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for Sheir Manutagture:

This invention relates to malecular siaves, mare
especially to crystalline molacular zlaves, and to layers
containing them. Mare especially, the invention relates to
a layar, especially a supported laver, containing particles
of = crystalline molecular sieve. |

. Molecular stewes fing many uses in
pnysical,.physimchemical, and chemical processes, maost
natably as selactive sorbents, effgcting separation of
components in mixturss, and as catalysts. In these N
appIications, the crystallagraphtcally-defined pore .
structure within the molecular stave matarial is normally
required te be apen, and it is then a prerequisite that any
structure~directing agent, or template,. that has been
employed in the manufacture cf the molacular sieve be
removad, usually by calcination.

Numerous materials are Xnown to act as molecular -

-gleves, amcng wirich zeclites form = well-known class.
- BExanples of zecEites 2nd cther materials suta:ble for use

in the inventior ‘will be givar below.

When molecular sievaes are usaed as'scrhents or
ca'lfalysts they are cften in granular form. Such granules
may be composed entirely of the molecular sieve or he a
composi.te_ of a binder or support and the mclecular
sieve,with the latter distributed throughout the entirae
velume of the granule, In any event, the granule usually
contains a none-molecular siave 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 discontinucus, e.qg., in the form of
granulas. The molecular sieve crystals may be of such a
size that, although the porea of the suppo—t are occuplied
by the crystals, the pores ramain open. Altarnatively,the
molecular siave may occupy the pores to an axtent that the
Poraes are affectively clesed; in this case, when the
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support ls continuous a molacular sieve membrane may
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rasult .
Thus, depending on the arrangaement chasen 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-antirely through the poras of the
molecular sieve material, or entirely through interstices
batween individual particles of the molecular sievs
material, or partly through the pores and partly through
the intersticss,

Molecular sieve layers having the permeation path
~ entirely through the the molacular sieve crystals have ceen
proposed for a varisty cof size an& shape selective -
separations. Membranes containing molacular sieve crystals
have also been proposed as catalysts having the advantage
that they may perform catalysis and separation
simultanecusly if desired. .

In EP-A-135069, there iz disclosed a composite
membrane comprising & porous support, which may be a metal,
e.9., sintered stainless steel, an inorganic material, or a:
polymer; ane surface of which is combined with an ultra
thin (Iess than 25 nm) £ilm of & zeolite. In the
corresponding U. S. Patent No. 4, 599 gg2, it is
spacifi-cally ;tated that the zeolite is non-granular. In
EP-A-180200, a composite membrane is disclosed, employing a
zaolite that has been sudbjected o microfiltration to
remove alliparticles of 7.5 nm and above. The membrans is
made by impregnation of a porous suppert by <he
ultraZilterad zeolite solution, resulting in a distribution
of the zeolite crystals within the pore structure.

In EP-A~-481660, which contains an extensive discusasion
of earlier references to mambranes, there is disclosed a
zZaolite membrane on a porous support, in which the zeolite
crystals are stated to form an essentially continuous layer
ovar and be directly bonded to thae support. The mambrane
is formed by immersing the support in a synthesis gel,
multiple immersions being employed to ensure that any
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pinnolas ars accluded oy the zaclita crystals being formed
wighin the pores.

Zeolites with a amall particle size and narrow size
distribution are dlsclosed for use in composite
poly-dimathylsiloxane membranes in J., Mem. Sci. 73 (1992)
pll9 to 128, by Meng~Dong Jia gt al; however, thae crystal
size, though uniform, is within the range of 200 to 500 nm.
Bein gt al, in Zeclites, Facts, Figures, Future, Elsevier,
1989, pp 887 to 896, &isclose the manufacture of zeoclita Y
crystals of a size of about 250 nm and embedding tham in a
glaasy silica matrix. Even smaller sizes such as 2 to 10
nm are anvisaged in WO 92/1%574. LT -

In Zeolites, 1992, Vol. 12, p 126, Tsikoyiannis angd-
Haaq‘describe.the formation of memhranes from 2eclite
synthesizs gels on both porous and non-porous supports;when
the support is non-porous, e.g., paly-tetrafluocrethylene or
silver, the membrane is separable from the support. When
the support is porous, e.g¢., a Vycor (= txadamaik} paorous
glass disk, the membrane is strongly bonded to the surface,
zeolite crystallizatiorn within the pores being prevahted by
presoaking the disk in water.

Numerous other techmiques for forming membranes have
been proposed. .

In EP-A-397216, methods of making crack- and pinhole-
free alumina f£ilms of a thickness within the range of from
0.01 to 2 |m on a porous support layer are describaed, the
methods including brush, spray, dip. spincoating,

'alactraphoretié and thermophoretic techniques. The
membranes may be pretreated. '

Despite the proposals in these literature and patent
references, there still ramains a nead for a supported
inorganic molecular sievs layer having a controllable
thicknaags that may, if desired, be of a thickness of the
order of only a few microns. Thera accordingly also
remains a nead for a process of manufacturing such a layer
whereby the uniformity of the layer thickness may be
control;ad, aven when tha layar is thin.

- ] -
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such a layer and a process for its manufacturs make
gosaible the production aof a number af useful products,
including membranes, which because of their uniformity and
thinness. will have precdictable praopartiess, and will permit
a nigh flux.

It has now bheen found that such a supportsd layer is
obtainable using as starting material a crystallina
nolacular sieve of very small particle size, prefaerably of
a size that a true collcidal dispersion of the particles
may be obtainea, and preferably alsa of a narrow particle
size distribution.

In 2 first aspect of the inventian, thers is prov:.ded
a2 layer ccmprising -1 sungoz:ted’ f.rxc:gar.tic ILayer campr*s;mg
cont:z.gucus pa::ttc:las af a crystalline molecular sieve , the
particles having a mean particle size withim the range af
from 20 nmwr te 1 o,

Adva:ntaqeously, in the f‘.rst aspect of the invention,
the mean particle size is within the range of from 20 ta
500 nm, preferably it is within the range of fram 20. to 300
nm a2nd most preferably" wittzfrt the range of from 20 ta 200

- Alternatively, the mean pazticle sizs is -
advantaqeously such that at least 5% of the unit cells of
the crystal are 'at the crystal surface.

In a sacond aspect of the invent);c}n, there is providead
a supported inorganic layer comprising particles of a
crystalline molecular sieve, the particles having a mean

‘particle size within the range of from 20 to 200 nm.

‘In both the first and second aspects of the invention,
the layer comprises molacular sieve particles optionally
coated with skin of a different material; these are
identifiable as individual particles (although they may be
intergrown as indicated below) by slectron microscopy. The
layer, at least aftar activation, is nechanically cohesiva
and rigid. Within the interstices betweaen the particles in
this rigid laysr, thera may exist a plethora of non-
molecular sieva pores, which maybe open, or partially open,
Lo pernit passage of material through or within the layer,

- -
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or may be campletaly sealad, permitting passage thrcugh the
iayer only through the pores in the particles.

Advantageocusly, ths particle sizae distribution is such
that 95% of the particles have a sizae within #33% af the
naan, preferably 93% are within #15% of the mean,
preferably +10% of the mean and: mnost preferahly 95% are
within +7.5% of the mearn.

It will bhe undersztcoed that the pacrti.cla» s.'r.ze of the
molecular sieve material forming the Iayer may vary.
continuously or stepwise with distance from the support. In
such a case, the requirement for umiformity is met if the
particle size distrimzt:z.cm ts within the defined limit at-

one given distance from the support, ‘a.'}:'ck_atxgk: -
advantagacusly the pacticle size distrfhution will be
within the defined limit at emch giver distance from the
support..

The use of molecular sieve crystals of smau particle
size arrci preferably of homogeneous size distribution
facxzz;ta.tes the manufacturs ot -3 three-dlmensicnal
stzucture wm.ch may Lf cfasi:nd he thin but which is stz.Ll
of- com:rcue& thickness.

In the £irst aspect of the invention, the particles
are ccnttguousr i.e., suhstantially evary particle
inciuding any skin that may be present is in "ontact with
one or more of its neighbours as evidenced by electron
micrds'copy preferably high rascglution microscopy, although
pot-necessarily_ in contact with all its closest neighbours.
Such contact may be such in some embodiments that
neighbouring crystal particles are 1ntérqrown, providead
they ratain thair identity as individual crystalline
particles. Advantageously, the resulting three dimensianal
structure is grain-supported, rather than matrix-supported,
in the embodiments where the layar doea not consist
esgentially of the crystalline molecular siave particles.
In a praferred embodiment, the particlaea in the layar are
Closely packad.
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In the secand aapact of tha inventlion, tha particles
may be cantiguous, but need not he.

A layer in accorcdance with eithaer the first or the
sacand aspect af the invention may be canstructed to
cantain passageways, batween the particles, that provida a
non-melecular sieve pore structure through ar inta the
layer..- Such =z layer may consist essent:ially. of the
particles or may contain another component, which may be
locsely termed a matrix which, while surrounding the
particles, does not su completely or clasely dc so that all
pathways round the particles are clased. Alternatively,
the layer may be constructed so that a natrix present -
'ccvae”eLy'clcsesrsuch:pathu&gs, with the rasult that e
anly path ’chr:cugh: or into the layer is ttrrcugtr the
particles themselvas.

Tt will he understaod thrat references herein to the
suppart of a l&yer'include both continuous and
¢iscontinuous supports.

_ Reﬂerencas to particle size are throughaout. this
‘specification ta the Iongest d&mersxcn;oﬁ'the-partxcle=and
particle sizes are as measurad by @trect imaging with
electron microscopy. Particle stze &istribution may be .

- determined by inspectton cf scanning or transmission
electrcn micrograph images preferably on lattice images,
and analysing an appropriately sized population of
particles for particle size.

 As molecular sieve, there may be mentioned a silicate,
metallosilicates, an aluminosilicats, an aluminophosphate,
a siliccaluminophosphate, a metalloaluminophoaphate, a
metalloalumincphosphosilicate or a gallosilicate.

‘The preferred molacular sieve will depend on the
chosen application, for example, ssparation, catalytic
applications, and combined reaction separation. There ara
many known ways to tailor the prupaerties of tha molecular
slevas, for aexample, structure type, chemical-composition,
ion-exchange, and activation procedures.

-5 =
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Rapresentative examples ara molecular sieves/zeolites
af the structure types AFT, AEL, BEA, CHA, EUG, FAU, FER,
KFL, LTA, LTL, MAZ, MOR, MFT, MEL, MTW, OFF and TON.

Same af the above matarials whils not being true
zeclites are frequently referred to in the literature as.
such, and this term will be used broadly in the
specification helow.

.4 suppa:t:e& layesr accord:ngr te the invention-may be
manufactured in a number of &tfferent ways, Ln one
embodiment the invention provides = process of making a
layer by deposition o a support from & colloidal zealite
suspension ch‘cai.xxable by p::ecaring a::: aqueous synthesis
mixture comgrxsmg * sotn:ce cf silica: and an oxganic
structure directing agem: ira progm:tmn: sufficient ta
effact substantially complete dissclutiomn of the silica
source in the mixture at the Boiling temperature of the
mixture, ané crystallization Zrom the synthesis nixture.
The synthesis wmixture will conteirn, in addition, a source

of the other component or components, if any, in the
. zeolite. .

Ther pa:z'.:icle size _cﬁ. the: crystals formed may be
controlled by the crystallization temperature, or any other
process capable of g!r.v}.ﬁg: crystals of hiqh:l-.y uniform
particle size, in a size such that a stable colloidal
suspension may be ohtained. A stable cclloidal suspension
is one in which no visible separation occurs on standing
for a prolonged period, e.g., one month. Details of a
procedure for preparing the colleidal suspension mentioned
above are given in our co-pending Application No.
PCT/EP92/02386, the entire disclosure of which is
incorporated by reference herein.

The invention also provides a supported layer made by
the above process.

- In accordance with preferraed processes according to
the invention, the silica is advantageously introduced inte
the synthesis mixture as silicic acid powdar.

-7 -
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The organic structurs dirscting agent is
advantagecusly introduced intc the synthaesis nixture in the
form of & base, apecifically in the form of a hydroxide,
put & salt, e.g, 2 halide, especially a bromide, may be
enplayed.

The structure directing agent may be, for example, the
nydroxide or salt of tetramethylammonium (TMA),
tetrasthylammorium (TEA), triethylmsthylammomium (TEMA),
tetrapropylammanium (TBER) , tatzahutflammcnium (TBR) ,
tetrabutylphosphonium (TEF}, trimethylbenzylammonium(TMBA),
trimethyIlcetylammarnium (TMCA}, trimethylnecpentylammonium )
(TMNA) , tfiphanyibeﬁzglpbas;:hanium (TPBP), bispyrrolidimium
(BB), ethylpyridinium (BP}, diethyIpipertdimfum (DEPP) or a
substituted azanfabicyclooctane, e;q. methyl or ethyl
substituted quinuclidinre ori,4s~é¢iazoniabicyclao—~(2,2,2)
octane. .

Preferred structure dtzectiug agents ars the

- g -

hydroxides of TMA, TEX, TPX and TBA.

Further processes fcr the manufacture of I.agei:s

according to the invention, including specific methods of

depositing the molecular sieve orr the support and post-—
treatment of the resulting Iayer, will be giver below.

The thickness o6f the mclecular sieve layer is
advantagacusly within the range of 0.1 to 20 pum, preferably
0.1 to. 15 um, more preferably from 0.1 to 2 um.
Advantagecusly, the thickness of the layar 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 particlas thick rather than a monolayar of
particles.

Advantageously, the layer is substantially free of
pinholas, i.e., substantially free from aperturas of
greatest dimension greater than 0.1 um., Advantageously,at
most 0.1% and preferably at most 2.0001% of tha surface
area is occupied by such apertures.

Daepending on the intended end use of the layer, a
greater or smaller proportion aof thae area of the laysr may
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pe cccupled by macropores, aperturss having a greatast
dgimension less than 6.1 um but greatar than

1 nm. These macraopores may be formed by tha interstices
petween the crystals of the molecular sieva, if the layer
conglsts essentially of the malacular sieve, and elsewhere,
i the layer comprises the molecular sieve and other
components. Such layers may be used, ilnter zliz, for
ultratiltration, catalytic canversion, and segarazt:ions
pased an differences in molacular mass (Knudsendiffusion),
and indeed for any prccessas: in which a2 high surface area
is important. : -

.The layex advantagecuszy has a Iarge: proportion of its
area cccupied by c:zstal'li;rra—hcumta:ﬁ wmicropores,.i.e., pores
_ of & size. hetweent 0.2 an& T e, c!apendmg crr the particular
molecular sieve heing employed. Porss af size within the
micropore range result, for example, when the layer
contains a component in addition to one derived from
colloidal molecular sieve partxcles. In ansther exnbadiment
- especially saitable- for uitrafiﬁtra. tom, the lLayer ccnta:msc
nanoporas, i.e., po:ese cf & sizea betweern T and X¢ mns- A

The layer suppcr:*' may be either non-porous or,
preferably, p“orous,: and may be continuous or particulate.
As examples of non-porous supports there may be menticned
glasas, fused quért:z’, and siliczi-,. silicon, dense ceramic,
for example, clay, and metals. As examples of porous
supports, 't.:here may be mentioned porous glass, sintered
porous :me_tals, e.g., stesl or nickel (which have pore gizes
typicﬁlly within the range of 0.2 to 15 um), an&,
especially, an inorganic oxide, e.g., alpha-alumina,
titania, an alumina/zirconia mixture, or Cordieritas,

At the surface in contact with the layer, the support
may have pores of dimensionas up to SO0 times the layer
thickness, bhut preferably the pors dimensions are
comparable to the layar thickness.

Advantagecusly, the support is poroug alpha-alumina,
Typically this has a surface pore size within the range of
from 0,08 to 10 um, praferably from 0.08 to 1 !im wmnak

-9-
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preferably fram 0.08 te 0,16 u.m, and advantagecusly with a
narrow pore size distribution. The suppart may De
pultilayered: for example, to improve the mass transfer
characteristics of the layer, only ths surface region of
tha suppcrt;in centact with tha layer may have small
diameter pares, while the bulk of the support, taoward the
surface remote from the layer, may have large diametar
pores. An example of such a multilayer support is am
alpha—-alumine disk having pores of about I um diamater
coated with a2 layer of alpha=-alumina with pore size about
¢.0g8 Lm.

The invention alsc g:cvides a structure in which the
support, aspecx&tlx'a can:inuuus porcus-supnoxt, has a -
‘mclacular siave layer am eacly side’ of the support, the
layars omr the two sides being the sane or different..

The Iayet:may;.and for many uses advantageously does,
consist essentially of the malecular sieve material, or it
ray be a composite of the malecular sieve material and
intercalating material which is.also'incrganicw The _

- intercalating waterial may be the material of the support.
 If the layer is &5'ccmpc¥si1:'e it may, as indicated above,
contain macropares and/microperss, houndgd.hy~m61ecalar
sieve portions, by portions of intercalating matertal, or
by both molecular steve and intercalating material. The
materfal may be applied to the support simultanecusly with
or aftar deposition of the molecular sieve, and may be
applie@,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 particles remain

- 10 -

contigquous.

Tha invention furthar provides additicnal preferrea
processes for manufacturing a layer.

The presant invention accordingly also provides a
Process for the manufacture of a layer comprising a



AR A R AT e

_This Sheet Has Been Replaced

il

crystalline molecular sisve on a porous suppert, which
comprises pra-traating the porous Suppart to form at a
surface theracf a barrier layer, and applying to the
SUPpPArt & reaction mixture comprising a colloidal
suspension of molecular sieve crystals, having a mean:
particle size of at most 1400 nm and advantageaously & |
particle size distribution such that at Least g5%’cf tn'ev
particles have a size within +I5%, preferably +I0%, mqrer
preferably within +7.5%, of the mean, colleoidal silica and
cptionally an organic structure directing agent, to form a
supported molscular sieve layer,. &n& £f desired or requ:.rect
| activating the :esttltmq Layer. -

A"ti.vatx.cm ‘-araves» the template and can be ac:h:..vect by

' calcination,. ozone t::eetmem:,, g:Iasm treatment or chemical
extraction such as acid extracti cn-

The invention alsc prov:.&es: x supported layer formed
by the process,

The barrier layer func:t:ions to prevent the water in
the aeqp.eaua resction mixture ‘:cnt px:eﬁerem:ia.};ly antermg;
the pores of the suppcr:t to. am. extent: such that the silica
an® zeolite pa:.z:c:}:es: form 5 ..I:Lcic gel layer on the
support. : .

The barrisr layer may ke tempcrary or permanent. As 2
tempora:r:y layer, there may be mentioned an impregnating
fluid that iz capable of being retained in the pores during
application of the reaction mixture, and readily removed
after such application and any subsequaent treatment.

" As indicated below, spin coating is an advantageous
technique for applying the reaction mixture to the support
according to this and other aspects of the invention. The
impregnating fluid should accordingly bhe one that will be
retained in the pores during spinning if that technigue is
used; accordingly the rate of rotation,pore size, and
physical properties of tha fluid need to ba taken into
account in choosing the fluid.

The fluid should alsc be compatible with the reaction
mixture, for example if the reaction mix'ture is polar, the

- 1L -
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parrviar fluld should also ha palar. As the reaction
mixture is advantagecusly an aquecus reaction mixture,
water ls advantagaously used as the barrier layer.

To improva penatratiocn, the fluid barrier may be
applied at reduced pressure or slevated temparatura. If
spin-coating is used, the support treated with the barrier’
£luid is advantageously spunmr for a time and at & rate that
 will remove excess surface fluid, but not remove fluid from
the pores. Premature evaparatiom of fluid from the
cutermast pores during treatment may be preventad by
providing an atmosphere saturated with the liquid vapour.

As a temporary barrier layer suitahle, for exanple,
for an alpha-alumina support there may he especially -

mentioned water or glycol. As a permanent darrier suitable
for an a:-lpha-a-mmma support there may be mentioned
titania, gamma-alumma; ar an alpha—aluminaceating of
spaller pore size,

The collaidal suspensicn of molecular sieve crystals
.is advantageously prepared by the process indicatred above,
" i.e., that described in BCT Application EP/92/02386. The
‘collaidal silica may be prepared by methods kmown in the
art: see for example Brinker and. Scherar, Scl-Gel Science,
Academic Press, 1290. A preferred method is by the acid
hydrolysis of tetraethyl Orthasilicate. The organic
structure directing agent, if used, is advantageocusly ane
of those mentionad above.

. As indicated above, the reaction mixture is
advantageously applied te the support by spin-ccéting, the
viscosity of the mixture and the spin rate controlling
coating thickness. The mixture is advantageously first
contacted with the stationary support, then after a short
contact time the support is spun at the desired rate.
After spinning, the silica is advantagecusly aged by
retaining tha supportad layer in a high humidizy .
environmant, and subsequently dried, advantageously first
at room temperature and then in an oven.

-12 -
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In a further embcdiment af the invention, thers is
pravided a process for the manufacture of a layer
.comprising a crystalline molacular siave cn a parous
support which comprises applying to the support by dip-
coating a colloidal suspension of molacular siave crystals, '
having a mean particle size of at wmost 140 nm and
advantageausly a particle size distributien such that at
least 95% Gf the particles have a Size within +IS%,
preferably +10%, mare preferably +7.5%, of the mean, drying
the resulting gel on the support and if desired or reguirea
activating the z@sxxltﬁng: Iayer. :

The invent:-.an: zlsa pravi‘.&es & Iaye:: mad;a hy the
pracess. . R S

In this auhcd:msvn: of the mentmm t:l'se p&’ of the
susgensicrr iz an mecr:tant tactar For example, at a pH
above 12, collaidal szl.:.ca..z.t& crystals tend to dissolve in
the madium. -Adhesion of the layer to the support iwmproves
as pH is reduceqd, with acceptable adhasion being obtaineg
between pi 7 and IL,. good adhes:mm bet:weer: pHE £.0 and'. T,.
anci very good adhesian belaw: pm 4.0, &lth:ougn aggrlcmerctim
of particlaes may cocur at too Iow & pH. S

Xdhesion of the layer to J.ts suppart may be erthancect
by the inclusion in the suspension of an organic binder or
surfactant, the presence of am appchﬁiai:e proportion of
which may alsc reduce the incidence of cracks in the final
layer, Among binders there may bé mentioned polyvinyl
alcchol (PVA), advantageously with a molecular weight of
from 1000 to 100000, preferably from 2000 toc 10000, and
most praferably in the region of 3000, and hydroxyalkyl
cellulose, especially hydroxybropyl cellulose (HPQ),
advantageously with a molecular weight of from 50000 to
150000, and preferably in the region of 105000,

An appropriate proportion of crystals in the
suspension may readily be determined by rcutine experiment;
{f ths proportion is too low a continuous layer will not be
réliably formed while if it is too high the layer will tend
ta contain cracks after activation. For silicalita,

-13 -
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advantagacus lower and upper Limits are 0.3% {prefarably
0.75%) and 1.5% raspectivaly.

The time spent by the support immersed in the
suspension alsc affects tha thickness of the layer and its
quality. Advantagecusly the dip-time is at most 15 seconds
with a solution containing 1.1% by weight silicalite
crystals; an immersion af fromr 1 to 10 seconds gives a
crack~free layer af thickness 0.7 to 3 um.

In ocur co-pending Applicationr No. BCT/EP92/02330, the
entire disclosure of which is incorporated by reference
herein, there is disclosed ths formation of an aguaous
synthesis nixture~camp*isrmg'a-source-oﬁ partt*uiata silica
in which the partz.cles advantagecusly have:. & -nearc diamater
aof at mast I jum, seeds of an m zaclite ha:v:zng & nean
particle size of at mast 100 me in the form of 2 collazdal
suspansion, an crganic's.ructu:e directing agent, and a
source of fluorine or of an alkali metal,the synthesis
mixture havzng an alka-:nity; expressed as nc;ar"ratxo—cﬁ,
OR7:§10; of at most . l-_.CEjstalllza’Lon:of thls;synthe £
sm&It, zecllte crgst&Isw

- 14 -

is givenr as frem 0.05 to ITca;wppm; The synthesis mixture
will ad&xtionally‘ccntaxn a source ot’any'cther'zeolite
camponent, .

. In a further embodiment of the presant invention, a
seeding technique may be used. In this embadiment, thae
invention provides a process for the manufactura of a layar
comprising a2 crystalline molecular siave on a porous
support, which comprises applying to or forming on the
support a layer comprising amorphous silica containing
Seads of a zeolite having a mean particla size of at most
100 nm, and advantageously having a particle size
distribution such that at least 93% of the particle hava a
size within #15%, preferably +10%, prefaerably within #7.5%,
of the mean, subjecting tha layer te hydrothermal
crystallization, and if desired cr required activating the
crystallized layer. '
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Again, othar components usaful in forming the zeglita
layer may bLe praesent. Such components may include, for
exanmple, an organic structurs directing agent, which may be
in salt foxm.

The inventicn a2lsc provides a supportea layer made by
the process.

The laysr is advantagaously applied ta or faormad on
the support by dipcoating or spincoating, advantagecusly
substantially as described abave.

If dipcoating is used, the support is advantageously
dipped into 2 solutica containing the amorphous silica in
colleidal form, advantagecusly with & particle size at ncst
¢.I um; the soluticn may if aesf.rsd: ccnt:axrr cther
camponants useful in forming the fi‘:na!: zeclite layer. If
spincoating is used, the silica may be of lLarger pamcl‘.e
size but is advantagecusly callaidal.

The layer thickness at this stage, after dipcdating orx
spmccatmq, ig advantagecusly within the rarzqe of from 0O, :L_ -
to. 20 jum. L AR

Hydrothermal c*ystallizas.xan: to fo.m the: zeclite layer
is advantagsously carried cut by immersing the Xayer in a
salution described below, and heating for time and at the
temperature necessary toc effect crystallization.

‘The solution advantagaously contains either all the
components necessary to form a zeolite or only those
cémponent:a" necessary but which are not already present in
the layer on the support. In the latter case, crystals do
‘not form in the sclution, which remains clsar and maybe re-
usad,

After crystallization, the supported layer may be
washed, dried, and activated in the normal way.

By this embodiment of the invention, a
dense,homogeneous, and crack-free supported layar may
beobtained. A 1 um thick zeolite layer may readily
becbtained, with a grain size of 100 to 300 nm.

In a further embodiment of the invention, molecular
Sleve crystals are synthesized jip sity on the gupport.
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According ta this embodimant, the inventiaon praovides a
process far the manufacture cf a layer comprising a
crystalline molecular sieve gn a parous support, which
comprises preparing a synthesis mixture comprising a source
of sllica and an organic structure diracting agent
prafarably in the farm aof a hydroxide in a proportion
sufficient to effact substantially complate dissolution of
the silica saurce in the mixture at the batling témpezature
" of the mixture, immersing the support in the synthesis
mixture, crystallizing zsolite trom the synthesis mixture
onta the support, and if desired or required activating the
crystallized layer. -

The inventian also provides a supported layasr made by
the preccess.

The synthesis mixture will also contain a source of
cther components, if any, in the zaalite,

Advantageously, to obtain colloidal naterial,
crystallization is effected at & temperature less than 120°
C. As indicated in PCT/EPS2/023868, the lower the
crystallization temperature the smaller the resulting
particle size of the crystals. For zeclites made in the
presence of an alumina source, the particle size may also
be varied by varying the azlumina content. The effect of
varying the alumina content is, however, not the same for
all zeolites:; for exampls, for zeolite beta, the particle
size varies inversely with alumina content while for an
MFI-structured zeolite the relationship is direct.

'The substrate used in accordance with this aspect of
‘the invention may be any one of those described above in
connexion with other processes; an alpha-alumina support is
advantageously used; the pore size may vary with the
intended use of the layer; a pore size within the range 100
nm to 1.5 um may conveniently bhe usaed. Care should be
taken to avoid undue weakening of thea support by, for
eXample, controlling prolonged exposure to high
temperatures and alkalinity.

-16-
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Although the various procaessaes of the lnvention
described above yield a supported layer cf good guality,
tha rasulting layer may still contain aperturas of greatar
size than desired for the intended use af the product. Faor
gxampls, apertures greater than thase through the molecular
sieve itself are undesirable if the supported layer is to
pe used far certain types af saparation procass since they
result in a £lux greater than desired and impaired
separation, If this is the case, the supperted layer may
pa subjected ts a reparation procedurs. In this procedure,
the supported layer may he subjected to one of the various
reparation techniques known to those skillad in the art. _

It is thersfore in accordance with the invention to _
mnanufacture a supported layer by £irst carrying out one aof
the layer-forming processes according ta the invention and

- 17 =

- described abovae and following it by reparation of the layer

by & method known per sa.

Preferably, however, the reparation is carried out by
again subjecting the supportad layar to o manufactuz:‘.ng
process of the invention.

_ The invention accordingly also prov:.das a process for
the manufacture of a supported layer in which cne of the
layer~-forming processes above I= carried out two or more
times, or in which one of the praocesses above carried out
one or more times is folléwed by anaother of the processes
above, carried aut one or more times, or in which one aof
the processas abave is carried out two or more times with
another of: others of the processes above, carried cut one
or more times, intervening. The invention also provides a
supported layer, especially a membrane, made by such a
process.

The layers according tc the invention and produced in
accordance with the processes of the invention may be
treated in maniers known per se to adjust their properties,
e.9., by stesaming or icn exchange to introduca diffarent
cations ar anions, by chemical modification,s.q.,
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dapositiaon of organic ccmpounds an the crystals or ints thae
pores ofthe maolecular sieve, or by introductiaon of a metal.
The layers may be usad in the Zorm of a mambrane, used
herein to describe a barrier having separation propartias,
for separation of fluid (gaseous, liquid, or mixeaq)
mixtures, for sexample, separaticn of a feed far a reaction
from a feedstock mixture, or in catalytic applicatians,
which may L{f desired combine catalysasd canversion of a

- reactant ar reactants and separation of reaction procducts.

Separations which may be carrisd out using a membrane
comprising a layer in accordance with the invention
include, for exawmple, separation of normal alkanas from co-
bailing hydrocarbons, for example narmal alkanes from isa
alkanes such as inr Cp to Cg mixtures and n-Cyg to Cig
alkanes from kercosens; separation af aromatic compounds
from one another, especially separaticn of Cg aromatic
isomers from each other, more especially para-xylene from a
mixture of xylenes and, cptionally, ethylbenzene, and
saparatzon of araomatics of differsnt carbon numbers, for .
example, mixtures of benzene, tcluene, ang nixed Cg
aromatics; separation of aromatic compounds from aliphatic
compounds, especially arvmatic molecules with frow 6 to 8
carbon atoms from Cs ta Cyg (naphtha range) aliphatics;
separation of olefinic compounds from saturated compounds,
especially light alkenes from alkane/alkene mixtures, mnore
especially ethene from ethane and propene from prapane;
remov1ng hydrogen from hydrogen-containing streams,
espeﬁxally from light refinery and petrachem:.ca1 gas
streams, more especlally from C; and lighter components;
and alcohols from aquecus streams.

Separation of heteroatomic compounds from hydrocarbons
such as alcchola and 'sulphur containing materials such as
HaS and mercaptons.

The supportad layer of tha invaﬁticn may be aemployed
as a membrana in such separations without the problem of
baing damaged by contact with the materials to be
2eparatad. Furthermcre, many of chase szeparations ars
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carried out at alevated tamperaturas, as hign as 500°C,and
it is an advantage aof the suppertad layar of the present
inventicn that it may be used at such elevated
temperatures.

The present invention accerdingly alsec provides a
pracess far tha separation of a fluid mixture which
comprizes contacting the mixture with one face of & layer
according tc the invention in the form of a membrane under
canditions such that at Ieast one component of the mixture
has & dtfferent steady state pameab:.lity through the layer
from that of ancther compenent and recavering a compcnant
or mixture of componants from the other face of the layer.

Some specific reaction systems where these membranes
would be advantagecus for selective separation either in
the reactor or on reactor effluent include: selective
remaoval of a Para-Xylene rich mixture from the reactor,
reactar product, raactor feed or other locatlons inm a
Xylenss isomerization process; sslective separation of
aromatics fractiors or specific aromatics molecule rich
- streans from catalytic :e::aming or cother aramatics
generation pracesses such as light alkane and alkene
dehydrocyckfzation processes (e.g. C3-Cy paraffins to
- aromatica from procaesses such as cycia:} » methanol to
gasoline and catalytic cracking processes; selective
sapéra.tion of heria;ane rich fractions from refinery and
chemical plant strsams and processes; selective separation
of olefinsg ar specific clefin fractions from rafinery and
chemicéls‘prccesaihq units including catalytic and thermal
cracking, olefins isomerization processes, methancl to
olafins procegses, naphtha to clefins convarsion processes,
alkane dehydrogenation processes such as propane
dehydrogenation tc propylene; selective removal of hydrogen
from rafinery and chemicals streams and pracesses such as
catalytic reforming, alkare dehydrogenation, catalytic
cracking, thermal cracking, light alkane/alkene
dehydrocyclization, ethylbenzena dehydrogenaticen, paraffin
dehydrogenation: selective saparation of molecular isomers
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in processes such as butane iscmerization, butylene
isomerizatian, paraffin isomerization, olafin
isomerization; gelective aaeparation of alcchols from
aguecus Streams and/or other hydrocarbons; selective
gseparation af preducts of himeclacular reactions where
equilibrium limits conversison to the desired products, e.g.
MTBE production from methancl and iscbutylene, ethylbenzene
from ethylene and benzene, and cumene fraomw propylene and
benzene: selective removal of 2,6 d¢imethyl naphthalene from
mixtures of alkane substituted naphthalenes during
alkylation and/az:iscmerizatian. )

The inventiom further praovides a process for
catalysing a chemical reaction which comprises contacting a
| feedstock with & layer according to the invention which is
in active catalytic form under catalytic canversion
conditions and7recovering a composition comprising at least
one conversion product.

The invention further orovi&és x process for
catalysing chemlcal reaction which comprises contactinq-a
‘feedstock with cne face of a layer according to the
tnvention, that is in the form of a membrane and in active
catalytic form, under catalytxc conversion conditions, and
recovering from anm opposite face o: the layer at least one
conversion product, advantageously in a concentration
differing from its equtlibrium concentration in the
reagtioﬁ mixture.

The following examples illustrate the inwvention:

Example 1

This example illustrates manufacture of a layer by
spin-coating with a temporary barrier layer.

A porous alpha-alumina disk, diameter 25 mm, thickness
3 mm, pore size 30 nm, ias socaked in demineralized watar for
3 days. The soaked disk is placed in the specimen chuck of
a2 CONVAC Model MTS-4 Spinnar, and hot watar 1s placed in
the process cup to increase the humidity of the atmospherae.
The disk is spun at 4000 rpm for 30 secands.
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The disk is then immediately covered with a slurry
comprising 25% by weight of Ludox {a trademark) AS—-40
colloidal ailica and 75% by weight of an aqueous dispersion
containing 6.5% by weight colloidal silicalite
(MFL) zealite, mean particle size 50 nm. 10 seconds after
contact hetwesn the slurry and the disk, the disk is spun
at 4000 rpm for 30 secaonds. ‘The disk and the résultinq
silica-zeclite layer are kept in 2 closed vessel at
relative humidity clese to 100% for 3 hours tc age the
silica, air dried at room temperature for Z hours and
subsequently in an oven at 110°C for 2 hours.

Under an optical microscope, the resulting silica-
zealite layer appeared smoath, crack-free, and homogeneous.
scannxng Electron Microscopy  (SEM) af‘acruss-sacticn
tiirough the supported layer sliows 2 Iayer-abcut 1 pw thick
containing untfarmly sized zeclite particles - see Fig. 1.
The homogeneity and continuity of the layer, coupled with
ite thinness, confirm that the resulting structure after
calcininq-wi;l form a layer according to the invention..

In a comparison experiment, instead of scaking the
disk, it was dried at IS0°C in air for 1Z haours, other

' process steps remaining the same. A= can be seen from the

SEM cross saction shown in Fig. 2, the resulting layer is
about 40 um thick. It is also cracked, and not firmly
attachaed to the substrate, making it unsuitable for use as
a laysr.
. . Exanple 2

This example illustrates manufacturs of a layer by
spin-cdating using a permanent barriar layer.

The suppoert comprised an'alpha-alumina base with a
barrier layer of gamma-alumina, and was prepared as

 follownm:

A slurry was prepared by ball milling 800 g Al,y03 in
5C¢ ml distilled water containing 4.3 ml hydrochloeric acid
for 16 hoursa to giva alumina particles of mean diameter 0.5
um. The slurry was degassed, poured into moulds and
allowed to dry at ambient tempaerature for 3 days. Tha cast
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pleces wera heated at 5°C/min to 1200°C,then fired at l200°C
for 2 hours. The firad pleces were then polished front and
back to a thicknass of about I mm., A gamma-alumina coating
was applied by dipping thealpha-alumina piece cnce into a
cdlloidal suspenaion of Bcehmite, prepared by hydrolysis of
alumina sac-butoxide in 600 ml water and 0.76 ml nitric
acid. The Boehmite layer was converted to gamma-alumina by
heating te 400°C at a rate sf 1I0°C/hour and holding for 24
hours. The coated product provides a support.

A& silica sol was prepared from tetraethylartho-

ilicata, water, and hydrochloric acid and aged at 50°C for
g0 minutes. B

& suspension of silicalite 1, mean particle size 55
nm, particle size range 40 ta 70 nw, containing 8.7% by
weight colleidal crystals inm agquecus TPAOH, pH 106.3, was
prepared and a coating slurry formed by mixing equal
weights of the suspension and the sel, The resulting
slurry was spin-coated snto the support at 4000 rpm.

The resulting'structu:e.wés.then heatad to 600°C at a
heating rate of za°c)hcu:. The final layer structure is
shown edge om and from the top surface in Figures 3 and 4.
The edge on view:demnnktratés that the layer thickness is
about 0.2 uw and the top view shows the okganization of the
crystals in the layer, and that the crystals are
incorporated into the layer with Iittle or no change in
crystal size and shape.

Example 3

This example illustrates the use of a layer accaording
to the invention in the separation of a hydrocarbon
nixture,

The layer of Examplae 2 was used to separate an
equimolar mixture of toluena, m-xylenes, n-octane and isce
octane. The mixture was applied to the layer side of the
layar structure in a continucus flow. A g&s swaep (Argon
40-500 ml/min) was applied to the support sida of the layer
structure, and sampled by a gas operating with a 10' x 1/8"
(about 3 m x 3 wm) stainless steel, GP5% SP1200/ 3% Bantona
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34 oan 100/1l20 supélcopcrt column. The tatal pressurs drop
across the layaer was 1000 kBa. Analysis of the gc data
. shows that the layor permeate had an enhanced aromatics
contant relative to fasd content. Representative data at a
temperature of£130°C are shown in Plgqure 5. The plot showa
tha ralative caoncentratisns of toluene, m—-xylene, n-octane
and. isc-actane as a functian of elapsed time. The largest
 separation factor is cbserved for toluene/isc-octane with a
value of 10. The total f£lux cof hydrocarbonr through the
layer corresponds ta 100 kg/m2/day at the start and after
16 hours te an average of 40 kg/mZ/day.

These examplas illustrate manufacture af a layer by
dip-coating.

In each of the follewing Examples, a colloidal MFI
zeollte crystal suspensicamr having: & mean particle size af
70 nm was employed, togsther with 2 gamma-alumina surfaced
alpha-alunina supparec as described in Example 2. After
-a¢ipping, the supported layer was dried at 40°C for I hours,
at a relative humidity of 60%. Each layar-was-heated at 10*
C/hour to 550°C, maintained at that temperature for 3 hours
to asffect calcinétfon; and coocled to room temperature at 20°

C/houx.

. Examples ¢ to 9

These examples were conducted at a dip time of 5
seconds, & concentration of zeolite of 1.1%, and 1.6 g/l of
hydroxypropyl cellulose, varying the pH by adding small
amounts cf a one molar HN03 solution, the affect of pH on
adhesion being shown.

Example No i Adhesion
4 3.6 vary good
5 5.2 good
é 7.6 acceptabla
7 9.1 accaptable
8 10.6 accaptable
9 11.7 poor
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Obasarvation of adheslon standard was subjective; the
zgolite layer thickness varied between 1.5 and 2 pum, as
detaermined by S.E.M.

Examples 10 €9 14

These examples were conducted at a dip time af 3
saconds, & zeolite concentration of 1.1%, a pH af 3.5, and
with cifferent binders/surfactanta.

Example Noc. Additive Cenc. Observation
: ' g/1 Ad:Cont
10 PVA, M = 72000 2q very bad;
) . cracks

11 PVA, M = 300C 20 acceptable;
cank.

12 HPC, M = 100000 1.6 very good;
cont.

13 . PVA, M = 3000 26} goad; : cont.,

HPC, M = 10000C 1.6 }
is Ncne

A& = adherence __
- Conty = continuity of layer
cont = continuous
Examples IS5 %fo 20

In these examples, the effacts on the propaerties of
the I'a,yer resulting from varying the zeolite concentration
were studied; the dip time was 5 seconds, pH was 3.5,
additive HPC, 1.6 g/litre.
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Exampla No. Zeoliite Conc. Layar Cbhgarvatisn
g/l Thicknaess lim
15 8.1 - naot
' continuous
16 g.% —— nct
cantinuous
17 0.8 1.0 continuous,
faw cracks
s . 1.1 2.5 cantinuous,
. faw cracks
19 . 1.8 5.0 continuaus,
| cracks
20 2.2 5.5 continuous,
' cracks
Examples 21 £o 26

In these Examples, the effect of the dipping time was
studiedr pH was 3.0, additive was HPC at 1.6 g/litre,

zeclita content 1,1%.

Chservation

Example No. Dipping Time Layer
' seconds Thickness um
21 1 0.7 ta 1.1 no cracks
22 ‘ 3 1.5 to. 2 no cracks
23 . ' 6 2 nc cracks
24 10 .2 to 3 na cracks
25 20 3.5 cracks
26 60 6,5 to 7 cracks

The experiments show that dipcoating can give gocd
continuous layers of low thickness; reparation to ramove
cracks may be affected by nultiple applications. -

Example 27

This and the following examplae i{llustrata manufacture
of a layer using hydrothermal crystallization tachniques.
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In this exampla, the ageing solution contained all the
zaclite-forming ingredients.

A synthasis mixturas was prepared from the following
components, in parts by weight:
Colloidal ZSHM-5 suspension, 50 nm mean

particle size, 6.5% by weight ZSM-5 18.79
Tetrapropylammonium bromide (TPABr) 1.35
Ludox AS®4Q cgolloidal silicas.2s50 6.25"

Using the barrier-forming and spin-coating procedure
of Example 1 a water-soaked alpha-a2lumina disk with 80 nm
diametexr pores is spincocated with part of the synthesis _
mixture. The coated disk is transfsrred to an autoclave
and covered with the remainder of the synthesis mixture,
The ‘autoclave was transferrsd to amr avelr, heated to 160°C
aver the course of Z hours, nmaintained at that temperaturs
for 120 hours, and cooled to room temperature.

The cooled coated disk was washed in flowing tap water
for 4 hours, washecd twice in demineralized water and then
twice more at 80°C, The dlsk was dried by heating in an
oven: at 10°C/hour to 110°C, mzi;inta—tne& at110°C f£ar 5 hours,
an® allowed to cool at room temperature. Calcininq wasg
effected by heating atId"C/hcur to 550°C, maintaining at
that temperatufe for 16 hours, and cooling at 60°C per hour
to room temperature. '

From optical and SEM observations - see Fig 6 - the
resultant layer is about 1 um thick and c¢rack-free, with a
. £inal grain size of from 100 to 300 nm.

. - J y

In this example, the ageing solution contained only
those ingredients not already in the layer.

A synthesis mixture was prepared from the following
components, in parts by weight: '
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Ccolloidal silicalite 1 sugpension, 26 te 30 nm
particle size distripdutuion, 7.2 % by
weight solids, including template present

—27-

in the zeolite 2G.90
rudox AS®40 colloldal siiica - 20,30
Demineralized water 22.50

An alpha-alumina disk was d¢ipped inta the solution for
5 seconds, and immadiately placed in an autcclave and
covered with an ageing sclution, pH 1l.5 with a malar
composition of 6.36 (NHg)z0/I TPABr/130 ¥;0/0.96 HNO3. The
autaclave was put in an oven at 152°C znd maintained thers -
for 7 days. After removal from the autoclave, the disk was
rapeatedly washed with demineralized water at 70°C until the
conductivity of the last wash — water was L0 microSiemens
per centimetre. The disk was then artad at 40°C, relative
humidity 60%, for several hours,'followed by drying for 1
hour at 105°C.

visual inspection showed the édisk to be very

‘homagenecus and smooth, with ne visual terracing or

scaling. By SEM it was seen that the layer had the crystal
habit of silicalite - see Fig. 7 - with a mean diameter cf

.100 nm; the cross-section - Fig. 8 —-indicating a layer

thickness of about 10 un.
This example illustrates in sitw formation of zeolite
crystals on a support.
A synthesis solution was prepared from the following
components, the parts belng given by weight:

(20% by weight in water) 41.02
NaOH, pellets 0.58
8i0, powder (10% of water) 8.94

The sodium hydroxide waa dissolved in the TPAOH
solution at room tamperatura, tha silica added, and the
mixture heatad to bolling with vigorous stirring until a
clear solution was obtained. The solution was cooled,
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waight losa compensated witly demineralized water, and the
salution filtared Througn a 0.45 um filtar. The nolar
compasition of tha synthesis mixture was:

0.52 Naz0/1.30 (TPA);0/10 Si03/142 Hz0

A quarter of an alpha-alumina disk, pere size 1 um,
diameter 47 mm, was 2ir driad f£or 2 hours at 150°C, and
weighed. 25.05 g of synthesis sclution was poured an to
the disk in & 150 ml stainless steel autaclave. The
autoclave was placed in an oven, heated up tc 159°C in the
course af 1 hour and wmaintained at that temperature for 24
hours.

After ccralmgr the autoclave the support was removed,
regeatedly wasred with Qeicnized water and air drisd atlsoe®C
for 2 hours. A &gk welght incraase of 6.9 % was notad.

.The dried disk was then heatsd at 2°C/min to. a
temperature of 475°C and heated in air at that temperature
for & hours. Cemparison of SEMsS of the original alnha——
alumina surface - Fig. § - and of the calcined layer - E’:-.q._
10 .- shows that the surface of the d&isk is homoqeneously
coated with intergrown spherical crystals of about 0.4 um
size, which show the typical crystal habit of silicalite.

Example 30

Example 29 was repeated except that crystallizaticn
took place at 98°C for 19 hours. An SEM -~ Fig. 11 - again
shows a homogeneous coating of the disk surface, but the
crystal size is now smallsr, between 0.2 and 0.3 Hm.

. Example 31

A syntheais solution was prepared as described in
Exampla 29. The support was an alpha-alumina subastrate
with a pore size of 160 nm; this was dried at 185°C,placed
- on the bottom of a 300 ml stainlass steal autoclava,
Scvared with 220.4 g of synthesis solution,and tha
autoclave maintained at 120°C for 24 hours. Aftar washing,
drying and calcining at 475°C for 12 hours in air, tha
Supportad layer was examined by SEM. The photographs -
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Figs. 12 to 14 show the surface, Pig. 13shcws a crass-

saction - indicate a uniform coating of0.3 Lm intergrown

ailicalite crystals and a lLayer thickness of about 0.5 um.
B al a

This example illustrates tha manufacture of a zeclite
layer by two in-situ crystallization staeps at 120°C.

The aupbort camprises a porous alpha-alumina disk,
having an avarage pors dlametar of 160 nm, and polished on
zt least aone side. After polishing the support is stored
submerged in deminaeralized water until a day befora the
preparation of the zeclite layer. Then the support is
placed in am oven, heated up at a rate of 2°C/minute to 400°
o lcept: at 400°C for ¢ hours, and coaled dawn. -

For the first crystallization stap, a synthesis
mixture is prepared by mixing silica (Baker, >9%.75 purs
gsioz), Tetraprapyl-ammonium-hydroxide (TPACH, Fluka
practical grade, 20% in water), NaOH (Merck, 99%.9%9 pure)
‘and demineralizsd water to get 100 ml of mixture with the
foIIowing: molar ccmpos:;tion' :

ie sic2 / 1. 5 (TPR)20 / 0.53 Naz0 / 142 H20.
The mixture is boiled on a hotplate for § minutes while
stirring vigorously. Then the mixture is takem from the
hotplate and left to cool down, after which H2C is added to
corpensate for .evaporation losses during boiling. The dry
support disk is taken cut of the oven and placed on the
bettom of a stainless steel autoclave with the polished
side facing up. The synthasis mixture is poured in the
autoclave hext to the disk, which is eventually submerged
in the mixture. The autoclave is closed and placed in an
oven at 120°C for 72 hours. After ramoval from the autoclave
the disk is washed 5 to 10 times in demineralized water of
70°C.

For the sacond crystallization step, a fresh synthesis
mixture, identical to the mixture duscribed for the first
step, i3 prepared. The disk is placed in a clean autoclave
while still wet, in the same corientation as in the first
Step, and the frash synthesis mixture is poured in the
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auteclava so that the disk is complataly submergad. Tha
autaclave is closed and put in an oven at 120°C for 72
haurs. Aftar remaval frem the autoclave the disk is washad
5 to 10 times in demineralized water of 70°C. After washing
the disk is dried in air at 30°C for 1.5 days. Then tha disk
iz heated up in air at a rate of 10°C/hour ta 550°C, kept at
that temperature for 16 hours, and cooled down to room
tamperature at a rate af 20°C/hour.

X-Ray Diffraction (XRD) analysis shows that MFI-type
zeolite crystals have formed on both the top and the bottom
surfaces of the disk, the intensity of the XRD-peaks
suggesting a zeclite layer thickness of a faw microns.
Scanming Electron Microscope (SEM] micrographs show that a
dense layer, I tc 5 *icrcmetez'in thickness, has formed at
the top surface of the disk, and also at the battom surface
af the disk.

- 30 ~

o les 33, 34, 35 i 3§

- These axamples illustrate the increase in the amount
af zeclite formed on the support with increasing number of
crystallization steps. The preparation is identical to that

" af Example 32, the number of crystallization steps varies
Erom: ons ta four.

. XRD patterns have baen obtainaed ﬁrom.these disks after
drying but before the thermal tresatment at 530'C.
Comparison of the XRD-pattarns shows that with each step
the height of the MFI-zeolite peaka incrsases while the
height of the alpa-alumina peaks decreases, as shown in the
following table, where the intensity ratic refers to the
ratio between the intensity of the MPI (501)(051) (431) peak
and the alpha~alumina (012) peak:

example Jumber of staps ratio
33 1 0.37
34 2 c.71
35 3 1.41
36 4 2,78



This indicates that the ameunt of zeclita on the disk
increases with each crystallization step.
Example 37

This example descrihes the Helium permeation
characteristics of disks prepared using one or two
crystallization steps similar to Example 32, tha first
crystallizaticn step dore at 120°C and the sacond
crystallization step done at 80°C. )

Helium permeation through the disk has been measured
at total pressures in the range of I to 3 bar. Disks
prepared using a single crystallization step at 120°C show
He-permeations of geveral hundreds mmcel/sm2bar, increasing-
with pressure. However, disks preparsd using two -
crystallization steps (120°C an& 90°C) show He~parmeatians
of = few tens of mmol/sm2bar that are constant over the
pressure range of 1-3 har. ..
Example 1§

A membrane fabricated according to the procass of
example: 32 was mounted into & holdexr and a 'Wicke-
-Ka:llenbachf eXperiment was f'arrz.ecz out. A gas mixture of
45.3% n~butane, 4%.9% methane and 0.2% i~butane was’ passed
over one side of the membrane, the other side being '
continuotisly purgéd; with & dry helium stream. Both sides of
the membrane were kept at .atmospheric prassure. The
analyses of both gas streams by an on-line gas
chromatograph ware evaluated and transformed to the
carresponding fluxes through the membrane. Selectivities
are given by: )
8=(CL({perm)/Cl(ret))/(C2(perm)/C2(rat)), where Cl1 and C2
are concentrations of components 1 and 2, and permeate and
retentate streams are indicated by perm and ret,
respectively. The calculated fluxes and selectivities.are
given in the following table:
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T {C] Maethane flux n-Butane flux § {n-butana/
[mol/m23] #104 rmcol/m2s) #103 methane)
25 1,35 2.44 18.4q7
50 2.15 2.67 12.42
75 2.78 2.81 10.11
100 4.94 3.14 6.36
125 8.75 3.38 : 3.84
150 13.1 3,40 2.60
175 17.1 ' 3.24 ~1.89%
200 21.3 3,07 l.44
(Referancs: . -

E. Wicks andé R. Kallenbach, Suxface-&zfﬁusaon of carbon
dioxide in activated charcoals, Kollsid Z., 97 (1941), 13S) .
A membrane fatbricated according to the process of example
32 was used for a test similar to that in example 38. X gas
mixture of 48.3% methane and 51.7% l~butane was used as
feed stream. The calculated fluxes and selectivities are
giverr in the following table:

T [(C) Methane Flux i-Butane flux S (methans/

[mol/m3s] *104 [mol/m2s] *105 i-butana) .

25 1.29 7.18 1.92 '
50 2.38 7.29 3.49
75 - 3.76 7.41 5.43
100 4.90 . 9.38 5.59
125 6.29 13.2 5,10
150 8.42 17.7 5.09
175 12,2 22.3 5.86
200 17.8 25.7 7.41

Exampla 40

A membrane fabricated according to the process described in
example 32 was used for a test similar to that in example
38, A gas mixture of 50.0% n-butane and 50.0% i-butane was
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used as feed straam. The calculatad fluxes and
salectivities are given in the following table:

- 3] -

T {C] n-Butane flux i-Butane flux § (n-butane/

[mol/m2a] *103 [mol/m2s] *10% i-butane)
25 1.33 . 0.26 51.95
50 1.66 0.71 23.55
75 1,99 0.82 - 24.21
100 2,29 1.21 18.93
125 2.24 ' 1.80 14.00
150 2.45 1.85 13,24
‘178 2.28 1.89 12.06 -
200 2.26 2.06 ' 10.97 ;
Example 41 '

A menbrane fabricated according the description in example
32 was used for a test similar to that in example 38. A gas
mixture containing 0.31% p-xylene, 0.26% o-xylene and

wethane as balance was used as feed stream. The calculated
fluxes and selectivities are given in the following table:

T {C] p-Xylene flux a-xgiéng flux S'(pfxylane/

. fmol/n2s] *105  [mol/mZs] *107 ' o-xylene)
100 3.54 | 0.4% 60,10
150 3.43 | 6.66  43.46
175 " 3.33 0.92 30.49
200 3.02 1.22 20.76

' Examnle 42

A meémbrane fabricated according the description in example
32 was used for a test similar to that in example 38. A gas
mixture containing 5.5% benzene, 5.5% cyclohexane and
methane as balance was ussd as feed stream. The calculated
fluxes and selectivities are given in the following tabla:
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T [(C] Benzane flux Cyclochexana flux 5 (benzene/

[mol/m2s) #107 imol/m2s] *107 cyclohexare)

25 2.64 0.53 5.01
50 3.03 0.68 4.60
75 §.61 0.82 4.9%9
100 5.67 1.98 2.886
125 g.23 . 3.20 . 2.88
15¢ $.49 4.48 ‘2.12
175 18.9 ’ 3.30 3.3c
200 17.8 4.48 3.97

. Example 43 - -
A membrane tabzica;ed.adcazding't&e:desc&iptian {n exanple
32 was used for a tast similar to that in example 33. A gas
mixture cantaiming 7.6% n-hexane, 15.4% 2,2Z-dimethylbutane
and methane as balance was used as feed stream. The
calculated fluxes and selectivities are given in the
following table: .

T [C] n-Hexane flux 2,2-Dimethylbutanse & (benzens/

(mol/mZs] *10% flux [mol/m2s] #107  cyclohexane)
20 B U S _ R - | _ - e00
50 1.5 2.3 640
100 3.r 2.7 1150
150 3.0 1.9 15860
200 2.4 1.2 ) 2090
Zxample 44

This example illustrates the growth of zeolite layers by
multiple crystallizations, without refreshing the synthesis
mixture as in sxample 32, but by increasing the
crystallization temperature stepwise.

A porous alpha-alumina disk with a pore diameter of
160 nm and polished on one side was cut intoc four equal-
sized parts. The parts wara weighed and placed, polished
side up, on teflon rings resting on the bottom of a
gstainless steal autoclave. In tha autoclava was poured
70.22 g of a synthesis solution with a molar composition of



AT

10 8102 / 1.56 (TPA)20 / 0.275 Na2C / 147 H20.

The open autoclave was placed ln an exsiccator, which
was then avacuated during 0.5 hours to incraase tha
penetration of synthesis soluticn into the disks., Then the
autaclave was taken out of the exsiccator, closad, and
placed in an oven at roaom temperature. The oven was heated
up to 90°C in a few minutes and kept at that temperature for
48 hours. The autcclave was then cooled tao raom '
temperature, opened and one of the support pieces was
remaved. The autoclave was closed again ang placed.in~an
oven at room temperature. The oven was heated up to 110°C in
a few minutes and kept at that temperature for 24 hours. _
‘The autoclave was cocoled down aqain and the second piece.
was removed. The temperatura cycle was repeated two more
times, first for 24 hours at.xaoﬂd'an&:thea;fbrnzc hours at
150°C. The four pieces of the disk were all washed wtith
demineralizea water of 70°C until the washznq'water had a
conductivity of about 6 micro siemens/cm, dried at 105°C and
cocled to room temperature in an exsiccator. It was
cbservaed that with each aging step the weight of the disk

 pfeces increased, as shown in the following table:
‘@isk piece # temperature nistory 'C waight
o B increase %

1 90 _ 0.88
2 90 + 110 2.04
3. 90 + 110 + 130 L 3.50
4 90 + 110 + 130 + 150 ~ 5.63

XRD analysis 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:
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peak intensity ratio:
digk piece % peak at d=0.3835nm (MFI} /
peak at d=0,348nm (Al203)

- A W N W D D T S A iy S Gl i -
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1 g.13¢0
2 0.217
3 0.2386
4 0.332

Thesa results indicate that with each aqaiﬁq'step at a

higher temperature new zeclite crystals are deposited en
the support.



T ————

-_

| O A

- 37 - This Sheet Has Been Replaced

cuanes 3 [T

1. A supported inorganic layer comprising contiguous
particles of a crystalline molecular sieve, the particles

having a mean particle size within the range of from 20 nm to
1 pm.

2. 1A supported inorganic layer comprising particles of
a crystalline molecular sieve, the particles having a mean
particle size within the range of from 20 to 200 nm.

3. A process for the mapufacture of a layer by -
deposition on a support from a colloidal suspension obtainable
by preparing an agueous synthesis mixture comprising a source
of silica and an organic structure directing agent .in a
proportion sufficient to effect substantially complete
dissolution of the silica source in the mixture at the boiling
temperature of the mixture, and crystallization from the
synthesis mixture at at most 120°C.

4. A process as claimed in claim 3, wherein after its

'deposltzon on the support the supported zeollte layer is

activated.

5. A p#oéess for the manufacture of a layer comprising
a crystalline wmolecular sieve on a porous support which
compriseslapplying to the support a colloidal suspension of
moleéﬁlar sieve crystals having a mean particle size of at
most 100 nm, drying the resulting gel on the support and if
desired or required activating the resulting layer.

6. A process for the manufacture of a layer comprising
a crystalline molecular sieve on a porous support, which
comprises ére-treating the porous support to form at a surface
thereof a barrier layer, and applying to the support a
reaction mixture comprising a colloidal suspension of
molecular sieve crystals, having a mean particle size of at
most 100 nm, colloidal silica and optionallv an oraanic
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structure directing agent, and if desired or required
calcining the resulting molecular sieve layer.

7. A process as claimed in c¢laim 6, wherein the barrier
is a temporary barrier, and is advantageocusly water.

8. A process as claimed in claim 6, wherein the barrier
is a permanent barrier of smaller pore size than the support.

9. Aprocess as claimed in any of claims 5 to 8 wherein
the suspension or the reaction mixture is applied to the
support by spin or dip-coating.

. 10. A process for the-manufécture:éé a layer comprising
a crystalline molecular sieve on a*poroﬁs support, which
comprises applying to or forming on the support a layer
comprising amorphous silica‘containing seeds of a zeolite
having a mean particle size of at most 100 nm, subjecting the
layer to hydiothermal crystaliization, and if desired ox
required activating the. crystallized layer.- '

11. A.ﬁrocess 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 agenﬁ 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. '

12. The layer produced by the process of any one of
claims 3 to 11 or by any combination of such processes.

13, A layer as claimed in claim 1 or claim 12, wherein
the particle gize of the molecular sieve crystals in the layer
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is within the range of from 20 %o 500 nm, advantagecusly from
20 ko 300 nm.

14. A layer as claimed in any one of claims 1, 2, 12 and
13, wherein the particle size distribution is such that at
least 95% of the particles have a size within $33% of the
mean, advantageously +10% of the mean, and preferably +7.5% of
the mean. ' '

15. A layer as claimed in any one of claims 1,-2 and 12
to 14, wherein the layer thickness is within the range of from
0.1 to 20 um advantageously 0.1 to 15 um, advaﬁtageously 0.1 -
to 2 pm. _ T . ' ' -

16. A layer as claimed in any one of claims I, 2, and 12
to 15, wherein the-layer'prlmarlly contalns nanopores i.e.,
pores between 1 and 10 nm.

17. A layer as claimed in any one of claims 1, 2 and 12
" to 16, wherein the layer primarily contains micropores, i.e.,
pores between 0.2 and 1 nm.

18. A layer as clalmed.ln.any one of claims I, 2, and 12
to 15, wherein the layer comprises molecular sieve crystals in
a particulate matrix, the pore structure being defined by the
iﬁterstices between the particles, between the crystals, and
between the particles and the crystals, the pore structure
advantagecusly being between 0.2 and 1 nm in size.

19. A layer as claimed in any one of claims 1, 2, and 12
to 18, wherein the molecular sieve is a zeolite.

20. A layer as claimed in any one of claims 1, 2 and 12
to 19 wherein the layer is a membrane.

21. A process for the separation of a fluid mixture
which comprises contacting the mixture with one face of a
Yayer as claimed in any one of claims 1, 2 and 12 to 20 under
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conditions such that at least one component of the mixture has
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a different steady state permeability thfough the layer from
that of another component and recovering a component or
mixtire of compoflents from the other face of the layer.

22. A process as claimed in claim 21 wherein the
seperation is of a feed for a reaction from a feedstock..

23. A process as claimed in either claim 21 or claim 22
wherein para-xylene is seperated froma mixture of xylenes.

24. A process for catalysing a chemical reaction which
comprises contacting a feedstock w1th.a Iayer-as claimed -’ xn
any one of claims I, 2, and 1Z to 20, which is in active -
catalytic fcrm:under'ca:alytlc.converszon.condltlons and
recovering a composition comprising at Ieast one conversion
product.

25. A process for catalysing a chemical :eaction.wﬁidh
comprises contacting a feedstock with one face of a layer as
claimed in any one of claims 1, Z, and 12 to 2¢, 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.

26. A process for the manufacture of a supported layer in
which one of the layer-forming processes as claimed in any one
of claims 3 to 11 is carried out two or more times, or in
which one of these processes carried out one or more times is
followed by another of the processes carried out one or more
times.



