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"Molecular Sieve Lavers and Processes
for their Manufacture! ///

This invention relates to molecular sieves, more
especially to crystalline molecular sieves, and to layers
containing them. More especially, the invention relates
to a layer, especially a supported layer, containing
particles of a crystalline molecular sieve, and a process
for its manufacture.

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

Numerous materials are known to act as molecular
sieves, among which zeolites form a well-known class.
Examples of zeoclites and other materials suitable for use
in the invention will be given below.

When molecular sieves are used as sorbents or
catalysts they are often in granular form. Such granules
may be composed entirely of the molecular sieve or be a

composite of a binder or support and the molecular sieve,
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Mol ecul ar__si eves find many uses in physical, physicochem cal, and chem cal

processesWOME 1Mot abl y as sel ective sorbents, effecting scRfek/GBINPSTY

~conponents in mxtures, and as catalysts. In these applications, the

crystal |l ographical |l y-defined pore structuke-within the nolecular sieve

material is normally required to be open, and it is then a prerequisite

that any structure- directing agent, or tenplate, that has been enpl oyed

in the manufacture of the nol ecul ar sieve be renoved, usual

cal ci nation. with QQﬁﬂ%4££$lﬂ%%%ﬁﬁip§t&?etﬁﬁ@%ﬁ“@éta693a§“ﬁéFécMPlﬂme

Si eves, anDng h zeolites fgrn1a wel | - known cl ass. nghgs of zeolites
r‘lewPFP

and ot her §ﬁﬁﬂﬂﬁ%§f N 33¥ eVRnthe tARyERERY Ygi ven bel ow.
Vhen ”DleCU|an§E%§%% %rn&#ﬁﬁir%%ui%EbEQE%eogore structure which

improves mass transfer through the granule.

The support may be continuous, e.g., in the form of
a plate, or it may be discontinuous, e.g., in the form of
granules. The molecular sieve crystals may be of such a
size that, although the pores of the support are occupied
by the crystals, the pores remain open. Alternatively, .
the molecular sieve may occupy the pores to an extent
that the pores are effectively closed; in this case, when
the support is continuous a molecular sieve membrane may
result.

Thus, depending on the arrangement chosen and the
nature and size of the material to be contacted by the
molecular sieve, material may pass through the bulk of
the molecular sieve material entirely through the pores
of the molecular sieve material, or entirely through
interstices between individual particles of the molecular
sieve material, or partly through the pores and partly
through the interstices.

Molecular sieve layers having the permeation pat£
entirely through the molecular sieve crystals have been
proposed for a variety of size and shape selective
separations. Membranes containing molecular sieve
crystals have also been proposed as catalysts having the

advantage that they may perform catalysis and separation
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oughout the entire volume of the granule€. In any event, the granule
ally contains a non-nol ecul ar sieve pore structure which
nsfer through the granule. The support may be continuous, e.g.,

f or m of

alysts they are often in granular form Such granules my be conposed
irely 9ﬂ$%¥nholecular sieve or be a conposite of a bi nBET/GRI4/MIBOr t
t he nol ecul ar si eve, with the latter distributed

a plate, or it may be discontinuous, e.g., in the form of
sxmultaneously if "desired.

In our earlier European Patent Application No.
93.303 187.4, and a corresponding PCT Application
No. filed simultaneously with this application,
the disclosures of which are incorporated herein by
reference, there are described a supported inorganic
molecular sieve layer having a controllable thickness
that may, if desired, be of a thickness of the order of
only a few microns, and processes for its manufacture.

Such a layer and a process for its manufacture make
possible the production of a number of useful products,
including membranes, which because of their uniformity
and thinness will have predictable properties, and will
permit a high flux.

One process according to our earlier application
comprises preparing a synthesis mixture comprising a
source of silica and an organic structure directing agent
in the form of a hydroxide in a proportion sufficient to
effect substantially complete dissolution of the silica
source in the mixture at the boiling temperature of the
mixture, immersing the support in the synthesis mixture,
crystallizing zeolite from the synthesis mixture onto the
support, and if desired or reguired calcining the
crystallized layer.

This process gives a uniform layer which is of
sufficient thickness for many purposes. For other

purposes, however, a layer of greater thickness is
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granul es. The nol ecul ar sieve crystals may be of such a size that,

al t hough woe9qms1s2s of the support are occupied by the crystatEGRISIG0S! €S
remai n open. Alternatively, the nolecular sieve nay occupy the pores to an
extent that the pores are effectively cloged; in this case, when the
support is continuous a nol ecul ar sieve nmenbrane may result. Thus,
dependi ng on the arrangenent chosen and the nature and size of the
material to be contacted by the nolecular sieve, material nmay pass through
the bul k of tdesimaerel ar sieve material entirely through the pores of
the nol ecul ar sieve material, or entirely through interstices between

i ndi vi dual particl €ehefprésemp| Srventiosi previdesra groaaspaidy yehenr ough

the pores and partly through the interstices.
manufacture of a layer comprising a crystalline molecular

sieve on a porous support, which comprises preparing a
synthesis mixture comprising a source of silica and an
organic structure directing agent, immersing the support
in the synthesis mixture and crystallizing zeolite from
the synthesis mixture onto the support, the temperature

of the synthesis mixture being increased during

crystallization.

The synthesis mixture will also contain a source of
other components, if any, in the zeolite.

Subsequently to crystallization, if desired or
reguired the supported layer may be calcined.

Advantageously, the source of silica is in solution
in the synthesis mixture, and dissoclution may be
facilitated by employing the structure directing agent in
a proportion sufficient to effect substantially complete
dissolution of the source at the boiling temperature of
the mixture.

The synthesis mixture is advantageously prepared as
described in International Application W093/08125, the
disclosure of which is incorporated herein by reference.

The increase in temperature may be continuous but is
advantageously stepwise. Advantageously, the temperature
is increased within the range of from 70°C to 170°C, and

preferably from 90°C to 150°C, over the crystallization
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cul ar sieve layers having the perneation path entirely through the
moljecul aW@PERASEryst al s have been proposed for a variety ®FCTsGRI4/00878
shgpe selective separations. Menbranes containing nol ecul ar sieve
stal s have al so been proposed as catalystis having the advantage that

simul taneously if desired. 96 07 0 7 9 I n
our; earlier European Patent Application No. 93.303 187.4, and a

corlr espondi ngd¥dlod\ppl Aded i oag dous BGT/ R 4 &xi3ddia qu | sthertherenkDtde Novenber
1994 as the crystallization period is at least 120°C. That
period may, for example, range from 24 hours to 7 days,
and is preferably between 3 and 6 days. Advantageously,
the temperature is increased at least once after
deposition of crystals on the support has commenced.
Preferably the temperature is increased at least twice
after deposition has commenced.

q' Conveniently, the temperature is increased in steps
after a time long enough to bring about deposition, and
advantageously substantial deposition, at the lower
temperature.

Preferably, the synthesis mixture is maintained at
each temperature stage until deposition, as measured by
weight increase, has ceased at that témperature. This
time tends to decrease with increase in temperature but
may be, for example, from 4 to 48 hours, advantageously
for from 8 to 24 hours. The increase in temperature at
each step may conveniently be at least 20°C.

The process has advantages over other methods of
obtaining thicker layers which require washing of the
support after initial or any previous deposition and
replacement of the synthesis mixture.

Advantageously, the mean particle size of the
crystalline molecular sieve in the layer is within the
range of from 20 to 500 nm, preferably it is within the

range of from 20 to 300 nm and most preferably within the
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W94/ 25151 filed sinultaneously with this application, the disclosures of
whi ch ar eVOMB5H3r at ed herein by reference, there are descriRERIGBRI4008780r t ed
i norgani ¢ nol ecul ar sieve |ayer having a controllable thickness that my,

if desired, be of a thickness of the orders of only a few mcrons, and §
processes for its manufacture. Such a | ayer and a process for its
manuf act ure nake possi bl e the production of a nunber of useful products,

i ncl udi ng nmenbranes, which because of their uniformty and thinness wll
have predi ct allagngs gferfiriars 20at® w00 nyer miAl terimaghi viellyy. the meafne process
according to our earlier application conprises preparing a synthesis

m xt ure conpr B3GR S Fkd®e I§ agdivantaggeewsdy Guganithast aclerstdpreefi ng
agent in the formof a hydroxide in a proportion sufficient to effect

substantial |'y Hi%e Tils'SolUt IO 6F VSR lsikiec &ts Siec ST tehe SHF RGP at
Synthesi s i xtur o, ASNREReCHEY  SHE Paicihe d 28y ALREEABULRPUIE ont o
the support, anghy feflgSigedd o ch@aWatedGChAVAY ot 19,67 YTtRL 2595 B¥er-
the meén, preferably 95% are within +10% of the mean and
most preferably 95% are within *7.5% of the mean.
The invention also provides a supported layer made

by the process of the invention. The layer comprises

molecular sieve particles; these are identifiable as
individual particles (although they may be intergrown as
indicated below) by electron microscopy. The layer, at
least after calcining, is mechanically cohesive and
rigid. Within the interstices between the particles in
this rigid layer, there may exist non-molecular sieve
pores, which may be open, or partially open, to permit
passage of material through or within the layer, or may
be completely sealed, permitting passage through the
layer only through the pores in the particles.

It will be understood that the particle size of the
molecular sieve material forming the layer may vary
continuously or stepwise with distance from the support.
In such a case, the layer is considered to be uniform
if the particle size distribution is within the defined
limit at one given distance from the support, although
advantageously the particle size distribution will be

within the defined limit at each given distance from the
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This process gives a uniformlayer which is of sufficient
t h§ ckneswO D4res18sRNy pur poses. For other purposes, however, perhEnoa/osys
. grater thickness is desirable. Vari ous zeolite menbranes and
nmeg hods of their preparation are disclosed in the prior art. For exanple
EF O 481 660 Al discloses a nmethod of manufacture of zeolite menbranes
whf ch uses multiple insertions during synthesis of the nenbrane. Thin film
zepl ite/ PDM5 conposite nmenbranes are described in an article in the
Joprnal of Mepbgspe. Sci ence, 73 (1992), 119-128. US 5 019 263 discl oses
free standi ng non-conposited nmenbranes and a
The use of molecular sieve crystals of small
particle size and preferably of homogeneous size
distribution facilitates the manufacture of a three-
dimensional structure which may if desired be thin but
_ which is still of controlled thickness.
f Advantageously, the particles are contiguous, i.e.,
E substantially every particle is in contact with one or
qu' more of its neighbours, although not necessarily in

contact with all its closest neighbours. Such contact
may be such in some embodiments that neighbouring crysfal
particles are intergrown, provided they retain their
identity as individual crystalline particles.
Advantageously, the resulting three dimensional structure
is grain-supported, rather than matrix-supported, if the
layer does not consist essentially of the crystalline
molecular sieve particles. 1In a preferred embodiment,
the particles in the layer are closely packed.

It will be understood that references herein to the
support of a layer include both continuous and
discontinuous supports.

References to particle size are to the longest
dimension of the particle and particle sizes are as
measured by direct imaging with electron microscopy.
Particle size distribution may be determined by
inspection of scanning electron micrograph images, and

analysing an appropriately sized population of particles
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met hod of manufacture such nenbranes. EP 0 149 343 describes a nmethod for
deposi ti ngW@ 985152t e on a surface and in particular to a nmetPERIGBI4/00873
depositing on a magneti zable substrate. EP 0 511 739 di scl oses a net hod

of manufacture of a zeolite nenbrane on a gpecified type of substrate. EP
0 135 069 describes a multi-stage process for the manufacture of a zeolite
menbrane on a support. In all these prior art references the nethods
described for deposition of the zeolite nmenbrane all utilise reaction

t enper at ur es Wifioth pare igaienisaizeed throughout the synthesis of the

menbr ane.

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

The preferred molecular sieve will depend on the
chosen application, for example, separation, catalytic
applications, and combined reaction separation. There

are many known ways to tailor the properties of the

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

Representative examples are molecular
sieves/zeolites of the structure types AFI, AEL, BEA,
CHA, EUO, FAU, FER, KFI, LTA, LTL, MAZ, MOR, MFI, MEL,
MTW, OFF, TON and faujasite. The process of the
invention is especially suited to the manufacture of
supported lavers of MFI, MEL, and faujasite structures.

Some of the above materials while not being true
zeolites are frequently referred to in the literature as
such, and this term is used broadly in this specific-
ation.

Advantageously, the silica is advantageously
introduced into the synthesis mixture in. particulate form
e.g., as silicic acid powder.

The organic structure directing agent is
advantageously introduced into the synthesis mixture in

the form of a base, specifically in the form of a
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The present invention provides a process for the manufacture of
a Yayer WHMRASIE ng a crystalline nolecular sieve on a por BGE/GRIHPASTS

ch conprises preparing a synthesis m xture conprising a source of

ica and an organic structure directiong- agent, inmersing the support in
synthesis m xture and crystallizing zeolite from the synthesis m xture
o the support, the tenperature of the synthesis m xture being increased
ing crystallization. The synthesis mxture will also contain a
squrce of ~JuiEiCHisporfeHt £ SFLtan®-9n a e lidks i tespeciallysghsequently to

criystallization,, |f desired or
y bromide, may be emplovyed.

The structure directing agent may be, for example,
i the hydroxide or salt of tetramethylammonium (TMA),
tetraethylammonium (TEA), triethylmethylammonium (TEMA),
tetrapropylammonium (TPA), tetrabutylammonium (TBA),
i tetrabutylphosphonium (TBP), trimethylbenzylammonium

(TMBA) , trimethylcetylammonium (TMCA), trimethylneo-

‘u’ pentylammonium (TMNA}, triphenylbenzylphosphonium (TPBP),
' bispyrrolidinium (BP), ethylpyridinium (EP),
diethylpiperidinium (DEPP) or a substituted
azoniabicyclooctane, e.g. methyl or ethyl substituted
guinuclidine or 1,4-diazoniabicyclo-(2,2,2)octane.

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

The thickness of the molecular sieve layer is
advantageously within the range of 0.1 to 15 um,
preferably from 0.1 to 2 um. Advantageously, the
thickness of the layer and the particle size of the
molecular sieve are such that the layer thickness is at
least twice the particle size, resulting in a layer
several particles thick rather than a monolayer of
particles.

Advantageously, the layer is substantially free of
pinholes, i.e., substantially free from apertures of
greatest dimension greater than 0.1 um. Advantageously,

at most 0.1% and preferably at most 0.0001% of the
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required rted | ayer may be cal ci ned. Advant ag t he
source of%%gfs in solution in the synthesis m xture, ﬁ%é ‘i’é&?‘ﬂ?l on
may be facilitated by enploying the structure directing agent in
proportion sufficient to effect substantd &l y- conpl ete dissolution of t he
source at the boiling tenperature of the m xture. The synthesis

m xture i s advantageously prepared as described in International
Application WO3/08125, the disclosure of which is incorporated herein by
r ef er ence. SUrfage| AEPRads Pﬁc?%hﬁ‘érﬁi’u?‘éc%?i’%’ét%’b?ﬁ1 nuous but is
advant ageously step Advant ageousl| er at ug I s, increased

within the range of%?ﬁﬂﬁi’iﬁ?e??] £ot g%’fé? t" AR PF 2 AAXPFr i
90[err]C to 150[eLgll 09V2£1ai*fsr%¥§£&'—£iéﬁt&P“tne area of the layer

may be occupied by macropores, apertures having a

3
£
i

greatest dimension less than 0.1 um but greater than

1 nm. These macropores may be formed by the interstices
between the crystals of the molecular sieve, if the layer
consists essentially of the molecular sieve, and

elsewhere, if the layer comprises the molecular sieve and

other components. Such layers may be used, inter alia,
for ultrafiltration, catalytic conversion, and separa-
tions based on differences in molecular mass (Knudsen
diffusion), and indeed for any processes in which a high
surface area is important.

The layer advantageously has a large proportion of
its area occupied by crystalline-bounded micropores,
i.e., pores of a size between 0.2 and 1 nm, depending on
the particular molecular sieve being employed. Poreé of
size within the micropore range result, for example, when
the layer contains a component in addition to one derived
from colloidal molecular sieve particles. In another
embodiment especially suitable for ultrafiltration, the
layer contains nanopores, i.e., pores of a size between 1
and 10 nm.

The layer support may be either non-porous or,
preferably, porous, and may be continuous or particulate.

As examples of non-porous supports there may be mentioned
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- period. Advantageously, the tenperature at the end of the

t al | woesdiaseszperiod is at |least 120[err]C. That period /GRY£)60878
npl e, range from 24 hours to 7 days, and is preferably between 3 and
s. Advant ageously, the tenperature_iflipcreased at | east once after
osition of crystals on the support has” comenced. Preferably the
erature is increased at least twice after deposition has comenced' .
veniently, the tenperature is increased in steps after a tinme |ong

ugh to brignasahoulysé@Pe®iakk?) adBdsilica, 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 (which have pore
sizes typically within the range of 0.2 to 15 um), and,
especially, an inorganic oxide, e.g., alpha-alumina,
titania, an alumina/zirconia mixture, or Cordierite.

At the surface in contact with the layer, the

support may have pores of dimensions up to 50 times the
layer thickness, but preferably the pore dimensions are
comparable to the layer thickness.

Advantageously, the support is porous alpha-alumina
with a surface pore size within the range of from 0.08 to
10 um, preferably from 0.08 to 1 um, most preferably
from 0.08 to 0.16 um, and advantageously with a narrow
pore size distribution. The support may be multilayered;
for example, to improve the mass transfer characteristics
of the layer, only the surface region of the support in
contact with the layer 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 lum diameter coated with a
layer of alpha-alumina with pore size about 0.08 um.

The invention also provides a structure in which the
support, especially a continuous porous support, has a

molecular sieve layer on each side of the support, the
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advant ageousl y substantial deposition, at the |lower tenperature.

Pr ef er abl O

until deposition, as nmeasured by weight increase, has ceased at that

t enper at ur e.

may be, for exanple, from4 to 48 hours, advantageously for from8 to 24
hours. -The increase in tenperature at each step nay conveniently be at
| east 20[err]C The process has advantages over other nethods of
obt ai ni ng t hi dédersapdr $hehitele Sdal§isr dalashithe rmeher dafssrenktter
initial or any previous deposition and replacenent of the synthesis

m xt ur e.

nol ecul ar siev%é n the l.ayer is w.thi.n t

18ynthesis mixture is maintained at each tenPCF/GBI4/008Z8 age

This tinme tends to decreaseip#h increase in tenperature but

Advarit§ySGyEry Mayhe afdaf 9FaMainy| 8s€s; 8A¥RNERGEONEY¥t al | i ne

does, consi essentially o@ethe molecular sieve
material, or it may be a composite of the molecular sieve
material and intercalating material which is also
advantageously inorganic. The intercalating material may
be the material of the support. If the layer is a

composite it may, as indicated above, contain macropores

and/or micropores, bounded by molecular sieve portions, ,
by portions of intercalating material, or by both
molecular sieve and intercalating material. The material
may be applied to the support simultaneocusly with or
after deposition of the molecular sieve, and may be
applied, for example, by a sol-gel process followed by
thermal curing. Suitable materials include, for example,
inorganic oxides, e.g., silica, alumina, and titania.
The intercalating material is advantageously present
in sufficiently low a proportion of the total material of
the layer that the molecular sieve crystals remain .
contiguous.
The layer produced in accordance with the processes
of the invention may be treated in manners known gg;.gg
to adjust their properties, e.g., by steaming or ion
exchange to introduce different cations or anions, by
chemical modification, e.g., deposition of organic
compounds into the pores of the molecular sieve, or by

introduction of a metal.
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rand® of from20 to 500 nm preferably it is within the range of from 20
to 3P0 nWAPHEHELt preferably within the r ang@CEIGEIMEORTS0 t o
200 pm Alternatively, the nean particle size is advantageously such that
at | past 5% of the unit cells of the erystal are at the crystal surface.
Advapt ageously, the particle size distribution is such that 95% of the
partjcles have a size within 33% of the nean, preferably 95% are within

10% pf the nean and .
The layer may be used in the form of a membrane,

used herein to describe a barrier having separation

properties, for separation of fluid (gaseous, liquid, or
mixed) mixtures, for example, separation of a feed for a
reaction from a feedstock mixture, or in catalytic
applications, which may if desired combine catalysed
conversion of a reactant or reactants and separation of

reaction products.

¢ Separations which may be carried out using a
membrane comprising a layer in accordance with the
invention include, for example, separation of normal
alkanes from co-boiling hydrocarbons, especially n-Cj;g to
Cie alkanes from kerosene; separation of aromatic

compounds from one another, especially separation of Cg

aromatic isomers from each other, more especially para-
xylene from a mixture of xylenes and, optionally,
ethylbenzene, and separation of aromatics of different
carbon numbers, for example, mixtures of benzene,
toluene, and mixed Cg aromatics; separation of aromatic
compounds from aliphatic compounds, especially aromatic
molecules with from 6 to 8 carbon atoms from Cg to Cjg
(naphtha range) aliphatics; separation of olefinic
compounds from saturated compounds, especially light
alkenes from alkane/alkene mixtures, more especially
ethene from ethane and propene from propane; removing
hydrogen from hydrogen-containing streams, especially

from light refinery and petrochemical gas streams, more
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nost preferably 95% are within 7.5% of the nmean. The invention al so
provi des WOs %% ed | ayer made by the process of the | NvenPCLGB400878 ayer
conprises nolecular sieve particles; these are identifiable as individual
particles (although they may be intergrowa as indicated below) by electron
m croscopy. The layer, at |east after calcining, is nechanically cohesive
and rigid. Wthin the interstices between the particles in this rigid

| ayer, there nmay exist non-nol ecul ar sieve pores, which nay be open, or
partially opeespeoipbiyi fropa€sagmd of ighter i admpdmentsd; candvidIdohdlwe | ayer
or may be conpletely sealed, permtting passage through the [|ayer only

t hrough the pb¥eB 2@UePEs peEreanes. It will be understood that the

particle size of the nolecular sieve material formng the |ayer nmay vary
The supported layer 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 ‘supported layer 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 layer
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 layer from that of another component and recovering a
component or mixture of components from the other face-of
the 1layer.

The invention further provides a process for
catalysing a chemical reaction which comprises contacting
a feedstock with a layer according to the invention which
is in active catalytic form under catalytic conversion
conditions and recovering a composition comprising at
least one conversion product.

The invention further provides a process for

catalysing a chemical reaction which comprises contacting
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nuously or stepwi se with distance fromthe support. |In such a case,

| ayavO P425182si dered to be uniform if the particle sizecaicRysiopsys on is
in the defined limt at one given distance fromthe support, although
ntageously the particle size distrdiRQgticon will be wthin the defined

t at each given distance fromthe

-71- support. The use of nol ecul ar sieve crystals of snal
particle size and preferably of honbgeneous size

a feedstock with one face of a layer 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
layer at least one conversion product, advantageously in
a concentration differing from its equilibrium ¢oéncentra-
tion in the reaction mixture.

The following examples illustrate the invention:

Example 1

A porous alpha-alumina disk with a pore diameter of
160 nm, polished on one side, was cut into four equal-
sized parts. The parts were weighed and placed, polished
side up, on ptfe rings resting on the bottom of a

stainless steel autoclave. In the autoclave was poured

70.22 g of a synthesis solution with a molar composition
of

10 si0o, / 1.56 (TPA) 50 / 0.275 Na,0 / 147 H,0

The open autoclave was placed in an exsiccator,
which was then evacuated over 0.5 hours to increase the
penetration of synthesis solution into the disk pieces.
The autoclave was taken out of the exsiccator, closed,
and placed in an oven at room temperature. The oven was
heated up to 90°C over a few minutes and kept at that
temperature for 48 hours. The autoclave was then cooled
to room temperature, opened and one of the support
pieces was removed. The autoclave was closed again and

placed in an oven at room temperature. The oven was
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distribution facilitates the manufacture of a three- dinensional structur
whi ch nawo094/85152red be thin but which is still of control lppa/¢civsnbsrgss.
Advant ageously, the particles are contiguous, i.e., substantially every
particle is in contact with one or nore its neighbours, although not
necessarily in contact with all its closest neighbours. Such contact may
be such in sone enbodi nents that neighbouring crystal particles are
intergrown, provided they retain their identity as individual crystalline
particles. Agdeaskagepusbyiibhe beaul ki Bgwt RinatdsNBAGi kept strtkatire s
grai n-supported, rather than matri x-supported, if the |ayer does not
consi st essentempkyabfireh€ocr 95t hbirse ®Wheesutaclasveveapacootédsdowm a
preferred enbodinent, the particles in the layer are closely packed.

again and a second piece was removed. The temperature
cycle was repeated twice, first for 24 hours at 130°C and
then for 24 hours at 150°C. The four pieces of the disk
were all washed with demineralized water at 70°C until
the washing water had a conductivity of about 6 micro

Siemens/cm, dried at 105°C and coocled to room temperature

in an exsiccator. It was observed that with each ageing ’

step the weight of the disk pieces increased, as shown in

the following table:

Disk Piece # Temperature History,°C Weight Increase.%
1 90 0.88
2 90; 110 2.04
3 90; 110; 130 3.50
4 90; 110; 130; 150 5.63
X-ray diffraction showed that with each ageing step the "

intensity of the zeolite peaks increased with respect to
the intensity of the alpha-alumina peaks, as shown in the
following table:

peak intensity ratio:

peak at d=0.385 nm (MFI)/
peak at d=0.348 nm (Al203)

disk piece

1 0.190
2 0.217
3 0.236
4 0.332
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"Il be understood that references herein to the support of a |layer
de @ /25352 i nuous and di sconti nuous supports. Rett/qH93/00878 O
partjcle size are to the longest dinension of the particle and particle
are as neasured by direct imging yth el ectron m croscopy.
Particle size distribution nmay be determ ned by inspection of scanning
el eckron mcrograph i mages, and analysing an appropriately sized
popuhatlon of particles

These results indicate that with each ageing step at
a higher temperature new zeolite crystals are deposited

on the support.

Example 2
i Ih a similar experiment, the procedure of Example 1
i was repeated, but without cooling the autoclave to remove
disk pieces. A disk similar to that of Disk No. 4 of

*—- Example 1 resulted, with a weight increase of 5.38 %.
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for particle size. As nol ecul ar 'sieve, there may be nentioned a

silicate, WO S4/25182nosilicate, an al um nophosphate, a PCT/GB94/00878
si li coal um nophosphate, a netall oal um nophosphate, or a _ _
nmet al | oal um nophosphosi li cat e. The-pggferred nol ecul ar sieve wll

depend on the chosen application, for exanple, separation, catalytic
appl i cations, and conbi ned reaction separation. Th?ﬂﬁllﬁﬂ&"ﬂﬁﬁ”l&ﬂ Wwn ways
to tailor the properties of the nmolecular sieves, 'HORE aMsl eflk sWlluct ure
type, cheni cal CL&MSdsition, ion-exchange, and activation procedures.
Representati ve exanpl es are nol ecul ar sieves/zeolites of the structure
types AFl, AEL, BEAl- CHA, RUBrocaRsSs KPR tke manpfactlire NSZa VARerMVF|

MEL, MIW OFF,_ TON.and faujasite. The prqcess of the
comprising a crystalline molecular sieve on a porous

support, which comprises preparing a synthesis mixture
comprising a source of silica and an organic structure
directing agent, immersing the support in the synthesis
mixture and crystallizing zeolite from the synthesis
mixture onto the support, the temperature of the syn-
thesis mixture being increased during crystallization.

2. A process as claimed in claim 1, wherein the
temperature is increased stepwise.

3. A process as claimed in claim 1 or claim 2,
wherein the temperature is increased within the range of
from 70°C to 170°C.

4. A process as claimed in any one of claims 1
to 3, wherein the temperature is increased within the
range of from 90°C to 150°C.

5. A process as claimed in any one of claims 1
to 4, wherein the crystallization period is from 24 hours
to 7 days.

6. A process as claimed in claim 5, wherein the
period is from 3 to 6 days.

7. A process as claimed in any one of claims 1
to 6, wherein after its deposition on the support the
supported zeolite layer is calcined.

8. The layer produced by the process of any
one of claims 1 to 7.
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i nv htion is especially suited to tthe"manufacture of supported | ayers of
ML MO 94R¥S2 auj asite structures. Some of the aboPETVGEBIA/08I8S

whi lle not being true zeolites are frequently referred to in the literature

as such, and this termis used broadlsy 1o < hi Lfle- f n. _
Advant ageously, the silica is advantageously iumiﬁgm " Jﬂhe synt hesi s
m xture in particulate form e.g., as silicic ¢ POWUEY s "\ The organic
structure directing agent is advantageously introduced into the synthesis

mxture in the form of aAbba¥er specfiatmedyinncliain f®r whérein the

particle size of the molecular sieve crystals in the
layer is within the range of from 20 to 500 nm,
advantageously from 20 to 300 nm.
10. A layer as claimed in claim 8 or claim 9,
wherein the layer thickness is within the range of from
0.1 to 15 um, advantageously 0.1 to 2 um.
11. A layer as claimed in any one of claims 8 to
.P 10, wherein the layer primarily contains nanopores i.e.,
pores between 1 and 10 nm.

12. A layer as claimed in any one of claims 8 to
10, wherein the layer primarily contains micropores,
i.e., pores between 0.2 and 1 nm.

13. A process for the separation of a fluid
mixture which comprises contacting the mixture with one
face of a layer as claimed in any one of claims 8 to 12
under conditions such that at least one component of the
mixture has a different steady state permeability through
the layer from that of another component and recovering a
component or mixture of components from the other face of
the layer.

14. A process for catalysing a chemical reaction
which comprises contacting a feedstock with a layer as
claimed in any one of claims 8 to 12 which is in active
catalytic form under catalytic conversion conditions and
recovering a composition comprising at least one conver-

sion product.
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" hydroxide, but a salt, e.g, a halide, especially a bromde, may be
enpl oyed. wo 94/25158he structure directing agent may be, for expepicBss/ofsihe
hydr oxi de or salt of tetranethyl anmopnium (TMA), tetraethylamoni um (TEA),

tri et hyl met hyl ammoni u “F“mu“\uﬂ tr r Qpylammoni um (TPA),

t et rabut yl ammoni um ( hosphonlun1(TBP)

tri met hyl benzyl ammoni um ZTNBA) tri met hyl cet yl ammoni um ( TMCA)

trimethyl neo- pentylammoni um (TMNA), triphenyl benzyl phosphoni.um (TPBP),

bi spyrrolidinium (B, ethyhpyrocess uppt ERPAtalps Badiya pimeiich Di veadtiRP) or

a substituted azoniabicyclooctane, e.g. nethyl or ethyl substituted
which comprises contacting a feedstock with one face of a
layer as claimed in any one of claims 8 to 12, 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 layer at least one
conversion product, advantageously in a concentration
differing from its equilibrium concentration in the

reaction mixture.
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qui nucl i di ne or 1, 4-diazoniabicyclo-(2,2,2)octane. }\LPIJIA'«\,}‘H’F@{:.-

6|
structure dlrectlng agents are the hydroxides of TNK'“TEA““TPA “a &éTBA
The th' | ayer is adva Y, t@lm th
range REPLACEMENE SHERTS pr §Beralily fromo0.1 tg [er r‘ﬁdﬁ% 194 b
Advant a eEptionpagedsi.. It%emsecb.t---t e layer and tHe ‘partiel-e-sizelof the
mol ecu| # Frig® ar@aged . thargehd?]

yer thicknessjis at |east twce the
parti c| fdHrawing(sylagechy.itor pagedayer | severnl parti cTes ThiTk-Tatfer t han a

nmonol alydd Adfstragiar t'ipragﬁisﬂ to pagedddvamt ageously, t y tiall
free of pinholes, i. substantlallyfreefro (@J req g
i nens) apagecekexnthey L AR 57 pdvant ageousl y,  at st . 10 anc

pr ef er abty—at—ost—6—-660643%-eF—the

"Molecular Sieve Lavers and Processes

for their Manufacture"

This invention relates to molecular sieves, nore
especially to crystalline molecular sieves, and to layers
containing them. More especially, the invention relates
to a layer, especially a supported layer, containing
particles of a crystalline molecular sieve, and a process
for its manufacture.

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

Numerous materials are known to act as molecular
sieves, among which zeolites form a well-known class.
Examples of zeolites and other materials suitable for use
in the invention will be given below.

When molecular sieves are used as sorbents or
catalysts they are often in granular form. Such granules
may be composed entirely of the molecular sieve or be a

composite of a binder or support and the molecular sieve,



I'ntended end use of the layer, a greater or 1F e preper-ti-pnl of the area
of the layer nay be occupied by macropores, apertures haV|ng al greatest

di mension less than 0.1 [err]mbut greater than; © A&PR ¥¥ése| nmacropores
may be formed by the interstices between the1clystals of _thel npl ecul ar

-10 - surface area is occupi ed by such ape%tpnﬁ$r“%hjﬁ }@qunding on the

sieve, if the layer consists essentially,of {he nolecular sievge, and

with the latter distributed throughout the entire volume
of the granule. In any event, the granule usually
contains a non-molecular sieve pore structure which
improves mass transfer through the granule.

The support may be continuous, e.g., in the form of
a plate, or it may be discontinuous, e.g., in the form of
granules. The molecular sieve crystals may be of such a
size that, although the pores of the support are occupied
by the crystals, the pores remain open. Alternatively,
the molecular sieve may occupy the pores to an extent
that the pores are effectively closed; in this case, when
the support is continuocus a molecular sieve membrane may
result.

Thus, depending on the arrangement chosen and the
nature and size of the material to be contacted by the
molecular sieve, material may pass through the bulk of
the molecular sieve material entirely through the pores
of the molecular sieve material, or entirely_through-.
interstices between individual particles of the molecular
sieve material, or partly through the pores and partly
through the interstices.

Molecular sieve layers having the permeation path
entirely through the molecular sieve crystals have been
proposed for a variety of size and shape selective
separations. Membranes containing molecular sieve
crystals have also been proposed as catalysts having the

advantage that they may perform catalysis and separation



el sewhere, if the layer conprises the nolecul uhﬂ

conponents. Such |layers nmay be used, inter a‘ra, ration
catal ytic conver-fjQheet Ahestpaned tions base n defﬁg nol ecul ar
mass (Knudsen di ndeed for anyip oded<us im mhlc a high
surface area is &ﬂmlg‘&i\‘mmt The | ayer adua 1.age%s4~y——has‘a | ar ge
proportion of it cupied by crystalline-bounded m cropoftes, i.e.
pores of a size between 0.2 and 1 nm dependi LII $§

nol ecul ar si eve being enpl oyed. Pores of size Hﬁ&i‘é&%@g opore range
result, for exanple, when the |ayer contains a conpo Ltion to
one derived dimuntaidqigsip) Dleesd pdd si eve particles. | n another

enbodi ment especially suitable for ultrafiltration, the |ayer contains
nanopores, i.e., [ofesumfesr Siere Defowedn IPatent Application No.

0
4.1

93.303 187.4, and a corresponding PCT Application

No. filed simultaneously with this application,
the disclosures of which are incorporated herein by
reference, there are described a supported inorganic
molecular sieve layer having a controllable thickness
that may, if desired, be of a thickness of the order of
only a few microns, and processes for its manufacture.

Such a layer and a process for its manufacture make
possible the production of a numbér of useful products,
including membranes, which because of their uniformity
and thinness will have predictable properties, and will
permit a high flux.

One process according to our earlier application
comprises preparing a synthesis mixture comprising a
source of silica and an organic structure directing agent
in the form of a hydroxide in a proportion sufficient to
effect substantially complete dissolution of the silica
source in the mixture at the boiling temperature of the
mixture, immersing the support in the synthesis mixture,
crystallizing zeolite from the synthesis mixture onto the
support, and if desired or required calcining the
crystallized layer.

This process gives a uniform layer which is of
sufficient thickness for many purposes. For other

purposes, however, a layer of greater thickness is



and 10 nm The | ayer support may be either non-porous or, preferably,
porous, and mayphe,cORLINRUOMSILQE Particulate. As exanpl es gf- -feR-poFOHS——

supports there Ipige glass, fused qihrLallAfall SIHNT|
silica, sili COHZTTEH mwgﬂw for exanple, clay, and netdl §." ‘ASTExanpres; |
.'

of porous suppo be nentioned porous gl ass, si{nter,ee}f.;gg)r,:w,s‘ |
netals, e.g., steel or nickel (which have- PO FHisSE RS P!IA@)BE@N]

y W'thin The !
range of 0.2 to 15 [err]m, and, REPLACED T

desirable.

The present invention provides a process for the
manufacture of a layer comprising a crystalline molecular
sieve on a porous support, which comprises preparing a
synthesis mixture comprising a source of silica and an
organic structure directing agent, immersing the support
in the synthesis mixture and crystallizing zeolite from
the synthesis mixture onto the support, the temperature
of the synthesis mixture being increased during
crystallization.

The synthesis mixture will also contain a source of
other components, if any, in the zeolite.

Subsequently to crystallization, if desired or
required the supported layer may be calcined.

Advantageously, the source of silica is in solution
in the synthesis mixture, and dissolution may be
facilitated by employing the structure directing agent in
a proportion sufficient to effect substantially complete
dissolution of the source at the boiling temperature of
the mixture.

The synthesis mixture is advantageously prepared as
described in International Application W093/08125, the
disclosure of which is incorporated herein by reference.

The increase in temperature may be continuous but is
advantageously stepwise. Advantageously, the temperature
is increased within the range of from 70°C to 170°C, and

preferably from 90°C to 150°C, over the crystallization



especially, an inorganic oxide, e.g., alpha-gluni-na;-—tt+tani-a—an

al umina/ zirconia mixture, or Cordierite. RE@L%ﬁhﬁﬂﬁﬂﬁﬁHﬁhT#n cont act
with the layer, the support may have pores df @dinmeEnsions upijte 50 tinmes
the layer thickness, but preferably the pore dinﬁnsggwgg@fe onparable to
t he |l ayer thickness. Advant ageousl vy, the!subddFF{VéLpo ous

al pha-alumna wth a surface pore size ﬁﬁthin.¢henLange~0Pw§r¥n10.08 to
10 [err]m preferably fromO0.08 to 1 [err]m npst preferably firom0.08 to
0.16 [err]m and advantageously with a narrow-—pore-size di St7ibution. The
support may be nu tilﬁ%ered' f or . exanpl to igErove t he mass transfer

char act er i stPTEODf t veOLageouRty ¢ h ?gﬁFFBEE BﬁFoﬁtoFéﬁhﬁnguBSort in
cont act V“trkéémkéf?f%éfgyap§¥§ $g%%%%dign§£eiegg£e§2ooghlI@hgge bul k- of

t he support, towar surrace
period may, for example, range from 24 hours to 7 days,

and is preferably between 3 and 6 days. Advantageously,
the temperature is increased at least once after
deposition of crystals on the support has commenced.
Preferably the temperature is increased at least twice
after deposition has commenced.

Conveniently, the temperature is increased in steps
after a time long enough to bring about deposition, and
advantageously substantial deposition, at the lower
temperature.

Preferably, the synthesis mixture is maintained at
each temperature stage until deposition, as measured by
weight increase, has ceased at that témperature. ‘This
time tends to decrease with increase in temperature but
may be, for example, from 4 to 48 hours, advantageously
for from 8 to 24 hours. The increase in temperature at
each step may conveniently be at least 20°C.

The process has advantages over other methods of
obtaining thicker layers which require washing of the
support after initial or any previous deposition and
replacement of the synthesis mixture.

Advantageously, the mean particle size of the
crystalline molecular sieve in the layer is within the
range of from 20 to 500 nm, preferably it is within the

range of from 20 to 300 nm and most preferably within the
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fromthe |ayer, may have |arge di ameter pores. Aﬁhxexaﬁplﬁ“ fssﬁér a
mul til ayer support is an al pha-alumna disk havj ng poreés of abdut] 1[err]m
di aneter coated with a |ayer of al pha-alumna wt prglﬁlgeya out 0.08

[err]m The invention also provides a strucjtuye in ich the ! support,
especially a continuous porous support, h%s_a npl eewt-ar-—steve-tayer on
each side of the support, the - F12-

| ayers on the two sides being the same or different

range of from 20 to 200 nm. Alternatively, the mean
particle size is advantageously such that at least 5% of
the unit cells of the crystal are at the crystal surface.

Advantageously, the particle size distribution is
such that 95% of the particles have a size within *33% of
the meén, preferably 95% are within *10% of the mean and
most preferably 95% are within *7.5% of the mean.

The invention also provides a supported layer made
by the process of the invention. The layer comprises
molecular sieve particles; -these are identifiable as
individual particles (although they may be intergrown as
indicated below) by electron microscopy. The layer, at
least after calcining, is mechanically cohesive and
rigid. Within the interstices between the particles in
this rigid layer, there may exist non-molecular sieve
pores, which may be open, or partially open, to permit
passage of material through or within the layer, or may
be completely sealed, permitting passage through the
layer only through the pores in the particles.

It will be understood that the particle size of the
molecular sieve material forming the layer may vary
continuocusly or stepwise with distance from the support.
In such a case, the layer is considered to be uniform
if the particle size distribution is within the defined
limit at one given distance from the support, although
advantageously the particle size distribution will be

within the defined limit at each given distance from the



The layer may, and for many uses advantageously /does;..consist essentially
of the nolecular sieve material, or it may be af bohpa, ‘euof -t-he_nol ecul ar
sieve material and |ntercalat|ng material whichiig aisem.aﬁvaﬁﬁagﬁously
inorganic. The intercalating material may be t e/mgterial of ™t 2e isupport .

If the layer is a conposite it may, as. @dlcated ab JeV%bgnLal cropores
and/ or m cropores, bounded by nol ecul ar sieve gbrtlﬂns by porklpns of
intercalating material, or by both nolecular gieve and |ﬁreradlqt|ng
material. The material nmay be applied to the support- ~siqul taneofisly with
or after depssppoon.of the nolecul ar sieve, and may be apﬁrre for
exanpl e, by a sol-gel process followed by thermal curing. SU|tabIe .

mat eri al s i ncl ude, Therusranfl eplecndrgasiievexcdestadsgof Simailga, al um na,
and titania.

particle size and preferably of homogeneous size
distribution facilitates the manufacture of a three-
dimensional structure which may if desired be thin but
which-is still of controlled thickness.

Advantageously, the particles are contiguous, i.e.,
substantially every particle is in contact with one or
more of its neighbours, although not necessarily in
contact with all its closest neighbours. Such contact
may be such in some embodiments that neighbouring crystal
particles are intergrowﬁ, provided they retain their
identity as individual crystalline particles.
Advantageously, the resulting three dimensional structure
is grain-supported, rather than matrix-supported, if the
layer does not consist essentially of the crystalline
molecular sieve particles. In a preferred embodiment,
the particles in the layer are closely packed.

It will be understood that references herein to the
support of a layer include both continuous and
discontinuous supports.

References to particle size are to the longest
dimension of the particle and particle sizes are as
measured by direct imaging with electron microscopy.
Particle size distribution may be determined by
inspection of scanning electron micrograph images, and

analysing an appropriately sized population of particles



The intercalating material is advantageously present in sufficiently low a
proportion of the total material of - Y .Jﬁ§§;$'eve
crystals remain contiguous. The | ayer producé mrn;accordéﬂﬁéimﬁth t he
processes of the invention may be treated in nanhers known per sle|to
adjust their properties, e.g., by steam nggoL ion exéhaﬂge'rg,l t rjoduce
different cations or anions, by chem cal nodific tLon e.g., de osition of
organi ¢ conpounds into the pores of the nol ecul af sieve, o By

i ntroduction of a netal.
for particle size.

As molecular sieve, there may be mentiocned a
silicate, an aluminosilicate, an aluminophosphate, a
silicoaluminophosphate, a.metalloaluminophosphate, or a
metalloaluminophosphosilicate.

The preferred molecular sieve will depend on the
chosen application, for example, separation, catalytic
applications, and combined reaction separation. There
are many known ways to tailor the properties of the
molecular sieves, for example, structure type, chemical
composition, ion-exchange, and activation procedures.

Representative examples are molecular
sieves/zeolites of the structure types AFI, AEL, BEA,
CHA, EUO, FAU, FER, KFI, LTA, LTL, MAZ, MOR, MFI, MEL,
MTW, OFF, TON and faujasite. The process of the
invention is especially suited to the manufacture of
supported 15yers of MFI,” MEL, and faujasite structures.

Some of the above materials while not being true
zeolites are frequently referred to in the literature as
such, and this term is used broadly in this specific-
ation.

Advantageously, the silica is advantageously
introduced into the synthesis mixture in. particulate form
e.g., as silicic acid powder.

The organic structure directing agent is
advantageously introduced into the synthesis mixture inl

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



The layer may be used in the formof a menbrang, = ised-Rer et describe a
barrier having separation properties, for sepﬁﬁéhﬁ ﬁ bi _E ? gaseous,
liquid, or mxed) mxtures, for exanple, sepdrdtion of a fee or a
reaction froma feedstock m xture, or in catallytii cQ 7ag €&t i on$, which may
I f desired conbine catalysed conversion of a rqgctant or reag¢tants and
separation of reaction products. - Separ gti ons WhHi'ch may be carried
out using a nenbrane conprising a layer in accordance with._the! invention
i nclude, for exanple, separation of normal al kanes from co-boiling

hydrocar bons, especially n-Clerr] to C16 alkanes from kerosene; separation
of aromatic hydroxide, ght éisalé e.g, a halide, especlally a P

bromide, may be employed.

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 (TMCA), trimethylneo-
pentylammonium (TMNA), triphenylbenzylphosphonium (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.

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

The thickness of the molecular sieve layer is
advantageously within the range of 0.1 to 15 um,
preferably from 0.1 to 2 um. Advantageously, the
thickness of the layer and the particle size of the
molecular sieve are such that the layer thickness is at‘
least twice the particle size, resulting in a layer
several particles thick rather than a monolayer of
particles.

Advantageously, the layer is substantially free of
pinholes, i.e., substantially free from apertures of
greatest dimension greater than 0.1 um. Advantageously,

at most 0.1% and preferably at most 0.0001% of the



conpounds from one anot her, especially separation of C8. aronabyc_lsoners
fromeach other, nore espeC|aIIy para- xyl ene frhnwa nTmﬁuae. wjkﬂlenes
and, optionally, ethylbenzene, and separation of aronatr€3"0f“drfferent
carbon nunbers, for exanple, m xtures of benzene,, ﬁoluene qgg xbd C8
aromati cs; separation of aromatic conpounds from|alii phaﬁﬂé} npoun S,
especially aromatic nolecules with from&%to 8 carhon at ons.-f-rem ~err] to
Cerr] (naphtha range) aliphatics; separation of ol efinic conmpounds from
sat urat ed conpounds, especially |ight alkenes from-alkaretatkene m xtures,
nore especi al | et hene fraom et hane and propene from propane; renoving

hydr ogen fronﬁﬁ§§P8§eﬁQﬁinH§|ﬂ9ﬁ§ éﬁg é@%ﬂqﬂfe?rcnnllght refinery

and petrochem cal %aséﬁ&!%%“%n Q%e intended end use of the layer, a

greater or smaller proportion of the area of the layer
may be occupied by macropores, apertures having a
greatest dimension less than 0.1 um but greater than

1 nm. -These macropores may be formed by the interstices
between the crystals of the molecular sieve, if the lavyer
consists essentially of the molecular sieve, and
elsewhere, if the layer comprises the molecular sieve and
other components. Such layers may be used, inter alia,
for ultrafiltration, catalytic conversion, and separa-
tions based on differences in molecular mass (Knudsen
diffusion), and indeed for any processes in which a high
surface area is important.

The layer advantageously has a large proportion of
its area occupied by crystalline-ﬁounded micropores,
i.e., pores of a size between 0.2 and 1 nm, depending on
the particular molecular sieve being employed.. Pores of
size within the micropore range result, for example, when
the layer contains a component in addition to one derived
from colloidal molecular sieve particles. In another
embodiment especially suitable for ultrafiltration, the
"layer contains nanopores, i.e., pores of a size between 1
and 10 nm.

The layer support may be either non-porous or,
preferably, porous, and may be continuous or particulate.

As examples of non-porous supports there may be mentioned



- 14 - especially fromC2 and |ighter COﬁpQﬁgHﬁE“f&ﬂdw :~
agueous streans. The supported | ayer of the IAvent.tion el ]

as a menbrane in such separations w thout the probl ém of —beimnyg-danmaged by
contact with the materials to be separated. Furt e#nq;eh:ga Mwoffthese
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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 (which have pore
sizes typically within the range of 0.2 to 15 um), and,
especially, an inorganic oxide, e.g., alpha-alumina,
titania, an alumina/zirconia mixture, or Cordierite.

At the surface in contact with the layer, the
su#port may have pores of dimensions up to 50 times the
layer thickness, but preferably the pore dimensions are
comparable to the layer thickness.

Advantageously, the support is porous alpha-alumina
with a surface pore size within the range of from 0.08 to
10 um, preferably from 0.08 to 1 um, most preferably
from 0.08 to 0.16 um, and advantageously with a narrow
pore size distribution. The support may be multilayered;
for example, to improve the mass transfer characteristics
of the layer, only the surface region of the support in-
contact with the layer may have small diameter pores,
while the bulk of the support, foward the surface femote
from the layer, may have large diameter pores. An
example of such a multilayer support is an alpha=-alumina
disk having pores of about lum diameter coated with a
layer of alpha-alumiﬁa with pore size about 0.08 um.

The invention also provides a structure in which the
support, especially a continuous porous support, has a

molecular sieve layer on each side of the support, the
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t enrper at ur es. The present invention accordinglﬁ“ﬁﬁgﬁéﬁﬁbﬁﬁdf Jar |
process for the separation of a fluid mxture which{ FonpriS&s Tontadting
the mixture with one face of a layer according to the qugﬁgL@a?id ﬁhe
formof a nenbrane under conditions such that at | apt one conponeént] of
the mxture has a different steady state erneability“rhroughwm%hé ﬁayer
fromthat of another conponent and recover ng a canponent or m xtur¢ of
conponents fromthe other face of the |ayer. The inventionfurt her
provi des a process for catalysing a chem cal reaction which conprises

contacting  a yfgeist Qe wd R |A¥RIs AL ik tandor W@ URehi ch s

In active catalytic formunder catalytic conversion conditions and
recovering a conmpoghle QayeHHays! hdifor many uses advantageously

does, consist essentially of the molecular sieve
material, or it may be a composite of the molecular sieve
material and intercalating material which is also
advantageously inorganic. The intercalating material may
be the material of the support. If the layer is a
composite it may, as indicated above, contain macropores
and/or micropores, bounded by molecular sieve portions,
by portions of intercalating material, or by both
molecular sieve and intercalating material. The material
may be applied to the support 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 matefial is advantageously present
in sufficiently low a proportion of the total materi&i of
the layer that the molecular sieve crystals remain
contiguous.

The layer produced in accordance with the processes
of the invention may be treated in manners known Qg;.gg
to adjust their properties, e.g., by steaming or ion
exchange to introduce different cations or anions, by
chemical modification, e.g., deposition of organic
compounds into the pores of the molecular sieve, or by

introduction of a metal.



| east one conversion product. The invention!fuptk
for catalysing a chemical reaction which conprises 109 i
a feedstock with one face of a layer according t i nventi onj hhat S
in the formof a menbrane and in active catal yt cjfdrﬁﬁ“gnﬁgr cathlytlc
conversion conditions, and recovering froman opppsite face of tqe | ayer
at | east one conversion product, advant ggeously |n a concentratldn
differing fromits equilibriumconcentra- S

ESrp process

The layer may be used in the form of a membrane,
used herein to describe a barrier having separation
properties, for separation of fluid (gaseous, liquid, or
mixed) mixtures, for examplé, separation of a feed for a
reaction from a feedstock mixture, or in catalytic
applications, which may if desired combine catalysed
conversion of a reactant or reactants and separation of
reaction products.

Separations which may be carried out using a
membrane comprising a layer in accordance with the
invention include, for example, separation of normal
alkanes from co-boiling hydrocarbons, especially n-Cjg to
C1g alkanes from kerosene; separation of aromatic
compounds from one ‘another, especially separation of Cg
aromatic isomers from each other, more especially para-
Xylene from a mixture of xylenés and, optionally,
ethylbenzene, and separation of aromatics of different
carbon numbers, for example, mixtures of benzene,
toluene, and mixed Cg aromatics; separation of aromatic
compounds from aliphatic compounds, especially aromatic
molecules with from 6 to 8 cérbon atoms from Cg to Cjg
(naphtha range) aliphatics; separation of olefinic
compounds from saturated compounds, especially light
alkenes from alkane/alkene mixtures, more especially
ethene from ethane and propene from propane; removing
hydrogen from hydrogen-containing streams, especially

from light refinery and petrochemical gas streams, more
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disk with a pore dianmeter of 160 nm polished on
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reacti on m xture. The foll ow ng exanples.. Llluskrate
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from agqueous streams.

The supported layer 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 supported layer 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 layer
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 layer from that of another component and recovering a
component or mixture of components from the.other face of
the layer.

The invention further provides a process for
catalysing a chemical reaction which comprises contacting
a feedstock with a layer according to the invention which
is in active catalytic form under catalytic conversion
conditions and recovering a composition comprising at
least one conversion product.

The invention further provides a process for

catalysing a chemical reaction which comprises contacting



and placed in an oven at roomtenperature. The oveniWa§ -he
90[err]C over a few minutes and kept at that tenperature:

support pieces was renoved. The autocl ave was cl osed

o a8 HBUs. The
aut ocl ave was then cooled to roomtenperature, Openid and one of the

an oven at

agadl aoangs7 pliaged in

roomtenperature. The OVe”JMﬁ} _ | :
heated up to 110[err] C over few m nutjesTand kKept—at that

tenperature for 24 hours. The autoclave was cool ed idown _again and a:second
pi ece was renoved. The tenperature )

a feedstock with one face of a layer 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
layer at least one conversion product, advantageously in
a concentration differing from its equilibrium concentra-
tion in the reaction mixture.

The following examples illustrate the "invention::

Example 1

A porous alpha-alumina disk with a pore diameter of
160 nm, polished on one side, was cut into four equal-
sized parts. The parts were weighed and placed, polished
side up, on ptfe rings resting on the bottom of a
stainless steel autoclave. In the autoclave was poured
70.22 g of a synthesis solution with a molar composition -
of

10 SiO; / 1.56 (TPA),0 / 0.275 Nay0 / 147 Hy0

The open autoclave was placed in an exsiccator,
which was then evacuated over 0.5 hours to increase the
penetration of synthesis solution intc the disk pieces.
The autoclave was taken out of the exsiccateor, closed,
and placed in an oven at room temperature. The oven was
heated up to 90°C over a few minutes and kept at that
temperature for 48 hours. The autoclave was then cooled
to room temperature, opened and one of the support
pieces was removed. The autoclave was closed again and

placed in an oven at room temperature. The oven was



cycle was repeated twice, first for 24 hours at 130[err]Q‘and__tnen,L9 24

hours at 150[err]C. The four pieces of the disk merexal{
demineralized water at 70[err]C until the washi ng watleri

of about 6 mcro Sienens/cm dried at 105[err]C and do&
tenperature
the wei ght of the disk pieces increased
Disk Piece # Tenperature History,[err]C Wight Increase, % !

washed: witk-
had a conducél
| ed 7t 07 T opPH i
In an exsiccator. It was obi§rved t hat mnhh each ageing istep
s shown in |t he Tol'ToW "G~ Tablle:

ty

0. 88 2 90; 110
3 heated up W llljd)qc ]o?\%r a few minutes arﬁiﬁ'@e t at that

90 110; 130; 150 X-ray diffraction shomed that with
each agei ng H&pddture for 24 hours. The autoclave was cooled down

again and a second piece was removed. The temperature
cycle was repeated twice, first for 24 hours at 130°C and
then for 24 hours at 150°C. The four pieces of the disk
were all washed with demineralized water at 70°C until
the washing water had a conductivity of about 6 micro
Siemens/cm, dried at 105°C and cooled to room temperature
in an exsiccator. It was observed that with each ageing
step the weight of the disk pieces increased, as shown in

the following table:

Disk Piece # Temperature History,°C Weight Increase, %
1 90 0.88
2 90; 110 2.04
3 $0; 110; 130 3.50
4 90; 110; 130; 150 5.63

X-ray diffraction showed that with each ageing step the
intensity of the zeolite peaks increased with respect to
the intensity of the alpha-alumina peaks, as shown in the
following table: |

peak intensity ratio:

disk piece peak at d=0.385 nm (MFI)/
peak at d=0.348 nm (Al203)

1 0.190
2 0.217
3 0.236

4 0.332



intensity of the zeolite peaks increased with respect to the intensity of
t he al pha-al um na peaks, as shown in the follow ng T-btgéunvhJ— B

peak intensity ratio: disk piece peak at d*@ 8848 ﬁhwﬁﬁ'
peak at d=0.348 nm (A1203) 1 90 2
0.217 3 -04236 4l ,’ 74P 1007
0. 332 18 30 SEP 19§8

i

These results indicate that with each ageing step at
a -higher temperature new zeolite crystals are deposited
on the support. |
Example 2
Ih a similar experiment, the procedure of Example 1
was repeated, but without cooling the autoclave to remove
disk pieces. A disk similar to that of Disk No. 4 of

Example 1 resulted, with a weight increase of 5.38 %.



CLAIMS 1.
crystalline

manuf acture of a layer conprising a

,.$e¢ﬁ7a1 s-eve-pn| a por ous support, IH l' s
preparing a synthesi.s g conprising a souL! wﬂ rw Hiﬁ an
or gani c :ft r%ét%r"glﬁti eft] ng agent, inmersing t W Thg t he

synthesis m

tuLeMandanysLa.l zing zeolite from the synthesis

m xture ontofthe support charaterized = 18 <in that the tenperature of the
synt hesi s m XttHe~f=g===m==fncteased durdiig ﬂ'"sta.[.Léﬁﬁ DN. 2. A

process as clainmed in claim11, wherein ttﬁHESSH%ETﬂﬂng

stepw se

tenperature i

iIre i s i ncreased

%;Aﬁ!g ocess as claimed in lcl ai TREPIACED, whegein the

tased within the ran of—from
A process for the manufacture of a layer

comprising a crystalline molecular sieve on a porous
support, which comprises preparing a synthesis mixture
comprising a source of silica and an organic structure
directing agent, immersing the support in the synthesis
mixture and crystallizing zeolite from the synthesis
mixture onto the support, the temperature of the syn-
thesis mixture being increased during crystallization.

2. A process as claimed in claim 1, wherein the
temperature is increased stepwise.

3. A process as claimed in claim 1 or claim 2,
wherein the temperature is increased within the range of
from 70°C to 170°C. h E -

4, A process as claimed in any one of claims 1
to 3, wherein the temperature is increased within the
range of from 90°C to 150°C.

5. A -process as claimed in any one of claims 1
to 4, wherein the crystallization period is from 24 hours
to 7 days.

6. A process as claimed in claim 5, wherein the
period is from 3 to 6 days.

7. A process as claimed in any one of claims 1
to 6, wherein after its deposition on the support the
supported zeolite layer is calcined.

8. The layer produced by the process of any

one of claims 1 to 7.
is Sheet Has Been Replaced

T




70ferr]C to 170[err]C. 4. A process as clained in any one-gf‘piaﬁﬁg

wherein the tenperature is increased within

the réh e

1 hor

O 2R ﬁd:‘ i

ITIR—. g PR ERU T

from9o[err]C to 150[err]C. 5. A proc rmmdny one of cl ai

1 to 4, [ | mﬂ%ﬁbﬂ u]g |1 Fz)atl oiﬁlﬁﬁHmég 5&1 ; thyr/s, RR Y7 trt
7 days. 6. ”Hmﬁmd inclaim5sh Bl n the |pariod

from3 to 6 days. 75 A pfocess as claimed in any one ofl c¢taims1to”

wherein after its deposition on the subﬁort t he
| ayer is cal cined.

N

suppgrted zeolite

9. A layer as claimed in claim 8, wherein the

particle size of the molecular sieve crystals in the

layer is within the range of from 20 to 500 nm,

advantageously from 20 to 300 nm.

10. A layer as claimed in claim 8 or claim 9,

wherein the layer thickness is within the

0.1 to 15 um, advantageously 0.1 to 2 -um.

range of from

11. A layer as claimed in any one of claims 8 to

10, wherein the layer primarily contains nanopores i.e.,

pores between 1 and 10 nn.

12. A layer_as claimed in any one of claims 8 to

10, wherein the layer primarily contains micropores,

i.e., pores between 0.2 and 1 nm.

13 A process for the separation

of a fluid

mixture which comprises contacting the mixture with one

face of a layer as claimed in any one of claims 8 to 12

under conditions such that at least one component of the

mixture has a different -steady state permeability through

the layer from that of another component and recovering a

component or mixture of components from the other face of

the layer.

14. A process for catalysing a chemical reaction

which comprises contacting a feedstock with a layer as

claimed in any one of claims 8 to 12 which is in active

catalytic form under catalytic conversion conditions and

recovering a composition comprising at least one conver-

sion product.
reet Has Been Replaced

i




- 18 - 1. A process for the manufacture of a layer
conprising a crystalline nolecular sieve on a porous support, which
conpri ses preﬁarln ﬁnthe5|s m xture conprising a source of silica and

an organic s 'ﬂﬂﬂﬁg”ﬂq " &ﬂung agent, immersing the support in the

synt hesi s Il'izing zeol RkOe-fromthe synthesis mxture
onto the support e tenperature of the syn- thesis m xture being
i ncreased during crystallization. 2. A process as clainmed in

claim1l1, wherein thles t enper agryorceesls:s gzgrcegés

eﬂy§£§£ a chemlcal reaction
which comprises contacting a feedstock with one face of a
layer as claimed in any one of claims 8 to 12, 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 layer at least one
conversion product, advantageously in a concentration -

differing from its equilibrium concentration in the

reaction mixture.

THIS SHEET HAS BEEN
REPLACED

is Sheet Has Been Replaced

R
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3. A process as clained in claim1 or claim2, wherein the
tenperature is increased wthin the range of from70[err]C to 170[err]C
4, A process as clained in any one of clains 1 to 3, wherein the
tenperature is increased within the range of from90[err]C to 150[err]C
5. A process as clained in any one of clains 1 to 4, wherein the
crystallization period is from24 hourgy to 7 days. 6. A process
as claimed in claimb5, wherein the periodis from3 to 6 days. 7.
A process as clained in any one of BBSTRECT to 6, wherein after its
deposition on the support the supported zeolite |ayer is calcined.
8. The | ayer produced by the process of any

MOLECULAR SIEVE LAYERS AND PROCESSES FOR THEIR MANUFACTURE

Molecular sieve layers on a support are deposited from a

synthesis solution while increasing the solution temperature.




one of clains 1 to 7. - 19 -

9. A layer as clainmed in claim8, wherein the parti cREPIACEMENT GHET
nol ecul ar sieve crystals in the layer is within the range of from20 to
500 nm advantageously from 20 to 300 nm 10. A |l ayer as clai ned

inclaim8 or claim9, wherein the |layer thickness is within the range of
from 0.1 to 15 [err]m advantageously 031 to 2 [err]m

simultaneously if desired. 9 6 0 7 0 7 1 - 9

In our earlier European Patent Application No. 93.303
187.4, and a corresponding PCT Application No.
PCT/EP94/01301 published on 10th November 1994 as
W094/25151 filed simultaneously with this application, the
disclosures of which are incorporated herein by reference,
there are described a supported inorganic molecular sieve
layer having a controllable thickness that may, if
desired, be of a thickness of the order of only a few

microns, and processes for its manufacture.

Such a layer and a process for its manufacture make
possible the production of a number of useful products,
including membranes, which because of their uniformity and
thinness will have predictable properties, and will permit

a high flux.

One process according to our earlier application
comprises preparing a synthesis mixture comprising a
source of silica and an organic structure directing agent
in the form of a hydroxide in a proportion sufficient to
effect substantially complete dissolution of the silica
source in the mixture at the boiling temperature of the
mixture, immersing the support in the synthesis mixture,
crystallizing zeolite from the synthesis mixture onto the
support, and if desired or required calcining the

crystallized layer.

REPLACEMENT SHEET

30 SEP 1998




11. A layer as clained in any one of clains 8 to 10, wherein the |ayer

primarily contains nanopores i.e., pores between 1 and 1oﬂﬁﬁLﬁ’“WENT3BEET
A layer as clained in any one of clains 8 to 10, wherein the |ayer
primarily contains mcropores, i.e., pores between 0.2 and 1 nm 13.

A process. for the separation of a fluid mxture which conprises contacting
the mxture with one face of a layer as3&laimed in any one of claims 8 to
12 under conditions such that at |east one conponent of the mxture has a
different-steady state perneability through the |ayer fromthat of another
conmponent and re (gm;gge u nent romt he
otﬂgr face of ﬁﬁyﬁa§@%d%5é: & &H%?%%%c£§¥g%ogﬂg§?a?§%?ﬁ% a chem ca
reaction sufficient thickness for many purposes. For other

purposes, however, a layer of greater thickness is

desirable.

Various zeolite membranes and methods of their

preparation are disclosed in the prior art. For example

EP 0 481 660 Al discloses a method of manufacture of

zeolite membranes which uses multiple insertions during

synthesis of the membrane. Thin film zeolite/PDMS

composite membranes are described in an article in the

Journal of Membrane Science, 73 (19%992), 119-128. US 5 019

263 discloses free standing non-composited membranes and a

method of manufacture such membranes. EP 0 149 343

describes a method for depositing a zeolite on a surface

and in particular to a method of depositing on a

magnetizable substrate. EP 0 511 739 discloses a method

of manufacture of a zeolite membrane on a specified type

of substrate. EP 0 135 069 describes a multi-stage

process for the manufacture of a zeolite membrane on a

support. In all these prior art references the methods

described for deposition of the zeolite membrane all

utilise reaction temperatures which are maintained

throughout the synthesis of the membrane.

REPLACEMENT SHEET
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whi ch conprises contacting a feedstock with a | ayer as (ﬂeﬂmﬁﬂACBM@NYS%@%T
of claims 8 to 12 which is in active catalytic formunder catalytic
conversion conditions and recovering a coprpusitiLOI. Iing at | east one
conver- sion product. 15 HEHJ&EWE@@?EE'ﬁr catal ysing a

chem cal reaction which conprises contact n? a feedstock mifth one face of
t
e

a layer as claimed in any one of clai#s 8 B SERat39Bs §nf the formof a
menbrane and in active catalytic form un* catal yti c copversion
conditions, and recovering

£

The present invention provides a process for the
manufacture of a layer comprising a crystalline molecular
sieve on a porous support, which comprises preparing a
synthesis mixture comprising a source of silica and an
organic structure directing agent, immersing the support -
in the synthesis mixture and crystallizing zeolite from
the synthesis mixture onto the support, the temperature
of the synthesis mixture being increased during
crystallization.

The synthesis mixture will also contain a source of
other components, if any, in the zeolite.

Subsequently to crystallization, if desired or
required the supported layer may be calcined.

Advantageously, the source of silica is in solution
in the synthesis mixture, and dissolution may be
facilitated by employing the structure directing agent in
a proportion sufficient to effect substantially complete
dissolution of the source at the boiling temperature of
the mixture.

The synthesis mixture is advantageously prepared as
described in International Application W0%3/08125, the
disclosure of which is incorporated herein by reference.

The increase in temperature may be continuous but is
advantageously stepwise. Advantageously, the temperature
is increased within the range of from 70°C to 170°C, and

preferably from 90°C to 150°C, over the crystallization



froman opposite face of the-layer at |east one conversion product,. SHEET
advant ageously in a concentration differing fromits equilh LG ENT otk

concentrati on 'T!ﬂlm mm m“'mfmﬁ‘ Xture. I oepLACEMENT SHEET
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CLAIMS

1. A process for the manufacture of a layer comprising a
crystalline molecular sieve on a porous support,
which comprises preparing a synthesis mixture
comprising a source of silica and an organic
structure directing agent, immersing the support in
the synthesis mixture and crystallizing zeolite from

the synthesis mixture onto the support charaterized

in that the temperature of the synthesis mixture is

increased during crystallization.

2. A process as claimed in claim 1, wherein the

temperature is increased stepwise.

3. A process as claimed in claim 1 or 2, wherein the
temperature is increased within the range of from

70°C to 170°C.

4. A process as claimed in any one of claims 1 to 3,
wherein the temperature is increased within the range

of from 90°C to 150°C.

5. A process as claimed in any one of claims 1 to 4,
wherein the crystallization period is from 24 hours

to 7 days.

6. A process as claimed in claim 5, wherein the period

is from 3 to 6 days.

7. A process as claimed in any one of claims 1 to 6,
wherein after its deposition on the support the

supported zeolite layer is calcined.



