"Ml ecul ar Sieves & Process for their Mnpufacture..khis invention relates
.o nolecular sieves, to processes | PH|S SREFRAAS BEENrie of the nol ecul ar
‘si eves thenselves and to the uses pf sucmquzabgyul ar |sieves. Ml ecul ar
* sieves find many uses in physical, Lehys+eeechemeatl—Iand chem cal processes,
nmore especi aW@972528el ective sorbents, effecting separati onPCHEPAYIBIY es of
di fferent nol ecul ar species, and as catailsts or catal yst precursors. In
t hese applications, the crystall ographically-defined open pore structure
within a crystalline nolecular sieve normally plays an inportant part.
There have been nuner olMglecuiarSiesed 8 s fon tHekchAanefaofure
| ayers, usually on a substrate. When the substrate is continuous and
porous, and _the pores of the substrate are covered to the extent that they
are ef f ect i Vg invegliQnrelatesn molacular siaves, tnpracesaesfesthersanuaetyreofibebr ane
has the advandlegwansicves thenmselvestandtothe uses of suctsmaleeliar 8ieves.at i on
sinmultaneously if required. Most such | ayers have the individual particles,
e.g.., crystallites if the sieve is crystalline, or agglonerates, arranged
random y wi tMiplaculaesieygsfind many uses in physicalphysicoshemical,iandiohemicald t o pass
bet ween oppQbiessescnoreéspetially asVelddive eatbents; leffebfing Ssparativraef Y- defi ned
pPore of & Oinkehrak 8Pt AoiécullSpelids, &t 3s b3faatd 3r catalyst precursors. In
these applications, the crystallographically-defined open pore structure within
10 crystalline molecular sieve normally plays an important part.

There have been numerous proposals for the manufacture of molecular sieve
layers, usually on a substrate. When the substrate is continuous and porous, and
the pores of the substrate are covered to the extent that they are effectively
15 closed, a molecular sieve membrane results; such a membrane has the
~-advantage of being able to perform catalysis and separation simuitaneously if
required. '

Most such layers have the individual particles, e.g., crystallites if the sieve is

20 crystalline, or agglomerates, arranged randomly within the layer.- As a result, a
molecule that is intended to pass between opposite faces of the layer through a
crystallographically-defined pore of a given shape and size must follow a tortuous
path, thereby reducing the flux through the layer. Further, when the particles are
arranged randomly, there are likely to be numerous voids extending through the

25 thickness of the layer that are of cross-section sufﬁcientiy large to allow
undiscriminated passage of all the species of molecule in a mixture through them,
thereby preventing effective separation of the mixture's components. |

In our international Application No. WO 96/01683, the disclosure of which is

30 incorporated by reference herein, we have described a structure comprising a
substrate and a crystalline molecular sieve layer (main layer) in which the crystals
extend predominantly in a single direction, especially a direction transverse to the
plane of the main layer, there being provided between the main iayer and
substrate an additional relatively thin layer. It will be understood that the main

35 layer is not necessarily planar since a molecular sieve iayer may be formed, for
example, on an internal or external surface of a tubular substrate, but for simplicity
a layer is described herein as if it were planar. '
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path, thereby reducing the flux through the layer. Further, when the
particles are arranged randonly, there are likely to be nunerous voids
Yext'endi ng through the thickness of the |layer that are of cross-section

+ sufficiently large to allow undi scrimnated passage of all the species of
nol ecul e i nwomnsewwy e through them thereby preventing eff auirvgroesssisnr ati on
of the m xture's conponents. In our Inteenational Application No.

W96/ 01683, we have described a structure conprising a substrate and a
crystalline nolecular sieve layer (frain layer) in-which the crystals extend
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substrate %egﬁﬁ%r%‘i ﬁi‘%ﬁ'ét’ﬁ@ﬁ’ ﬁ:fe??cf%ta Sy ?0%"%2"(‘3?)@%{8%59& ood t hat
the main | sgnystalsofitbe maie layenmaybegroma: Inithe ease obar MR typesieniits, iy er may
Substrate, T @Y TBhes |ORrn sSH Wy Bat 113 e 1 U it ot g T

pl anar. 8 ’ qwtgipﬂégégggnds {hrgugah 1heymain layer tﬁic[(ness. that is to say, generally

PCT/ EP96/ 05srpendicular to the main layer plane.

In the described process, the crystals in the seed layer are substantially spherical
colioidal seeds, and the observed orientation of the crystals in the main layer

10 results from growth of the main layer crystals in the direction of the c-axis and/or
a-axis being favoured. In certain applications, however, it is desired that molecules
should pass through the sieve layer in the pores extending in the direction of the
b-axis, in which case their path is less tortuous through the ordered layer than
through a layer in which the crystais are arranged randomly.

15
It is know in the art that molecular sieve particles may be used for seeding the
synthesis solutions for the preparation of larger molecular sieve particles. For
such application of molecuiar sieve seeds it is desirable to be able to provide new
molecular sieve seeds which have controlled particle size and/or particle size

20 distribution andfor particle shape in order to be able to use such seeds forthe -
manufacture of new molecular sieve materials. Furthermore new processes for
the manufacture of such molecular sieve seeds are required.

it has now been unexpectedly found that MFI crystals may be formed which may

25 be capable of forming stable colloidal suspension and which have a shape that is
non-spherical. These MFI crystals are suitable for use inter alia as seed crystais
in the manufacture of a structure comprising a substrate and a molecular sieve
layer and as seeds for the manufacture of molecular sieve materials such as
particulate molecular sieve materials.

30
The present invention provides a process for the manufacture of an MF1 zeolite
which comprises mixing (a) an aqueous alkaline synthesis mixture comprising a
silica source and an organic template, the synthesis mixture having a molar
OH-:SiO7 ratio of at most 1.4, with (b) an-active synthesis mixture being either
35

() an aged aqueous alkaline synthesis mixture comprising a silica
source and an organic template, the synthesis mixture having a molar OH"



The relatively thin layer may be formed by applying.to or formng on a
surface of the substrate an initial Tt@{ SHEAYRAS BEENgeed” crystals, from
‘whi'ch the ordered crystals of the i“ Wm be grown. In the case of

* an MFl type zeolite, the main |ayerltend gf+oeFm+msuch a way that it is
the c-axis orWORE2827hxis of the 5 crystals that extends thrBCkEPASAE8I3y| n
| ayer thickness, that is to say, general I'f"perpendi cular to the nmain |ayer
pl ane. In the described proeess,. the crystals in the seed |ayer are
substantially spherical colloidal seeds, and the observed orientation of
the crystals in thiOp@tiolof ableast0.1randunolar brganiciiemplateSiOptratioaf at leaster
crystals in the dprection of the c-axis and/or a-axis being favoured. In
certain applications, however, it is desired that nol ecul es shoul d pass
t hrqugh t he N eve | ayer in the pores extending in the direction of the
b-axis, in which clije ah@ctiveaotherdiqueswhichiis detived fromaghaquesussynthesisl ayer

than throygh a | aygfixtufe wﬁicﬁrhafs%eﬁrosih%ﬁaﬁéﬁstaddeaﬂgaﬁmégﬁtﬁwﬁathel5 It Is
know in the art that nol ecul ar, sLeve particles my use or seeding the
synt hesi s sol uti ongowqm%{a%r'?ﬁg}ga??‘%}fe&?Wrger nol ecul ar sieve

particles. For such application of nolecular sieve seeds it is desirable to
be abl e 10 PafuisiBidii B8 RibtlR of by )30 hydRiidtid treafidtits8 iddifdePar t1 ¢! ©

size and/ or parti c! )
~crystallisation.

10
By the process of the invention, it is possible to provide an MF1 product in which
the crystais are fiat, i.e., having one dimension substantially smaller than the other
two, while producing crystals that are sufficiently small to be used with advantage
as seed crystals in a number of different processes. Advantageously one

15  dimension is at most 50% of the larger of the other two. By control of the reaction
conditions, in particular the ratio of component (a) to component (b), it is possible
to control the particle size. At lower patticle sizes, for exampie up to about 200
nm, the dimensions are typically in ratios within the range of from 0.3 to 0.4:0.7 to

. 0.8:1; at the higher particle sizes, for example between 200 nm and 550 nm, the

20 dimensions are typically in ratios within the range of from 0.2 to 0.3:0.6 to 0.7:1.
in this specification references to particle sizes are to the mean length of the
largest dimension of the particles, as determined by inspection of scanning
electron microphotographs (SEM) of the product crystals. In each case one
dimension is about half the smaller of the remaining two dimensions, if they are

25 different.

As indicated above, the particle size of the product may be controlled by varying
the proportion of components (a) and (b), particle size varying inversely with the
~ proportion of component (b). For example, in a typical case, a synthesis mixture
30 containing about 10% by weight of component (b), based on the total weight of
components (a) an (b}, yields crystais in the range of from 110 to 200 nm, the
crystals forming a suspension in the reaction mixture. Reducing the proportion of
(b) to between 5 and 6% yields crystals of from 200 to 250 nm, which settie to the
. bottom of the reaction vessel, while reducing the proportion to about 0.5% yields
35 still larger crystals, from 450 to 550 nm. it is preferred that the proportion of (b) is
greater than 0.5% by weight.
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20 distribution and/or particle shape in order to be able to use such
Seeds for the manufacture of new ng ' EB tleri als. Furthernore new
‘processes for the manufacture of sﬁH‘S‘r%ﬂ \Aéég sq@ve seeds are required.
> It has now been unexpectedly found{that ﬁ\ﬁﬂ stal sl my be formed which

may 25 be cwpabherref form ng stable colloi dal suspensi on apgrmidepbsibave a
shape that is non-spherical. These MFl cfystals are suitable for use inter
alia as seed crystals in the manufacture of a structure conprising a
substrate and a nol ecul ar sieve | ayér and as seeds for the manufacture of
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e presen m
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having a noagiveFhbther fudraindhe préportiet bf (b) 4 atledst 5 % mast metdriSly %'b eS' S
m xture belﬂg ﬁtther 35 (i) an aged aqueous al kal i ne synt heS| s"m xt

conpri si%h i ca source and an organic tenplate, the synthesis mxture
havi ng a rml ar O+

In a second preferred embodiment, a process is provided in which zeolite crystals.
of particle size of at least 200 nm are formed, by employing a mixture of (a) and

(b) in which (b) is an active mother liquor and the proportion of (b) is at most 6%
10 preferably at most 5% by weight.

If (b) is an aged aqueous alkaline synthesis mixture then less may be required
compared to that needed when (b) is an active mother liquor, to achieve the same
particle size or particle size distribution.

15
‘Surprisingly. it has aiso been found that the near-colloidal non-spherical MFI.
zeolites of the present invention exhibit relatively low levels of twinning. Thiscan .
be determined from an analysis of the SEM's of the materials. the MFl zeolites of

- the present invention exhibit less than 50% of crystals being twinned and’
20 preferably less than 25% being twinned. -

In accordance with the process of the present invention, any suitable silica source
may be employed, colloidal silica or silicic acid hydrate powder being especially

suitable.

25 _
As structure directing agent, or template, there may be employed the
tetrapropylammonium cation, either in the form of its hydroxide (TPAOH) or in the
form of a salt, especially a halide, preferably the bromide (TPABr), or. a mixture of
salt and hydroxide.

30

The synthesis mixture may contain sources of other components necessary to
prepare any molecular sieves of the MFl type. As examples of MFi molecular -
sieves, there may be mentioned silicalite, zeolite ZSM-5.

as Component (a), having an OH-" : SiO» ratio of at most 1.4, and hereinafter referred
to as the low alkaline synthesis mixture, advantageously has a molar composition
in the following ranges:
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-3- :Sigerr] ratio of at least 0.1 and nolar organic tenplate:Sierr]
ratiowithin the range of 0.1 to 0.5, or (ii) an active nother |iquor which
‘i s 'derived froman aqueous synthesis mnixture which has been used for at
" |l east one crystallisation and the formed crystals having been renpved, and
subj ecti ng t hWO#7282T2e of (a) and (b) to hydrothermal treat nBEI/EPH/ASBIIuce
crystallisation. By the process of the invention, it is possible to provide
an MFlI product in which the-crystals are flat, i.e., having one dinension

substantially MWWe
sufficiently sfrall to be used| wi t hPAtidoesint agd as Bmehiahlyyst | Most preferabiber

of different p'f)f:eégessioﬁdvant ageoulsiy one {di fﬂfﬂééﬂﬁob m&‘g)-pq the

|arger of the pttre chrttot—ot—thre—reaet+ot—ee

partjcul ar the rat7W6§S‘Qanno ent (M4to corpon8ie 0:150:1 ¢ | 68.0584e 0x59:1 o
control the pajti qUsOsBI®» Atf | ower goarticl d sppesto bF5:£X{MY.6224 0.853b0}!t

200 HoO: Si05 7 to 1000:1 9 to 100:1 28 to 100:1

M=alkali metal or ammonia, preferably Na or K.

it will be appreciated that to achieve a jow alkaline synthesis mixture, the template
5 should be largely or preferably entirely in the form of a salt, e.g., the bromide. The
low alkaline mixture may be aged.

As indicated above component (b) may be either an aged synthesis mixture or an
active mother liquor or if desired a mixture of the two. If itis an aged synthesis

10 mixture, it may be referred to as the highly alkaline, template-rich synthesis
mixture, and advantageously has a molar composition in the following. ranges:

Atieast | ° Preferably Most preferably
'OH-: SiD2 01 0.1 to 0.6:1 0.4 10 0.6:1
TPA+:SiO2 0.1 0.1t00.5: 1 0.3t00.5:1
M20O: SiO2 - 0 t0 0.06 :1 0.05 to 0.06:1
H2O: SiO2 6 6 o0 20:1 14 to 20:1

M=alkali metal or ammonia, preferably Na or K.

15
it will be appreciated that to achieve a highly alkaline synthesis mixture a part of
the alkalinity may be provided by the organic template, which for this purpose may
therefore be at least partially, and preferably largely, and most preferably entirely,
in hydroxide form.

20
The high-alkaline synthesis mixture should be aged, as indicated above, for at
least 1 month and may have been aged for up to one year. Ageing beyond one
year is not expected to be advantageous and may result in crystallisation which is
not desired for the aged solution. Ageing may be effected at room temperature, or

25 below, or at any elevated temperature below that at which crystallisation occurs.
Ageing must be at greater than 0°C and preferably is greater than 10°C.



-nrn the dinensions are typically in ratios within the range of fromO0.3 to

0.4:0.7 to 0.8:1; at the higher particle sizes,

for exanpl e between 200 nm

‘and 550 nm the dinmensions are typically in ratios within the range of from

0.2 to 0.3:0.

6 to 0.7:1.

are to the nwes7hmamgt h of the | argest di mension of the partpEHE®6/08813
determ ned by inspection of scanning el eBtron m crophot ographs (SEM of the
als. In each case one dinmension is about half the snaller of

product cryst

t he remai ning two di nensi ons,

if théey are different.

As i ndi cated above,

the particl nca;stamsahohhbeammcér&w Sfarfipl aﬁrmb'm@em\r/&alrﬁ% ﬁﬁ:&&i’e&ﬂrﬁgeey "
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In this specification references to particle sizes
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synt hesi s ncentuﬁugammmdrthegeraawtg lipsid isythamagractmé muathedigesot. The based on
the total wWaogHdr lighorowlgpied eoe(eépnétedﬁhe.oxhﬁh%mgfa!é #ﬁﬁ'g?e&ti%@ge of

m Xt ur 0. ReRERMR SIS e Giod b o fyciasatn ahd

tynicaly bz

of from 200carapasifomim a/lfnlbhvmgataﬂgeﬂo t he bottom of the reaction vessel,

whi | e reduci ng the proportlon to about 0.5%yields still

| arger crystals,

d‘aﬁ%@)‘f’ ds crystals

from450 to F56=rmmr—tt—rs—p r
t han 0.5% by Juei ght At least Preferably Most preferably
. OH-: SiO» 0.16 0.16 to 41:1 0.2t041:1
TPA+:Si02> 0.16 0.16 to 40 :1 0.6 to 40:1"
M>0O: SiO2 - 010 0.6 :1 0.1t00.6 :1
H20: SiO 16 16 to 2000:1 28 to 2000:1

M=alkali metal or ammonia, preferably Na or K.
10 . : :
The resulting mother liquor may then be aged for at least 1 month, at any
temperature below which crystallisation occurs. The term of ageing is determined
from the time of formation of the. synthesus mixture.

15 After component (b) has been aged, components (a) and (b) are mixed in the

desired proportion, and hydrothermally treated. Hydrothermal treatment may be
_ carried out at elevated temperature. advantageously at least 120°C, and

preferably at ieast 150°C, for a time sufficient for crystais to form. This may be
relatively short, e.g., from 36 to 48 hours, or even less, especially if the treatment

20 is carried out by microwave energization, in which case 1 hour suffices and a
temperature of 120°C may be sufficient. Microwave treatment may be carried out
in a dielectric autoclave, preferably a rigid, high melting point, low loss factor,
plastic, e.g., pife.

25 If the crystals resuiting from hydrothermal treatment are below about 200 nm, and
remain in suspension in the synthesis mixture, they may be separated from the
mixture by centrifugation; if they are larger, and have settled, they may be
separated by decanting, in each case washed if desired; washing may be until a
wash water pH of 10 or below is reached. The product of the invention may, if

30 desired or required, be calcined and/or subjected to cation exchange.



-4 - Accordi ngly, in one preferred enbodi nent of the invention, a process

is provided in which a suspension $ is forned, the
icrystals having a particle size of a‘m%&;dﬁ%%mr enpl oying a m xture

' of (a) and (b) in which (b) is an gctive ﬁ%‘tmllqun and the proportion
of (b) is at WOA&%e5282 % nost preferably 6% by wei ght. In a scRGHEPISOEHEr r ed
enbodi nent, a process is provided in whi th zeolite crystals of particle
size of at 1east 200 nmare-fornmed, by enploying a mxture of (a) and (b)
in which (b) is an active nother Ilquor and the proportion of (b) is at
nmost 6% pr ef ibiscapparent frase the krger omstglbtproddce(itgccoedmgﬂm@ednmmenuwhmhkaI i ne

%;ﬂ hesi s m yigldrp réitkﬁi'h fHeStypiRH1 duffin-Med SHapd | e ?gﬁ%
is an active er i eve s
particle si z'b lﬁtﬂ'i?ﬁ"b‘f? a\ﬁ‘fpﬁﬁ"%ﬁ@ﬁ}“‘ﬁ" Aads W\Jﬁh PWQPq »he

near - col | oi da., ﬂwrﬂ‘lﬁﬂlane.cu:wrmngiyeme crystalsf oftthe p]:esenk inventioremayde wsed bi t
relativelgy | tﬂ"fhé fatutactiird O 'Sligported Tayer #@Ving a b-axis crystaliine preferred
orientation (CPO), i.e., with b-axis channels extending through the thickness of the
layer by depositing the crystals on a porous support in such a way that the
majority of crystals lie flat on the surface of the support and are subsequently
grown together to form a continuous layer. Suitable methods for for the .
to  manufacture of a supported layer are provided in WO 96/01683, PCT/EP94/04034
and WO 986/01687, the disclosures of which, as far as they relate to the production
of such supported layers, are incorporated by reference. The supported layers
may therefore be a membrane which has b-axis channels extedning throught the
thickness of the layer.
15
The present invention also provides an MFI molecular sieve of crystallise size -
within the range of 100 to 550 nm, the crystals having one dimension substantially
smaller than the other two. Advantageously, one dimension is at most half the
larger of the other two. '
.20 - .
The invention further provides such an MFI molecular sieve of crystallise size
within the range of 110 to 200 nm, the ratios of the dimension of which are in the
ranges 0.3 t0 0.4:0.17 to 0.8:1. The invention also provides such an MFI
molecular sieve of crystallise size within the range of from 200 to 550 nm, the
25 ratios of the dimensions of which are in the ranges of 0.2 to 0.3:0.6 to 0.7:1.

The invention further provides a process for the manufacture of a molecular sieve
material, which process comprises preparing a synthesis mixture for formation of
the desired molecular sieve and either including in the synthesis mixture or

30 depositing on the surface of a substrate to be contacted with the synthesis
mixture, as seeds, the non-spherical molecular sisve according to the present
invention, and hydrothermally treating the synthesis mixture to form the desired
molecular sieve.

35 These molecular sieve materials may be used as catalysts in catalytic processes
and/or in separation processes such as for exampie adsorption processes. The
molecular sieve material may be in the form of a membrane.
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be determind froman analysis of the SEMs of the materials. The M
zeolites of the present invention exhibit |ess than 50% of crystals being
‘tiwnned and preferably | ess than 25% bei ng twi nned. In accordance with the
" process of the present invention, any suitable silica source may be

enpl oyed, colwboveehz silica or silicic acid hydrate powder bpergpsagas al |y
suitable. As structure directing agent, &- tenplate, there nmay be enpl oyed
t he tetrapropyl ammoni um cat.ion, either in the formof its hydroxi de ( TPACH)
or inthe formof a salt, especially a halide, preferably the brom de
(TPABr), or The fauowsugex@hméé tin WHEh Pp A &% p Jﬁ&sn&é@%?é biv}%fture ey
contai n sougces pf.ot.her conponents necessary to pré€pare a ecul ar

si eves of t"@'sf&?fe réventlgg exanpl es of M-I nol ecul ar sieves, there may be
menti oned silicali te zeol ite ZSMS Conmponent (a), having an OH: Si Q2
rati o of at gyg obherred to as the | ow al kal i ne

EXamples Ok m .- pactants
synthesis m xture, aovan ageous y YOl ar conposition in the foll ow ng
ranges:

0.6005 g of NaOH (Baker, 98% pure) were dissolved with stirring in 139.47 9.
deionized water. 4.63 g of TPABr (Fluka 88105, 98% pure) were added with

10 stirring until the salt was completely dissolved. Finally, 50.07 g colloidal silica
(Ludox AS 40, du Pont, 40% SiO2 in H20) were added, and the mixture stirred for
2 minutes. ‘

E le B - High Alkaline Synthesis Mi

15
1.154 g of NaOH were dissolved in 81.82 g TPAOH (Fluka 88111, 20% solution in .
water). Then 17.47 g of silicic acid hydrate (Baker 0324-5, 90% SiO2, 10% H20)
were added with stirring. After cooling, the water lost by boiting was made up; and
the resulting mixture stored at room temperature.

20 -

Example C - Active Mother Liquor

The procedure of Example B was followed until and including the water make-up
stage, then the mixture was aged in an oil bath at 50°C under reflux for 14 days.

25 Crystals had formed in the mixture, and were removed by centrifuging at 16000
r.p.m. for 6 hours. The supernatant was reserved as active mother liguor and
stored at 4°C.

Examples 1 to 8 and Comparative Examples 1 and 2

The Table below shows the weights of low alkaline mixture (LA), high alkaline
mixture (HA) and active mother liquor (ML) used, their ages, relative proportions,
synthesis times and temperatures, the appearance of the resulting reactor slurry,
and characteristics of the solid product.



X\P 217)/3'(25272 Preferably Most pﬂg gﬂggl MASOBEENS qurr/r ]EPﬁm“ﬂﬁm:]“leI " l“l
'0.032 to 0.7:1 0.044to 0.7:1 TPAF: SI ﬁE\P{L,gED

* 0.150:1 0.052 to 0.150:1 Merr] & 0016
to 0.35:1 \mmszSSIH[err]O SlCIerr] 7to 1@@1’36105813 9 to
100: 1 28 to 100:1 Meal kali metal or-%nmonia, preferably Na or K It
wi |l be appreciated that to-achieve a | ow al kaline synthesis m xture, the

tenplate 5 should be largely or preferably entirely in the formof a salt,
e.g., the bQhAIME: The | ow al kaline m xture may be aged. As indicated above
conponent (b) may be either an aged synt hesi s m'xture or an active nother

| iquor or if deswedamxture of the two. is an aged synthesis 10

mxture, it may be rhOrocassfor the manufackye 9f%'1‘ Mﬁ‘ izgplite eRIBPLSes,
synt hesi s nimiking ¢a) amdqeebus alkalinewsynthasismixtive! comprizinga silica Source land

fsf"q' g\er ]ng r %B%‘?ﬁam@%erh\ﬁl%fé the svnthgélgfrﬁiﬁgé ﬁa\ilng a'Yﬁﬁl%r ﬁfﬁgﬁ?&% SFhe

most 1.4, with (b) an active synthesis mixture being either

()] an aged aqueous alkaline synthesis mixture comprising a silica
source and an organic template, the synthesis mixture having a molar OH-
10 :SiO2 ratio of at least 0.1 and molar organic template:SiO2 ratio of at least
0.1,
or
(i) an active mother liquor which is derived from an aqueous synthesis
_ mixture which has been used for at least one crystallisation and the
15 formed crystals having been removed,

and subjecting the mixture of (a) and (b) to hydrothermal treatment to induce
crystallisation. -

20 2. A process as claimed in claim 1 wherein (b) (i) is aged for at least
one month.

3. A process as claimed in claim 1 or claim 2, in which a suspension of -
zeolite crystals is formed, the crystals having a particle size of at most 200 nm, by
25 employing a mixture of (a) and (b) in which the proportion of (b) is at least 5% by
weight.

4. A process as claimed in claim 1, in which zeolite crystals of particle
size of at least 200 nm are found, by employing a mixture of (a) and (b) in which
30 the proportion of (b} is at most 6% by weight.

5. A process as claimed in any one of claims 1 to 4, wherein
component (a) has a molar composition in the following ranges:

At most Preferably Most preferably
OH-: SiO2 14 0.032t0 0.7:1 0.044to0 0.7:1
TPA+:Si0> 0.4 0 to 0.150:1 0.052 to 0.150:1
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ng&*;ﬂ]qe”] 0.1 0.1 to O. 5:@ 0 to 0 ognmr’m'"““l
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" metal or ammonia, preferably Na o

n" b€ appreciated that to

achi eve a hiwbleyzerkal i ne synthesi s mxture a part of the apgikepstidsaismey be
provi ded by the organic tenplate, which-%®or this purpose may therefore b
at least partially, and preferably largely, and nost preferably entirely
in hydroxide form 20 The hi.gh-alkaljine synthesis:m xture should be aged,

as indicated abo%o:fs)ozat feast 1g.ponth andgrm:stbmlg-, hedn 6999 td 8359 ¢
Ag¢ing Ey one yea%tg§QHBH EC[gq 18 be—advart %cuua arret
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result in cr

one year.

Ageing may be effected at roomtenperature, or 25 below, or at any
el evat ed terrper%ture

nmust be at

10

15

20

25

Peath, ACBCRs dfalhal i i Bt G 10 BRI, o7

mponent b(i) is u hasa olar composmon in the following ranges:

At least Preferably Most preferably
OH-: SiO2 0.1 0.1 to 0.6:1 0.4 10 0.6:1
TPA+:SiO2 0.1 0.1t00.5: 1 0.3t00.5:1
M20: SiO - __0100.06 :1 0.05 to 0.06:1
H20: SiO> 6 6 to 20:1 14 to 20:1
7. A process as claimed in any one of claims 1 to 5, wherein

component b(ii) is used and has a molar composition in the following ranges:

e

0
may

At least Preferably Most preferably
OH-: SiO2 0.18 0.16to 41:1 0.2to 41:1
TPA+:Si02 0.16 0.16 to 40 :1 0.6 to 40:1 -
M>0: SiOo _ L= . 0t00.6:1 0.1t00.6 :1
H20: Si0p 16 16 to 2000:1 28 to 2000:1

8. A process as claimed in any one of claims 1 to 7, wherein
hydrothermal treatment is carried out at a temperature of at least 150°C.

9. A process as claimed in any one of claims 1 to 8, wherein
hydsothermal treatment is carried out for from 36 to 48 hours.

10. A process as claimed in any one of claims 1 to 7, wherein
hydrothermal treatment is carried out in a microwave at a temperature of at least
120°C and for a period of one hour or less.

11. A process as claimed in any one of claims 1 to 8, wherein the
resuiting product is calcined and/or subjected to cation exchange.

. 12. A process as claimed in any one of claims 1 to 10, wherein the
resulting product is silicalite or ZSM-5.
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‘ls ‘aged at an el evated tenperatur 50C, crystdl s tmay bé *
* renoved, e.g., by centrifugation,{and LA inind liquid is then an
active not herwioiagase’z The nother [Tquor will typically be deBFEEBY/ASHS
Sigerr] and tenplate conpared to the hi'dh*5 alkaline synthesis mxture
used in its preparation and~typically has a nolar conposition in the

j=

X\?ygt?gﬁflzzgt I on does take pl ace, | MLt hi Sﬂa]m“mmuﬂqmn
ST ﬁﬁﬁ’fagéégé |

foll ow ng ranges: At |east Preferably Most preferably OH:
Sigerr] 130. 1é&n MFI molecular sgve/df ctystallite sizedwithinghe tange/af. 100dper r |
0.16 StnleCriétals having Shéfdihfer gsdl%fb afy 8fmialier than the other

Oto 0.6:155d)méflto Q6:1mlg[err]"cr)&8| err n‘ﬁ‘aﬂ 16 16

to 2000:1 W08 to 2000:1 Meal kali netal or ammonia, preferably Na or K
10 The resulting nother liquor may then be aged for at |east 1 nonth, at

gg%’eﬁ %nﬁ%at ure bey ow AN MR molecaiat sidvadt crfstalfife dize withih thé raRdd oPBRIBY | S
' 200 nm, the ratios of the dimension of which are in the ranges 0.3 to 0.4:0.7 to

0.8:1.

15. An MFI molecular sieve of crystaliite size within the range of from
10 200 to 550 nm, the ratios of the dimensions of which are in the ranges of 0-2 to
0-3:0.6 to 0.7:1. : :

16. A process for the manufacture of a molecular sieve material, which
process comprises preparing a synthesis mixture for formation of the desired
15  molecular sieve and either including in the synthesis mixture or depositing on the
-surface of a substrate to be contacted with the synthesis mixture, as seeds, a non-
- spherical molecular sieve according to the present invention, and hydrothermally
treating the synthesis mixture to form the desired molecular sieve. '

20 17. A process as claimed in claim 16 wherein the molecular sieve
material is a zeolite membrane.

18. - A process as claimed in claim 17 wherein the zeolite membrane has
a CPO which is b-axis.

25
19. A process for catalysing a chemical reaction which comprises
contacting a feedstock with a molecular sieve material as manufactured by the
process of ciaim 16.
30
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fromthe tine of formation of the synthesis mixture. 15 After conponent
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preferably at woams2¥50[err]C, for a ti M sufficient for crysPEIEPA6YSEZr m
This nmay be relatively short, e.g., from36 to 48 hours, or even |ess,

especially if rTearout by CT mergr Zag i on,
i n which cas mper 4t ur g of [L20] 4 may be
sufficient. garligdtout IR aldielpgLic
autocl ave, p refl B 6y ei|n@, & Wwdjogssf Feor
plastic, e.g. | g G @i AR S - a"@rmal
treatment ar |r enaif - i} Sush&he shvtde syphthesis
m xtuire, the ormy_g e m xturg by fentii tion; if they
are | arger, ave be $eparjat ed} by decanfing, in}each
case washed iff gesirEd; waghlgg m&y bg unt{l ajwash vvatgr pH of 10 o[ bel ow
I s reached. hegp (ﬁmg qf 3t he i nyentifon y, i{ff 30f dediredjor requjred,
be cal ci ned agisoa'ﬁug_ectﬁd | @ cqtifon Exchagd. & | |E | &
SBsE 5[5 [2 {[E |2 == |= {2 |=
EQEE | E
P77 @ o
2 |5 |8 | s 5 es| s/=% a2 d ol
BE |Z |&Z |27 22 S2 aEEh 208 2820
2% |5 |5 |SHSEiNTY sz 5sluslss
= |2 |2 | & 3323 3 8EcL 3L IE
< |3 |= 51°5°5 °8
4] = =
g ] £ £ £ & £ £ £ — . O
ef |2 |8 (2|35 |8 |8 |8 |t |<¢
£ g lglglg|g|le|g1lg |g |o8
Ex |8 |8 (2|8 |8 |8 |8 |8 |8 g2
> - ~ - «~- - - - - - 0
w «
S o - ©
o .18 |8 |8 |5 |8 |e |- |8 |2
$E ¢ | |2 |a |e|v (= e
*
- L 5 =
s |, |.].|. 1. |8¥atlag sd .
E‘a wElnEloElOE
@ » @ * 0
s £l % &
! . |sglstlsE|lsg . |, |. |. |3E
- wElw gl WE|TE - E
§ ~ ~ ~ ~
a [ 1] L 0 § g-
A 85185/ 25/S51 28|88/ 2§ 25 Ssjcseg
o al
o
o
[
a ol =
& E | § 8
] o o <
2
1l



?t i s apparent fr tais produced according to the : - -
invention, which M@H‘lﬂmﬂ[m H'&e typi Fal coffin:iike shape of Mt :
crystals t hat the pl ame of the crystals produced according te-~the
Tnvention is that of the known NFI product, i.e., the 010 pl ane.
Accordingly, GIfIMSystals of the present invention nmay be used in the
manufacture of a supported | ayer having a b-axis crystalline preferred
orientation (CPO, wi t h. b-axi s channel s extending through the

t hi ckness -of the I%wer-&wp€ﬁﬁﬁé$tfﬂﬁ the wmppufarsusgs 8fpanodls dtte n

such a way tRatidthecomppiséy mﬁx@ﬁ;gst(ad)s dr eafh@dbuonatiRa18HES %%t%stﬁe
support and ar.e subseq%entl ﬂ%omn % her to forma continuous |aye
f SHaPuf Bet Gre ™

Sui tabl.e net el oy 2 A R VS t PR ayBR aPEIRRGG ded
in WO 96/ 016&@mﬂ€ﬂd§P9ﬂh@4@®¢t@e¢1\ﬂOIﬂﬁtﬂiﬁé%?haﬂﬂagstmmol&ﬂ béyesiozr

‘therefore be qEnbr e asq4by a hapnel xt t h the
.t hi ckness of e Iafg? ?ﬂeﬂgsgsepqunéﬁﬁ¥$onngls%iprovrges aﬁ@bﬁﬁ%31s

nol ecul ar srmm§UﬂTQnQ§ﬁnﬂlakﬁhQﬂze wi t hi n- tthe range of 100 to 550 nm the
crystal s havi ng one di nensi on substantrally smal l er than the other two. '

Advant ageously, ong dinension is at nost half the larger of the other two.

The invention furtﬁér fovidBed s RIFEPPIFI 2 HER ELRE ar S¥NERRSHE CIYSEHER se

si ze comprising a 3111ca source and an organic template,
the synthe51s mixture having a molar OH™:Si0O ratio
of at least 0.1 and molar organic template:SiOp
ratio within the range of 0.1 to 0.5,

or _ '

(ii) an active mother liquor which is derived
from an aqueous synthesis mixture which has been
used for- at least one crystallisation ahd the
formed crystals having been removed,

and subjectlng the mixture of (a) and (b) to hydrothermal
treatment to induce crystalllsatlon

2. A process as claimed in claim 1 wherein (b) (i)
is aged for at least one month.

3. A process as claimed in claim 1 or claim 2, in
which. a suspension of =zeolite crystals is formed, the
cryst:'el-s-having' a particle size of at most 200 nm, by
employing 'a mixture _of (a) and (b) in which the
proportion of (b) is at least 5% by weight.

4. A process as claimed in claim 1, in which
zeolite crystals of particle size of at least 200 nm are
found, by employing a mixture of (a) and (b) in which the
proportion of (b) is at most 6% by weight. '
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3,

6.

wherein component b(i)

is

composition in the following ranges:

used and has

A process as claimed in any one of claims 1 to

a molar

3,

At least - Preferably Most preferably
OH-: S§i02 0.1 0.1 to 0.6:1 0.4 to 0.6:1
TPA+:Si0p 0.1 0.1 to 0.5 : 1 0.3 to 0.5:1
M20: SiOsp - 0 to 0.06 :1 0.05 to 0.06:1
Ho0: Si0O2 6 6 to 20:1 14 to 20:1
7. A process as claimed in any one of claims 1 to

wherein component b(ii)

composition in the following ranges:

is used and has a molar

Most preferably

7,

At least Preferably
OH-: SiO2 0.16 0.16 to 41:1 0.2 to 41:1
TPA+:S5i025 0.16 0.16 to 40 :1 0.6 to 40:1
M20: 3103 - 0 to 0.6 :1 0.1 to 0.6 :1
HoO: Si0O2 16 16 to 2000:1 28 to 2000:1
8. A process as claimed in any one of claims 1 to

temperature of at least 150°C.

9.

wherein hydrothermal treatment is carrled out at a

' A process as claimed in any one of claims 1 to

8, .wherein hydrothermal treatment is carried out for from

36 to 48 hours. §
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£ 8- The fol | owi ng h al | parts (IS SIECE THATIBBER] eArhiinciec!
wei ght , iIIustrat?eLﬁEm-ﬂ %" ! anpl e3 A to|C PrRERIAYEDCR Of @g&;@nts

5 Exanple A - Low esls Mxture 0. % on
pure) were dissolved with stirring in 139.47 9 deionized water. 4.63 ¢ O oy

TPABr (Fluka 88105, 98% pure) were added with 10 stlrrlng until the salt
was _conpletely di sggl veg. beéi%yasf?%l% £ 088 ofe! bEATLYAAX 1S 0.

du Pont, 40%Sigerr] in err he m xture"s
m nutes. Exanpi e WBeredinghhydke hﬁ@n@nt%@“w&t dse garniadq ogtof imacH

ver e di ssol vagh éroldvS2att TPAEEMpELEkar88Lll, a20%eaghutizgPd ay@t ep)- hen
17.47 g of silicic acid h$/c{%ate B er 0324-5, 90% Si.err], 10% H20). vvere
added with stRFTHPR. O nT RO | ﬁ% water |ost by boiling was nade up,

and the résulting mixture stored at roon1tenperature 20
11. A process as claimed in any one of claims 1 to

8, wherein the resulting product is calcined and/or

subjected to cation exchange.

12. A process as claimed in any one of claims 1 ﬁo
10, wherein the resulting product is silicalite or ZSM-5.

13. An MFI molecular sieve ‘of crystallite size
within the range of 100 to 550 nm, the crYstals having
one dimension substantially smaller than the other two.

14. An MFI molecular sieve of crystallite size
within the range of 110 to 200 nm, the ratios of the
dimension of which are in the ranges 0.3 to 0.4:0. 7 to
0.8:1.

15, An MFI molecular sieve of ‘crystallite size
within the range of from 200 to 550 nm, the ratios of the
dimensions of which are in the ranges of 0-2 to 0-3:0.6

to 0.7:1.

16. A process for the manufacture of a molecular
sievé?.ﬁéferial, which process comprises preparing a
synthesis mixture for formation of the desired molecular
sieve and either including in the synthésis mixture or
depositing on the surface of a substrate to be contacted
with the synthesis mixture, as éeeds, a non-spherical
molecular sieve accéording to thé'present invention, and
hydrothermally treating the synthesis mixture to form the

desired molecular sieve.
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“Exanpl e C - Activ e or gzdur LTots SxEsTmHAS BERRY
until and incl udi i ! up st hen HEPLACED ure Vas 'a‘ded in.
an oil bath at 50Cnder re qu 14 days or‘ned i'n the .

m xture, and were renoved by centrl at 16003 Jg% for hours. The
super nat ant was rkber \RdPE9CEES RS Fiqubr Rd st Uhﬁfe&f‘ertrl]et

Exanples 1 trﬁbﬁeéﬂﬁaﬁ%&@#él%&/@eﬂ&ﬂpiﬁa 1z &aUi e 3Reribeardabl e bel ow shows
the weights of |ow alkaline m xture (LA), high alkaline mxture (HA)- and

~active nother liquor (M) used, their ages, relative proportions, synthesis
-tinmes and tenperasdysesda pheceppeasncéadfmetheln eslibtimngl? ewbéepeisl uwhe/, and

characteri st Csjaﬁgﬁ\/é] zeo4ﬂ€ rPéé’da"“‘éPo 3hich %I MPiadis. A process for the

manuf acture e

~19. A process. for catalysing a chemica’l- reaction
which comprises céntacting a feedstock with a molecular
sieve material as manufactured by the process of claim

16.
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' I Xiimarp( 2 a0 QEEET | al kallne synt hesis_mi ET
a silica source and |aN-&+ga H 1 e, the synthesis E%LQ@WQHE
rml ar C']—i[err] Si d erir]i ' ost 1.4, with (b) an active

' I [ aged aqueous alkaline synthesis
q a “organic tenplate, the synthesis

] ratio of at least 0.1 and nol ar.

-rangeof01t005 or (ii) an

i ByvAffBesi s m xture

m xture conpri sing
m xture having a nol
organi c tenpl ate: Si
active nother |iquor widéc 3 B

whi ch has been used for at 1east one crysta |sat|on and the forned
crystal s having been renoved, and subjecting the mxture of (a) and (b) to
hydr ot her nﬁﬂ\istin‘ea‘ltimnttelétesitﬁdﬂ@lemdaysimiék,i toairoaasses for the prarugsstuasoting ned

in claim 1Wen #10%ikDds (Hemselves and to the uses of such malecular sieves.

Molecular sieves -find many uses in physical, physicochemical, and chemical
processes, more especially as selective sorbents, effecting separations of
mixtures of different molecular species, and as catalysts or catalyst precursors. In

these applications, the crystallographically-defined open pore structure within a
crystalline molecular sieve normally plays an important part.

There have been numerous proposals for the manufacture of molecular sieve
layers, usually on a substrate. When the substrate is continuous and porous. and
the pores of the substrate are covered to the extent that they are effectively
closed, a molecular sieve membrane results; such a membrane has the

advantage of being able to perform catalysis and separation simultaneously if
required.

Most such layers have the individual particles, e.g., crystallites if the sieve is
crystailine, or agglomerates, arranged randomly within the layer. As a result, a
molecule that is intended to pass between opposite faces of the layer through a
crystallographicaily-defined pore of a given shape and size must follow a tortuous
path, thereby reducing the flux through the layer. Further, when the particles are
arranged randomly, there are likely to be numerous voids extending through the
thickness of the layer that are of cross-section sufﬁciently large to allow
undiscriminated passage of all the species of molecule in a mixture through them,
thereby preventing effective separation of the mixture's components.

In=our. International Application No. WO96/01683, we have described a structure
comprising a substrate and a crystalline molecular sieve layer (main layer) in which the
crystals extend predominantly in a single direction, especially a direction transverse
to the plane of the main layer there being prowded between the main layer and

| substrate an additional relatively thin layer. It will be understood that the main layer is
not necessarily planar since a molecular sieve layer may be formed, for example, on
an internal or external surface of a tubular substrate, but for simplicity a layer is
described herein as if it were planar.
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zqolite crystaIS|sf rystals
ve of at 158 200 nm by enpl oyi ng a m xture of (a) and
0

(b) in which the pfopoft2dhkl ils aty] east 5% by weight. 4. A
process as claimpd{ in claim in V\/nich zeolite crystals of particle
size of at |east 200 nmare found, b'[ enploying a m xture of (a) and (b) in
whi ch the proport of (h)is—at t 6% by wei ght. 5. A process as
clained in any ‘SN2 JRUE QliatdeastiQ! @ndvmmemofgeowp@nmiate(&pzhmnoamnnhahe
conmposition in rtdmgef@fld PUH 0B, ranges At nost Preferably Most

pr ef er abl y0 Sierr] 1.4 0.032 to 0.7:1 0.044to0 0.7:1

(i) an active mother liquor which is derived from an aqueous synthesis

mixture which has been used for at least one crystallisation and the
formed crystals having been removed,

and subjecting the mixture of (a) and (b) to hydrothermal treatment to induce
crystallisation.

By the process of the invention, it is possible to provide an MFI product in which
the crystals are flat, i.e., having one dimension substantially smaller than the other
two, while producing crystals that are sufficiently small to be used with advantage
as seed crystals in a number of} different processes. Advantageously one
dimension is at most 50% of the larger of the other two. By control of the reaction
conditions, in particular the ratio of component (a) to component (b), it is possible
to control the particle size. At lower particie sizes, for example up to about 200
nm, the dimensions are typically in ratios within the range of from 0.3 to 0.4:0.7-to
0.8:1; at the higher particie sizes, for example between 200 nm and 550 nm, the
dimensions are typically in ratios within the range of from 0.2 to 0.3:0.6 to 0.7:1.
In this specification references to particle sizes are to the mean length of the
largest dimension of the particles, as determined by inspection of scanning
electron microphotographs (SEM) of the product crystals. In each case one

dimension is about haif the smaller of the remaining two dimensions, if they are
- different.

As indicated above, the particle size of the product may be controlled by varying
the propartion of components (a) and (b),' particle size varying inversely with the
ggoportion of companent (b). For example, in a typical case, a synthesis mixture
céntaining about 10% by weight of component (b), based on the total weight of
components (a) an (b), yields crystals in the range of from 110.to 200 nm, the
crystals forming a suspension in the reaction mixture. Reducing the proportion of
(b) to between 5 and 6% yields crystals of from 200 to 250 nm, which settle to the
bottom of the reaction vessel, while reducing the proportion to about 0.5% yields

still larger crystals, from 450 to 550 nm. Itis preferred that the proportion of (b) is
greater than 0.5% by weight.
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Sigerny] 0.022 to O

Si qe“rr] 71to 1COOO?TJ 19999 40{100:1 28 to 100:1 6. A process
as clained in any.d a| ms 1 4o 5,4.wherein conponent b(|) Is used
and has a nol gr lcerposiid '

I

roITt

he follow ng ranges: At |east
Preferably st preferably - SiJerr] - 0.1 0.1to

0.6:1 0.4 to O8I TPAT ST err] 0.1 : 0.1.to 0.5 : 1
0.3 to 0.AscPraingly: jimonsi mpeégiréd embodiment of the invention t @ PIOTESS: i$ provigeds t o

0 06:1 H[lﬁrvl’/&@\ aSb@@érﬁs]lon of zeolite @ystals IS forme@ ttt’i’e ¢ sjtals having a gdhi&@ 20-1
A progcess in any one of Wherei I conpoRent
b(| i) i s e éﬁd“ﬂ%’sz%o mEMBY @B}Fb‘?ﬂng |30‘F'i“>ftHrq R ?)o?'l“ﬂ)\i\ﬁ’h@ Waﬁﬁe@) inan| east

Pr ef er abl active motfestiqDbehaa aké prdgdrtioSoftoris ]at least 5 %nd& preferably 6% Jo? to
41:1 L2 to 411TPA+ Sigerr] 16 0.16 to 40 :

0.6 to 40¥¢Merrja sigerr] - 0to0.6:1 0.1 to
0.6 :1

In a second preferred embodiment, a process is provided in which zeolite crystals
of particle size of at least 200 nm are formed, by employing a mixture of (a) and

(b) in which (b) is an active mother liquor and the proportion of (b) is at most 6%
preferably at most 5% by weight.

If (b) is an aged aqueous alkaline synthesis mixture then less may be required
compared to that needed when (b) is an active mgther liquor, to achieve the same
particle size or particle size distribution.

Surprisingly it has also been found that the near-colloidal non-spherical MFI
zeolites of the present invention exhibit relatively low levels of twinning. This can

be determind from an analysis of the SEM's of the materials. The MFI zeolites of the

present invention exhibit less than 50% of crystals being tiwnned and preferably less
than 25% being twinned.

In accordance with the process of the present invention, any suitable silica source

may be employed, CO“Oldal silica or silicic acid hydrate powder being especially
suitable.

As structure directing agent, or template, there may be employed the
tetrapropylammonium cation, either in the form of its hydroxide (TPAOH) or in the

form of a salt, especially a halide, preferably the bromide (TPABTr), or. a mixture of
salt and hydroxide.

The synthesis mixture may contain sources of other components necessary to
prepare any molecular sieves of the MF| type. As examples of MFI molecular
sieves, there may be mentioned silicalite, zeolite ZSM-5.

Component (a), having an OH-" : SiO9 ratio of at most 1.4, and hereinafter referred

to as the low alkaline synthesis mixture, advantageously has a molar composition
in the following ranges:



Herr]a s err]{REPLACEMENT SHEET| 16 to 2000:1 28 tog é@ﬁéﬁTSSHEET
‘process as claimad jinany one of jcliainms 1 to 7, whereif]

treatment is carrf €d QLgJ@E"ggc;terperature of at |east 150[err]C 9.

process as cl ai i n any one of |cl{ai 8’1 to 8, wherein hydrot her nal

treatnment is carrj ee—ett—for—fT0Om™ 36 to 48 hours. 13. An MFI

mol ecul ar sieve of crystallite sizdg within the range of 100 to 550 nm the
0

oo Rk e e PRI e ARSI bl O B g ot ISeBtli i
nm the P APOTRACHIRG tnemgaws‘fwkmhaaeaﬁéwhcm@alsamgéhe)ﬂat plane. d@f 0. 7
to 0.8 1he thystald rUEth@'a%EHhﬁfﬁ sdmée.noénﬁéry% @Hdt'&f%é ils ﬁﬂn\%ht Brddifes” an9°
of from 200 tbe QE% plane A(:ecorrg;[nl Ps “gl) tel | rfT'(ErI]’]SI ons t L are"In
ranges of" t gly. the crystals of the presen mven lon may be used
in the manufacture of a supported layer having a b-axis crystalline preferred
orientation (CPOQ), i.e., with b-axis channels extending through the thickness of the
layer by depositing the crystals on a porous support in such a way that the
majority of crystais lie flat on the surface of the support and are subsequently
grown together to form a continuous layer. Suitable methods for for the
manufacture of a supported layer are provided in WO 96/01683, PCT/EP94/04034 )
and WO 96/01687._The supported layers may therefore be a membrane which has b-
axis channels extending through the thickness of the layer.

The present invention also provides an MFI molecular sieve of crystallite size
within the range of 100 to 550 nm, the crystals having one dimension substantially

smaller than the other two. Advantageously, one dimension is at most haif the
larger of the other two. '

- The invention further provides such an MFI molecular sieve of crystallise size
within the range of 110 to 200 nm, the ratios of the dimensions of which are in the
ranges 0.3 to 0.4:0.7 to 0.8:1. The invention also provides such an MFi molecular
sieve of crystallise size within the range of from 200 to 550 nm, the ratios of the
dimensions of which are in the ranges of 0.2 to 0.3:0.6 to 0.7:1.

The invention further provides a process for the manufacture of a molecuiar sieve
material, which process comprises preparing a synthesis mixture for formation of
the. desired molecular sieve and either including in the synthesis mixture or
deposmng on the surface of a substrate to be contacted with the synthesis
mixture, as seeds, the non-spherical molecular sieve according to the present

invention, and hydrothermaily treatmg the synthesis mixture to form the desired
molecular sieve.

These molecular sieve materials may be used as catalysts in catalytic processes

and/or in separatlon processes such as for example adsorption processes. The
molecular sieve material may be in the form of a membrane



0.3:0.6 to 0.7:1. BB sSHEBT] t he -manufacture of a nol ' EET
‘material, which pr(gEPI;K(Sunprl SE€S preparing a synthesis RE)F?&JKEES&EN’P@H
for met i on of the d(*s[re[g ml_efggbar s{eve and either including in the
synthesis m xture gr {de 8 I'ting onjthg surface of a substrate to be
contacted with the|synthesis—wmxtde] as seeds, a non-! ﬂmm”m!mmﬂMEr
sieve according tolthe present invention, and hydrother i "
synt hesi s mixture tle—fermttredesTTed nol ecul ar sieve. 170 ‘A bro?:ess as
clai med in dilai mAn$Riheosteu2hsienelconyaalis et WRher ihal rén@eagfzﬁﬁ ite
menbr adéd ath, théd @ =Y in.clai 7 wWherein the zeolite

menbrape has a @%{’%ﬁﬁ‘aﬁﬁ‘%-"g?@g‘%m ﬁ“gﬁé@é‘é stévéll%ttalaQS[hﬁthaer

chemi cal~reaction which conprises contacting a feedstock with a nol ecul ar
sieve material as manufactured by the process of claim16.

14,

An MFIl malecular sieve af crystallite size within the range of 110 tg

(2)05 M. the ratios of the dimensionsof which are in the ranges 0.3 to 0.4.0.7 to
811, |

) 13. An MFI molecular sieve of crystallite size within the range of from
200 to 550 nm, the ratios of the dimension

- | s of which are in the ranges of 3.2 to
0.3061t00.7:1 )

16. A process for the manufacture of a melecular sieve matenal, which

process Comprises preparing a synthesis mixture for formation of the desired
molecular sieve and either including in the synthesis mixture or depasiting on the
surface of 3 substrate to be contacted with the synthesis mixture, as seeds, a non-

spherical molecular sieve according ta the present invention, and hydrothermatly -
treating the synthesis mixture to form the desired molecular sieve.

7. A process as claimed in claim 16 wherein the molecular sieve
material is a zeolite membrane.

18. A process as claimed in claim 17 wherein the zeolite membrane has
a CPQO which is b-axis.

19. A process for catalysing a chemical reaction which comprises

contacting a feedstock with a molecular sieve material as manufactured by the
process of claim 16. |
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