yners WO 97/ 33684

PCT/ EP97/ 01267 can be quaternary am nes with hydroxyl groups in the main
chain. An exanple of such a po r-is Berocell 6100, a water sol uble

| yne
ool ymer wi (afoW freputhesafaces tawaids aaahaher pad forp @i fense i film Mith #ftiesnd a
mol ecul ar ki Gotgrofvth OfrBRD tigd sofacevpiines @f the AlonoldyeheThdd,in I ease @ her

L2 P i, b gl Stk e

preferred charge S ular 'sieve mcrocrys
i nst ead of corespands substantigliviocthethicknass of theseriginglagoneiayerdi ng to known
met hods, simlar to those used for charge reversing the substrate. For

t ai trates i i ' h
sati of 2;333»?;@95%8@ Ry %}ﬁ?&é‘ggﬁf&-ﬂéﬁ%%ﬁﬁ%#g %@i f:&f;%eﬁm
- t r eat ngneleculap sievemistpasystalsdnra spjutior withsa cpapesition t hei

_E L(raf a{:gac h%@hﬁﬁéslﬁgn &;ueéirqaaﬁ.e&cuiatr ;;@eadmabagﬁmﬂwprbémtngt ihesnauglsrr rate
N one or nore..al Kal l Cl | . | , I I nat1 ons
of such st &8&8“5&‘50%@&%‘%6P?&ﬁfé%t%%ﬁ%&%éﬁﬁ'egﬂ'ﬁf %'?‘f’é-nal‘;ge E&é%%b um oxi de
i s of ten proolecwler Bigve sypthesifctakes placedn gelssandipekin spldionsa it shyidbrg a

Ej hi n tsi i ca%ulﬁ%sﬁd thétf'tﬁfb prbeedule acdordfiig fmﬂmwr@bent& hihb&&i%iyﬁrappﬁbammupt .
ensi an | [ .S [ . e,Cco n re e
adsor ot i on SEaRE Mars S/t iRl S rRab o hROSH o BRICRIBh T HIE® 1 TC
carry out toaseatheosqhutiomused leads do crystallisatignsof the mpleculas sieveyiniswestipn,h an

I nt er medi ategyef iR RBE abSerfieSef substratg.ertain substrate types, that may be of
interest for coating with very thin zeolite films according to the present

invention, the procedure described above for depositing a nore or |ess
conpl et e ni Thecopasitiaronb ity synthesisomidury yarias: aesprdisgriocther progess: the
IOOSfSI bl e tEX Qni&ﬁb}beuﬂfea wﬁltainel 8Nédurcdi dFhsifibén, 2a/d Qm-alwe é?iht&i?ﬁ & WAl d&aﬁee f
sur f ace. .es 0 C reci al s an e Nnmj Qri 0
t he organi c‘ﬁ%gﬁ}%ﬂs{‘éﬁf?' 38%'&&’&%2% %i g’&‘gﬁ"’. Wﬁgﬁ@égé?o‘%()ranlgnasf?awg < fa"lyyhe
si | ane t yp@ther component desired in the resulting zeolite. in some processes according

to the invention, a source of potassium is required. A preferred silicon source is

colloidal silica, especially an ammonia-stabilised colloidal silica, e.g., that

available from du Pont under the trade mark Ludox AS-40.

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
example, silicic acid.

As other sources of potassium, when present, there may be mentioned the
hydroxide. Whether or not the synthesis mixture contains a potassium source, it

may aiso contain sodium hydroxide to give the desired alkalinity.

The structure directing agent, when present, may be any of those listed above
for the synthesis mixture for forming the intermediate layer crystals.
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may be used according to known techni ques. Such coupling agents are
characterized by the fact that they consist of two functional groups, one
of them having affinity for the substrate surface and the second one

bi nding to tyQgeiagsPcrystal surface. For bonding zeolite 0?9&%@{ ﬁk‘{ i cate
m crocrystals to precious netal surfaces, a silane containing a ol group

is often suitable. Coupling agents are nmade by for exanpl e Dow Corni ng- and
Uni on Carbide and they are generally used for incorporating inorganic
fillers and reinforcing agents into organic polyners. The coupling agent
may be deSastabledmoleculas sinviessynibesisisdlutines are dretl kinoevh inother ot afl@ aré1e

required Ydséitsedl R 3Rafibld In MBSrNBAYSal Application WO 94/25151,

12 WD 97/ 33684, i L
PCT/ EP97/ Ultfg’)am"ar ﬁHBE‘é%P"f GO ERS3/01208 international Aeplieationr equi r ed
char ge. SPQTAUSE5/RRHI 4 pyblishedtas W 96/@ 1682 land Wilephatibhal Waplicdtigawn i n t he

art such pg g8 bes ' i ' bSancdl: t .Sl anes, and as
i ndi cated,i r-},t /?ﬁgls'r' 699_4%9%%3?% mgt% A@séeég'?ggﬁcl??@'kgﬁ§§¥vdﬁ%’f Ff?gglﬁgent may .
be utilisTForReratag Gerein BY, 195eraNcehe cationic pol yners as indicated above to
provi de the required surface charge. Thus the charge reversal or control
may be achige . Lrbd [ Opt | a of the solution into
whi ch t hehgu st rg%faer |Hs, Jlaéﬁ]s{gt s gg '2&‘3&“ f%?%%ﬁ% trtlﬁe.rt@mg»am é? Jeegugnads a;

i nduce opptiSpiee ¥ Ayjpinosilicate, an, plumingphesphate a silisgalurinopbesphiate,on of a
cationi c puitgicaluminophospigste; or appstalisalanihophabSisosiliges.sal in relation to
the mcrocrystals; or utilisation of a coupling agent with or w thout

hydrol ysi g, and/ ,or with a suitable cationic polyner. The nonol ayer
deposi ti o%hﬁr Beafewe T%“f@pé?ﬁ’éd“ﬂ“ nfgRsed on ithereehasenoepplicationentar e t he

conpl et e éxamnple, o1sepération; ueataiytic agmplicatiohs) @i Fuanbhﬁdd%héﬁ&\ dgpai tYf of
cover age u r a t - n_one aspect o
the pr g_seg%paltr%\ﬁ;%ﬁt P‘?)‘?l ﬁ%ﬁ ;é,{?o?f t&m\é ttﬂoﬁgﬁlgga%wé%géﬁ't e %rﬁeqrgowgpg
pl aced i nKRPWNsWAYSelq Jaler the cPraperties: ok ther olasadart siewesrefar ekample,
nonol ayer striiviime W) cheimieal gothpositidre iGy-ekélefige, Bhd bufitatidrgrodedniRs! Yst al s
of the nonol ayer renmain adhered to the support and facilitate

Representative examples are molecular sieves/zeolites of the structure types AFI,

AEL, BEA, CHA, EUO, FAU, FER, KFI, LTA, LTL, MAZ, MOR, MEL, MTT, MTW,

OFF, TON and, especially, MFl. Some of these materials while not being true

zeolites are frequently referred to in the literature as such, and this term will be

used broadly in the specification below. Exampies of molscular sieves that are of

major interest for the present invention include silicalite, hydroxysodalite, TS-1

as well as the zeolites A, Beta, L, X, Y, ZSM-2, ZSM-11, ZSM-22, ZSM-5, and

SAPO-34.

For the manufacture of an MF| type zeolite, sspecially ZSM-5 or silicalite e.g
silicalite-1, the synthesis mixture is advantageously of a molar composition,
calculated in terms of oxides, within the ranges:

M20:Si02 0 to 0.7 to :1 preferably 0.016 to 0.350:1
Si09:Al203 12 to infinity :1

(TPA)20:Si02 0 to 0.2:1 preferably O to 0.075 :1
H20:Si02 7 to 1000 :1 preferably 9 to 300 :1

wherein TPA represents tetrapropylammonium and M an alkali metal, preferably
sodium or potassium, also Li , Cs and ammonia. Other template agents may be
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growm h of the nolecular sieve film However, under sone circunstances, e.g.
during stirring or agitation of the synthesis m xture during hydrothernal
synt hesi s, the adhesi on between the particles and the support may be

insufficient_an ps nust be taken to stabilise the nonol pyfEpdftheri X its
posi tion. PF&%PMy therefore the nonol ayer is stabilised or fixed in

pl ace before being placed into the synthesis nmixture. This stabilisation
can be achieved in one aspect by heat-treating the nonol ayer, e.g. at
tenperatures between 30 and 1000[err] C, preferably greater than 50 [err]C
and nore puasdcr abl ytheet Wweratiog 00[Fer r [the andniifdidiiecr o} C aand MRSt layesf eaabl y

greater th g|§;: .@.p,; . f . to 600[err]C. This
heat treat ?ér%ﬁa?b?gé‘?ér prneI eraﬁ@hg?%eh%g?gf%%%aggm tgh or wthout steam
In an alternative nethod of stabilisation the nonol ayer may be treated with
a sol uti onird tras speecificaton tdtivbsswithdsknithas ahé eaiustindisatsf that @nei afrerratibal s

i n the non : , ’ er may be washed with a solution that
woul d Rlatfdis id A5t HreRERY A thk MRixbeRes 13 VO 97/ 33684

PCT/'EP97/ 01267 cause the mcrocrystal particles in the nonol ayer to
floccul at eThav!;ilrbews désehibed dbeveavhen m:d}dw_sﬁm ufdd;_n'w ob%bﬂi%‘ﬁlfl@ehgﬁllyat .
processes Si ar 1o i gn i i . al so,bj.n e
m cr ocryst%ﬂs@tlsﬁnt eﬁ%%gﬁlyfg%\é&ﬁgr\ghgfﬁ r'!(g'(r% ?gbt%lﬁe# %'Le‘g&% L‘r):a )aﬁl seucé’o* i ons
i ncl ude” t htheecnystallogranhie cxisis eerpandicyiar %P. the iPfanecef: theclayerg e Inthen MAle
monol ?yer . stfieske, the! elstmn@p byétemNSoraprising BteiightnEanhels) Nehish! 18 praliep Irm
exanpl e sol,ut A t . , a
vmon vt e, G o BhSbdiby it b Sl 8 he 59l 1BR RIRERS, |

t hi s aspecthe plene ofdbhe layerncl uded the additional step of heating of the
treated | ayer at a tenperature of up to 300[err]C and preferably up to

ZorLeT he” SPAERRRN o oo Y So BB il B byl o
partial immersion and with the support in an orientation and focation 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 minimised. For
example, the surface to be coated is advantageously at least 5 mm, and
preferably at teast 8 mm, from a wall or, especially, the base, of the vesse! to
avoid interference from crystals settling and local depletion of the mixture by a
high concentration of growing crystals. Further, the coated surface is
advantageously 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 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.

The hydrothermal treatment to form the molecular sieve film is advantageously
carried out by contacting the support carrying the monolayer in a synthesis
mixture, and heating for a time and at the temperature necessary to effect
crystallisation, advantageously in an autoclave under autogenous pressure.
Heating times may be, for example, in the range of from 1 hour to 14 days,
advantageously from 1 hour to 6 days. H microwave heating is used the time
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The nonol ayer structure of the present invention is utilised in the

manuf acture of a nol ecular sieve filmaccording to the present invention.
In this process the nonol ayer structure is contacted with a synthesis
solution for the required nol ecul ar sieve. In the manufacture of nplecul ar
si eve fiIns“GE%@?@fng to the present invention, the dep05|¥éiFWﬁQ?¥%wystals
are allowed to grow on the substrate surface. The growh of the initially
di screte -crystals leads to their interneshing and the nore or |ess conplete
discrete mcrocrystal nonolayer is transformed into a continuous and dense

mol ecul armg{ enNe reltbsed tot Bemaas t s hiingtes! aCremddiBtdrhs c&aesaow 2d‘tﬁ°c

t hi nnest f neces b C nuous and tat ed
by both teﬁjé’ 5} R’a]ﬁ%" Lﬁ@ ¢ daY’" E‘P‘aﬁ? anget 8@8}35&’ Pf?f?@a Yacki ng
of such owitbinathe r@nger&&)tmbgwféaedsma‘taxrefeaamtlmmhanrh@mat|on on the
substrate surface. Wth maxi num cI ose packing, it is in nost cases

suffici e ro fi t hi cknes s C espondi ng, t g, _one

and a hal% c{qsn:gg %%Q %%’r\'\egt ZSP h%’y S vaship t&ﬁ%’ﬂ ppxture; it8elf| s are .
appr oxi maney pesiphibitedaby owminmteinighthe pbl aﬁweasmwthemmlxturems theeadgamét er of
the initigl y %F’W}' tlﬁ%&hﬂé%@&lﬁatxﬂé’sﬁtﬂ@émtrﬁlxﬁ%@'tﬂeEbff‘&%hﬁer t

crack-free ﬁ‘y ave a prretrléjﬁdzz%}o
spheri cal™P GH ﬁ&yen‘ﬁys'@&? %‘BS'F‘PB ayer in tg’@b%st peRCH Stq'%fsnf"ah?ﬁﬁ?éb ayer
whi ch corthieeshy fecilitatig thes growthhofathe roplesulae diewe filmay Oalthe dikeccharsd; ipacked.

In this GaSqyeshedf %ﬁ@sfdﬁna’u’aﬁ 6f »ﬁ&@bﬁaam.e{jb %r?sfa%a%ﬁlﬂnﬂ%w nthdidl) the

pl ane of the nonol ayer ace e crystals
from whi dAPEYEE ﬁ%‘?ﬂf \?/ﬂﬂveéﬁ I°8F'"§"gévgﬂd6%9n"?'§ %‘[Pglgﬂgﬁ?t’?‘iﬁ of eeliqida) $iz8 i on.
The resulseedf ctystals ator dine)cayethesis mikhiret tbereby stedlugingn thé growtio| afy ehe

14
BCT/ EP97 /néaﬁlfgw; %Yév?oslvﬁrﬁ it is behevedaéréast the adcggoré aog contholled argogntrsmoa dense

romt e
thin fil rfolieidal I"i‘?’??‘é‘abi"eﬂﬁs 14 Gaﬁ I?Vf‘mﬁﬂst H@‘t‘s’[ﬁ pagtles the gh '6?"??%0?76’?@ ayer .
Thus in trhblecolss sievestiln itoibEntontralds witholitnchangibg the i of dhefsynthéss a

t i Cknes skl e 1 bhRAABERPHAS G the Sy aliSaddiPrdriperktiss of the origi nal

nonol aye

Apart from the formation of a molecular sieve film on the substrate surface,
crystals of the same molecular sieve type are formed in the soiution phase. The
conditions used in this step of the procedure can in normal cases be detrimental
to the substrate surface, for example etching and dissolving, in the case of
certain substrate/molecular sieve combinations when highly alkaline solutions are
used. The adsorbed layers of cationic polymer and molecular sieve microcrystais
provide some protection against such attack.

For certain types of molecular sieves, a final calcination step is necessary to
burn off the organic molecules in the pore structure, thus providing an internal
pore structure available for adsorption, catalysis or ion exchange. Calcination of
films prepared according to the present inventions, and most often comprised of
a treatment in air at a temperature exceeding 400 °C, does not lead to cracks
that can be observed with a scanning electron microscope.

If the support is porous then, advantageously, before the molecular sieve
microcrystals are applied from an aqueous reaction mixture or the monolayer
structure is contacted with the synthesis solution, the support is treated with a

barrier layer.
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The nol ecul ar sieve filmis formed by placing the substrate with the
adsor bed nol ecul ar sieve mcrocrystals in a solution with a conposition
suitable for synthesizing the desired nol ecul ar sieve, and subsequently

processing i twaggg&“:ondi tions suitable for synthesizing thecqadbifder
|

nmol ecul ar si eve: nce nost nol ecul ar sieve synthesis takes place in gels
and not in solutions, it should be stressed that the procedure according to
the present invention is applicable in cases where crystallization is
preferably achieved in a clear solution. In such case, the solution used

| eads to ciyethdrtieslayeofunstions do poeveniithe coating mmttqg@stcpmponenmthaneeﬂwe

absence of fl%m%éﬁmatlalfyr%t&m@ﬂﬁ pdu@a aftha ReppURtdIgSte siith bR Bxtent thst
accordi ng t en contalng a source of silicon,
r

and usuall§ Gﬁ?ggrﬁygaéﬁf’ﬂ@t%%x‘ﬁ ﬁ@i’? IERIPPYE “exanpl e one of those

ment i oned above, and a source of any other conponent desired in the

L?SELE 522. ﬁ'?ﬁg: Mrﬁer We??f‘?@’y B& qem?a? a&%&rmaﬁegfo 3@25 zen%%ﬁrvqu?ra .lér ce
Sepool ar Ty Midy Berpstioner.an [THREGRAING SRl 1at Ip Cagabla of being sptaiips Puties.
fromdu Po rpbresndemng applicadide ofathie readtion Agxude, aﬁ&eeadﬂvrremwbdsaﬂercsmhrmy

al so be thggsptdtich mdwgﬁﬁéﬂ%ﬂ frehfiferd:or m of potassiumsilicate. Such a
silicate is convenl ent in the formof an aqueous solution such, for

exanpl e, as sold by Arento Products, Inc. under the trade mark CERANMA- Bl ND,
whi ch i s ava insrowe penatrationit thenfleitl bedriéd miay s appliéd atyreducey pgredsyreaord

viscosity 4 \)3?965 ter&gl"i{ur@()w:‘éﬁ‘ﬁat@tfe é\}édo?éﬁbd BF#IUﬂefro{:PfheeéﬂféﬂbgstnébHsC' ¢

acid. As of sources ota SI resent ere nt1 oned
ey ox PHBnGFRATIENT B1aY od i HoYHiG, o5 GBS ERATE e tec withthe
source, it ligaid wdpoorcont ai n SOdI um hydroxide to give the desi red
alkalinity. The structure directing agent, Wnen present, may be any of

those |isted above for the synthesi m xture f orm the internmedi ate
| ayer cr ysleﬂ a temporary barlfi'\er %yer susrtasble, @( or examp: e or an anghqglumma support\\n

97/ 33684 there may be especially mentioned water or glycol. As a pdPiBhERD Dadisic7
suitable for an alpha-alumina support there may be mentioned titania, gamma-
alumina or an alpha-alumina coating of smaller pore size.

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

If desired or required, areas of the support whether porous or non-porous upon
which it is not wanted or needed to form the monolayer and/or the molecular
sieve film may be masked before application, using, e.g., wax, or unwanted
zeolite on such areas may be removed after application.

The molecular sieve film structure of the present invention despite being
retatively thin { less than 2 umj) is found to be continuous and dense and to
consist of intergrown molecular sieve crystals. In addition in contrast with some
prior art methods although a nucleation seeding layer is utilised in its preparation
this is no longer visible in the final product as a distinct layer because the
monolayer microcrystals are incorporated into the molecular sieve film. The
resultant product has the attributes of prior art molecular sieve films prepared
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Sui t abl e nol ecul ar sieve synthesis solutions are well known in the art and
are-described in for exanple In International Application WO 94/25151,

I nternational Application PCT/EP93/01209, International Application

PCT/ US95/ 0 i shed as WD 96/ 01687 and | nternati onal W n

PCT/ US95/ Ogg'ﬁ’ s@ikl shed as WD 96/ 01685, the teachings of I'C g’pg?all

I ncor por at ed here| n by reference. As nolecular sieves for the nol ecular
sieve film there may be nentioned a silicate, an alum nosilicate, an

al um nophosphate, a silicoal um nophosphate, a netal |l oal um nophosphate, or a
met al | oal using apiitidafe Tiucleative. layerb avithmitehe edobiemscagsaciatddewathvdddh depend

on the chasen \iinhida'rbP BerhBle AN fux ¥ 8RS AhbRentbibl Yid BoARP! | cations,

and conbi |on an aration, ecul es
bei ng t r 4PBA to trarkformation ny known ways to tailor the properties of the
nol ecul ar sieves, for exanple, structure type, chem cal conposition,

o exXCAUSa 18 Aot ik HOBGONAT may SOTASRE, ook RO e oP
FAU, FER e%2pP eaLn'A"a'Lm/ induical, aanecialy cylipgrica M'W a@ireular crpssreectioppeti al | v,
IVF]IC Som; rdy tueest enoﬁavwmalarummee Fot chfity) hdweier7 6 rélﬁmag RUesEABLIER L“y
referre | r oa

in the sp'&gil 'h?%ra |t(§‘r? .%t?#&bw arrpl egg(ﬁa%{r%g'l 'E‘{eratfl%gfgﬁgghtbﬁefpai?g g ma| gr

i nt er est Alome pha lpy&fsent invention include silicalite, hydroxysodalite,
TS-1 as well as the zeolites A Beta, L, X Y, ZSMZ ZSM1 1, ZSM 22,

ZSM 5, f t i al |
ZSM 5 O?%'? S‘Ie%ﬁlar 4:8"3 %Cgfqﬁ a%Hé‘tﬁre is eSI S % ta’FOLI 3 ?tsaDneCI o
advant agaﬁmw o CPD fﬂﬂ é?flmwgw iand, S&%ﬂ%r’aﬁw brﬂov\ér r?awq)fﬂrwdewse

wi thin thféu'i@f@@ﬁvely thin is found to bb{ceiunhkarSh Hatire] 0to0.7to:1
preferably .016 to 0. 350: Sigerr]:Al[err]derr] 12 to
|nf|n|ty (TPA)[err]OS|CIerr] 0 to 0.2:1 preferably 0 to

0.075 :1 What is meant Py ceelpmngr dpetiig context is that theopwleculasr sieweafiiny 9 to
300 11 vduphsridesTRAryStaNAS aivbacuRiy rsigVeO iy WHGH Bt UeastZh MopRsalikwetd Bipt al |,

pr ef 1 abl o SR UL o WRUCHBY (BERA, hhd acinfaBEoRHRR dast G55, LPERL 2t ©

agents nmy
crystaliites at the uppermost face extend to the interface between the film and

the substrate.

Advantageously, at feast 75%, as viewed by scanning electron microscopy
(SEM), of the grain boundaries in the upper layer are, at least in the region of the
uppermost face, within 30° of the perpendicular to the layer plane, more
advantageously at least 90% being within that angle, and preferably at least
90% are within 25° and most preferably 15° of perpendicular.

The directions of grain boundaries of the crystals in the upper layer indicate the
extent to which the crystals have a shape preferred orientation (SPOJ).

Materials comprising non-spherical grains may exhibit a dimensional preferred
orientation or shape preferred orientation (SPO). An SPO may be defined, for
example, as a non-random orientation distribution of the longest dimensions
of the grains or crystals. Such an SPO may be detected, for instance, on
cross-sectional electron micrographs; only the outline of the grains or crystals
is considered, the orientation of the longest dimension of each is determined
and this is used to determine the orientation distribution.
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WO 97/ 33684 PCT/ EP97/ 01267
used in these ratios. For the manufacture of an M-I layer, a

t et rapr opyl anmoni um hydroxi de or halide is preferably used. In this

speci ficati oRypgfissegs Wi th infinity as the val ue indicate thaicrmrerambst he
ratio materials is not present in the mxture. The process descri bed above
when using specific anounts of sodiumgenerally results in an MFl zeolite

| ayer in which the CPO (as defined below) is such that the crystall ographic
c-axis is perpendicular to the plane of the layer. In the M structure,

t he channelBespuseethe giaPesPh@ §r9iai gherysianifenst naressanly drejped| toeftst o t he
b- axi s, anférﬁtﬂwg{iaﬂﬂb ehaniatioh, SPOCy lih epivsciplel dhddpentibre Frohti ©Pd,i es

Il el h f_th \ng of th d i
Dvant ageo RN NBaY sabsh SOy CPEPSTSARY, 21 | mmer o) on and with t he

support in an orientation and location in the synthesis m xture such that
the influentR pfodiRid lof theOinvehlith anay fi8 Bhdrdcleridtd bPaRIRA DiFFEcHbA
itself, ratggb t han_on tthhe costied suF agtﬁi is mnimsed. For exa e, the
surface to‘HBDEYPRYY | ANEH IRRPAGESTIs 9T APls BHIROSE A, FonyRptiopak PoXyAer o

| east 8 nmdiffractiva teeinique may bedisgH! yhere ghe supporsed tayered strecture iavoi d
G Conen s SO SO i 16kt 7 i Mol et st i o Y @
advant ageo&gpye'bqqrbaﬁ%é% 3?”5% %7‘[5?’3'%5‘ iTmeni"h{bgﬁféfnﬁgg}ﬁ z?qr]ig?rf 8PP 1 o

270[ err], [shes enetsured 8 cospaead Jo the intepsities pft tedlections of a tarfdaedy

hori zont al o@i@ﬂﬁﬂéﬂﬂeﬂ&f"ﬁ%hﬂte of theRsmé birdciure BR8 dorfddaitic.if B8AE opf L he

structure is three Q| nsj.onal , ?. ., a honeyconb, gfher neans n?y be used
Lo i nhi bi t TRXETSIRE EHPCUSIAnJelated 50 ahe o, Male  PePHiG SFeriatipn Y the
rel ati on t orystal, pre semifisantlysstroriged than ¢he reroaining reflpctions asbmmpated st ood

to include b B! RtAItOGraRR ol | & barldBRY Sdriheéd pboliRic? UMb ifdiEat fh3¢ the! evant

zeolite synthesis m'XtLLr g .Th h%%éot h(gera,nal treatment tq formthe

ol ecul ar SPEVEto iFibulian i GgcHapls devigtes dram rangoro T 18 rejorad

support cate yisrayctyistallographis ereferred ogientationi or CPO. An example of a simple
CPO is the case where the 00¢ 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 hOO 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 0kO
and 00{ reflections 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 detected. In principle,
the material of the layer should be separated from the substrate, ground to a
powder and a randomly oriented powder diffractogram should be obtained to
verify the structure type. In practice this is often difficuit. Therefore, if the
synthesis has yielded any powder product or deposits on the walls or bottom
of the autoclave, this material is used for the identification of the structure
type. If all the reflections in the diffractogram of the layer can be attributed to
specific sets of reflections in the indexed powder diffractogram {e.g., the 00¢
reflections), it is good indication that the layer has the same structure type as
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m xture, and heating for a tine and at the tenperature necessary to effect
crystallisation, advantageously in an autoclave under autogenous pressure.
Heating times may be, for exanple, in the range of from1 hour to 14 days,
advant ageo 1 hour to 6 days. |If mcrowave heati t he
time “obrisiell” 17 i

PCT/ EP97/ 01267 may be reduced to a matter of mnutes. Tenperatures ‘are
bel ow 200[ err] C advant ageously bel ow 150[err] C and within the range of 80
to 150[err]C, preferably within the range 80 to 1 25[err]C and nost

pr ef er ablthelposeddrhan 100[err]C. If desired, the formation of zeolite
crystals within the synthesis mxture itself may be inhibited by

mai nt ai ning the pH of the synthesis mxture in the range of from6 to 13.
In such I'di¢ guravtication af 1Bhe degres, of R0 (may die Bewdxene%@ SAMPAESATD| ecul ar
Si eve cr\sitaeeni thet bissgrved I XBR rdnifrhcwgrlan-g with sie@tdot aycindbmiy %ri%ﬁ’ﬂa’u"CEd

ther ebY. Auhdrl 3k dabli oot oo e RLAE Wl SHSVE Lhdffle Gl g, O et

hand, if "so cul ar sieve ¢ n the
synt hesi geflestianse may e smt%’e t€oﬂ?fﬂ'!ﬁ |ae@umpeadﬁ1aﬁgc%rt5p Slﬁaqilasqwant ities

of coll Olniﬁhmétaewmdcme/ahelcﬁegr@ tdfeCPON Ry Séxanmis] ik @he t %Y o educi ng

the grow . r oS ' Vi at th addi tion of
controll esgn.%%% ﬁ‘s M&g%?oupzaewgs{ Hc}g} Hatss{lhzev@?'tz(;%oﬁﬁ EQ ?‘ﬁ% Y88 xt ure
enabl es tamd thei envatals hgve Ene-axis €BQ1 ar CROppsameten F@obemebrher@efﬁw wi t hout
changi ng Jshigy Hé ditehditiesyn tdfahie SOO2-¥éflsxdon bhe thé \Woniihéd 2000and 0P Or the
crystallisatl on t m:*g“ gre. Apart fromthe formation of a nol ecul ar sieve
filmon t Sufface, crystals of the sane nol ecul ar sieve type
are fornmed in t he soI ution phase. The conditions used in this step of the
procedure can in noyRBRb/t 4%? M50 t he substrate surface, for
exanpl e etchin and[gagsgPészﬁzg?g i n the caseelzggﬁ tai n substrate/nol ecul ar
si eve conbi nati 6P when highly alkaline sol uti ons are used. The adsorbed

| ayers of cationic pol yleo28paoa8adsul ar si eve microcrystals provide sone
protection agai nst such attack.

where 200,020 and lpp2 are the background-corrected heights of the
combined WMFI-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.

A value for the parameter Cqq 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 O0{ reflections indicates
a nearly perfect alignment of 001 planes parallel to the layer.

Similarly, in the case of an a-axis CPO, a parameter Chgo may be defined
using the intensity of the 10 O O reflection relative to the intensity of, for
instance, the sum of the 002 and O 10 O reflections, or the 133 reflection
(before calcination) as in the following definition:

(110 0 0/1133)s - l10 0 0N 33IR
Choo = - 100

{110 0 0/1133ls

For other types of CPO other parameters may be defined. Other ways to
measure CPO may also be used, for example, texture goniometry.
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For certain types of nolecular sieves, a final calcination step is
necessary to burn off the organic nolecules in the pore structure, thus
providing an internal pore structure available for adsorption, catalysis or

i on exchange.wﬁﬁi‘?gtion of films prepared according to thepdpaeetier
I nventions, and nost often conprised of a treatnent in air at a tenperature

exceedi ng 400 [err]C, does not lead to cracks that can be observed with a
scanni ng el ectron mcroscope. |f the support is porous then,

advant ageously, before the nol ecul ar sieve mcrocrystals are applied from
an aqueous reaction m xture or the nonolayer structure is contacted with

the synt hesigyabdbdul, % S4RREPO] 3 4t EALAS alidrling RPHHE Fivehd¥fhas o

PCT/ EP97/ 0 BR§aMeter ool % ptjeast R0, and, prefsrably st JeasteRP-  Advaptageaysly.

m xture or hoowpaeethesmbleubarfsidveofiinpextiibite stroal IGPGahe'SPQy t he pores of the
support e.g. to such an extent that the zeolite crystals forma thick gel

| ayer on the support. The barrier |ayer nay be tenporary or $ermnqnt. As
a t enpor ar yAdvantagequshy. dnptie molepuiar Yave film, ithe raysials atp Foatiguausati-.s
capabl e of dubstantiatiy aéverg crystdleisodm esordact rwitlapies | weightsoursf ditheughanst on
m xture, a [ | : r ' L .an. y (qU

{roat mont - Hepseeaty In ERREE it WS neilifib P Bhigtghb OVl gy (LB EETE Iy
reduced prESaRe Withdts paigbhovi[fjoesrace betwesnthem islgpdithan nnmf widey) d

from the ouwrreferalsly, nhe anoldunian Gidvee filmeist sutdyartialiy effes drornydéfeots grétdean

at nosphere e Lt h (eTVIIe M ﬁaﬂ . orary barrier |ayer
sui t abl e, ftgrgaggﬁn'ﬁﬂé:%%%?ééa}ﬁméleghuﬁﬁ m ﬁgg%ﬁgfrz{(ﬁﬁlgére may be especially
menti oned water or glycol. As a pernmanent barrier suitable for an

al pha- al uniTre ptyress toft ther present wenton ialload thet prdparat@aNdBithin films (less
than 2 um) of molecular sieve on a substrate with acceptable performance and
properties without the visible presence of an intermediate seeding layer.
However the process is equally applicable to the preparation of thicker films of
molecular sieve on a substrate e.g films of up to 150 um may be prepared using
this technique. It is expected that such fitms will also have superior properties
and performance. Advantageously, the thickness of the molecular sieve film
layer and the crystallite size of the molecular sieve are such that the layer
thickness is approximately the size of the longest edges of the crystals, giving
essentially a monolayer with a columnar structure.

The invention aiso provides a structure in which the support, especially a porous
support, has molecular sieve films according to the invention on each side, the
layers on the two sides being the same or different; it is also within the scope of
the invention to provide a film not in accordance with the invention oh one side
of the support, or to incorporate other materials in the support if it is porous.

The molecular sieve film 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
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al um na or an al pha-alum na coating of snmaller pore size. Larger supports,
for exanple, honeyconb reactor sections, nay be treated by sealing the
support in its reactor housing, either before or after appl ying the

nonol ayer, &3gotd¥gsssynt hesis m xture then poured into the

punped through it, crystallisation, washing and cal cining taking place with
t he support already inits housing. |If desired or required, areas of the
support whet her porous or non-porous upon which it is not wanted or needed
to formthe nonol ayer and/or the nolecular sieve filmmy be nmasked before
appl i cat i preseot imgufficiently lsaw a propartiganok the tathl trmterial 3 the dileatharehebe

removed ajfofdcufdtNiévertiyathls rein@intighibas, sieve filmstructure of the
present invention despite being relatively thin ( less than 2 [err]n) is

found to be continuous and dense and to consist of intergrown nolecul ar
si eve cr yAlthbugh itnisaighectesithan i ornyacasesithé nsaleculpr sieve fitrh wilit b 8mack

al t hough anmua#@atﬁém |tsi%e;?d§%ﬁ>lé %H&rdur%d‘bi' is ardthr] BF ith fﬂheaﬁzg% l@gogﬂ' s is

no longer visible int di st1nct ayer
monol ayer ﬁ?@i‘%r?fs’?%ﬂ ing, Qr H‘??c&%?ﬁ&'@d”? ook feferts awy ke famege Them The

resul t ant repnaindert ofizthet filen airider (theses ocifcuprstaricear mayobedbtagt sridc\o® figh NS
pr epar ed §7/ 33684
PCT/ EP97/%‘ia%‘§ and Berformam?e althmipehr ti?]eu(f: T | ™ glfev:{gll v?net%ef{ﬁ’eqthg\o Bbl ens
associ at edheqptiacaludefects orla these icages it (‘N' @%Hﬁ?@sﬁéﬁ&%é@#’?w the filme fi nal
menbr ane Sunch begianatign tevhniquesrfac indrganiamembranks aré khovwa iahe aft. at ed t hat
the structure may be of any shape, and may be, for exanple, planar,

cylindri caI eC| al | indrical with a circular crgss-section, or may

be a honef vie fupst tbn¥qy0§e trpgrted, to tha mplgoularisieviesfilm firngtute o6 thet i on
will ref eusrebmlt ieventionceithier bp bondirig \Wir® datalpst to aheé supfpore e etheWirek be

made to té]ﬁfa%'eagpﬂ?é rﬁol&&)ﬁgf sieve film, or its location within a tube or honeycomb
formed of the structure, by its incorporation in the support, e.g., by forming the
support from a mixture of support-forming and catalytic site-forming materials or
in the monolayer or molecular sieve film itself. If the support is porous a catalyst
may be incorporated into the pores, the catalyst optionally being a zeolite. For
certain applications, it suffices for the structure of the invention to be in close
proximity to, or in contact with, a catalyst, e.g. in particulate form on a face of
the structure.

Catalytically active sites may be incorporated in the molecular sieve film of the
structure, e.g., by selecting as zeolite one with a finite Si02:Ai203 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 monolayer microcrystals or molecular sieve film, or both, or
metal, metal oxides, salts or organic complexes may be incorporated by
impregnation of or ion-exchange with the pre-formed molecular sieve film. 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
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This nolecular sieve filmin this structure is also found to exhibit a
certain-degree of CPO (as defined bel ow and SPO (as defined below). The
filmdespite being relatively thin is found to be columar in nature. Wat
is meant by gRie#aads in this context is that the nol ecul ar scespoforien
conprises a crystalline nolecular sieve in which at |least 75 % as vi ewed
by scanning el ectron m croscopy (SEM, and advantageously at |east 85 % of
the crystallites at the uppernost face extend to the interface between the
filmand the substrate. Advantageously, at |east 75% as _viewed by

scanni ng epreducts m croscopy (SEM, of the grain boundaries in the upper

| ayer are, at least in the region of t he upperm)st face, within 30[err] of

th | to,t | t | t 90%

bei g w ¢ nPTPARRYnS RiTET mEs, cBeRACoy e RCHBNBSR Uoibyfing: £ 3BLERRE] anc
nmost pr ef einabtsordafes wyltfmfthpempenmrtundude, Wreeuamebu i saparationgiofii mormal

the cf yst o) L ooy aiod, 2‘??859'2'3’??%?“? .“’*““*”éa  Foiet, Saas Honkh!
conpri ZI nd B'Rag?)%é?i@bqo g | ng%?f &0 B gﬁlériaﬁs ikangs % 3W%§F"e'

ori ent at i oseparatidmpd pomhalr pikdnes jand: atheons (fsm:p) theArcOmSpMnbebeth,

for exanpl Qkads afd AfkKenka86HABRs? rsbﬁé}bﬁbh(?ﬂ di'bﬁah{rb feummnaé kiR o'n@e' %ﬁﬂ?er,

di mensi ons of ¢ et ect
o co “epectalySHepationaf Csl BEPRIC AT, IyR-caciy,piher  Bage SPRSADY 1 ne
grains or mamgstylére ifeornoasimixtugel, of heylendscand; i aptionilly,h ethylberezenedilemgnsi on

of each isg %‘%"ﬁf&ﬂ r@dp@meﬁé'“ﬁohs aUpSE/idrib-AeN Smitile tﬂ?@d&l’fe‘de'?ﬁa;' W\em\a/\o

O eaton racees, sn separain yASHs 51 SOEELoedpy s ot 2

grain or cloysxampls, mxturescefskenzehy, tallene candomixesl €gyaroalaltiogr seeration

ori ent at i og arghfaticScdrpMindiCirimSaliphdfie @BAfBuntE Cd8peBially aromatic molecules
with from 6 to 8 carbon atoms from Cg to C1g {(naphtha range) aliphatics;
separation of aromatic compounds from aliphatic compounds and hydrogen in a
reforming reactor; separation of olefinic compounds from saturated compounds,
especially light alkenes from alkane/atkene mixtures, more espescially ethene from
ethane and propene from propane; removing hydrogen from hydrogen-containing
streams, especially from light refinery and petrochemical gas streams, more
especially from C2 and lighter components; removing hydrogen from the
products of refinery and chemical processes such as the dehydrogenation of
alkanes to give alkenes, the dehydrocyclization of light alkanes or alkenes to give
aromatic compounds and the dehydrogenation of ethylbenzene to give styrene;
removing alcohols from aqueous streams; and removing alcohols from
hydrocarbons, especially alkanes and alkenes, that may be present in mixtures
formed during the manufacture of the alcohols.

Conversions which may be effected include isomerizations, e.g., of alkanes and
alkenes, conversion of methanol or naphtha to alkenss, 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
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al t hough in many cases SPO and CPO are rel at ed.

The products of the

i nvention may be characterised by X-Ray Diffraction (XRD) anong ot her

techni qu
may be u
i s nount

es. For this purpose a conventional powder diffraction technique
Sedyy g&at he supported | ayered structure in the .,;3}269 di sk
ed |n a nodi fi ed powder sanple holder and a conventional [err]/20

scan is perforned. The intensities of the zeolite reflections thus neadsured

are conp

powder of a zeolite of the sane structure and conposition.

ared to the intensities of

reflections of a randomly oriented
| f one -or

nor e

sets of ref tiecimension) edebsrgbousiy ®ner corfigurédasi a irfembraiy, aiti least Bhet he

crystal,
conpared

SRR S PRl St ar 88 Bl

Gt | ER N

oril ente

tions

e Bnte e

as

i s i ndi cates

that the orientation distribution in the sanple deviates fromrandom This
i s refer sk folloxing tablgjived exxaraplbs of BuEH separdtions.ent ati on or CPO. An

exanple of a sinple CPOis the case where the 00[err]
002, 004, 006,

etc. for MFI) are strong while

al | ot her

reflections (e.g.,
reflections are

weak or absent. In this case the majority of the crystals has the
cryst al lfogr aphi ¢ c-axi sEeddsseck o the normal tp t layer; it
is often referred to as a c-axis CPO__Anot her| exanpl eSpéci@s di f frac}ogram
wher e t Hamiied xyénaClorthds pard)(netaPand 600, 800] Baraxylefg MFT) ar € dofr nant
this is r&hghefgere® as an a-axis CPO. More coppl ex situations may gl so
occur, LRGN oﬁbﬁrﬁiﬁtﬁﬂéﬁﬁin‘ﬁ\ﬁﬁﬁe 0o H{)&’r_o ?"”At’ﬁ_’Ll""j
reflectl 7 i ma]w&mgﬁmah SITeUtoas RoPhal s tone e CPQ.
In the O—tr —rert-eattert-g—F e 02 tab—struct ure type
based o MW@ AW ibl e,
because |[dFrpsene pontaining Ganta Coe permalcti ons heg tBerBePEE'Fé'd I'n ptinciple,
t he mat g ff paraffinshe substrate, pround to
a powder] Midure of-mityogen aodiaxvgend powder di f f r bNitsgeartos bswgeh)be obhai ned to
verify tifixxureuat hydroggmand imethanet i ce this i sHpdrogendi fficult. br ef or e,
i f the SyVbRGR 6f atroges) sfogans)yarOprepyient 0dULHy@rogdR Rardrs on T ne wal I's or
bottom qf the autoclave, this material is use rBB?le'th I dentificat]on of
}Qieftg WitGre S hydrbheny SthERe, and WWE% ofibh ‘ahAFrGhABRET| ' e

' ain%hg mal”, g 31"6 ﬁ mal al olefins . | .. :
T b A T R Ll S
51 Methane and ethane mixtures containing argon, | Helium, neon, and/or

helium, neon, or nitrogen

argon

intermediate reactor catalytic reformer products
containing hydrogen and/or light gases

Hydrogen, and/or light
gases {C1-C7]

Fluid Catalytic Cracking products containing Ho
and/or light gases

Hydrogen, and/or light
gases

Naphtha containing Cg to Cq¢ normatl paraffins

Cg to C10 normal
paraffins

Light coker gas oil containing Cg to C1g normal
olefins and paraffins

Cg to C4g normal olefins
and paraffins

Mixture of normal and isopentanes

Normal pentane

Mixture of normal and isopentenes

Normal pentene

Mixture of ammonia, hydrogen, and nitrogen

Hydrogen and nitrogen

Mixture of A10 (10 carbon) aromatics

e.g. Paradiethylbenzene
{PDEB)

Mixed butenes n-butene
Sulfur and /or nitrogen compounds H92S 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
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the powder. The quantification of the degree of CPO nay be based on the
conpari son between the observed XRD diffractogramwi th that of a randomy
oriented powdesordsgds €ach type of crystal structure and CPOperspemditérc set
of reflections may be selected to define a nunber that can be used as a.
paraneter to describe the degree of CPO. For exanple, in the case of a
structure in which the uppernost |ayer has the MFI zeolite structure type,
and the crystals have a c-axis CPO,.a CPO paraneter (ferr] may be defined
usi ng the catabysti te.@sthe| catalyst isce opRiulecMitbithesteuetuneh or treatsdtedind®®@t and 020

refl ecti ongataffticd &thiiSto the structure, @k biven in ke tdilowinghtape: [ [err] and
I[err] are the background-corrected heights of the combined M-I -200,020

reflectiol oA ——t-aspectt eyt or—a—trandon y
ori ented powder MFeedstdck/prpbesssanpl e $ under ikrodact Yieldedn, bef or &
cal ci nati pgu: &5 bRBo PRk ter pdakiibn®iand rapdom
orientati bﬂ!lxmylgh%béré'prerg%'nt sﬁ{rﬁe Vi rtrga? ggsreln{:({er%g’?ﬁ?gﬁ and 010 pl anes
paral | el {804 gEhYIDRNZENA| ane  The ahsepce of all NI reflexions exdept the
OO[elrlr] | r pEtiamel duhydrotibinativ 2o atylend Y per Hediogehipaiéiéthglen8O1 plianes
parall e LLRE Taver, d INjtNe case o a- axl s CPO,
par amet er ﬁ‘i“zﬁégdﬁke‘yg'lé’g‘?h%{é‘%ts? ng|t he intensh’ %GFPthe 10 0 0
reflectiopsiweengive to the intensity of ., for instance, the sum of Jthe 002
and 0 10 Dgifine8 dehyBrogenbtibhulehds! el ection (b{@ogeral ci nation] as in
thefoIIO/v&.ng, definiti?r’: C]err]:[err]

iso's and normals

Propane dehydrogenation to Hydrogen and/or propylene

propylene

C10-C1g normal paratfin Hydrogen

dehydrogenation to olefins

Hydrogen Sulfide decomposition Hydrogen

Reforming Hydrogen, light hydrocarbons

dehydrogenation/aromatization {C1-C7)

Light Petroleum Gas Hydrogen

dehydrogenation/aromatization

Mixed Butenes n-Butene

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 contacting the mixture with one face of a
structure according to the invention in the form of a membrane under
conditions such that at least one component of the mixture has a different
steady state permeability through the structure from that of another
component and recovering a component of mixture of components from the
other face of the structure.
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For other types of CPO other paraneters may be defined. O her ways to
nmeasure ‘CPO nay al so be used, for exanple, texture gonionetry.
22 WD 97/ 33684

PCT/ EP97/ 0 Advant ageously, for a c-axis CPO, a stpsghpbhigscor di ng
to the invéﬁ?‘?’gn Has a paranmeter CJerr] of at |east 50, and preferlgﬁly at

| east 95. Advant ageously, however, the nolecular sieve filmexhibits strong
CPO and SPO. Advantageously, in the nolecular sieve film the crystals are
contiguous, i.e., substantially every crystal is in contact with its

nﬁi ghbguﬂshe_ piesbnti iiventibn nescerdingly | also pravidésiatprotdsds for the Gephimtions -

t hr ougho . G T . | nei if the
spacegbe'tb keéetr{@i%‘gej ‘é@sc?‘t %%haés‘én%cé\n&ggﬂ?bgﬁéf@r’%ﬁ'fy%hg %Dn{%g‘g{?l ar sieve
filmis PAGE9EdiNgital the fnvebtien dn, ener embedipent; sy the, sorma afna imembrane sect i on,
erlt endi n@iridar eugditiohs subhakaeatieastibre RbApPORENDSHT tﬁamtfesem renoleit | on

all ows t r ghar.ad .11 s ar. sieve on
a subst rgfoergvm% ngl&:%gt g& geéuog?{'%é'nan éﬁ’g%‘; t;}?' gpé?%%gvﬁ%ﬁféﬂ{th{es visible -
pr esence reeovaied andrygedi '&t%cg%@tﬁah@eﬁ“é*?@r‘?f mavidpaeacted #5 ap @dsortbedequal |y
appl i cablspetiesidmether stpadtatd accorliingtoctherinyertioh. of nol ecul ar sieve on a
substrate e.g filns of up to 150 [err]mnay be prepared using this

technique. It is expected that such films will also have superior
propert i dhesindenption furthercerovises avchguonesses fon catalysingashepiicalireactidorecul ar

si eve fi ligvkiaye tha@sthubfiie G ikSElakeé bidximitytordh doRtactaliti 4l citalgseve are such
that the layer thickness is approxinmately the size of the |Iongest edges of

the crystals, giving essentially a nonolayer with a colunnar structure.
The i nverfiieotmvantion futthiet @sovides uptogess ifar watalysindh@ chaspisal reastioacial Iy a
por gUS_ 3W@htc¢7rhﬁﬁsé§3b6ﬁﬁﬁﬁhgsd wﬁs‘wéngwac @OEHUEGrd %cbb?_iﬂ]!d\‘té NghgON ON
each si the | aver ; . . o di rent; it is
al o Wi tﬁ'?‘FP"[qu s‘%ﬁ g g%] IB Pac{l%) éétg?ﬁzc Sohd Tuplﬁers acrgialv{lc coé\?ersmn
conditions and recovering a composition comprising at least one conversion

product.

The invention further provides a process for catalysing a chemical reaction
which comprises contacting a feedstock with 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 recovering 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 catalysing 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 catalytic conversion conditions.

The invention further provides a process for catalysing a chemical reaction
which comprises contacting one reactant of a bimolecular reaction with one
face of a structure according to the invention, that is in the form of a
membrane and in active catalytic form, under catalytic conversion conditions,
and controlling the addition of a second reactant by diffusion from the
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the invention to provide a filmnot in accordance with the invention on one
side of ‘the support, or to incorporate other materials in the support if it
is porous. The nolecular sieve filmnmay, and for nmany uses advant ageously
do, consist gggefisead |y of the nolecular sieve material, or pexEryRoId67
conposite of the nolecular sieve material and intercalating material whjch
may be organic or inorganic. The intercalating material may be the sane
material as the support. The material may be applied sinultaneously with or
after deposition of the nolecular sieve, and may be applied, for exanple,
by a sol - geppesite éace fob| thenstuetpre Herorder dormate Praisely| contel diepetion

i ncl ude, fgénditisA®. EExdriplesaRtiudexicdAtrolliigJethyfenk] propyléntTionahydibgen | t ani a.

'2|'2e ' nter Cgtlié’i%{bqg?;%\%rglhgkn the %(?'X\aa%tog%ef‘%"fﬁxldxenzena, cumene or cyclohexane

PCT/ EP97/ Oneapectivelpr esent in sufficiently low a proportion of the total
material of the filmthat the nol ecular sieve crystals remain contiguous.

Al t hough ib is.ex&ec{ﬁ_’d Jilha{[ Ln many cases the nolecular sieve filmwll be
crack and HEPERUGN QLG MURIIIONS. 1y & (hat during preparation of the film or
during post- treatnment or handling or use of the filmcracks or defects may

be forned. riljafe HeLRIVWS & mRfrodraph fdfl divitdfiyet B SRicBhiteCH BBLAA QSSthg%ﬁ\xﬁﬁe

i ntact and Ff hi gh %%I / b{ agdt geréorm&mce gl tlhou%li theﬂgfléip as Q% ol.e
will be defl & OfT¥P el S FUBE! P 8Y 'ePRYL £L SIeGTaSialG adsetntion, oftpined,
necessary with 2 saanning elastion micresadper epar ati on t echni ques for inorganic
menbranes are known in the art. A catalytic function nay be inparted to

t he nol ecuLar sieve filmstructyre,of .fhe ent jnvention either by
bonding of PRS2 Fgaws & SHEEEN,6f & G GfofAsl ety SED 8meneoryBtatesil ar
si eve fi | npulbstratesobtained withva s¢anming elebtron mibmsegpenhb forned of the
structure, by its incorporation in the support, e.g., by formng the

support froma m xture of.support-form Land catalytic . site-formn

oot 5l o BiBure 3 sl admicsa0raBh. Al 9P scanring slecedn Micrpscants of
support i shokow fibexs oftsilicalite-ireieft band sideimnagal dindnzeplited frighe handhside
catal yst ophagu)aiphepdt6d Y Buidifg idpta MBlecGRF lshivd AN bRHORSfadd ofthEi Ces

for the st {,},‘r oHrf?be%, go'ﬂtezvvlegvbeyn}e'n?orllag gf ﬁe Icgrb%l\%so%r through calcination.

Characterization

The procedure according to the present invention was evaluated by examining
the materials by means of scanning electron microscopy {SEM), powder X-ray
diffraction {XRD}, spectroscopy, as well as specific surface area measurements
using N2 and Kr adsorption.

The scanning electron microscopy studies were performed using samples coated
with carbon or gold {by means of respectively vapour deposition and sputtering
techniques). A scanning electron microscope of the Philips XL 30 type fitted
with a LaBg emission source was used in these studies.

X-ray diffraction studies were performed on untreated film samples, using a
Philips PW 1710-00 powder diffractometer.

Kr-adsorption measurements to determine the specific surface area were

performed by means of an ASAP 2010 apparatus from Micromeritics
Instruments Inc. Prior to these measurements, the films were degassed at
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proximty to, or in contact with, a catalyst, e.g. in particulate formon a
face of 'the structure. Catalytically active sites may be incorporated in
the nol ecul ar sieve filmof the structure, e.g., by selecting as zeolite

one wWith a JoguABess L err]:Aferr]qerr] ratio, preferablypbpppérndifgn 300.
The strength of these sites may al so be tailored by ion-exchange. Metal or

met al oxi de precursors nmay be included in the synthesis nixture for the
nonol ayer mcrocrystals or nolecular sieve film or both, or netal, netal
oxi des, salts or organic conpl exes may be incorporated by inpregnation of
or i on-ex2bahgdonBthourse pre-forned nol ecul ar sieve film The structure may
al so be steaned, or treated in other nmanners known per se, to adjust
properties. The |ayers, may be co,nfigured as a nenbrane, a termused herein

to descriPREGIrGsEEPIC Stydies Rf ceftain,satpRles, pispared: accewling; dgathe insesest 1| ui d
(gaseous, invenyiord, were rperfafnedi with es, Pérkin Etraesp| 20008 ePRr bi.i epecitoraefered for
a refict'%ﬁérgm RpbORESIRRA, U WeiP ol a | Pork | Bifrief emga&aksoww ch
may if desired conbl pe catal yse cg_nversmn,o a reactant or reactanis and
separ at i GtPeStrOMElet | Fﬁqectrosc py within the visible and uitraviolest wavelength

WO 97/ 336@4gions}.
PCT/ EP97/ 01267 products. Separations which may be carried out using a
menbrane conpri si ngﬂa structure in_accordance with the invention include,

for exanpP@ticlecsizs apd partigle sizeHistnbulign apalyses ot sbe splioidal suspeasiar®ohs, for
exanpl e, rmolezalar didvasasetirin preparivigdhecthin mofdotitar]siéve filnsy déscrib%l Uk ¢Re and
n-Cerr] rs - kan r er e, Lan of I es and
al kenes fé@ﬁ% eiakgﬂr'ﬁpg%élé ng'ng#an'gﬂ'g% g?’ﬁ%ﬁg’r Z‘Walﬁ%&%ﬂﬁg‘;%r?m'

separ at i drogkhayeminstrumenttlounds from one anot her, especial |y separation of
Cerr] aromatic isonmers fromeach other, nore especially para-xylene froma

m xture el d | ation of
oyl ene TheivaRESn SRl e bacABad bbiovf by s o GeyiefolaRiphe.
However, the latter should not be considered as limiting the invention.

Example 1

The example illustrates the preparation of a silicalite-1 film with a thickness of
about 100 nm on a crystalline silicon substrate.

A colloidal suspension of discrete silicalite-1 particles was prepared by
hydrothermal synthesis at 55°C of a synthesis solution with the following
composition : 9 TPAOH : 25 SiO2 : 480 H20 : 100 EtOH, TPAOH representing
tetrapropyl ammonium hydroxide and EtOH representing ethanol. The silicic acid
was added as tetraethoxy silane, hydrolyzed in an aqueous TPAOH solution.
After synthesis, the resulting sol was purified by separation from the mother
liquor by centrifugation, after which the sol particles were re-dispersed in
distiled water. The pH was adjusted to 10.5 by adding 0.10 M ammonia. The
size of the resulting colloidal particles was found to be 51 nm by dynamic light
scattering.

A crystalline silicon substrate in the form of a wafer {40 x 9 x 0.4 mm) was
mounted vertically in a teflon holder and cleaned with acetone in an uitrasonic
bath for five minutes. The silicon substrate was then boiled in a solution with
the following composition {on a volume basis} : {6 H20 : 1 H202 {30 wt-%) : 1
NH3 (25 wt-%) for five minutes and subsequently in a solution with the
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| sonmeri zation process), and separation of aromatics of different carbon
nunbers; for exanple, mxtures of benzene, toluene, and m xed (err]
aromatics; separation of aromati c conpounds from ali phatic conpounds,
especi al |y angg9#ssgsd©l ecules with from6 to 8 carbon atons porawigiger ] to
Cerr] (naphtha range) aliphatics; separation of aromatic conpounds from
al i phatic conpounds and hydrogen in a reform ng reactor; separation of
ol efinic conmpounds from saturated conpounds, especially |ight al kenes from
al kane/ al kene m xtures, nore especi-ally ethene from et hane and propene from
propane; r éftwving qepRRAsiien faroanvaipme Basiskoff H2R nd H202438 weHlec! HGly
fc{om i I ghfj tsirfw?%)y fandmeehwt"»mbemmegmashramﬂg rmép, ﬁseoegbak?ﬁ {vagm
err] an | er, C ngn r s of
refinery aft® 'gP'?eé‘caesstgg g‘ﬁ {;% ?%ghg'g ;% TAt 3n S a‘ﬁ'@g to
gi ve al kenér@atqdwéormwg@@fcymqapmﬁmcﬁdmstgﬁttoaﬂ-k andrcomtainingsOdowli-v e
aromati c cogpatibsie ﬁﬁl‘ﬂnéﬁ@éﬂ@&ﬂmm N&k® NoBél AB hsh}%ﬂaﬁﬁ ﬁﬁ oi'dbr&b\/r%véﬁsw ene,

hol,s f
hyar ocar bolte Sudges. el Bl R BS AR RprE AR LNEER, bAdhtf e D pasiiyB Valpe.
m xtures fExeess ¢aromig Pﬁ&mnmaclt'w off twith 0.30M| ammouian\Ehes issintacehi ch
may be eff afddied Rubsiatel WEtHrhRsfeire@Sto thd) aboté dUskAPES saNGwithk8Nédlids

f. met | t
Gehydr ogenGoTSHE <8 258 whi Eae%gkaﬁme?%@‘%%a@cs"% § vl ¥ lin 4, size of 51
oxi dat i on, nonand ghese srustaisrivere alfowed ik adgorhrento tbe substatecsurtage for one
Feedst ocks hagr.i TR8! colliaah s0418/iROS%esS, . am} nwteF@ :ﬁe&m&f vIARA Tl euMpar

t ural f.eedst k d f f
e Ehe 't BmieE okeh: vy e riealbash,s mePplavenet AUFalE Ty eewase
may be subpuilt ep qnoﬂ@eqsmsmatmurfecg Figirg hshowsl an e&ptmusn@mgrbyh@drthact

Wi th a strygédrbed 3Aicalitd ¢iystals on the substrate surface.
WD 97/ 33684 PCT/ EP97/ 01267

to the invention, advantageously one configured as a nenbrane, at |east one
speci es of Thi csubsteate owith tbienadsocbed silicaliter brarustal coonolayes ‘dahelhenpﬁ[stes

processed at 550°C in a 100% steam atmosphere for one hour. After cooling,
the substrate was further treated with a synthesis solution of the following
composition : 3 TPAOH : 25 Si02 : 1500 H20 : 100 EtOH, at 100°C for 13
hours. This treatment resulted in a continued growth and intermeshing of the
adsorbed crystals and the formation of a dense and continuous silicalite film on
the substrate surface. Figure 2 shows an SEM micrograph (lateral view) of this
film. From this SEM micrograph, the film thickness was estimated to be 100
nm.

A sample of the product was analyzed by X-ray diffractometry and by FTIR
spectroscopy. By both these analysis techniques, the film was identified as
consisting of silicalite-1. A sample of the product was calcined at 800°C in air
in a preheated muffle furnace, to remove organic material (TPA*} and to make
the silicalite pore structure available for gas adsorption. The specific surface area
of the sample was then determined by means of Kr-adsorption and found to be
72 m?/{m? substrate surface}, a value corresponding well with what is to be
expected for a 100 nm silicalite film on this type of silicon substrate.

Example 2

This example iltustrates the preparation of films with a thickness of about 100
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The follow ng table gives exanples of such separations.

Feedst ock Separated Ml ecular M xed xyl enes (ortho,
para, neta) and Par axyl ene et hyl benzene M xture of hydrogen, H2S, and
anmmoni a M xture of normal and isobutanes P&mw

but ane M xture”of normal and isobutenes Nor mal butané Kerosene
containing (Jerr] to (Jerr] nornal Cerr] to Jerr] normal paraffins
paraffins M xture of nitrogen and oxygen Ni t rogen (or oxygen)
M xture of hydrogen and net hane . Hydrogen M xture of hydrogen,

propane, andopralyiinangnd quarzisulgstratesid/ or

propyl ene M xture of hydrogen, ethane, and ethylene Hydrogen and/or

et hyl ene Coker naphtha containjn err] to CLprr] nor mal (err] to
[ err] noManocsysialiing strugtyres Ignawp rgy fof sapphire {e-aluminium oxide) and ofand

pa(r]I ?f fi ES qlybith alisksa D ¢ hone 1Timrh) wasre Otically AdudtdDih teftish iHélH_erf\%la, t

an or e ne. 1L T, . . . late reactor

catal yti cure% o?_nvg'?'? BF%B?:;‘@ aﬂ. gra ?)%fe'% ,baé%?’ofr"'ﬁ f“é'ﬂ'?tggg‘mg%ﬁﬁﬁgif d¥¥§en .

and/ or | i fhan beiladin a sghition with dhe [foltgwing gompesitiorciem aywdlemerhasis) ngb

products EHD aitnHAO 2HBEr wit-% Hy drRIIg25aREo6Y forifiet miidé bnd istbtedlthely

%[az ff] Nﬁg[ﬁngfso‘h?ﬁér?'mﬁwQthSﬁJvLinboco%SééilioR%H‘aa' vBRhd bhog) %gﬁg@.} ﬂ <

Li ght cokE2Qm438iwt-8ont di HCh§3 Ewt-M4) fer ive rminutes. Retweear egch oleapingr |

Rﬂor {ml ol ]giépns'cm% eédussrad atel] wtafeafririsaa with dlis-k,)tilledl water. Aftel\zl t!['le aaﬂagﬁbaf fi lns
xture O nar,ma n I ane xtur.e o0 nor ma

and i sopemoecr?ggre' e s“‘.’ssﬁi%?%a%géeﬁ'ﬁ@ﬁ’é_’ f\ﬂrx‘mfr g&gf Rgﬁ‘rﬁ) ﬁ?i’;\’,ﬂoﬁﬁ#’%ﬂgﬁ ,t°and

‘ni trogen PH 8)iandconigining @40t %vicationie relymeo (Rerocelh BOR) Akzonklobels

e. g. Paragipetdwb8en)z Gh@rder to reverse the surface charge of the substrate from an
(PDEB) M xed

[or nit rog%“a’@g'h%ﬁﬁgsm a positive ﬁ[agﬂer Fécsﬁdcq}iomglymernlw%ﬁgg%ed g&n‘&%‘n?ﬂg
benzene (Pol M revmprieuTbs)suskacs onedifigyt supstsatesfwetectransferred 20ttherabomei ch
may be ef §gsdrisbdsol l{Afthss Gulids éénteht bN.5 MASTH)) E6htaMihRB6RI@A Hicalifd e
(2:gnf I gur e@rv%%al"si (Eeee”‘%&%&e Wvﬁﬁ'lsg Cs:'izaet of glv\d\r;\han% these crystals were allowed
to adsorb onto the substrate surface for one hour. The colloidal crystals in
excess, if any, were rinsed off with an 0.1 M ammonia solution. Through this
treatment, a monolayer of silicalite crystals was built up on the substrate
surfaces.

The substrates with the adsorbed silicalite-1 crystal monolayer were then first
processed at 550°C in a 100% steam atmosphere for one hour. After cooling,
the substrate was further treated with a synthesis solution of the following
composition : 3 TPAOH : 25 Si02 : 1500 H20 : 100 EtOH, at 100°C for 13
hours. This treatment resulted in a continued growth and intermeshing of the
adsorbed crystals and the formation of a dense and continuous silicalite film on
the substrate surfaces, as confirmed by analysis through of scanning electron
microscopy, x-ray diffractometry and specific surface area measurements by Kr-
adsorption {after calcining at 600°C in air). All these analyses yielded results
analogous to those obtained when using crystalline silicon as the substrate {see
implementation example 1) and show that the method is insensitive to the
chemical properties of the substrate.

Example 3
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WO 97/ 33684 PCT/ EP97/ 01267
catal ystr, (e.g. the catalyst is a nodule with the structure) or treated to
i mpart catalytic activity to the structure, are given in the follow ng

t abl e: wo 97586 st ock/ process Product péralpdneizéd xed
xyl enes (para, ortho, netal Paraxylene and/or ethyl benzene and .
et hyl benzene Et hane dehydrogenation to ethylene Hydrogen and/ or ethyl ene
Et hyl benzene dehydrogenation to Hydr ogen styrene But anes
dehydr ogenati on but enes Hydrogen (iso's and nornal s) Propane
dehydr ogendhisoaxample illustratesitheogeparationoof o siligalided firopyn enearbon fiber
Clerr]-J eghbstpteral paraffin Hydr ogen dehydrogenation to
ol efins Hydrogen Sul fi de deconposition Hydr ogen Ref orm ng
Hydr ogen, |ight hydrocarbons dehydrogenation/ aromati zation
(d err] - C é rgotioiday hsuspensisine .af @iscrete silicalite-1 particles was prégatedgby
degyflr ogeng ﬁ%ﬁfﬂnﬁ&fﬁiéaﬁﬁbh@%ﬂ@é?@doﬁlbﬁﬁ%sis solution with the following ng:olar _
n- But ene e structyr : en ) e Y. a _nenbrane in
such separ §PMBREMRN hgﬁ: At% 'Efso ‘04%5{2%‘ agﬁag@iﬂ ?‘g‘égﬁ LPresantAg: he
mat eri al s tetrapropypametonitim thydroxideand, Ev@thetivdinal.hébe silicis eeitl was anided
carried OUhs3btrEethbRY Sflane TRIFAYHEE f water) iAGter Ay nBNS the fesiifly isbl ivasan
advant age of ,Ph(g St relj:%t(#re Pf t he B_r&ﬁéen}, i nvention. that it HB‘X’ thyused at
such el evaPHEN®L AYcF lan irom, the, Rt "AYRrRY cantrifugatian. fgliowe re-
provi des adispetsing thersol iparticlesintdistiled water. The pH of the purified sol was
adjusted to 9.5 by adding 0.10 M ammonia. The size of the silicalite-1 crystals

in the resulting sol was found to be 98 nm by dynamic light scattering.

Continuous carbon fibers, with a diameter of 7-15 micrometers were first
cleaned with acetone in an ultrasonic bath and then with a solution having the
following composition {on a volume basis) : (5 H20 : 1 H202 {30 wt-%])} : 1
HCI (37 wi-%)). After both these cleaning steps, the fibers were separated by
vacuum filtration and rinsed with distilled water on the filter paper. After
completing the cleaning procedure, the fibers were treated for one hour with a
solution containing 1.0 wt-% cationic polymer {Berocell 6100, Akzo Nobel AB,
Sweden), adjusted to pH 8.0, for inverting the substrate surface charge from an
initially negative to a positive value. The charge reversed fibers were transferred
to a colloidal sol {solids content ;: 4.6 wt-%)}, containing 98 nm silicalite-1
crystals, that were adsorbed as a monolayer onto the fiber surface. After one
hour’s contact between fibers and sol, the fibers were separated by filtration
and washed with an 0.1 M ammonia solution. The fibers were then transferred
to a synthesis solution with the following molar composition : 9 TPAOH : 25
SiO2 : 480 H20 : 100 EtOH and hydrothermally treated with this solution for 24
hours at 100 °C. Scanning electron microscopy examinations of the fibers
showed this treatment to provide a dense and continuous silicalite film on the
carbon fiber surface. In order to further characterize the film, a sample of the
product was calcined at 600°C in air for three hours. This treatment removed
both the organic material in the silicalite pore structure and part of the carbon
fiber around which the film was formed. As a consequence, there remained after
this treatment a fibrous product consisting of the thin silicalite film built up on
the fiber surface. Figure 3 shows a scanning electron micrograph of the resuiting
material. From the micrograph it can be clearly seen that the film is indeed
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of a fluid m xture which conprises contacting the mxture with one face of
a structure according to the invention in the formof a nenbrane under
conditions such that at |east one conponent of the m xture has a different

st eady state,gcygwbi lity through the structure fromthat giy M}g{
conponent and recovering a conponent of m xture of conmponents fromthe

ot her face of the structure. 27

WD 97/ 33684 PCT/ EP97/ 01267
The present invention accordingly.also provides a process for the -

separ at i acrordihuau$ |andd dense. LTkis viilinc vasofipthes echatacterizdd by ine@nsrioft xkgy Wi th a
st ruct ur ifirsctb ' ' | Bodtific | | r a
nenbraneeddnderégigﬂgfﬁéﬁl%%etgﬁ th ?shad[ eéstggﬁgg%(%mgﬁfa%&{ﬁeﬁﬁiture

i s r emovdYtrPEeM ¢RORRIgR. IBess iest shawedythe fim yto; gensist galgly of
conponentsilicaliteedover ed and used in a chem cal reaction or nmay be reacted as
an adsorbed species on the structure according to the invention. The

i nvention. further provides such processes for catal ysing a chem cal
reacti on FX¥MMEAn the structure is in close proximty or in contact with a
catalyst. The invention further provides a process for catalysing a

hem cal : . : : : - ' uct
accor di ng o pianibid Mot RBE AL Yrp AREACAS HOGIEIHIRCSh 3 Kaubacpber ' ©
catal yti EubsHYtE-si on conditions and recoveri ng a conposition conprising at

| east one conversion product. The invention further provides a process for

o) e USRS Benk A SRV Dof RIRI3P By 9RIAR A BedRPTLASL  (F

a menbr arfYNihesis mixkyre wdth the following maolar composition : 2.46 (TMA)20 : 0.04
Na20 : 1.0 AI203 : 3.4 Si0O2 : 370 H20, TMA representing the tetramethy!
ammonium ion, which was added as tetramethyl ammonium hydroxide
pentahydrate. The silicic acid was added as sodium stabilized silica sol, and the
aluminate as an alkali stabilized aluminate solution. The alkali stabilized
aluminate solution was prepared as follows : Al2{S04)3.18 H20 was dissolved
in distilled water under mild heating. After complete dissolution, an ammonia
solution containing 25 wt-% ammonia in water was added under vigorous
stirring, in order to precipitate Al(OH)3. The resulting gel was separated by
vacuum filtration and the filter cake was dispersed in distilied water to dissolve
the remaining sulfate. The gel was then again separated by filtration. This
procedure was repeated until no sulfate ions could be detected in the filtrate by
adding BaCl2. The suifate-free aluminum hydroxide was dissolved in an
agueous TMAOH solution. The thus obtained alkali stabilized aluminate solution
was added to the silica sol under vigorous stirring and treated at 100°C until
zeolite Y crystals with a size of 100 nm (as determined by dynamic light
scattering) were formed. After completion of the synthesis the sol was purified
by separation from the mother liquor through centrifugation, followed by re-
dispersion in distilled water. The pH was adjusted to 9.5. by adding 0.1 M
ammonia.

Charge reversed carbon fibers, prepared in the manner described in example 3,
were transferred to the colloidal sol (solids content : 2.4 wt-%) containing 100
nm zeolite Y crystals, that were adsorbed as a monolayer onto the fiber surface.
The fibers were in contact with the sol for one hour. After the sol treatment, the
fibers were separated by filtration and the excess sol was rinsed off with a 0.1

34



catalytic form under catal ytic conversion conditions, and recovering from
an opposite face of the structure at | east one conversion product,

advant ageously in a concentration differing fromits equilibrium
concentrati ORyp@7/Adses reaction m xture. The invention furthecErevEes a
process for catalysing a chem cal reaction which conprises contacting a,
feedstock with one face of a structure according to the invention that is
in the formof a menbrane under conditions such that, at |east one
conponent of said feedstock is renoved fromthe feedstock .t hrough the
structure Maawneniasoution Jihedibesh were tapptesiedaoss genthesisirohgtionywithybeunder
catal yti c eslioueihgi sompsesition i: 46 (TMARO0 N\EOAI Napdur 1 [ieAIPD YV 886 SfOPr:0cess

of o bi o 20107 BiehraY o eclifla HbUC FRIREbRCHr BYAfathithal trhdieR,
i nvent i on, withathis sojutionhtor: 36 hours at ABRBEaRnalirsis of the preduct vameans ofor m
under cat ak¥drring OBMRHDNOMIkAsEtopl Ofevealdttl fHant ithis! iptoviib@ adddnisen apbl 2

;gcond reaggn o %@?&n&%%) Hin fo%omet .Qaerface of the carbon fibers, see Figure 3. The

PCT/ EP97/ 0¢oystal strugipess pof dhe it materiab was genfirmed by durtber charasterizationi sel y

control regghigolrfOoditiradtaRfetryEXdRI-88sdrpfibyde: control ling ethyl ene,
propyl ene or hydrogen addition to benzene in the formation of ethyl benzene,

cunene or cycl ohexane respectively. Description of the illustrations.
Figure 1 sEwample &i crograph of a nonol ayer of silicalite-1 bound to the
surface of a nonocrystal Si substrate by neans of electrostatic adsorption,

OP T ned W SR B bR SE L e A o4 edodh sl "

substrate.

A colloidal suspension of zeolite Y was prepared by hydrothermally treating a
synthesis mixture with the following molar composition : 1.2 {TMA}20 : 0.4
Na20 : 1.0 Ai203 : 3.4 SiO2 : 246 H20, TMA representing the tetramethyt
ammonium cation. The synthesis solution was prepared by the procedure
described example 4. After completing the synthesis, the resulting sol was
purified according to the procedure described in example 1 and the pH of the
purified sol was adjusted to 9.5. by adding 0.1 M ammonia. Charge reversed
carbon fibers, prepared in the manner described in example 3, were transferred
to the colloidal sol containing 120 nm zeolite A crystals {solids content : 2.8 wt-
%}. This resuited in the adsorption of a monolayer of zeolite A crystals onto the
carbon fiber surface. After this treatment, the fibers were separated by filtration
and rinsed with 0.1 M ammonia to remove excess sol. The fibers were
transferred to a synthesis solution with the foliowing composition : 1.2
{(TMA)20: 0.4 Na20 : 1.0 Al203 : 3.6 Si02 : 246 H20, prepared according to
the procedure described in example 4, The fibers were treated with this solution
for 60 hrs at 100°C. This treatment resulted in the formation of a dense and
continuous zeolite A film on the carbon fiber surface, as shown by scanning
electron microscopy and x-ray diffractometry analysis.

Example 6

This example illustrates the application of a Ti-silicalite-1 film to a carbon fiber
substrate.
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substrate, obtained wth a scanning electron mcroscope. Figure 3 shows a
m cr ogr aph, obtained with a scanning el ectron m croscope, of hollow fibers
of silicalite-1 (left hand side image) and zeolite Y (right hand side

i mage), preRps sty buil ding up a nol ecular sieve fil s onpegpsigibgce of

t he carbon fibers, followed by renoval of the carbon fiber through
calcination. Characterization The procedure according to the present

i nvention was eval uated by exam ning the materials by nmeans of scanning

el ectron m croscopy (SEM, powder -X-ray diffraction (XRD), spectroscopy, as
wel | as spemlividal suspensiora ot Ji-siigslitechavassprepareg by Md]otlae\ulna(rtmatmt i on.

The scannahg s%ﬁfésw)gum.sa Wit Be FSINIRG regﬁ{;gocstwnf Oén‘ﬁdAgﬁl'r ng, &SSI 2280 and
sputteri n%gtsg@ﬁm}fhggz%) A Qg)b %ﬁﬁﬁ%@&%ﬁg E\%o?m'l?‘ﬁé' iAtigs XL 30
type fittadtled a$ asbhBoer of tmwepmlnammmnv\hwdmzdé innwiabers TiODUivas .
X-ray di féddﬂatéé)fbtﬁie‘!ﬂ ,(yj;ﬁ&?nﬁgr(@qrm -Rridyyreated filmsanples, using a'

Phi l'i ps PW1710-00 po ract onet er Kr “adsor pti on measurements to
determ ne the specific surface area were perforned by neans of an ASAP 2010
appar at usThe aynthdsts saletioni was | prepanedeas follows. Petraethiyb drthetitcaataswasnent s,

the fil ns t
WO 97/ 33 G%t!%fé'detg%?r%%)@ silane under stirring. A solution of TPAOH ¥as @ﬂég‘f 01267

250[ er r ] (Srepwise tp this solutignandes vigpipus stitfing. Jhsiregdtingisynthesin sedulierpar ed
accordi ngwhs hidrotheramlly treated iatn 100°€ [for 20 niesural tThig fésuked ml ARé 2000

FT 1. 1. SROEIRERbA"of a colloidal suspension of discrete Ti-silicalite-1 crystals. After
completing the synthesis, the colloidal particles were separated from the mother
liquor by centrifugation, after which the particles were re-dispersed in distilled
water and the pH adjusted to 9.5. by adding 0.1 M ammonia. The average
particle size of the colloidal Ti-silicate crystals was found to be 90 nm by
dynamic light scattering.

Charge reversed carbon fibers, prepared in the manner described in example 3,
were immersed in the colloidal sol {solids content : 1.9 wt-%) of Ti-silicalite-1
microcrystals, that were allowed to adsorb onto the fiber surface. The duration
of the contact between sol and fibers was one hour. After completing the
treatment, the fibers were washed according to the procedure of example 3.

The fibers were then transferred to a synthesis solution with the following
composition : @ TPAOH : 1.46 TiO2 : 25 Si02 : 404 H20 : 100 EtOH. The
synthesis solution was prepared according to the procedure described above.
The fibers were hydrothermally treated with this solution at 100°C for 24 hours.
Scanning electron microscopy analysis of this product showed that this
treatment provided a dense and continuous Ti-silicalite-1 film on the carbon fiber
surface. Further analysis of the composite material prepared was performed by
means of x-ray diffractometry, DRIFT (diffuse reflectance infrared spectroscopy)
and UV-VIS spectroscopy. These analyses confirmed that the film obtained
consisted of Ti-silicalite-1.

EXAMPLE 7

This example demonstrates the use of repeated hydrothermal treatments in
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(infrared spectroscopy), as well as a Perking El nmer Lanbda 2S UV-VIS

spectroneter (spectroscopy within the visible and ultraviol et wavel ength

regions). Particle size and particle size distribution analyses of the

col | oi dal sugiRpRsi@ps of nolecul ar sieves used in prepari ngpdfErdr/oizer

nmol ecul ar sieve filns described in the present invention were nade using

dynam c |ight scattering (ZetaPlus, Brookhaven Instrunents). The invention

wi |l be described bel ow by nmeans of several exanples. However, the latter

shoul d not be considered as linmting the invention. Exanple 1 The exanple

i | | ust r at esletiatepsysyshesis solutions o0 areasd theahicknessofithe finaltfilirctonass of

about 100 qadired vaiger ystalline silicon substrate. A colloidal suspension of

discrete silicalite-1 particles was prepared by hydrothermal synthesis at

55 C of a synthesis solution with the follow ng conposition : 9 TPACH : 25
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| i quor by andntanitainiyet ©.dnwt 2 teationici psityie (Begbcelt$ 100 Akzavblobel, Sviedemdr sed

in distillfg wiseuenthewbhddiift 8516 M bwmdhia sBItRADI THb Q%e g/ anmoni a.

The size of the .resulting collojdal, particles was found to 1 nm by
dynanic | i'ﬁ'ﬁ‘%' '§€§P§§V?ﬁ?g. as gfaE'F teg) 10; 3, 80l (With #sdids Gantent of 2 \é’t%’r mof a
waf er (40 confaining. siliquiije-hasicrunnystals withtd siaé by can3@ rnef arahcértiadted with

cl eaned Wighiy & $6CfFe Mindies #h bidkt 381dbsBAf § nidHoldyey Df ThidtdPystaltn fid | CON
substrate s then ?0| I eg I n_.a_.sol L%gl? n Wh t he .foll o&nyng ,cor;pom tion (on
2 vol ume (SYBRUSte yurfagsn: After fiasipg yith By 1AM gmrognia Bnrdtvingan air. 3he f or 11 ve
m nut es arstbstrbteewitbratispriad micsotnystals waistdaldihed at 2560°C in air for 10

30 minutes and then allowed to cool to room temperature.

The sample was immersed into a synthesis solution with the composition:
3TPAOH: 25 Si02 : 1500 H20 : 100 EtOH and treated with this solution at
100°C for 62 hours. This treatment resulted in a continued growth and
intergrowth of the adsorbed crystals and in the formation of a dense and
continuous fitm of silicilate on the surface of the substrate. The film thickness
after this treatment was determined to 530 nm by SEM. This sample was then
hydrothermally treated in the same manner {for 80 h) with a freshly prepared
synthesis solution having the same composition as that described above. After
this second hydrothermal treatment the film thickness was determined to ca.
1200 nm by SEM.

Example B

This example demonstrates the preparation of a dense and continuous film of
silicalite-1 on the surface of a porous y/a-aluminium oxide membrane.

A conventional y/a-aluminiumoxide membrane with a nominal pore size of 5 nm
was first treated with O2-plasma and then washed according to the procedure
described in example 1. After the washing procedure, the sampie was rinsed
with a 0.10 M ammonia solution filtered through a 0.1 micron PVDF-mambrane.
The aluminium oxide membrane was then treated for 10 minutes with a
solution, adjusted to pH 8.0 and containing 0.4 wt % cationic polymer (Berocell
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fol'l ow ng conposition (on a volune basis) : (6 Herr]O 1 Herr]J]Qerr] (30
w-%: 1 HC (37 wt-%) for five minutes. Between each cleaning step, the

substrate d with distilled water. After the cleani,@?l:%c, ure,
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= 1.0 bar. The measured flux was <1.7 10~ I/im“h bar) showing that the
film was essentially gas tight.

EXAMPLE 9

This example demonstrates the preparation of a thin film of hydroxysodalite on a
quartz substrate.

A cofloidal suspension of discrete crystals of hydroxysodalite was prepared by
hydrothermal treatment of a solution with the molar composition: 14(TMA}20 :
0.85Na20 : 1.0Al203 : 40Si02 : BOBH20. The sol was purified using the
procedure described in example 1 and the final pH of the sol was adjusted to
10.5 by addition of 0.1 M NaOH. The size of the colloidal microcrystals of
hwdroxysodalite was determined ta 26 nm by dynamic light scattering.
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PCT/ EP97/ 01267 nm on alum na and quartz substrates. Monocrystalline
structures in the formof sapphire ([err]-alum nium oxide) and of quartz
di sks (10 x 73 were vertically nounted in teflon hol glegspedifher

cleaned with acetone in an ultrasonic bath for five mnutes. The substrates
were then boiled in a solution with the follow ng conposition (on a vol une
basis) : (5 Herr]O 1 Herr]derr] (30 wt-%9: 1 NHerr] (25 w-% for five
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EXAMPLE 10

This exampile illustrates the preparation of a thin continuous film of zeolite Beta
on a tantalum substrate.

The substrates used for growing zeolite Beta films were Ta plates {Plansee,
Austria, 99.9%) with dimensions 10 x 30 mm. Prior to use, the Ta surface was
cleaned at room temperature for 15 min with acetone (p.a.) under uitrasonic
action and then for 10 min with a solution having the molar composition
9H202: 10HCI: 350H20. After these cleaning procedures, the Ta plates were
rinsed several times with distilled water. The surface charge of the Ta plates
was reversed by treatment with a cationic polymer {Berocell 6100, Akzo Nobel,
Sweden} with the repeating unit (CH2CHOHCH2H{CH3}2) + n and an average
molecular weight of 50,000 g/mol. The Ta plates were immersed for 1 h in 30
mi of a solution containing 0.5 wt % of the cationic polymer and then the
excess polymer was rinsed with a 0.1 M ammonia solution.

A colloidal suspension of zeolite Beta (average crystal size, 30 nm) was prepared
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anal ogous to those obtai ned when using crystalline silicon as the substrate
(see inplenmentation exanple 1) and show that the nethod is insensitive to
the chem cal properties of the substrate. Exanple 3

32 wo 94334/ 33684 _ . PCT/EP97/01267
PCT/ EP97/ 01267 This exanple illustrates the preparation of a

silicalite-1 filmon a carbon fiber substrate. A colloidal suspension of
discrete silicalite-1 particles was prepared by hydrothermal treatnent
(100[err]C) of a synthesis solution with the follow ng nolar conposition: 9
TPAOH: 23yshwjfrethermally3eeatingra peculsyd seiudian WwiRhQhe rraqdaesembos:gohet r apr opyl

?gm)gle ;Jrr?chné mes‘cﬁaﬁloﬁg ?Uzaﬁr?émfggm '-'2'9‘5!-&@?6:06%% Qﬁe resultl o sol
was purifi dcrlﬁ?arsi%&lf%g'i’@ﬂ%lqdrwme[ﬁ%p%ﬁeﬁ "T‘lthﬁé'x ‘%V Eﬂﬁ‘ﬂ'rt?‘f ugat i on, °

f ol | owed deptiifugation @andgedigpetsed sn digtlled iveater wherebftdri the astisperisions The pH of
the purifyed é&lmr@%daéqd.wtmst&oee&remaé%ﬂ&t& &&{noun{makgé g@a g 2e of

the silicalite-1 i n e_r nm by
ynan ¢ SUGRPMEERMER 115 ra0an S DN dhPrRace HasdTiod et substiatanmas:  of
7-15 ni croomedated with ¢hé pusfied zedlite Beta susparsionts.5 wak, WH adpetédtdat h and

then wit asi s)
‘0 H[e”]r:g wsm % gﬂ i@a@ﬁagm o@vv]'ngﬂﬁé}gggéa éié%g 2808 WAt WABedS! S
cl eani ng %t §'l 0 SE ?‘éﬂéﬂslﬁ Q%EBWFF?FPQWP@ and rinsed
with di stmbmddyermfezeohte Bbta ¢riystals opdbe Ta sibistrateconpl eti ng t he cl eani ng
procedure, the fibers were treated for one hour with a solution containing
1.0 wt-%_cationic polyner (Berocell 6100, Akzo Nobel AB, Sweden adj ust ed
to pH 8. dher ba-subgterte; wghtﬂéOQESs%ePateeaéﬁr%%fé'staﬁg@'qmamr Fhitially
negat i ve 300 °%C pmsi th whercaiftee the bempbaitg evascivensmdd fin heteslitecBetat r ansf err ed

o ?C;ﬂ tp%&l%ons%tufnéﬁlvhﬂ? P okl confpdbitibn dhven GBBYE1aRH MY dPRhBhally
treated under reflux for 6 days at 100°C. Scanning electron microscopy (SEM)
micrographs of the zeolite film after hydrothermal treatment shows a
polycrystalline morphology and side-view images show a continuous film with an
average thickness of 200 nm. The Beta film was characterised by Reflection-
Absorption Infrared Spectroscopy (RAIR) using a Perkin Elmer PE 2000 FT-IR
spectrometer. The angle of incidence was 83° and 500 interferograms at 4cm’
1 resolution was performed for each spectrum. The absorbance bands
characteristic of BEA-type molecular structure at 450, 520, 570, 1150, 1175
and 1230 t:.m'1 were seen in the spectrum of zeolite Beta film sample. XRD
analysis of the substrate and fitm showed that the deposited material is zeolite
Beta.

EXAMPLE 11

Colloidal suspensions of TPA-slilicilite-1 were synthesized using tetraethoxysilane
(TEOS, >98% GC grade, <3 ppm A1, Aldrich-Chemie), tetrapropylammonium
hydroxide (TPAOH, 1.0M in water, 143 ppm Na, 4200 ppm K, <10 ppm A1, Sigma)

and distilled water.

Preparation of thin silicalite-1 films
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crystals, that were adsorbed as a nonol ayer onto the fiber surface. After
one hour's contact between fibers and sol, the fibers were separated by
filtration and washed with an 0.1 M amoni a solution. The fibers were then
transferred twoa78%8% hesis solution with the foll ow ng nol arpcxEsmeizs? on: 9
TPAOH : 25 SiJerr] : 480 Herr]O 100 EtOH and hydrothermally treated wth
this solution for 24 hours at 100 [err]C. Scanning el ectron m croscopy
exam natlons of the fibers shovved this treatnment to provide a dense and

cont i nuous i cal i m, O carbop fiber surf ord o further
charact eri %EQP?&F"‘Q p@s prepaee lbﬂ%ms'twaﬁ@ipe pl‘éf? gé@‘i}[ err]Cin
air for threeetedwsiliconh08) waferss using aBAIVEG MEDIG20IBoating=8ystemumiperating i n

the silicalgj bbdi@esthirt/of U2 7018 rnemvfats rﬁmﬁma,b%éém@ma %Et%t&’%@h the

filmwas forne ons?%gence re renalne
fibrous pr@RAvtioanefilonMMPst (samma-mescantepregyitimethoxysilang (MPRp08h t he
fi ber surf Bpecidhtigs)) in r&eﬂiananoaSémmatﬂgoai teniperatuse. the surfade-aftadhed

resulting %ﬁé@ Wak hyGrohReli 4t rborh tafip&RRurklin GA3cRE &Al&iﬂ%@ FPRHEN f%

filmis in
97/ 33684 hours. The excess silane was removed by rinsing with ethanol. PCT/ EP97/ 01267

continuous and dense. This filmwas further characterized by neans of x-ray
diffracto enment
using ni t??zée'ynsl)agyﬁﬂ?agg&%w%gﬁg yses s$1 ggﬁq@%@o co I st solely
of silical ,pr@:qe in E)@Hﬁ'fﬂ" ananner kg gar ﬁéﬂ’ﬁﬁ@'ﬁﬂ EE‘PFH&'@'SPWSBIOQMM ion of a
zeolite Y fsebdprec mswdpmsfgmouutmsmze 4804H20: HOD @thardliSThHE B chftﬁwé

e e 0 YR R  B R AR
Alferr]elP WE)é %lstﬂ"e) rqow CQ?U"‘H_‘)e A [nonoipyer eisiicaliater1 was edsorbed bY
tetramet hylcoﬂtmsnﬁg the silane-coverdd substratdeith 46 il of & Awh ¥ sificaNkeR um hydr oxi de
gﬁgt ?Egdr AlsGspdritiorrad 4 pHOFACA ilkdRe®f 989 Bpoteftidi it BRidd meio'! hdid. SO
The plates were rinsed several times with distilled water to remove excess
crystalline material. The wafers were calcined in air at 300 for 1 hour. The
composite wafers were contacted with a TPA-silicalite-1 precursor solution with the
molar composition 3 TPAOH : 25 SiO2 : 1500 H20 : 100 ethanoi and hydrothermally
treated at 100°C for 20 hours. After synthesis, the wafers were washed with distilled
water and acetone and dried at 100°C for 30 minutes. Thin films of silicalite-1 films
were deposited on the gold substrate,

EXAMPLE 12

Thin silicalite-1 films on polished, gold-coated QCMs (Cold Springs R&D, Marcelius,
New York; resonance frequency 10 Mhz; a 1-Hz shift corresponds to 4.3 ng/cm2 per
face) were prepared in a three-step process. The QCMs were first cleaned for 30
min. in an ultrasonic bath containing acetone, then rinsed several times with distilled
water and sonicated twice for 10 min in distilled water. A monolayer of y-
mercaptopropyl-trimethoxysilane (MPS) was formed on the QCM by contacting the
substrate with a solution of 10 nM MPS in methanol for 3 hours; this layer was
subsequently hydrolyzed in 0.1 M HCI for 15 hours at room temperature. The
silane-modified QCMs were treated with a 0.4 wt % aqueous solution of cationic
polymer (Berocell 8100, molecular weight ca. 50,000, Akzo Nobel) for one hour at
room temperature.
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alum nate as an alkali stabilized alum nate solution. The alkali stabilized
al um nate solution was prepared as follows : Al[err](SOerr])[err].18
Herr]O was dissolved in distilled water under mld heating. After corrpl ete
di ssol uti oRgaghaggoNi @ sol ution containing 25 w - % amoni

added unde?m\)l gorous stirring, in order to precipitate AI(EH %ﬁt; The
resulting gel was separated by vacuumfiltration and the filter cake was

di spersed in distilled water to dissolve the renmaining sulfate. The gel was

then again separated by filtration. This procedure was repeated until no
sul fate nmlleldabsllumlitm1 d:atsws eai/e'rage sizef BOnm)tveere\adsdrhiedoporito @id modified The

sul fat e- g HECHAY o iR Fafbs T80 KEdr Wit 8 huffied 2ol OH sol ution.
The thus al ne kq fsé r) al.ym n I ut' was added to the
silica sﬁPsRﬁW@r" QLQ ?Fﬁ‘éa iterd M Wé%’edf‘ 8["8@%"8’%?!?'\35 zeolite Y
cryst al swithtth1 M Nl—laetha‘smatem(lae oﬂ@mmaleﬂrbm aly3001Cc Subgbyuertlyt t eri ng)

f d b
soparati IF ?G@‘éﬁérecﬂ‘ﬂ?%&“%a%a@'ﬂﬁ ?(Y“% B Solldih, RyifesBiigie”, Y o
di sper si Wfth |hemojarqqmpamne H@@ flgo 5@ mgsh@ate g 0.1 M
anmoni a. for@msaﬁsirea@bmwdagtvcdlbbma,ma'emquy opyiénd'RsactoT, descrl bed

|n exanp t.en
$yPPfupped it ASSAEE othe heits i BefipLoiSRbs ot 01 01
rmnol ayefn @FMQG“%W to; rgatove the water WH@'E?’B@?%!“HH%P'FQ{ te atptien SW‘%'?F the sol
for one hour. After the sol treatnent, the fibers were separated by
filtration and the excess sol was rinsed off with a 0.1
34 WD 97/ 33684
PCT/ EP97/ 01267 M ammoni a solution. The fibers were transferred to a
synthesis solution wwth the follow ng conposition: 2.46 (TMA)[err]O: 0.04
Na[err]O 1.0 Al[err]derr]: 3.4 Sigerr]: 370 H20, prepared as descri bed
above. The fibers were hydrothermally treated with this solution for 96
hours at 100[err]C. Analysis of the product by neans of scanning el ectron
m croscopy reveal ed that this provided a dense and conti nuous zeolite Y
filmon the surface of the carbon fibers, see Figure 3. The crystal
structure of the filmmterial was confirnmed by further characterization
using x-ray diffractonmetry and Kr-adsorption.
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Exanple 5 This exanple illustrates the application of a z m! Illﬂl Im’ﬂﬂll
a carbon fiber substrate. A colloidal suspension of zeolit
by hydrothermally treating a synthesis mxture with the foll ow ng nol ar

conposi tion g, é{ J[err]G 0.4 NaJerr]O: 1.0 Al[err]J ecriersrei2é
Sigerr]: 246 rerr O TMA representing the tefranethyl anmoni um cation,

The synthesis solution was prepar }lgy%#gg RO ®E@Nrle descri bed exanpl e 4.
After conpleting the synthesis, th Pm sol s purified according to
t he procedure described in exanpl pH-e+t he purified sol was
adj usted tGld#@ms. by adding 0.1 M ammoni a. Charge reversed carbon fibers,
prepared in the nmanner described in exanple 3, were transferred to the
col | oi dal soI contain 120 nm zeolite A crystals (solids (iontent 2.8 wt-
5 Thi'a r deul t BAMPRSE RERAMIN AOROTHIoWAT MG oTOR b FIGEITCHIDE a1 s
ont o t he ceaibmenistaisrwhichfraethod Afompriselj s treatnent, the fibers were
separated by filtration and rinsed with 0 1M ammni ato rem)ve excess sol .
The fibers were transferred to a %B sol uti onigrth PGF | owi ng
conposi t i of! PRePEring dgisaersian comprising 'src]’%e mictperystals fcnatecylar S?VG
Si Jerr] : whiéh hpee n|sOrfasceabargs] according to the procedure described in
exanple 4. The fibers were treated with this solution for 60 hrs at
100[err]C. This treatment resulted in the formation of a dense and
cont i nuousbl 88lEFtiRg AT PreRAFing & sbsteate Yyith p SUrface chakgs, wa@gﬁmowe teanni ng
el ect r on nteatasfcibe Wisordtexmicrycrystdls acthendispersienal ysis.  Exanpl e Thi s
exanple illustrates the application of a Ti-silicalite-1 fi I mto a carbon
fiber substrate. WO
07/ 33684 C) contacting the substrate with the dispersion comprising dlscre’qsdwmprm

of molecular sieve such that discrete microcrystals of molecular sieve are

attracted to and adhere to the substrate as a monolayer.

2. A method of preparing a structure comprising a molecular sieve film which
method comprises;

a) depositing on a substrate a monolayer comprising molecular sieve
microcrystals which are capable of nucleating the growth of a molecular sieve
film,

b} forming a molecular sieve synthesis solution,

¢) contacting a} and b) and hydrothermaily growing molecular sieve to form a
molecular sieve film on the substrate.

3. A method according to claim 1 or claim 2 wherein the molecular sieve is
zeolite or a microporous metal silicate or a metal phosphate.

4. A method according to any of the preceding claims wherein the molecular
sieve is silicalite, hydroxysodalite, Ti-silicalite, mordenite or one of the
zeolites A, Beta, L, X, Y, ZSM-5, ZSM-2, ZSM-11, ZSM-22 or SAPO-34.

§. A method according to any of the preceding claims wherein the substrate is
a non-porous substrate such as silicon, silica, aluminium oxide, aluminium
silicate, titanium dioxide, zirconium dioxide, or a metal.

) ““ﬁ'iiiﬁi‘iixﬂiﬁ” li‘ﬂiu




A col | oi dal suspension of Ti-silicalite-1 was prepared by hﬂmuﬂﬁﬂmwluml
treatnent of a synthesis solution with the follow ng conposhl¥ o! (%
1.46 Tierr]: 25 SiJerr] : 404 Herr]O 1 00 EtOH TPACH bei ng the
tetrapropyl wgeReHeyyn cation added as a solution of tetrapr jum
hydroxide in water. Ti(Jerr] was added as tetraethyl ortho?il?%ijf'fna e (34.1
w-%Tierr]). The synthesis sol uj;‘l* n ﬂﬁf@gﬁ as follows. Tetraethyl
orthotitanate was added to tetraeth x@ %Eg stirring. A solution of
TPAOH was added dropwi se to this spluti P vigdrous stirring. -The
resulting synthesis solution was hydrothernmally treated at 1 00[err]C for

20 hours. gThi t ' tal.l i | | dal. _suspensi on of
discrete Ti- s)iilrlhca idt%ﬁ%‘???tga@g@ﬁ‘gszgg%mgﬁh%’ ﬁ%kwﬁgﬁ 8 the

col | oi dal parR9OMESUREHatesHirky at silica.Ziiconise tikenincaluminumoxide, aluminium
centrifugati osilicate} avetaitoradrgbhie polyrmecs st re-di spersed in distilled
wat er and the pH adjusted to 9.5. by adding 0.1 M anmoni a. The average
particle size of the colloidal Ti-silicate crystals was found to be 90 nm
by dynani é- | i fjrnethediacserding to ey ajclaimsel ted whetsimttie subrstratgpispar ed i n

t he manner deserddnilor organiofiber. 3, were i mersed in the colloidal sol
(solids content: 1.9 wt-9 of Ti-silicalite-1 mcrocrystals, that were

all owed to adsorb onto the fiber surface. The duration of the contact

bet ween s8t af\dnethgdraccREding te aRy @f thapresedingelpions whherdin the eat ment , t he
fibers were wawhecrystaioatt bondedl by sleBtrosRlidr RIsefptrAfE A SuBstratéRirfdcBer S
were then transferred to a synthesis solution with the follow ng
conposition 9 TPAOH 1.46 Ti(Qerr]: 25 Sierr] : 404 Herr]O 100 EtCH
The synt h®si sA soethodaecording te gay &f the prresdmg claimswherein dbe sabsteateris bed
above. The figerpeatede hydrothermally treated with this solution at

100[ err] C for 24 hours. Scanning electron mcroscopy analysis of this
product showed that this treatment provided a dense and conti nuous

Ti - si | i cal P+ A methpehasgordieg ¢ apy 9f the precedingaelaims-whergin the atilstrateds t he
conposi t e natdHarge rgvepgei.ed was perforned by nmeans of x-ray diffractonetry,
DRI FT (diffuse reflectance infrared spectroscopy) and UV-VI S spectroscopy.
These anal yses confirnmed that the film obtained consisted of

Ti-silical i/{ A methpsiasrelgimed inmglaime k@ whereincthercharge reversal isiachieved epeat ed
hydr ot her mal By eaitaet b thdsubstrate with a solution comprising a cationic polymer.36

12. A method according to any of claims 1 to 9 wherein the microcrystals are
charge reversed.

13. A method according to any of the preceding claims wherein the substrate is
pre-treated by means of a coupling agent.

14. A method according to any of the preceding claims wherein the
microcrystals are colloidal molecular sieve.

15. A method according to claim 14 wherein the colloidal molecular sieve
microcrystals have a particle size of 10 to 500 nm.

16. A method according to any of the preceding claims wherein the monolayer
consists essentially of molecular sieve microcrystals which are in contact
with one or more of their neighbours.

17 A method according to claim 2 wherein the synthesis solution is clear.
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WO 97/ 33684 e“! ”U “ uu J”w
PCT/ EP97/ 01267 adequate synthesis solutions to increas i .

the final filmto a desired value. A substrate of crystalline silicon in
the formof @wgdmsess(40 X 9 x 0.4 nm) was washed in the naneperEBEmezerbed in
exanple 1. After the washing procedure, the substrate was treated for fjve
mnutes wth a solution, adjusted to pH 8.0 and containing 0.4 wt %
cationic polynmer (Berocell 6100, Akzo Nobel, Sweden) and subsequently
washed with a 0.10 M ammoni a sol uti-on. The surface nodified substrate was
transferred to a sol, (wth a solids content of 2.5 wt 9% containing

sih! i cal : t ;erst ][A friealod ak aldimeti i ady f 2Re Precdding3Glaitis whtkin Ahe 3Gbstatyl t h|
this sol for fj r r r.of mcrocrystals
on the subst r & }e“e"sfﬁ@%g’?"'@?%r%?i“r‘é'?%‘gggﬁfﬁegs.%Q@@%ﬁ%"and drying in
air, the substrate with absorbed mcrocrystals was calcined at 250 [err]C

in air ford0 Aiethes adestdinge® @ty 61eidink® 20001 8 wherGiartht enalec@at ieve 1he

sanpl e was i rsed I pt: yathes] tion with the composition: 3TPACH
25 Sigerr]: %%ﬂ%[ée%]?'@es%d% ‘%s sagf% reated with this solution at
100[err]C for 62 hours. This treatnent resulted in a continued growh and

i nt er gr owtdp.of A hvievlna siesk Aionelayes sel6turéd wHich tempRke®n of a dense and
continuous filmof silicilate on the surface of the substrate. The film

thickness after this treatnment was deternmned to 530 nmby SEM This sanple
was then a)dr subsiratgl and derasited thareoRe sane manner (for 80 h) with a
freshly prepared synthesis solution having the sanme conposition as that

descri bed .ahove. ‘After thi%i sec&ng hydr (\),t her mal ttrggat ment the film

t hi ckness MEDPEYRY RURPLiRNgG [NoleSular RV MiekaGrYStee, \ni'e 8 This exanpl e
denonstrates the preparation of a dense and continuous filmof silicalite-1
on the surf@ace pbtractuPs ebfprieingld 5apddrt ahd & MiEBMABHsiAg EEERNe A
conventi onal L rrL/ &enr&@al uni ni U X|g]e n!enbli%(j‘ w.th a Ea%m naby.‘gore si ze
of 5 nm wdBCIPPYISY SiEVE L XPSIPIHNERYPFUIAT HENE PFHAGORREEY WIS ng t o

t he pr ocedtiusturess monethyien compniging molesplag sievaanigeastiystglsor ocedur e, t he

sanple was rinsed with a 0.10 M amonia solution filtered through a 0.1
m cron PVDF- nenbr ane.

THIS SHEET HAS BEEN
REPLAGED

This Sheet Has Been Rv'ilaced

AN



The al um ni um oxi de nenbrane was then treated for 10 mnutes wth a
sol'ution, adjusted to pH 8.0 and containing 0.4 wt % cationic polyner
(Berocel | 37 WO

97/ 33684 PCT/ EP97/ 01267
6100, Akzo Nobebissgsmeden) and subsequently rinsed with a fi PCEERNAI26I0 M
ammoni a sol ution. The surface nodified nmenbrane was transferred to a sol,
(with a solids content of 2.5 Wt % containing silicalite-1 mcrocrystals
with a size of ca. 30 nm and contact ed w this sol for .10 minutes in
order to adsorb a nonol ayer of m'crocryatég on the menbrane surface. After
rinsing with filtered 0.10 M amonia and drying in air, the membrane wth
adsorbed m crocrystals was calcined by placing in it a cool furnace,
heating the furnace to 42?’@ fer i 0§00fp@RO m nutes and keepi ng
this tenperature for 'T x@meiﬂ&s—t—hdn svmtched of f and
allowed to cool to room § Rt i taken out. The
menbrane was then nmount edPESSEEEEESE v ’ “ tect the
reverse side of the menbr g ge nount ed

menbr ane was hydr ot her nal jS @B having the
conposition: 3TPACH 25 SE& o 100[err]C for
77 hours. Prior to use, t[|§d St hr ough a
PVDF- nenbrane with a pore B Ot her nal
treatnment, the nenbrane W B/ anmoni a. The
synt hesi s procedure was tfj B ons and the
sanme (freshly prepared) s |_bhr ane was
finally rinsed with 0.10 cal ci ned
menbrane was tested in a and with [err] P
=1 .0 bar. The neasured ; ar) show ng that
the filmwas essentially %

FiG.2 xgaooo Tpm

SUBSTITUTE SHEET (RULE 26)



Thi s exanpl e denpnstrates the preparation of a thin filmof hydroxysodalite
on a quartz substrate. A colloidal suspension of discrete crystals of

hydr oxysodal ite was prepared by hydrothermal treatnment of a solution with
the nol ar conposition: 14(TMA)[err] O 0.85NaJerr]O 1.0AI[err](err]:

40SiJ err]: 8oarymesespO The sol was purified using the procepcu/epsdensTi bed
in exanple 1 and the final pH of the sol was adjusted to 10.5 by addition
of 0.1 M NaCH. The size of the coll oi d? m crocrystal s of hydroxysodalite
was determned to 26 nm by dynam c |-ight’/scatteri

38 WD 97/ 33684 2 2 PIG 3

PCT/ EP97/ 01267 A nonocry. I e substrate in the formof a plate (10 x
10 x 1 mm) of quartz was vy y mourXd89 n a teflon hol der and washed
according to the procedure described. in example 1 __After the washing
procedure, the substrate Js ol ution,
adjusted to pH 8.0 and co ‘(Berocell 6100,
Akzo Nobel, Sweden) and s gnoni a sol ution.
The surface nodified subs @th a solids
content of 2.5 w % cont stals, and
contacted with this sol f t he adsorption
of mcrocrystals on the s h the cationic
pol ymer and the subseque epeat ed once.
After rinsing with 0.10 )strate with
adsorbed m crocrystals wa 30 m nutes and
then allowed to cool to r; ersed into a
synthesis solution with t [err]C
1.0Al[err]err]: 40Sig e I's solution at
100[ err] C for 16 hours. __ o R cd gr owmt h and
intergrowt h of the adsorbed" cryst* ﬁtn gfe formation of a film of

hydr oxysodalite on the surface of< t¥le” ST

ZEOUT ¥
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ROY ., YO REIPA-MULaALT IS Ve clwT PATMRe R At itk Shm T TmeEm e e
"EXAMPLE 10 This exanple illustrates the preparation of a thin continuous
filmof zeolite Beta on a tantal um substrate. The substr
.growi ng zeolite Beta filns were Ta plates (Pl ansee, Austri mﬂmmﬂmlmnmll
‘dimensions 10 x 30 mm Prior to use, the Ta surface was cl eanetl & room *
tenperature for 15 min with acetone (p.a.) under ultrasonic action and then

for 10 min fHaimMsa sol uti on having the nolar conposition 9H err]Qerr]: 1
OHCO @ 350H[err] O After these cleani ng procedures the Ta pl at es wer e

' d I h he T

bl at o5 ves Pever SaprusflaeeSadios §shBhRiand 88 o iaefd Eist¥ulline 6100
'Akzo Nobel , nRdecider) sigie rwluqtgmr@pe:aptqqglau reigve film has incorporated within

|(CH err] Clﬂi%&ﬁfcmr'd(ﬂﬂbabraw 6thbaigiRg rr&onamaaﬁeeefﬁ{ &ggrm&xecul ar wei ght of

50, 000 g/ mol . The Ta plates were inefsed for . of a solution
containing 0.5 wt % of the cationic polyner and then the excess pol yner was

rinsed with2a 0.A ddethvomoof prepating iaomonoidyepkirobtmé cotppieing mbleeliateol ite
Bota (aver aggyGriahlahSwhidh Mithof o8] °

39
PCT/ EP97/ 01267 by hydrothernally treating a precursor sol uti on W|th t he

mol ar conpogj tﬁré]far&g%%ﬁrélbﬁ)c éﬁfg_li_hé disoterd) riiérobilsdls lor malictlapr ]

295H err] O fo aﬁi‘? at 100 ckﬂ he crystal s thus obtai ned were
separ at ed f819?ﬁat‘%'é'° KRR 8r %entrifugation and redispersed in

rdistilled water whereafter the suspensions were centrifuged again. This

procedure WBp duRiMigClr tbbdririd'd RibRlattRi#Ca! bifadt TGRS Whide%si 1 Lhe |

range 9.5-10. 0. The a su e was contacte W|ththe
purified zeBPP?%t%’éﬂ e?ﬁgﬁgp FFW@“S’WY%BFSFJPIB disPeEPN,0 10 with a 0.1 M

amoni a solution) for 1 h whereafter excess zeollte was rinsed
¢} contacting the substrate with the dispersion comprising discrste
microcrystals of molecular sieve such that discrete microcrystals of
molecular sieve are atiracted to and adhere to the substrate as a
monolayer.

3. A method of preparing a structure comprising a molecular sieve film
which method comgprises;

al depositing on a substrate a monolayer comprising molecular sieve
microcrystals which sre capable of nucleating the growth of a molecular
sieve film,

b} forming a molecular sieve synthesis solution,

¢) contacting a) and b) and hydrothermaily growing molecular sieve to
form a molecular sieve film on the substrate.

4. A method according to claim 2 or claim 3 wherein the molecular
sieve is zeolite or a microporous metaf silicate or a metal phasphate.

6. A method according to any one of claim 2 to 4 wherein the
molecular sigve Is silicalite, hydroxysodalite, Ti-silicalite, mordenite or

REPLAGEMENT SHEET W
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off wwth a 0. 1 MNHerr] solution. -SEM anal ysis of the conpgsit ‘
fonol ayer of zeolite Beta crystals on the Ta substrate. Thﬂw ﬁtl Bi ﬁ“m i
Wi th adsorbed zeolite Beta crystals was calcined in air at s 1

h whereafter the conposite was imersed in a zeolite Beta precursor

solution with the np) ar composjtion qiv\ ahqQve_a d rmal ly treated
under reflux foPP8 ?}Ja 2o s0*6{ b?ﬁ’&' ’gg‘énggxﬂjseag@{%o%gwg?g%g y (SEM

‘m crographs of t2Zov8APD:@4fi|l mafter hydrothermal treatment shows a

pol ycrystal I i ne nor phol ogy and side-view i nages show a continuous filmwith
-an average thickness of 200 hm The Beta fil mwas chasacterised by N
Ref | ecti on- Sbsd prethed pesardingtossweensatelpims RAord thespiegedingelaiing £l mer PE -
2000 FT-1R spectyipdtgincthe 5aBsRa@ & af nbAPOASULC SubePat8 StEdH las A8HlcmO
interferograns ati. 4cm Mesuol ut i % vvalgi"ﬁerfor msld or teach spectrum The

absor bance band$"&far AMWUPLR | ox{e. pRIUTIM  STICatR. o  tREPIUTL ¢ diqxids. 450,

'520, 570, 1150, zicowupndiozidsporaimetal. were seen in the spectrumof zeolite
Beta filmsanple. XRD analysis of the substrate and filmshowed that the

deposi ted erial i eolite Beta. EXANPLE_ 11 Col | oi dal suspensi ons
of TPA-slilitilif merﬁvsiﬂecggwgh@sq%af E'élfﬂﬁgffé’t% xoreren be b retees, >98%
GC grade, <3 ppm pdroudl sabistrateChach a$,silloat rz&pom’ayltiaanianhm?iﬂnygmc)ldddel l(TdPAO—L
1.0Min water, X ' an istille
wat er. Prepar aga ﬁ%ﬂm@m‘ gﬁ?ﬁéé?’?eltggﬁ {rg_al ﬁﬂt&? | ﬁ‘g (Aﬁubsﬁa%ﬁ e
40 WO 97/ 33684
PCT/EP97/ 01267 A method according to any of claims 2 to 5 wherein the substrate is
an inorganic or organic fiber.

8. A method according to any one of claims 2 t0 B wherein the
microcrystels are bonded by electrostatic adsorption to a substrate
surface.

10. A method according t¢ any one of clasims 2 to 9 wherein the
substrate is pre-treated.

11. A method according to any one of claims 2 te 10 wherein the
substrats is chargas raversed.

12. A method as claimed in claim 11 wherein the charge reversal is
achieved by contact of the substrate with a solution comprising a
cationic polymer.

13. A method according to any of claims 2 to 10 wherein the
microcrystals are charge reversed.

14. A method according to any one of claims 2 to 13 wherein the i .
substrate is pre-treatad by means of a coupling agent.

15. A method according to any one of claims 2 to 14 wherein the
microcrystals are colloidal molecular sieve.
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“The surface of gol d substrates (prepared by depositing g ﬂlﬁretrea

Ti NN covered silicon (100) wafers using a BAL-TEC MED 020 Hl@;"llﬁl“l““‘
<operating at a base pressure of ca. 2 10[err] nbar) was m)d

‘contacting the substrate with a solution of 10 nM MPS

:(gamma- er capt opropyl trimet hoxysilane (MPS, Osi Specialities)) in nethanol
for 3 hours? R%/ £ding &o claifa 1R wherein she seliridalgneigpalsieveydr ol yzed
_at roomtenperam@ctygm@haogélpar@@glgtzbwf 101d. 600kl ) for 15 hours. The
excess silane was renoved by rinsing with ethanol. A suspension of

descrete colloidal crystals with an average size of 90 nmwas prepared in a
simlar maniddr #omethbd cccording| tos anyhenenef alaiosmBose t 1 & rwbéreirhahs eed
precursor. sol uhorisyep hirknth Cesienkialy 301 cLergiQ st hadrbrystiis PH of

the purified sol S re. uce blon a strong cationic
exchange resin e4eee8 ﬂté’f“in]'f’"elﬂ&ﬁ‘?fﬁ tpey nelghbRyi§ol ayer of

ssilicaliate-1 was adsorbed by contacting the sil ane-covered substrate with

et (5)- potlnt HaF1otiah ERbIR ho HBRES il Tidwyfnedsordind 8,

several tines whleArdistilled water to renpve excess crystalline material.
The wafers were cal CI ned in air at 300 for 1 hour. The conposite wafers

wer e cont acted 't PA-silical.ite-1 h the nol ar
conposi ti ont@ TPA Eia R 1W0°Ef Cfuf%‘ %tgt lllugn\gwe}fﬂhtn
~hydrothermal |y swmratel mnrdsﬂrpgelar enblayee ©f rodlesulanisieve isyeaidined n t he

waf ers were vvasg@Fg ith distilled water and acetone and dried at 100[err]C
for 30 minutes. Thin films of silicalite-1 films were deposited on the gold
‘substrate. EXAMPLE 12 Thin silicalite-1 filns on polished, gold-coated

, QCVB (r?o:‘d 20, i Agmetiiod amdmbltusanyl\bi/\c!}fwnis 1oe$9)r\ﬂhaefnf1mqnem%jaiat0 Mhz; a g
"1-Hz shift corr ce) were prepared in a

t hree-step procgéggqﬁeﬁa t\;/@%éggliféstrsth arfjng for 30 mn. in an
ultrasonic bath containing acetone, then rinsed several tines with
distilled water and sonicated twice for 10 min in distilled water. A

nonol ayer of y- nmercaptopropyl-trinmethoxysilane (MPS) was fornmed on the QCM
by contacting the substrate with a solution of 10 nM MPS in nethanol for 3
hours; this |layer was subsequently hydrolyzed in 0.1 MHO for 15 hours at
roomtenperature. The silane-nodified QCMs were treated with a 0.4 wt %
aqueous solution of cationic polyner (Berocell 6100, nol ecul ar wei ght ca.
-50, 000, Akzo Nobel) for one hour at room tenperature.

i41
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PCT/ EP97/ 01267 Col loidal silicalite-1 crystals (average ulmj ElM”“m

-were adsorbed onto the nodified QCM surface by contacting t

for 1 hour with a purified colloidal suspension (pH = 10) of 3 Wt %
silicalite-1 in water. After washing several tines with 0.1 MNHerr], the
substrates were calcine in air for 1 h at 300[err]C Subsequently, the QCMs

Wth the rapehdried propdgs S, A led5Rirge ‘#ﬂd%@ DBV LR IF BRI o
was heat ecignificent 'H'lﬂj?‘éa‘T‘?Pté G951 hpctbained ovilh peektethesad memlw@pesr] Cin a
pol ypropyl ene reactor, equipped with reflux cooler. The coated QCVs were

cal ol e, g R ot AT LR 48V ek S Kh i B oot
in various patents and pubhcauons. Suzuki {Europ. Pat. Appli. 180200 (1986))
describes a method for preparing a zeolite membrane by applying a gel coat to a
substrate, followed by hydrothermai treatment of the gel cost to form a zeolite.
film. In another method {US Pat. 4698892 (1987)), a substrate is first
" impregnated with a synthesis gel that is subsequently transformed into zeolite
under hydrothermal synthesis conditions. US Patent 4800187 (1989} describes
a method in which these zeolite films are prepared by reacting the substrate
surface with active silica.

in International Application WO 84/25151, a supported inorganic fayer
comprising optionally contiguous particles of a crystalline molecular sieve is
deposited, the mean particle size being within the range of from 20 nm to 1 um.
The support is advantageously poraus. When the pores of the support are
covered to the extent that they are effoctively closed, and the support is
continuous, a molecular sieve membrane resuits; such membranes have the
advantage that they may perform catalysis and separation simultanecusly if
desired. While the products of this earlier application are effective 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
C- boundaries and voids between the crystais effect selectivity.

Iinternational Applications PCT/EP93/01209, and PCT/US95/08514 published
as WO 96/01887 describe the use of nucleation layers deposited on substrates
for the manufacture of molecular sieve layers. These nucleation layers are
relatively thick and unordered and the molecular sieve layers are relatively thick.

In International Application PCT/US95/08611 published as WO 96/01685
molecular sieve layers are synthesised without the use of a nucleation layer.
The resultant molecular sieve layer is relatively thick from 2 to 100 gm. This
process produces molecular sieve layers which have a relatively low density of
molecular sieve at the interface with the substrate.
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42 Clainms 1. A structure conprising a support an

conprising a crystalline nolecular sieve wherein the nolecul H“Hﬂﬂ ”lll””“l
.has incorporated within its structure a nonolayer conprisi n

'SI eve mcrocrystals. 2. A met hod of preparing a nmonol ayer "structure
:conprising nol ecul ar sieve mcrocrystals which nethod conprises; a)

preparing a di spersion corrpri sing di screte m crocrystals of nol ecul ar sieve
L

whi ch h i th
oo™y BEVAS e Bt TSR, g e 01070 B 1.,

0SI eto I screte

grocrysials in -
t he di spePEIcEHES ‘scf’eﬁ‘H Phd ?hB"ei’G[ﬁPFat"é WP??\ pagked; §n]9“iﬁ lopagtistor i si ng
di screte gb&th

ser i ﬁgsry'shabﬁoo%fssrrﬁmmla&rarmm@w ﬂxéfmtnaﬂbﬁwf@tmoﬁbﬁwﬁwstals
(6] nol ecu

nonol ayer. E}rqg'djsﬂyi‘t%@f?ﬁ azth(?%%?‘(éﬁ’é% %393@95‘83?3‘38 b@i‘?{ﬁ?&?ﬁg 1og O%bpécul ar

sieve fil aulbwtraih. net hod conpri ses;

in International Application PCT/NLS2/00029 published as WO 92/13631 an
inorganic composite membrane is manufactured from pre-formed crystals of
molecular sieve which have between then a gastight maetrix.

Furthermors considerable interest has been shown for the development of new

AMENDED SHEEY
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a) depositing on a substrate a nonol ayer conprising nol ecul ar sSieve

m crocrystals which are capable of nucleating the growh of

sieve film b) forming a nolecular sieve synthesis solutio Wm':lm um"l"l
contacting a) and b) and hydrothermally grow ng nol ecul ar si eve

nmol ecul ar sieve filmon the substrate. 4. A nethod according to claim 2 or

‘cl aim 3 wherein the nol ecul ar sieve is zeolite or a m croporous netal
‘silicate or a, net alnpf]ﬂs phat e. . A et hod accordl nP to any one of claim
2 to 4 wheeRASiing Yery thifgnelecylar s'gve\mmﬁsorsmq sdifeceof gyrarous subsiratee,

'T:c - Slhl | calitheut nskmditandausty biock;?g the substrate pores by depdsiting molecular One
of the ze :

Sp0 34, v Fateral il those pdfes, A, Girlfer mufielderor i plesont Pontin §ieCcai ng
clains  devdiep @ procedureuwbenehy dt issp@ssmie. 1p areparesueny tthint motesular atevei | i con,
silica, afimmg Bh%b@ﬁ'hﬁ% th%‘c ‘éFé ﬁké!‘{?‘tﬁ'dné&ﬂeeor bbleith ﬁﬂ;hﬁdé?"thgeoon itigns.

zirconi um d|o 4}( 3 Lg agcor to a ains 2
:to 5 wher 8?14 ee'EHIBQ'P ggresyrghesming t@% F"lﬁ!l%c bHeYened E‘ﬁ“a ‘% @ ﬁoc@e _
'zi rconi a, purippsaicd, thal presem rineevitide, to develdp & provedure [ foc preparing tvadry @hinor ganic

pol ymer Sh’\*&?écruﬂres:eveafﬂméa‘tﬁ’ﬁtg?gq:rﬁ’tﬁ@ﬂég 'vath Rrﬂ }éth@ a@*e@'dlﬁ%%taﬁ&asang”er ein

the substrate gani c or organic cordi ng
to any on%ft@’ftf@r@?h‘ﬂ'eﬁf‘@@% vvherel n the m crocrystal s are bonded by
el ectrostatic adsorption to a substrate

it is further the purpose of the present invention to be able to apply the prepared
very thin molecular sieve filme to both flat and fibrous substrates,

The present invention deals with a procedure for preparing molecufar sieve films,
espacially very thin films, in which procedure discrete molecujar sieve
microcrystals are bound to the surface of a support to form a monolayer
comprising molecular sieve microcrystals, which is subsequently made to grow
into a continuous film of molecuiar sieve.

The key aspect in the process of the present invention is the formation of an
intermediate product which comptises -as a Key companent a monolayer
comprising molecular sieve microcrystals on a suitable support. >

The term monolayer in the context of the present invention is taken to mean a
layer comprising microcrystals which are substantially in the same plane
deposited on a substrate. The microcrystals and other marteriels if present may
be close packed to provide a classical monoilayer. Alternatively the
microcrystals and other materials if present are not close packed and therefore
are present as 8 sub-monolayer. The axact packing density required depends to .
a certain degree on the nature of the molecular sieve microcrystals and the I
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usurface. 10. A method according to any- one of clai to V\/nere
substrate is pre-treated. 11. A nethod according to any one l! “E' l]”ﬂ",
10 wherein the substrate is charge reversed. 12. A neth !

in claim1l wherein the charge reversal is achi eved by cont act of
substrate with a solution conprising a cationic polyner. 13. A net hod
according to any of clains 2 to 10 wherein the m crocrystals are charge

rever sed. dekited Mnotedulardsiess Gintlito e tgoownfram dhede mimrborystald, 0TAS pablangi n the

substrate jgis ﬁvk%tf Hﬁé}a%ﬂ(sk%ﬂsriﬁ?ﬁ%n%o%xﬁm#mdl@% Qﬁ\‘?%ent gessu t{]al s are

according to \pg 32/
col | oi dal eﬁ’ﬁP@(fUFtﬂP layeg\pd molecutar sigve film to be grawn fﬁ?’ﬁéf‘ﬁ&}'eac W& ng to

clai m 15 whiersurpstalycare @if lani idedequate density inl the fnonolaydr ah@growibs have a

D S6° e by figve fir ilfie s syfn BRHe0ER sl heRly Rlibaldr, S oo™
m cr ocr ystsigve film wenidcbe sueh as te pravida athick rooiecar smvseﬂtmn t hei r

nei ghbours. 18 A net hod accordl ng to claim3 wherein the synthesis

solution i cl ear. A* net hod as clage nan(y?neof clains 2 to
18 wher ei hgesent mvantlon in a first aspect provides for a method of preparing &- "

monolayer structure comprising molscular sieve microcrystats which method
comprises; '

a) preparing a dispersion comprising discrete microcrystals of molecular sieve
which have a surface charge,

b} selecting or pfeparihg a substrate with a surface charge which is opposite to B
that of the discrete microcrystals in the dispersion,

| ¢} contacting the substrate with the dispersion comprising discrete microcrystals

: of molecular sieve such that discrete microcrystals of molecular sieve are

i attractad to and adhere to the substrate as a monolayer.

_ The present invention in a second aspect provides a method of preparing a
| structure comprising a molscular sieve film which method comprises;

a) depositing on a substrate a monolayer comprising molecular sieve
microcrystals which are capable of nucleating the growth of a molecular sieve '
film,

b} forming a molecular sieve synthesis solution,

¢} contacting a) and b} and hydrothermally growing molecular sieve to form a
molecular sieve film on the substrate.

The present invention in a third aspect provides a structure comprising a support
and a film comprising a8 crystalline molecular sieve in wherein the molecular
sieve film has incorporated within its structure a monolayer comprising *
molecular sieve : microcrystals. "
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st eam

nol ecul ar

45

20.

PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
Intemationat Buresn

A nmet hod according to any of clains 3 to 19 wherein the
sieve filmhas a thickness of
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{57} Abstract

The invention is comprised of a procedure for applying moleculsr sieve films to the surface of different substrates. This procedure is
chamgmiudinmamﬁmymh of the molecular sieves in question bind to the substrate surface in a first step as a monolayer, and are
then, in a second step, allowed to grow into a thin, continuous and dense film. Molecular sieve films are of interest in application arcas
such as preparing membranes, catalysts, sensor devices and polymer reinforcing fillers,




