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This invantion relates ta malecular sieves, more 
especially t~ crystallina maI.ecuiar sieves, and: to layers 
containinCJ theur. Mare especially, the invention relataa to 
a tayar,. especially a su.ppcrtect I.ayer, conQininq: particlas 

af a c::rystaII.trre · mal.ecUler siave .. 

Maleculzu: sie.vas ~ind nrany uses in: 
physic:al,. physic:ochemica.t.,. and chenrtcal. prcrcasses, most 

no.tabl.Y as seiac:ti.ve sorbenta,. ef:f•ctinq separation a.~ 
CQlllPanen:t:s in ntixtu.res, and as cat:at.2sts. I:n: these 

app-.Iic:ations,.. the. c::ystatllacirapht.c:aI.I.y-cfefinad; para 

stJ:UCtUra w.itttfn the molectt!ar:: siava materfat. ±s norciall~ 
required t~ l:r& open,. amt .it is ttten a pre:z:eqµisi.t:e that an'2· 

struc:tu:re.-directir.c;: agent,. ar tem~lata:, _ that has. been 
npl.o.)!ed. .tn the ma-:tuf"ac:ture- at the mol.acul.ar sieve ba 

remo.vad,. tISttal:.I.y by aal.c:inati.on. 
Numer~s matarialS are. known to a.c:t as ~o-lacuiar 

· sie.ves,. amctrgt 111':l!ic:k 2:eat1'.itas farm a-: wel.I.-known: cia:ss.. 
· Exam11.?:es 01!· zealt~ allcf. ·either materials s\ti.tab:le: t:or usa 

in' tlta invent:ics:. ·w±l.I. ba t;i.~Ellt heiC1v .. 
Wheft mo!.ac:al.ar S.ie.vas are used as · sarbents: or 

c4a-t.ysts. thait are often in c;ranular Corm.. such c;ranu1es 

ma.y be compos·ed antir'A'ly a:f the molecular sieva or be a 
compo6ite'o£ a binder or support and the molecular 
sieve,with the latter distributed th::ouqhout the entire 
volume o~ the qranul&. In any event, the qra.nule usu.!t.lly 
cont:ains a non-molecular sir=va pore struc1;ure which 
improves I!UlSS transfer through the granule. 

The support may be continuous, e.g., in the form of a 
plate, or it may be discontinuous, e.g., in ~~a form of 
granules. ~he molecular sieve crystals may be of such a 
size that, althouqh the p~rcs of the sup~o~t ~re occapied 
by the crystals, the pores remain open. Altarnatively,the 
molecular sieve may occupy the pores to an extant that the 
poras are eefactivaly closed1 in this case, when the 
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support is coneinuous a molecular sieve membrane may 

result:• 
Thus, dependinq on the arran9amant chosen and the 

nature and size o! the m4terial to be contacted by tha 
molecular sieve, ~atarial may pass through the bulk of the 
molecular siava material-entirely through the poraa of the 
molecular sieve m~terial, or entirely throuqh interstices 
batween individual particles of the molecular siava 
material, or partly through the pore.a and partly through 
the interstices. 

Molecular siave layers having the permeation path 
entLrely throuqh the the molecular sieve crystals have oeeo 
proposed for a variety at size an<f shape: seleativa 
saparations. Membranes. c:ontaininq molacttl'lr sieve: ccystals 
have also been proposecf as cataiysts havinCJ tha advantaqa 
that they may perform catalysi& an~ separa~ion 
simultaneously if desir.ad. 

In EP-A-13506~, there is disclosed a composite 
membrane comprising a porous support~ which may be a metal, 
a.g., sintered stainless·stael~ att inorqan~c macerial, or a: 
poiymer, one surface of ~hieh .is combined with an Ultra 
tnin (l~ss than 25 nm) film of ~ zaolite. rn the 
correspondinq u-.s· •. Pate·nt No. 4, S99-, &9Z, ·it is: 
specifi-cally stated that the zeoiite is non-qranular. In 
EP-A-180200, a composite membrane is disclosed, employing a 
zeoli~e that has been subjeatad to microfiltration to 
remove all particles of 7.5 nm and above. '!'he :nembrane is 
made by impreqnation of a porous support by ~he 

ultratilterad zeolita solution, resulting in a distribution 
of the zeolite crystals with.in the pore structure. 

In EP-A-481660, which contains an extensive discussion 
of earlier references to membranes, there is disclosed a 
zaolite meml:lrcne on a porous support, in which the zeolite 
crystals are stated to fot-m an essentially continuous layer 
over and be directly bonded to the support. The membrane 
is formed by immersin9 the support in a synthesis qel, 
multiple i~mereions being employed to ensure that any 
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pinholes are occluded oy tha zaolita crystals ceinq !orme¢ 
~iehin the pores. 

zeolitas with a small pa~eLcla size and narrow size 
distribution are disclosed tor use in composite 
poly-dirnathylsiloxana membranes in J, Me~. sci. 73 (1992) 
pil9 to iaa, by Menq-Donq Jia ,It Al_; however, the crystal 
size, thouqh unifonr, is within tha ranqe of 200 to 500 nm. 
aein & .Al., in Ze.oliteer, Fae.ts., Fi.qure$, Pu..ture, Else.vier, 
t~ag., pp aa7 to 896, c:tiaclose the manafac.ture: of zaolite Y 
crystals af a size of about as:o nnt and embeddint; thanr in a 
ql~ssy silica matrix~ E.ven smaller sizes such as 2 to 10 
nm are envisaged in wo ~Z/1~~74. 

In reolitesr ig~a, voi. i4~ p i25, ~sikoyicnnis and­
aaaq describe. the formation of mell'tbranes fra11t zeolita 
synthesia qals cm both. pcrous and- non-porous supports;when 
the support is non-porous, e .. c;: •. , pol.y-tetr~fluorethylene or 
silver, the membrane is separabJ.& from the support. When 

the support is. poroua, e.q., a Vycor (~ trademark) porous 
glass disk~ the membrane i$ stronqly bonded to the surtace, 
zeo1ita cryst~lli~ation within the pores beintz prevented by 

presoakinq. tha.disk i~ water. 
Numerous other tec~iques. for forminq··membranes hav~ 

been proposed. , 
In EP-A-397216, methods of makincr·crack- and pinhole­

free alumina films of a thickness within the· ranqe of from 
o. OJ. tq 2 ~tm on a porous. support layer are de.scribGd, the 
me.~hods including brush, spray, dip: spin~oating, 

· alectro~horetic and thermophoretic techniques. The 
membranes may be pretreated. 

Despite the proposals in these literature and patent 
references, there still ramains a need for a supported 
inorganic molecular siev~ layer hAvinq a controllable 
thickness th~t may, if desired, be of a ehickness of the 
order of only a few microns. There accordingly ~lso 
remaina a need for a process of manufacturinq such a layer 
whereDY· the uniformity ot the layer thickness may be 
controll«d, even when tha layer is thin. 
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such a layer and a process for its m:nufacture m4ka 
possible the production of a numbe:- o~ useful products., 
includinq membranes, which because o~ their uniformity and 
thinness .. will have pred.ic~able propertias, and will permit 

a hiqh !lux. 
rt ha$ no~ been found that such a supporttret layer i~ 

obtainable usinq as startin~ macariai a arystaLLina 
m:olecuiar· sieve- o.f ve:x:y smal.I. particle si.ze:,. pre~erab.ty· of 
a size that: a ei=ue· col.I.cidat. clisperstoJT. of e"te: partial.es 

may he obta:inect; and p.r&f'arabl.y aiso of a. narrow partic:te 
aise distribution~ 

!n a: first aspect: a.f. tne in~enti.a~,. there: is provided 

~- Ia:;ter comprisinCJ.·a supported !.rtar:c;ialiic I.ayer comprising 
conti.quous pal:.t:.taies af a. ceya~I.ine -~oteCU"lar sie.ve:,. tha 

particl:es havinq- a mean partic:Ie size within the ranqe of 
from :zo nnr to l. µm •. 

Advantaqeously, in t?ta- firat ~spect o~ the invention, 
the ~ean particle size is withLn i::he ranqe of from za to 

soo nm, preferably it is ~ithin the ranqe: ·o.!." :franr ZO: t~ 3 oo 
. . . 

nm ctnci most. preferab!.y w-itltin. tbe. range: o.f era~ za ·to zoo-
. . 

nm:.:: ·. · Al:.taraatt.veI.y,. the m~ pitrtia.l:e size. is: · 

advari~qaously aucn· that at ~east 5~ of the unit cells of 
the crystal_ are ·at tlte· c:r;stal. su-r~ce.:. 

rn a second aspect of the invention~ thera is provided 
a supported inorqani~ layer comprisinq particle~ o~ a 
crystalline molecuiar sieve~ th& particies havinq a mean 

particle site within th& ranqe o! from 20 to 200 nm. 
!n b°oth the first and: second aspects of the ir.vention, 

tha layer comprises molecular sieve particles optionally 
coated with skin ot a ditterent material; these are 
idantifiable as individual particlas (althouqh they may be 
interqrown as indicated below) by electron microscopy. The 
layer, at least attar ac~ivation, is mechanically cohesiva 
and riqid. Within the interstices between eha particles in 
this riqid layer; there may exist ~ plethora of non­
ttolecul~r sieve pores, which maybe open, or partially open, 
to perDit passaqe ot material through or within the layer, 
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or may be ccmpl~taly sealed, permittinq passage thrcuqn the 
iayer onLy ~hrauqh the pores in tha particles. 

Ad.vantaqacusl.y, the particle siza distribution is such 

that ~5% of tha particles hava a size within ±33~ of the 

mean, pret!erably 95% are within ±l5% of th• mean, 

pref'eraal.y +1.at cf the mean anct most preferably ~5% ara 
'llithin- +i •. 5% a~ the mean .. 

It will be un<:tei:staac! ttta.t the partid:.e siz.a. a:f the. 

malecuI.ar- si&ve ma.taria-t. foJ:m't~ th•· :tayer ma.y- var.y 

continuously ·or. s.tev.iitse with. crl.s.tanca: fronr the ~uppart. rn · -

su.ah; & c:asa, th• requ.irement:. for un-irarnti..t:.Y .. ie; mat if the­

par.:iaie a-tza. cfis:trlcW:ian; is within: th:• daftna~ 1.ilnit at­

one_ c;i.ven clis.tanc:~· fiiom:-. th.a. suppc~,. .aithOWJlX 

ad.Vantagaatis.I.F· tlta pL-tfcI.e sia·:c:tts:trfhutton will. b& 

w-ith'.in. the: cfej!f.nec! I.imit at each! <;£.van- distance fronr the 

suppcn± .. 
. . .. 

The. usa o.f molecuI.ar sieve crystals. of smal.1. particle 

size at.Tel preferably. of homoqeneous size- distr~ution 

. f'aci!.ita.tes. ·tlte:·llJlm .. fiiCtuJ:& ot a three.-dimens:iomtl. 

~w:e-w~ich: may if d'esir:ad be ttti:n· but Which is S-till 

ae. c:on.t:ro:llect thickness .. 
l:n t!re Efrat. ~act.' of the inven-t;i.an:., th& particI.es 

are: C'On1:i9UOUS,. i .. e.,. substantially: ever:y psz::ticle . . . . . 

incI.uciinq- any skin that may_ be present is in contact with 

one: or more ~f. ita nei9bbouJ:a ~· evidenced oy &lectron 
microscopy preferably hiqh reaalution microscopy, although 

not.necessarily in contact with all its closest neiqhbours. 
S\!c:h c:onta-ct may ba s1Jch in some embodiments. that 

neiqhbourinq crystal particles are interqrown, provided 
they retain their identity as individu~l crystalline 

particles. Advantageously, the ~esultinq_thrae dimensional 

s~ructure is qrain-suppcrted, rather than m~trix-supported, 

in the embodiments where the layer does not consist 

essentially of the crystalline molecular sieve particles. 

In a preferred embodiment, the particles in the layer are 
closely packed. 
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rn the second aspect at eha invention, the particle& 
may be contiguous, but need not be. 

A layer in accordance ~i~h either the first or the 
second. aspect of tha invention may be constructed to 
can~ain passaqewaya, between the. particles, that provida·a 
nan-molecuiar sieva po:a sti:uctu~& thro~qh or into. the 
layer... sucl'l l!t layer nta.y consist essential.ly. o.f. th:e 

pai:tic:les ar ma.y contain another compcnant,. which_ may be. 
locs&ly tented: ct- matrix whiatt,. wnil.e sw:mund±.nc;: th• 

particles:, d.oea net sa campI.e.taLy or c.losa.ly do: so that all.. 
pathwa.ya. round the partic:Iea; are alas-ad.. Alterna.tively, 
the layer: ~a:.y ba const.."'"UC.te.ct so tha.t a matrix present: 

· c:ontp!ata-Ly c:lo!!"~s au.cit p&th.ways,. with: the ra~Ul.t thctt:. tlie 
anl.y: path, throu~ or tnta tne I.&yer is. tarouqh- the 
pa:tic:tes the~sel..vas. 

rt will ba un:erstaod th"at references herein to the . . 
support of a. la.yer include: both continuous. and 
discontinuous supports. 

. . 
Refera-nce.s- to partiC'le ai:e 2trB: throuqhaut. thi~ 

spac:ificatian to. the: iam.test . dimension of! the pa:i:tic:la- and! 
p-ctrtiC'.-le: sizes;. ara as. m~asurect J>.y · t:.tirac.t imatg:in(# with 

. . 
e-I.ec:t:r:arr nricrosccpy. Pai:tic:!• size- ~istrihuticm may- be. -

detenrinec.t by inspection: of scannin~ or transmiss-ion 
electron microqraph imaqes preferahty·on lattice imaqes, 
and analysinq an appropriately size~ population of 
particles for particle size. 

As molec~lar ~ieve, tner• may be mentioned a silicate, 
meta_llosilicates, an aluminosilicate, an alumino~hosphate, 
a siliccalurninophosphate, a metallo~luminophoaphate, a 
metalloaluminophosphosilicate or a 9allosilicata. 

·The preferred molecular siev~ will depend on the 
chosen application, for exalllple, separation, oatalytic 
applications, and combined reaction separation. There are 
many known ways to tailor the properties of the molecular 
sieves, for example, structure type, chemical composition, 
ion-eY.chan9e, and activation procedures. 



~··· 
..... ·.:--~· ...... 

ii ii hf 
- 7 -

Representative examples ara mo~ecul~r sievas/zeolites 
of th& structure types APr, AEL, BEA, CHA, EUO, TAU, FEa, 
~rr, L~A1 LTL, MAZ, MOR, MFr, MEL, MTW, OFP and TON. 

Soma of the above ma~arials while not beinq.true 
zao~itaa ara frequently referred to in the literatur& as. 
such, and this te.%3' witt b& used broadly in the 
s;:~ecif!ic:ation bel.ow. 

A supparte<l .la:yer accoJ:tfinc; to the invention· may· b• 

manu~c.tured in a. ·number of cll.:ffarent wa.ys.. In one 
e:mb.c<timent. the- invention. prcnides a: process. of making;; a 
I.ayer by deposition cm a au~por:e f':am: ~ coJ:Ioidal. Z'eolite 

suspension: ahtainitbta by pJ:ep~~ .an: aqueous synthesis. -

mixture. comprising-· ·C!> ac~ '•aE' edr.b amt. ait. c:qanic::: 
st:ucture: · ctirac.tinq: ~<1~ · i; it. ~o~ion: · su:ffieiant to 

eff"ect sub&tcrnt:ialI.:t comp!.ate <lisso.l.ution: of the· silica. 

source in tne Mixtura at the bailing: temperature or the 
mix.tura, and crys;tl!llli%i!ttit.lre ~rom the synth.esiS r:i.ixtu:::e. .. 

The synthesis: :ttixtura- will. .con.tad.rt,. in addition,. a s:o1:trc:e. 
ci~ ·the a.th.er component: or c:omponants,_ i.f any·1 in th:e · · 

2:eal.ite .. · 

·'?he paJ:tic1.e si~e af. tha Cl:!S°ta'ls fol:lr~<f. may ha 

cont:alled by- th~ ceystaIJ:fn.tion. temper:at:ura, or any other 
.. ·. . . 

prc:icess capa~Ie of givinc;- c:z:yatals of hiqhly uniform 
pai:ti.cle s.iza,. in a size such that a stabl:.e coll.oidal. 
suspension may be obtained~ A stable co1loiaal suspension . . 
is one in which no visible separation occurs on standinq 
far a prolonqed.perio~, e.g., one montn. Details of a 
procedure for preparinq the cplloidal. suspension mentioned 
above are qiven in our c:o-pendinq Application No. 
PCT/EP92/02386, tha entire disclosure of which is 
incorporated by reference herein. 

The invention also provides a supportad layer made by 

the above process. 
In accordance with praterred procaasea accordinq to 

the invention; the silica is aclvantaqaously introduced into 
the synthesis mixture as silicic acid. povdar. 
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The arqanic structure diractin~ aqant is 
advantaqeouaiy introduced into the synthesis mixture in the 
fornt a~ a base, specirically in the form o~ ~ hydroxide, 
but a salt, e.q, a halide. especially ~ bromide, may be 
employed.. 

T?ta structure. direc:tinq aqent may be, for example, the 

hydroxide or sa.l.t af tetramethylammonium ('EMA) ,_ 

tatr:aath.y'lammoniu'Rt' (TEA),. trie.thyl.ll'te.thytanmrorriunr (TEMA), 
' 

teti:api:opyl.ammani.u1lt {'?!?A),. tatl:abutyla:mmon-ium- ('r:EJA) ·, 

te.trabtl.tylphasphonius ('I!l!P}, t~imatttyiben~yiammani\11\t(TMBA), 

trLiieth.ytc:e.tylammaniunr ( TY.cA} ,. trimathylnaopentyl.ammoniUl'lt. 

(TMN'A) , triphen¥lllenZ-¥lphosphoniunr ('?PBPJ ~ bis.pyrr:o:!.ictini'-:m 

(SP)·, &thylpyric!inf~ CE"Pl, diattty!ptperldittiunr (DEPP) or a 

suJ:rstit:utad az-aniab±cyctooc.taner,.- e .. q-.. meth:y?. ar ethyl 

substituted qu.inuc-l±di:ra- or!.,. .¢-cli.a:Onicmi.cycia-( 2, 2,. 2} 

octane: .. 
Preferred structura ~trec.tinq aqents ara the 

hicaroxides a~ TMA.,· TEA, 'l:PA and TBA .. 

FU:rther· processes: fer tha manu:fc:tc:ture: of layers: 
afcording ~o tha inve~tionr incI.ud±nq spacif~c methods of 
dep~si.t;n<; th:a mol.eattlar: s.te.ve- on the support an~ post­

treatment of the rasultin~·l•yer, .wilt be given below. 
'?ha thickness of'. t:he mal.acul.ar sieve. layer is. 

advantac;aously- within the ranqe oe a. t to. aa µm,. preferably 

0. t to .. 15 i111t, more preferably front 0 .. 1 to z ~un. 
Advantaqeousl.y ,. the thickness o~ the layer and· the particle 
siz~ ot the moleaular sieva are such that the layer 
thickness is at least twice the particle size, resultinq in 
a lll.ye·r several particl11s thick rather than a monolayar of 
particles. 

Advantageously, the layer is substantially frae of 
pinholes, i.e., subs~antially frae from apertures of 
qreatest dimension qreater th~n 0.1 µm. Advantaqeously,at 
most o.1t and preferacly at most 0.0001% ot tha surtace 
area ia cecupied by such apertures. 

Depending on th• intended end use ot the layer, a 
qraater or smaller proportion Of the area Of the layer may 
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be occupied by macropores, apertures h~vinq: a qreatast 
dimension less than o. l ~Lm bu.t qraater than 
1 nm. Tbesa macraporea may be formed by tha interaticas 
]:latween the ceyst.al&r of the. mol.ac:u.1.ar sieve, if the- la.yar 

consists essentially· ot thamoiecu.1.ar ~ieva-., and al.sewhara. 
it ttta layer camp.rises the nralecul.ar s.ieva and oth:e~ 
components... su~ Layers. m&y be: used,. inta;: a-Iia, ~or 

ultrafiltrlltiort,. cata:l.yttc: c::an'tle::sian:,. anct sep-ara.ti;ons 

basecf an di~fereitcas. in mol.aauiar mass (Knud'sencf~aion:), 
anct indeeef ~or anir processes in. whi.c:h a hiqh: surface area 
i& important .. 

. Tha· layer ad.vantaqecntS~~ hits a I.a.rqe. p?:O;portion of its: 
. ..· ,.. 

area-· occupiecf. hy ~st&-tl±.na-ho.~·~sld(nriC:apares,..i. .. e .. , pores. 

af' a. s:ii&. b&tween. O· .. Z and I. l'tl'Lt",,.('~emfin~ arr tna particular 

nrc-.tecu.tar .sie.~e bein<}: emgl.oyact..: Paras af size within the 

l"lticropore ram;e result:, for e}fampia,. whan the layer 
contairts a ccmponent in acfdition:. ta ana. de-rived. :from­
col!Dic!al .mo-1eetrl.a2!" sie.v& pal:tides.. In a:na.thar embodiment 
espeaittily ~tti.tat:I.e- for tdtrafti~tion.,_ the I~ar ca~ins 
nanopo:ces., i. .. e .. f pore• cf" et si~a:_babi~e~ :t.· ~c:t :t:a- n~ .. · .. · :~· -· 

'l!he. layer ~uppar.t: may ae 9±..ther. no~paraus· or,. · 

·praferab1y,. porous~: and m~y be continuous or pa.rtic?.tlate. 
As examples of~on-porcus supports theramzs:y be mentioned 
qlasS-~ fused: quartz-", and silica,. silicon, dense ceramic, 
:for example,. elay, and metals.. As.. axamplas o:f porous 
supports,.there may be mentioned porous qlass, sintered 
porous ·ma~als,. e.c:;t. ~ steel or nickel {which have pore sizes 
typically within the ranqe ot .0.2 ~o 15 µm), and, 
especially, an inorganic oxide, e.q., alpha-alumina, 
titania, an alumina/ziroonia mixture, or Cordierite. 

At the surface in contact with the layer, the support 
may have pores of dimensions up to so times tha layer 
thickness, but prafer4bly the pora dimensions are 
cornparahle to the layer thickness. 

Advantaqeously, the support ia porous alpha-alumina. 
Typically this has a surface pore size ~-i thin the ranqa ot 
ft"Olft o. OS to 10 ~nn, prGfarably from o. oe to t n'"' m,.. .... 
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p:raferably from a .. oa to o. I.6. 1-iln, and ad•-1ant:aqeously wit:h ~ 
na:row pore si~e- distrib•ltion. The suppo:t r.tay ae 
mul~ilayared; for axampla, to i~prove the mass transfer 
cl1aract:eristics of the layer, only the sur:eace C'eqion of 
the support.in cantace ~ith tha layer may have smali 
diameter pares, whila the bulk of the support, tawar.:tehe 
surtac:a remo:te froll't tha layer, r.iay have< larqe diameter 
pores. An example or s,ucn a: mUl..tilayer support 1& _arr. 
alpha-~iumina disk havinq paras a~ about L µ~ diameter 
coated. with: ~ l~~er af alpha-~!unrina with gore size about 
Q. OS µm; ... 

The invention als~ provides ~ st:ru.ctW:9 in. which th&" 
su.ppo:rt:t aspeci~tI.r a co.n.tinu.~us porous s.u.ppart,. has a 

· mol.acu.l~ s~eve ·layer Cll't each; ·.~ aE t~ suppart, the 

layers. on the t.9..ta sides bein(} t:he: sa:te er d.ifferent .. 

'!he layer. may,... and: eor many uses adt.tantaqeou.s:ly does.,· 
conaist essentially ~f the maiac:U.Iar siave material, or it 

may be a composite: a! the: :m:aI.ecula.r s.iave- material and 
intercalatinc; material wh:ich. is: a-Iso inarganl.c:.. Tha 

· ~terc:a:I.atir.iq: :rci.terial r.taY l'le ~ha ma.te:r1a.t. o.f th.& support .. 
:tf th:& I.ayer is. a.:·c:ompcsite t.e may,. as: indicated abo.~e-, 
cont:am :macr:cip~es and'/:nriarc.po:reer,. bounde:d hy molemtlar 
sieve ~portions,. b.y. p~on~ af intercala.t.i:nq r.iataria:l, or 
by bo.th molecutar erteva anct interc~latinq material. The 
material. m~y be applied to the support simu1taneously with 
or after deposition of the molecular sieve, and may be 
applie~,for exampl•, by ~ soi-gel process followed by 

therm~l curinq. sUitable ~at~rials include, for example, 
inorqanie oxides, e.g., silica, alumina, and titania. 

The intercalating material is ~dvantaqeously present 
in sufficiently low a proportion of the to~al maeerial of 
t~e layer th4t the molecular sieve particles remain 
contiquous. 

Tha invention furthar provides additional pre:erred 
processes for manufacturing a layer. 

The present invention accordinqly also provides a 
process for the manufacture ot a layer comprising a 
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crystalline ~olacular siave on a porous suppcrt, which 
comprisaa pre-treatinq the porous suppare to form at ~ 
surface thereof a barrier l~yer, and applyin~ to the 
suppcrrt a ~eaction mixture comprisinq a caiioidal 
suspension of molecular sieve crystais, havinC]" a mean-
ps-rt::.tc:la s-iza of at: mast LOO n.nr sncl advantaqeaus:Ly. ~ . . 
parti.cle. aiz:e distribu.tion such that at Least· !iS:i-·:af th:~-~. 
particles hav• a SU& \.Fi.thin. i:ZS.~,. prefarabl.y -:.t:tO:io,. m~e.. 
p:referably within· ±T. st,. o:f the mean.,. c:alI.o.i<ia.l sil.i:.c:a a:n<f 
o.ptionalI.y an orqanic stmc:t:ur.a. <firec.tinq aqa.11t, ta form «-

. . 
suppo~ed mclecuI.ar sieve ta.yer,. and if desired: or requiFea 
ac:tivatinc:r the resuttinq ~ayer-.. 

A..:tivatio~-- :a=a.ves ttte ·teiapiate and c:an be achieved by 
c:alcin~~ion , .. amrre- treatment,. ]1l:nnra treatnrerrt: or che.'llic:al 
extraction such. as. acid.· ex.trac:t:icn: ... 

The invention also pra~icfe~·a:.supportad layer formed 
by th& process .. 

The barrier 1.a.Y&r functiatts: to- prevent the- llf."atar in 
the aqtiaous. · reaction mix.tw:a.·· O:om: pre:fereneiall::i -en.teribq 
tha por~s: of tha· suppo~ to.. a~: ··;xt~nt su.c:h: that tte~ :si!.ica 
amt zeo?:.t..te partic:X.es: · f0rnt a ·thick · gaL ia:~rer on: t~ec 
suppo~t .. 

The barrier I.ayer may he temporary ~r permanent.. As a 
temporaey layer, triera may be mentioned an impregnatinq 
flui~ that 1~·capable of beinq retained in the pores durinq 
application of the reaction mixture, and readily removed 
after ~uch applic~tion and any subsequent treatment. 

As indicatad below, spi~ coatinq is an advantaqaous 
technique for applyinq the reaction mixture to the support 
accordinq to this and other aspecta of the invention. The 
impregnAting tluid should accordingly be one that will b9 
ret4ined in the pores during spinnin9 if that technique is 
used: accordinqly the rate of rotation,pore size, and 
physical prope=tLes of the !luid naad to ba taken into 
account in chooainq th• fluid. 

The fluid should also be compatible with the reaction 
mixture, tor example it the reaction mixture is polar, the 
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oarriar flui~ shoula also ca polar. As tha reaction 
:ni~ture is advanta.qe.ously an aqueous :eaction mixture, 
watar is· advanta~aously used as the oarriar layer. 

To improva penetration, ~he tluid barrie= may be 

applied at reduced pressure or elevated tampera~ura. rf 

spin-coatinq is used, tha support treated with. the barr.ier· 

fluiel. is ad.vantaqeousl.y spun- for et. time anci a:: a: rcr.ta tha.t 

will: re~ve. exc:es5. surface eiuict,, bu.t not :i=emav& f.I.~ict front 

the pores.. .2-rema.ture avztparatiarr af flu.id from- the. 

outermcst pores durinq treaCtant. may be: preventact by 

prov:idinq an_ atmosphere: satur~tad with the Liquid vapour .. 

As. a tempor~ey barrier layer sui.tahle,_ far e>eample:, · 
-for an. a:lpha.-aI.umina: suppart: there may be: espec:icr-11¥ 
mentioned·. water ·ar qr.yea!... its ~ pmanent: barrier suitable 
for an atl.pba.-al.um:ina support there may- ba ln'entioned:. 

titani~, qamma-~lumina or an. ~lph~-aiuminacoating: o~ 
smaller pore aiz&. 

The coil~idal. suspens:io.n of molecu.Iar sieve crystals 
.is actvanta9eousl.y. prepared by :tha process: indicatect abov~, 

i .. ~<t:-t that de:scrtbad in ~CT' App~ic:at~on !!P-/9'2.}023'.a&.. The. 

-c::ol.laidal. S"ilica maoy _be: praparec! hy- m~th.ods kl:ro.wn. in the­
art;-- see far exampl.e Brinker· imd_ Scherer,. . Sal-Get. Science-, 
Academic: Press,._ 1:99a'.. A preterrecf method is by the acid 

hydro-lysis of tetraethy·l Orthosi.licate. The o?:ganic: 
structur& diractin9 aqant, if used, ia advantaqeously ona 
of those- mentioned above .. 

. As' indicaeed above, the reaction mixture is 
advantaqeously applied to the.support by spin-coating, the 

viscosity of t.11.e mixture and the spin ra·i:e controllinq 
coatinq thickness-. The mixture is advClntaqeously first 
contacted with the stationary support, then after a short 
contact time the support is. spun at tha desired rate. 
After apinninq, the siliea is advantaqeoualy aqed by 

retaininq tha supported layer in a hi9h humidity 
environment, and subsequently dried, advantageously first 
at room temperature and then in an oven. 
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!n a further embc«iment a' th~ invention, there. is 
provided a process for the man~fact:ure af a layer 

.comprising a c:z:ystallin& moiacular sieva on a porous 
support Which comprises applyinq to t:he support by aip­
coating a colloiaai suspension oe molacular siava crystals, · 
havinq a mean particle siza of at most LOO n~ and 
advantaqeousl.y- a partic.la. siza distributi.on:.s.uch tha.t: ~t 
lezts.1;:. 95.\: ae ttre partic:.Les nave a s.tz:& vi.tl'tin. ±:t5%, .. 

pr~rabl.y· ±:t.a~,. mare preCeracLy ±7 .. ~4:., af the mean, dryinc;t 

th& rasultin~ qel cm. the: support and: if cfes:irecf ar req,liired: 
' I 

activatin~ tha resul.tfm; :tayer":'. 
'rhe invent.ion. also: praviCfes: a layer mada: by- the. 

process.. · . .~, , {. . · 

. !tt. this Ell1rbaclili:en.t. af ttre .. :htVention,. ·th:e: '"ptf O!' :he: . , 

s.uspension is an important fac:tci.r.. !!or axamp-!a, at a pH 

above !Z~ coLLQida!. siiicalit~ c:rys~als tend to dissaLv& in 

tl'te. mettiulll'. · Aahes~on of tl:te layer t:o the sup po.rt improves 

as. pH is. reduced, · with. aac:eptahl.e: adhesion beinc; obtained: 

l:Jetween; pa 7 =net I.:t.,. g:oo<t adhui<lit between pH:. 4 .. 9· an:~·· 7',. 

and v~ <;~c<i adhesion: he!ciWi·~--~-¢~a,. ctlth:ouqh acnl!~~~iti<m. ... 
of'. part±c:I.es tta.y ~~·at to:o: tQwo .~ pff .. · ·~:~:,·''ti:.~;-· · 

Mlteaiorr a"/! the I~yer ta its $Upper~ may be enhanced 

b~ the= inclusion. in t:l:te suspensiol1! ae: an orqanic: binder or 
surt'actant, th• presence o~ an appropriata proportion of 
which may alsa·reduce tne incidenca of cracks in the final 
layerr Am~ng binders ther& may be mentioned polyvinyl 
alcoho.l (..PVA), advantageou.sly with a molecular weight of . . . 

fr6m .1000 to iooooo, preferably from a.ooo. to lOOOO, and 
most preferably in the reqion of 3000, and hydroxyalkyl 
cellulose, especially hydroxypropyl cellulose (HPC), 
advantageously with a molecular weiqht of from 50000 to 
150000, and preferably in the region ot 100000. 

An apprt>priate proportion of crystals 1.n the 

suspension may readily ba detarminad by routine experiment; 
if tha proportion is too low a continuous layer will not be 
r~liably tort\\ed while if it is too high the layer will tand 
to contain cracks attar a.etivation. P"ar:silicalita, 
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advaneaqaous lower and upper timies are o.5% (preearably 
o.75%) and l.5% :espectiv~Ly. 

The time spent by the support imn~rsed in tha 
suspension also affect~ tha ~hickness of ~he layer and. its 

quality. Advantaqeausly the dip-time is at most lS seconds 

wit:h a solution containinq :t.1% by weigh~ silicalite 
cryst~ls; an i.."'llltters:ion of" tror:r !. ta :to seconds: qi.ves a 
crack-~ree. la.yez: a~ tltic:Jaress a. 7 ta l ~tnt .. 

rn our ca-pendinq ~pp~ic&tion N"a~ PCT/EPg2;azz30, ehe 

entire ctisc:losura af w~iclt. is: inc:orparat~cf by reference: . 
herein,. there is disc:to:s-ed the.' fol:m'atian of. an: aqueous; 
synthesis.. mixture- ccnaprisinq; ~-source oe part:iettlate Ellica­

in· which. the: pa:rtic:.tas_ acl.vantaqaousl.y h:.ae ~·a:;)aeaii: &mater 
ar at mast :t iurr,. s~ecf~: a-e an: &r· :P:ealite: tra:Vl~<; ·a mean 

partic:!e siz:e- o e at rrrast: I.aci= me in: the eornr a~ a: eo-1..l.aid;al. 

suspanaion, ~n crqania s~~a directing: agent, and a 
sourc:e of fluorine or. of ~n ct!.kal.i. aecal,tha Synthesis 
mixture: hav:tnq an alk~l.1rr±ty-,.~ exprassad as. a :nol.etl:" rittf<;),::a·f.. 

• --"i,.-.i:( -~~.... • . ~ : .... • . ·. -~-. ::~~~~ . 
oa-::Si02. of at most a. i... qr:y~~!Iiza;i:.ort of this s.ynt~e. ... · 
. • - . - :- ~s-':'·::".,;.:..- ·.i- :,· '- -.. • _'. - - ·.::~ •. ((_ 

· mix.tur:a. pl'!oduces. very- unifom~~'.:·sma-LI:,.\zecl.ite C?:ystar:J::s:;:~> ·'.".::.;' . .-."t.· •. 

·The propartian of sead:,. b~s~cf c;.:,.-_~·th~ ~~iqh.t of" tha··~.txtuide/< .. ·:.::--
is qi~err as f:ro-m o: .. as: to ·i'T-aG-.wP.Pm-... The syntheais: mixture 

wil.1. acfditio~alI.y' c:antair.i a s:aurc:a of" any other zeolite 
component • 

. In a further embodiment of the prasant invention, a 
seedinq t·eehnique may be used. In this: er.tbodiment, the. 

i~vention provides a_process to~ the manufacture of a layer 
compri•inq a crystalline molecular aieve on a porous 
support, which comprises applying to or forminq on the 
support a layer comprising amorphous silica containinq 
seeds of a zeolite having a mean pa.r\:.icla size of at most 
100 nm, and advantageously having a particle size 
distribution such that at least 9St of the particle have a 
size within ±15%, preferably ±lO,, preferably within :1.st, 
of the mean, subjectinq the laye~ to hydrother.r.al 
crystallization, and if desired or required ac~ivAting the 
crystallized layer. 
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Again, other components useful in :arminq the %eolite 
layer may be present. such componencs may include, for 
aKa~pla, an or~anic structura directinq aqent, which may ba 
in salt fol:ln. 

Tha invention also providea a supported layer made by 
the process. 

The la.yar is. aclvantaqaouEFly applied. to or formad on 
the sutspcn:t. by <lipc:oa.tin~ ar- spincaatinq,. advanta:qeous1y 
s.ubstantial.ly as. Cl:eacribecf '"10.ve. 

rf <fipcoat::inq is. 1.is-ed, the supp-ort isr advantaqeousl..y 
dipped into. ~ aol.u.tia:t c:ont:ainin~ the· a:morphous s.tl.ica in 
coI.!oida.L f ornt~ advantaqecusI.y wt.th a. p~r:tl.c::I.e- size- at:: most 

. -o .. :t µ.m; the. sol.u.tian. may if'· cfestract contain ether 
components useful in fornd.nq. trre. ·emal:. z:eali.te layer. rf 
spincoatinq. is useC:t, t.lta silica. may be oE larga-r particta 
s:ize-.but is ad.vantaqeausly a~I:alda-t.. 

The layer thickness ~t this staqa, after ttipeoating or 
spincaatinq, iet advantaqaously with.in. th& ranqe: of from a~ l. 
to. · Z(l; ~mt.. · . 

Hycfroth:ez:ma:l. crys.tall.i:atian. _to; forrtl th~ zeait.te l.ci.yar · 
is advantageously carr±ect au.t ·by·.·bunerstnc; the l.~er in a 
solu.tion. cfescr.tbect below,. ctn(f. heatin<;" f"o-r time. and at the: 
temperature necessai:y to- eft'ec.t ceys.tai1ization .. 

·The solut£on advant~qeousiy. contains either aii the 
components necessary to ·f crnt a zeolite or onl.y t.)tose 
components"· necessary but whieh are not already present in 
the layer· on the support. In· the latter case, crystals do 

·not form in the solution, which remains clear and maybe re­
us-ad. 

After crystallization, the supported layer may be 
t•rashed, dried, and activated in the normal way. 

By this embodiment of the invention, a 
dense,homoqeneous, and crack-free supported layer may 
beobt~ined. A 1 µm thick zeoli~a layer may reAdily 
beobtainad, with a qrain size of lOO to JOO nm. 

In A further embodiment o! the inventio~, molecular 
sieve cryst4ls Are synthesized j,.n ~ on the support. 
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Accardinq to t:his ernbodimant, the invention provides a 
process far th& manufac~ure of a layer comprisinq ~ 
crystalline molecular sieve on a porous support, which 
comprises preparinq a synthesis mixture comprisinq a source 
of silica and an orqanic structure directing aqent 
preferably in the for:n of a hydro~ida in a proportion 
suffieient to eftac~ sul::Jstantially complat& dissolution of 
the silica aource in the mixtura at tha bailing temperature 

-. of the mixture, immersing the supp.art in tlte: synthesis 
mixturar crystallirinc; ~eolite tram the synthesis ~ixture 
onta the support, and if desired or required activating the 
cryst4llized layer. 

Th& invention alsa provides a supparted layer made by 
the proce~s. .. 

~he synthesiE mixture wiii also contain a source of 
0th.er components.,. if any, in. the zeol.ite. 

Advantaqeouslyr to obtai...."'t cal1oidal ~aterial, 
crystallization is effected at ~ temperature less than 120° 
c. As indicated in PCT/EP92/0Z3a5~ tha lower the 
<:rLsta!lization temperature the small.er the. resuiting 
pa~..i.C'l.a size:· o.f the Cl:¥sta-ls. !!'or zaaiites. made in: the 
presence af an al.~'ttina aourca-, the pa:rtic:rle size may also· 
be varied by varyinq-: tlta: 1.tl.wri.na content. Th& a~!ect o 1! 
varyin~ the alumina content is, however,. not tha same for 
all zeolites: for example, for zeolite beta, the particle 
size varies inversel.y with alumina content \.i/hile f·or ttn 
MFI-structured zeolite th.g rel11tionship is direct. 

The substrate used in accordance with this aspect of 
·the invention may be ?lny ona 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 withln the ranq• 100 
nm ~o 1.5 µm may conveniently be used. care should be 
taken to avoid ~ndue weakeninq ot the support by, for 
example, controllinq prolonqed exposure to high 
temperatures and alkalinity. 
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Althouqh the various procassea of the invancion 
aescribed above yield a suppar~ad layer cf qood qu•iity, 
the resu.l.tinq layer may seill contain apertures of 9raatar 
size than desirad for the in~anded use a! tha product. For 
example, apertures greater than those throuqh the molecular 
sieve itself ere undesirable i~ the supp.orted la.yer is to 
be used fer certain types of separation process sinca thay 
resu~t in ~ eiux qreate: than des~rect. ~nd impaired 
separation. rf this is th& cue, the suppClrtecl layer may 
:ba subjectact to. ~ repetrlltion. procedu.ra.. r:n this procedure, 
the supported la~er may ~e subjected to on~ of the various 
reparation techn-iques known to thosa skilled in the art.. _ 

It is thm:efore in acccrdane6 w.ith= th:e- invention to_ 

manufacture ~ suppcrtect layer by first: carry±n<; out one of 
the. ia.yar-Eo:rming- praceases ~ccarcliru; ta. the invention and 

- de.scribed al:lcva and: followinq it: by reparation a:f ~"le layer 

by a method known ~.2A· 
PraEerably~ however, th& reparation is carried out by 

aqain subjectin~ the supported· layer to ~ manufacturing 
process of th& invention~ 

Tne invantioi:t ac:c:arcfinql.y aiso- provides a process for 
the manufac"CUre · o_f a supported.' la'"L&r in which one of the 
layer-forming processes . above- .fs c:utrr:iecf -ou.t twe: or more: 

timas, or in which ·one of the processes above carried out 
one or more timas is followed. by another of the processes 
above, carried o~t one or more times, or in which one of 
the processea above is carried out two or more times with 
an~th.er or others of the proc~asas above, carried out one 
or more times, intervening. ~he invention also provides a 
supported layer, especially a membrane, made by such a 
process. 

The layers accordin9 to the invention and produced in 
accordance with the processes of the invention may be 
treated .in man~ers known ~ ~ to adjust their properties, 
a.q., by steaming or ion exchange eo introduce different 
cations or anions, by ehemical modification,e.q., 
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d9positian of organic ccmpounds on tha crystals or into tha 
pores ofthe molecular siav&, or by introduction of a rnetal. 

The layers ~ay be usad in the !orm of a membr~ne, used 

herein to describe a ba~~iar having separation proparties, 
t:or se.parat:ion of ~J.uid (qaseous, liquid, or mixed) 

nti:>etures, for example, separation oe a feed fo.r it reaction 

from a feedstock mlxtura, or in catalytic ap~iicatic:ms, 

which. may· if qesired:. combin& cataiysed conversion: oe a 

reactant or reactants and separ~tion oC reaction products. 

S&parations which. ~ay be aarriad o~t usinq a membrane 
comprising a la!{ar in acco.rcianc:e. with thet inventi.on· 

incl.ude, for exampia~ separa~ian ae normai aikanes front co~ 
boil.in<; hydrocarbons,. for examp:le nar.ttal. alkanes from- iso -

al:icanes such a~ itt C'~ to c-5. nrtxtures and' n-Ct.a to C15 

aUcanes froJ?t kerosena;: separation Qf aromatic: compounds. 

front one ano:thar, especially separatiott ot: Cg aromat:ic 

isomers frolti each other, more- especially pa.ra-xyl..ene from a 
mixtura of xylene& and, optionalLy, ethylbenzen&, and 
separation of" aromatic:s of different c~rbon numbers-, for~ 

. . 
excimple·, m-ixtu;es of benzene,. to.-luene-,. and mixed. Cs 

aromatics.; separation: af aromatic:: co:mpo~nd's ttoR al.iphatia 
. . . . 
compoundsr especially a-r-~mat:ia molecules with from 6 to a 
carbon at011ts: front C5,: ta Cia· (naphtha ran(Je) aliphatic:s r 
separation of ol.efinic compo~nds ~rom saturated compounds,. 
especially light alkenes from alkane/alkene mixtures, ~ore 
especi~lly ethene from ethane and propene from propane; 

removinq hydrogen from hydr09en-containinq streams, 
especially· trom liqht rafinery and petrochem.ical qas 
streams, more especially from C4 and lighter components; 

and alcohols from aqueous streams. 

SepAration of heteroato~ic compounds from hydrocarbons 
such as alcohols and ·sulphur cont4ining materials such aa 

H2S and m~rcaptons. 
The supported layer o~ the inventior1 may be employed 

as a membrane in sueh aeparationa without the problem of 
beinq damaqed by contact with the ·materials to be 
separated. Furthermore, many ot chase separations ·are 
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carried out ~t elevated tamparaeurea, as hiqn as soa0 c,and 
it is an ad.vantaqe o:e t:he supported l~yar ot· ehe present 
Lnvention th~t Lt may ba used at such elevated 
tempera<t:ures. 

The present inveneion accordinqly also provides a 
process far tha aepar~tion of a tiuid mixture whicn 
comprtaea contactin;. the mixtura with one: eac:• af ~ layer 
aacarctinc;- ta the. invention in tha fol:llt of a membretne- under 
conditi:.ons aw:h:. that: at leas.tone component o.f the-mix.ture. 
has. a d.iffarent si:ead.~ &tat:e permeabili.ty th:rouqh the- layer 
fro~ that a~ anath.erc:cm~onent ~net recoverinq a component 
ar mixture: o.~ components. eron tha other faaa a:f the layer. 

some spec:i~ic: reac.t.icm systelD'S wher~ 4=ltesa membranes 
wou.I<.t h~ advari.~aus t!'or selective s:epara.tion: either in 
the reactor ar an reactor effiuent: inc:Lude: selective 
ramc.vaI. or a P<tra-Xy-lene: .rich': md.x.ture front the: reac:tor, 
reac:tar product, reactor feed' or other lac:ations itt a 
Xylenes iaomeri~ation pracass: seleet~ve separation of 
cn:omctics fractions. or spe=ifia ~rom4tics molec:uie rich· 
st:reams from; aata:Lytic: ref:oz:minc; or o.tner a.ramatics . . •. 

qene:r~on. pi:acesses such as I.±.qnt: 2tl.!Gane ancf tklkens. 
dehy~aeyc!f.z:ation ·prac:esse• fe.i; .. cl-C; _paraffins to 
aromatics :ercmt. pracesses such as cya.tari , methanol. to 
q~soiine· and cat~1ytia cracking: processes;. selective 
separation of benaene rich. ~ractions from refinery and . . 
chemical plant streams. and proc:essest selective separation 
of oie~ina or specific ole~in fractions from refinery ~nd 
chemicals·proceaainq units includinq catalytic and thermal 
crackinq, olefins isomerization processes, methanol to 
olafins proceasaa, napntha to olefins conversion processes, 
alkane dehydroqenation processes such as propane 
dahydroqenation to propylanet s&lective rernoV8l ot hydroqen 
from retinery and chemicals streams and pracessea such as 
catalytic reforming, ~lkar.e dehydrogenation, catalytic 
crackinq, thermal crac~in9, liqht alkane/alkene 
dehydrocyclization, ethylbenzene dehydroqenation, per~ffin 
~ehydroqen4tionr selective separation oe·molecular isomers 
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in processes such as butane 1.someri~ation, butylene 
isomeriaation, p~rat!in isomeriz-a.t:.ion, olaf in 

isomerization; selective separation of alcohol~ from 
aquecua stre~ms and/or other hydrocarbons; selective 

separation of products of bimolecular raactions where 

equiiibrium limits conversion to the desired products, e.g. 
MTBR production. from methanol and isobutylena, athy1nenzene 

from athyiene ~nd benrene, and cumene Erom propylene and 
benzene: seiectiva removai o~ Z,6 ciimet:hyl naphthalene from 

:mixtures of alkane substituted naphthalenes durinq 
alkylation and/a~.iscmerization. 

The invention fur-..Jter provides a proc:ess for 
catal.ysinq a chemric:ai reaet.t.on which comprises contactinq a 

feedstock ~ith a layer- aecorair.t; ta the i~ention which is 
in active ca1:alytic ~orm uncter ca:talytic: con:i+et:s:ion 

conditions and recoveri~q a composition comprising at least 
one conversion product. 

The invem:ion further provides 4: p·rocess for 

catalysinq- ·Z!t chemical reaction which compriseft contac.tinc;- a 
,. . ' 
f'ee~stock nth· one- face· o.f a l.a.yar accorctinq to. tha 

inven.tiort, th'at is in th:a form oe a me:irbrane and: in active 

cat~l.ytic:: form-,. ~der aatal.yti,c conversion conditions-, and 

racoverinq £~om an· apposite ~ac::e af the I~yer at least one 
' . . . aonvarsion product, advantaqaoualy ~n a concentration 

differing from its aqutlibrium concentration in the 

re-action mixtura. 
The following examples illustrate the in1rentian: 

Example 1 
This example illustrates manuf~cture of a layer by 

spin-coatinq with a temporary barrier layer. 

A porous alpha-alumina disk, diameter 25 mm, thickness 
3 mm, pore s!~e ao nm, is soaked in demin&ralized water for 
J days. ~he soaked disk is placed in the specimen chuck of 

a CONVAC Model MTS-4 Spinnsir, and hot ~vater is plac&d in 

the process eup to increasa the humidity ot the atmoaphera. 
The disk is spun at 4000 rpm for JO seconds. 
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The disk is than immedi4 tely covered with a slurry 
comprisinq 45% by weight ot Ludox ca tradamark) AS-~O 

colloidal silica and 75% by waiqht o~ an aquaous diapersion 
containinq 6.5t by weiqht colloidal silicalite 
(MF~)zealLta, ~ean particle si%e so nm. lO seconds after 
contltct Detwean the slurry and the disk, the disk is spun 
at 4000 ~pm for ln seconds. The disk and the resUl.tinq 
siliaa-%eaLite l4yer are kapt in a closed vessel at_ 
relia.tive. humidity. cloae to 1.QO-t" ~or l hours to. aqe- the 
silica, air driea at room temperature for 2 hours and 
subsequently in an oven a.t 1.2.0°C !or 2 hours .. 

Under an optical microscope, the resultinq, si.I.ica­
zealite lay~r appeared:. S111oath,. cn:ac:Jt-tree:,. a-ncf homoqeneous. 
scannin~ Electron Mic:rcscop.y . (smt~ ar across-section 
tnrouqh the supported. layer shews~ !~yer itbau.t l. µnr thick 

contain.L"ICJ unifo.nrly sizect z-eoI.ite particl.es - see: Fiq. l •. 

The homoqen&ity and eontinu.ity of the l.a.yer, coupled with 
its. thinnes~,. confirm that the resuI.tinq structure after 
caI.cininq ~ill form a I.ayar accordinq to th& invention •. . . . 

rn: a comparison a-xparbrant,.·irrsteact of soaking: tha 
disk,. it was:. cltleci a.t :tsa."'c:· in ~ir t:.ar I.Z hours,. ~ther 

proc:es:s s.teps r-e'll'fainintJ: the sm1e.. As cctn be seen fram the 

SEM c:roas. section shown in. P:iCJ.. ~,, the resulting :Layer is 
about 40 µ.nr thick. It is also cracked" arid not finely 
attached to the subatrate, makin~ it unsuitable for use as 
a layer. 

Examole· 2 

Thia example illustrates. manufacture of a layer by 

spin-co~tinq usin9 a permanent barrier layer. 
The support comprised an alpha-alumina base with a 

barrier layer of 9altl.~a-alUA.~ina, and was prepared as 
followa: 

A slurry waa prepared by ball millinq soo 9 Al2o3 in 
soo ml cUstilled water eontaininq I:. J ml hydrochloric acid 
tor 16 hours to ~iva alumina particles of mean diamet&r o.s 
µm. The slurry was de9asaad; poured into moulda and 
allowed to dry at ambient temperature for J days. Th• ca~t 
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pieees wera heated at s0c;min to iaoo°C,then fired at l2oo~c 
for 2 hours. ~h• firad places were tnen polished tront ~nd 
back to a thicknass of about l mm. A qamma-alumina coatinq 
was applied. by dippin9 thealpha-alumina piece once into a 
eolloiaal suspension of aoehmite, prepared by hydrolysis of 
alQmina sec-butoxide in 600 ml water and o.76 ml nitric 
aeid:. The Boehmita layer was ecnvereed to qamma-alumina by 
haatinq to. 4-QO°'C: ~t a rate o~ I0.°C/hcur and holdinq .fer 24-
hours. 'nta. c:aated: product prQVides a auppart .. 

A silia~ sol ~as prepared from tat:raethylortno­
silieate, wa.t:s?:, and. hydrochtoric:.- ac::icl and aged at so0 c for 
9'0 minutes. 

A suspensicn o~ siI.ic:aI.1.ta 1.,. mea~ par-..i.c:l.e: size 55 • 

nm-,. particle siza. ranqe 4a ta Ta nnt',. c:ontaininq: a .. 7t by 
-weiqh.t callaic:fal ~s.tals in aqu.eaus TPAOH,. pH to . 3., was. 
prepare.a ancf a caa.ttnq sl.urry ~al:l1fad by nr±xinq equal 
weiqh.t5 o~ th~ suspension and th:e aoi. The. resul.tinq 
slurry ~as spin-coatad onto tha support at 4000 rpm. 

The resultin~ structura was then heated to 600°C at ~ 
lreatinq rata of. zo.0 c:inaur. The final. l.ayar st::ucture: is 
anown edq• orr anct from the t:ap surt"ac:a in Y.iqures l- and 4. . . 

Th& edq.e: on vie'trf de~onstrataa that: tha !ayer tnic:kness. is . . 
ahou.t a. a ~ntt ancf the top vi.aw sttow.a the arqanization of the 
crystals in the layer, and that the crystals ~re 
incorporated into the layer witn little or no change in 
crystal size and shape. 

IJ'mple 3 
~his example illuatrataa.the use of a layer according 

to the invention in the separation ot a hydrocarbon 
mixture. 

The layer of Example 2 was usad to separate an 
equimolar mixture o! toluene, m-xylene, n-octane and iso­
octane. The mixture was applied to th• layer side of th• 
layar structure in a continuous tlow. A gAs swaep (Argon 
40-500 ml/min) was applied to the support aide of the layer 
structure, ~nd sampled by a gaa operating with a io• x 1/8" 
(about 3 m x J mm) stainles1 steel, GPS' SP1200/ 5% Benton• 
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34 on l.00/ll.O SUJ:relccport c:ol1.imn, '!'ha total pressura drop 

aerosa the la~ar waa tooo k~a. Analysis of the qc data 
~nows that the layG~ permeate had an enhanced aromatics 
content relative to feed content. Representative data at a 
temperatura oflS04C are shown in.Piqura s. The plot shows 
tha ralativa concentrations oe toluenet m-xylene, n-aatane 
and. iso--octa:te as a function ot e1apsect time. Th• la.rg:est 

separation: fac:tar is cmserved f'or tol.uene-/ iso:-oc:tane- with a 

val.ua of lO.. Th& totaI. ~I.ux. of hydrocarbon throuqh tha 
laye~ corresponds ta Loa kq/m2/~ay at tna start and aftar 
lo hours ta an a.veraqe a~ .i.a kq/mZ/day. 

IDmpIM f tg_ 76 

These ~xampl.as tll.uatl:ata mant.tf'aatura of' a layer by 

dip-aoatihq. 
rn each of the eoI.lcwing Examples,. a c:o.l.Ioidal. MFr 

~ealite c~stal. suspension havinc;t a me~n p~rticle siza of 
70 nm was e:mplc.yed,. toqather with. a 9amma-al.umina surfaced 

alP'ha-al..umina-. supparc as described in Exampl.e 2... After 
. . . 

·.ctippinq, tha supported: layer was. dried_ a.t 4-0°C: for l hours, 

at a relative humidity o.f 60i... Ea.eh layer waS. heated at I.a0
· 

C"/hour to 5'50°C:" nmintainect at ~at. tempera.tura f'or l hours. 

to affect calcirration:,. ~nd cooled. to: room-· temperature- a.t 20° 

C'/hour. 
Exetmples 4 to 2 

These examples wer~ conducted at a dip time of 5 
seconds, a concentration ot zeolit• o~ l.it, and 1.6 9/l ot 
hydroxypropy~ aellulose, varying tha pH by addinq amall 
amounts of a one ~olar HNo3 solution, tha aftact of pH on 
adhesion ~einq shown. 

~:Kami;l~ Ng rui Agll!ilii2D 
4 J.6 very good 

5 5.2 qood 
6 7.6 acceptable 
7 9.l acceptable 
B 10.6 accept•ble 
9 ll. 7 poor 
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Observation of adhesion aeandar::l waa subjective; the 

zaolita layer thickness varied between l.5 and 2 µm, as 

deterlltined by S.E,M. 
Examplaa 10 tg 14 

These examples ware conducted at a dip time of 5 

sec:onda, ~ ~eolita concentration c~ i.1t, a pH af 1~S, and 

witn ctit~erent bind:ers/surtactants. 

Example: Na. Add:itiva 

l.O PVA,." M' • 72000 

l.l.. PVA,. M _.. 3000 

12 fU?C, M .. 100000 

1.3 · PVA,. M • 3·000 

· HPC,. M • !0"0000 

14: Nena 

};cl _. adherence 

· Conty - continui.ty of layer 

cont - continuous 

Cone. 

<;/!.. 

Z<X 

zo 

l.6 

zo 
l.. 6 

Examples I' tg 2Q 

Observation 
Ad::-COnty 

vaey bad;.-

cradca 
acceptable; 

cont. 
var:y go<:Jd; 

cont. 

} qoad1 : cont. 

\ • 

In thesa examples, the eefact5 on the properties of 

the layer resultinq trom varyinq the zeolita concentration 

were studied; the dip time was 5 seconds, pH was l.S, 

additive HPC, 1.6 q/litre. 
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Example Na. Zeolite cone. Layer Observation 
q/l Thickness p.:m 

l5 O.l not 

continuous 
lei o.s not 

cantinuotis 
17 o.s i.. a continuous, 

few. cracks 
lS .1.1 2.5 cont:inu.oua, 

favcracks 
:L~ 1.6. s:.a c:ant:inuaus, 

cracks 
2<l z. !. 5.5 continuous, 

cr"acks. 

Sxamp!es 21 tq 25 
In thaae axampies, the: e~fact of the dippinq time was 

.s.tucfie<b pH was z .. o, adc!itiva was ffpc· at 1..6 q/litre, 
7;ecI.tta: CO!ttent 1 .. :t.t. 

21 
22 

23 

24 

25 

26 

OipginCJ tt1lre 
seconds 

l 

3 

0 

10 

20 

60 

Layer 
Thickness µm 

0.7 to 1.1 

l.5 to. 2 

2 

2 to 3 

3.5 

6.5 to 7 

obsa:vation 

no cracks 
no cracks 
no cracks 
no cracks 
cracks 
cracks 

The experiments show that dipcoatinq can give goad 
continuous layers ot low thickness; reparation to remove 
cracks ~ay be effected by oultiple applications. · 

sxample 27 
This and the followinq e~ample illustrate manufacture 

of a layer usin9 hydrothermal crystallization techniques. 
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In this a~ample, the aqeinq solution contained all tha 
z~olite-forr.iinq in9rediants. 

A synthesis mixture was prepared from the fallowing 
components, in parts by ~eiqht~ 

Colloidal ZSM-5 suspension, so nm mean 
particle si~e, 6.5% by waiqht ~SM-5 1a.19 

Tatrapropyla~monium l:lronrida {'l!~ABr) l. 55. 
cS.2s · 

Usinq tha barrier-forming and spin-ccatin~ procedure 
af" Exampl.e l. ct water-soake¢ ct!pha-~lumina ctisk with ao nm 
diameter pares is spinc:oatsct with part of the synthesis. _ 

mixture. Th& coated disk is transferred: to an autoclave 
and. c:overed with. th-_ ramaindar ~1! the synthesis ~ixture­
The 'aueoclave was; tran&~erred ta an·aven:, heated to isa~c 
aver tlla course of z hours~ maintained at that temperature 

for 120: hours.,. and cooled. to room tampa-rature .. 
Th& cooled C?atad disk ~as washed in flowinq ta~ Yater 

for 4 hours, wasne~ twice in demineralizad water anct ~hen 
twic:Et more ctt 8 0°C.. The disk was dried by heatinc; in an· 
oven: at t0.°C/hou:r to. r10°c,. m~n.tained. at:t.I.a°C" to.r 5 hours, 
and: alI.owed ta cool. ·a.t roam temp~ratture:.. Caic:::ininq was 
e~fec.t:act by heating atto.~c/hour ~o ss-o:~c:,. maintaining at 
that. temperature for 16 hours, and coolinq 4t 60°C per hour 

to room temperature. 
From optical and SEM observations - see Fig 6 - the 

resultant layer is about l µm thick and cr~ek-free, with a 
final qrain size of from 100 to 300 nm. 

?xample aa. 
In this example, the· aqeinq solution contained only 

those ingredients not already in the layer. 
A synthesis mixture was prepared from the following 

components, in parts by weiqht: 
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Colloidal silicalite l suspension, 20 to JO nrn 

particle size di&tri~utuion, 1.a t by 

weiqht solids, includinq ternplate present 
in the zeolite ao.oo 

Ludox AS~40 colloidal siiica 20.00 

oemineralized water a2 .. so 

An alpha-alumina disk was dipped into. the- soiution for 
-

5 seconds, and immadiatel.y p1acad in an autoclave- an¢ 

covered with an aqainq solut±on, pH L~.s wi~n ~molar 

composition o~ ~-l~ (NH4}zO/~ ~~ABr/i3o Ma0/0.96 HN03. The 

autoclave was· put in am ovan at 1.S.2.0 C: :rnct ma!ntaina.d there -

for 7 days. A~ter· re11oval. from: the autoclave:,. the: disk was 

~apeatedly washed with deminara~izecf watarat 70~c: untii the 

conductivity of th& last wash: - water was. LO- mic:roSiemens 

pee centimGltre.. Th.e disk was. t:den d.riad ctt 400.C', relative 

humidity 60%, ~or severai hours, followed by dryi1111 for l 

hour at l05°C. 

Visual inspection showed·tlte disk to be very 

·hamagen~ous and smooth, with n~ visuai terracing or 

scal.inq.. Sy SEM i.e. was seen that the layer had the ccysta-l. 

hab±.t of silicali.te - aee- F'iq. T - with. a mean diameter cf 

. 1.0G .nmt the eross-saction - Fi(J".. a. -1.ndica.tinc; ~ l.ayer 

thickness of about 10 µm. 

!xample 22 

This example illustrates ia.~ formation ot zeoli~e 

eryst~ls on a support. 
A synthesis sol~tion wa~_preparad from the following 

components, the parts belnq 9iven by weight: 
(20% by weight in water) 41.02 

NaOH, pellets 
Si02 powder (10% of water) 

o.sa 
S.94 

The sodium hydroxide was dissolved in the TPAOH 

solution at room temperature, the silica added, and the 
mixture heated to boilinq with vigorous stirring until a 
clear solution was obtained. The solution was cooled, 
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weiqht loss compensated with demine.ralizad water, a.nd. the 
solution tiltarad ~~rouqn a u.45 .um filtar. The ~olar 
composition of the syntheais miY.ture was: 

A quarter ae an alph~-alumina disk, pore size. l µm, 
diameter 4-7 mm.,. was. crir aria<! ~or a hours a1: l.~0°C, a."ld 
weic;hed... 2.5. .. _0S q of s.ynthesi$ solution was poured on to 
the disk in a isa ml stainias~ steel autoclave. The 
autoel~ve was placed· in an oven~ heated up to L50°C in the 
course of i hatt~ anctma~nt~Uiect at ~1at temperature for 24 
hours. 

Af~er caalinq the autoc:la~• tlt• support: waet removed,. 
repeatadl.y washec:t w-ite ~eiani%ec:t water and air dried atiso0 c 
for 2 hours.. A disk wei~ht: inCJ:aase of Ei-.9"- % was: noted • 

. The dried disk was than heated at 2?C/min to: a 
temperature of 47S°C and heated in air at that temparaturQ 
far 6. hours.. comparist?rr of. SEMs- of the- oriqinal aJ.pha-:­
al.umina su:rfac:e - Piq •. g - anct oE the calcined. layer - · F"iq:.;.. 
I.O.- shows ttt~ the sur!°ace: a~ tne ciisk is homoqan~ousI.y 
coated with. inte~own. spherical ~st~ls of about 0.4 µm 
siz:e, which: shaw the ~yp-ic::al ceyst:al. hal:Ji.t of siJ.icalite .. 

Example J'O 
Example 29' wa:. repaatacl except that cryst:allization 

took place _.at 98°C- for 1.9 nou.rs. An SEM _. Fiq. ll - a9ain 
shows a homogeneous coatinq of th• disk surface, but the 
crystal. size is now smaller, between o. 2 and o. :3 ~tm. 

. Exa mpla :J l 
A synthesis solution was prep~red as described in 

Example 29. The support was an alpha-alumina substrate 
with a pore siza of ·~60 n~; this was dried at 1as0 c,placed 
on the bottom of a JOO ml stainless steel autoclave, 
=cvered with 220.4 q ot synthesis solution,an~ tha 
autoclave maint~inod at i2occ for 24 hours. After w~shinq, 
d~yinq and calcininq at 475,C tor la hours in air, tne 
suppcrtad layer w4s examined by SEM. The photographs -
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Fiqs. 12 co l4 shaw the surf~ca, Fi;. l5shcws a cross­
sect~on - indicate a uniform coatinq ofO.J µm intergrown 
eilicalite cristals and a layer thickness ot aboue o.s um. 

Example 32. 
This example illustrates the manufaC"eu:e of a zeolite 

layer by.tw~ in-situ orystai~ization steps at 120°C. 
Tha support comprises a pQro~a alpha-alumina disk, 

havinq; an avara.qe-. par& cilametar of 160 nnr, amt polishact on 
at Least one side. A~ter poLishinq the support is stored 
subntarqed in demineraLized water until a day befora the 
prep~ratian of. t?ta zeolite la.-ter. Than the support is. 
placed. in an oven~ heated up at a rata of i 0 c/minute to 40~0 

c~ kept at 4ao0 c:. ~or ~ ha~rs~ and caalad down. 
F"cr. the first .cryr~l!izaticm. step-, a synthesis 

mixture is- prepared by mixtnc; siliar (Baker,. >9-9= .. 75 pur& 
Si02}, ratraprapyl.-ammonium-hyd~Xide (TPAOH, Fluka 
praati.c:al. grade.,. 2.0% in water),. Ne.OK (Merck, s~. 99 pure} 
·an~ demin&r~Iizea water to qet too ml of mixture with the 
foitowin<J molar composition;.· 

ta- Sica I 1.5 (TPA)%0 ,. o~S3 NaZO I ~~2 Hza_ 
ihe mixture is bailed on..~ ha.tpI.ata ~ar s nrinutes: ·while. 
stirri~ vigcn:cwil.y .. Then. th:e mixture i$ taken- from-. the 
hotp-I.~e and: left to C::aol. down~ after wl:jich'. ff20 . is added to 
compensat• far:e~porttion losses durinq boilinq. Th& dry 
support disk is taken out of the oven and placed on the 
bottom of a stainless steel 3Utoelave with the polished 
sida facinq up. The synthesis mixture is poured in the 
autoclava next to the disk, which is eventually submerged 
in the· mixture. The autoclave is closed and placed in an 
oven at l20°C for 72 hours. After removal from the autoclave 
the disk is washed s to 10 times in deminerali~ed water of 
70°C. 

For the second crystallization step, a !resh synthesis 
mixture, identical :o the mixture d~scribed !or the first 
step, is prepared. The disk is placed in a clean autoclave 
whila still wet, in the sam~ orientation as in the tirst 
step, and the trash synthesis mixtur• is poured in the 
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autoclave so that the disk is complataly submerqad. !ha 
autoclave is. closed and put in an overr a.t l.20°C ~or 72 
hours. After removal from the ~utoclave the disk is washed 
S to lO times in demineralized w~ter ot 70°C. After ~ashinq 
the disk is ~ried in air at Ja~c for 1.5 days. Then tha disk 
is heated up in air at a r~te of l0°C/hou~ to S50°C, kept. at 
that temperatur& for 16 hours, and cooled down to room 
temperature: a.t a rate- of ao0 c/nour .. 

X-R~y. Diffraction {XRD) ~nalysis shows that MFI-typ& 
zeolita crystals have formed on bath the top and tha bottom 
sur,aces oE ths. disk, the intensity a~ the xao-peaks 
suqqestinq !t zao.lit& I.ayer thtclmess of a faw microns •. 
Sc:anninq Electron. Mic:rasc:ope ( SEMl nrieraqraphs: snow that a 
dense !ayer,. l: ta 5 nticrometer- in thlckness, has: formed at 
the top surface: of the disk, and: ~lsa at the- bottom: surfac& 
of the disk. 

Bxampl9& 33. · 34. 35 and 36 

Thes& axample~ illustrate the increase in th& amount 
of ze.olite formed on the: suppart with increas.inq numba:r of 
crystallization steps. .. Thet p.rapal2.tion i~ idant~c!tl. to: thillt 
of Examp:le J z, the: number of ceystcslliz:ati.on s.teps varies 
from: ona ta four~ 

. XRO patterns· ha.Ve been ob.tained fr.om. these disks. af~ar 
dryinq but befora tha thermal treatment at 530•~. 
Comparison of the XRO-patterng shows that with each step 
the· height of the MPI-zeolita peaks increases while the 
height of ·the alp~-alumina peaks decreases, as shown in tha 
following.table, whera the intensity ratio refers to the 
ratio.be~wean the intensity of the MPI (501) (051) (431) peak 
=nd the alpha-alumina (012} peak: 

example :iumber of steps ratio ____ .. __ 
---------------- -......... _ 

JJ l 0.37 
34 2 0.11 

J5 3 l.41 
36 4 2.78 
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This indicata• that th• amount of zaolita on the disk 
inc~easea with aach crystalli%&tion step. 

Ex,mple 37 

Thi& exa~ple describes the Helium permeation 
characteristics of disks prepared using one or two 
cry&tallization steps similar to EXample 32, tha first 
cryatalli~aticn step done at i2a~c and tha second 
crystall.±zation &tap done at 90°C~ 

Hel.iW1l perme~ion through ttt• disk has bean 111easured 
at tatal. pressures in the ranc;e oE ! to l bar .. Disks. 
preparect usinq a s-tnql& cryata.I.I.ir:at:i.on s.tep at lZ0°C show 
He-permeations of severaI hundredsmmol/snr2bart. increasinq­
w-ith: pressure .. Rowa..ver,. disks praparaCf. us:inc;_ two 
ceystall.ization· steps: ( IZ<ll.J"C' ancf 90:°C:~ show H'a•permeations 
of ~ few. tans of mmal/ sm2l:lar that. a:r& constant: over th9 

pressure ranqe o.f 1.-J bar. 
Egmpl& 3fl 

A membrane fabricated a.ccord-inq to the- process: of 
examp·la: la was mountad: into ·a. holder and a 1wicke­
·K"alleJ'.l'baah'" e){peri..itent was carried ou.t. A qas. :n-ixture: of 
49: ... -srto :n-wtana, ¢g;..9,t; :nathane cmd' o.2.t i-but~ne was: passed 

over on& side of the membraner the: o.ther side being: 
continu~usly purged witn· a- c:tey hel.ium stream. Both sides o~ 
the mel'ltbr~ne were kept at atmospheric pressure~ Tha 
analyses of both qas streams by an on-line gas 
chramatog'raph were evaluated. and transformed to the 
correspondinq fluxes throuqh the mentbr~ne. Selectivities 
are qiven by: 
S=(Cl(perm)/Cl(ret))/(C2(perm)/C2(ret)), where ci and C2 
are concentrations of components 1 and 2, and permeate an~ 
retentate streams are indicated by perm and ret, 
respectively. The calc:ulated fl.uxas and selec"t.ivities -are 
given in the followinq tAble: 

. - ... -,. 
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·r (Cl Methane flux n-sutane flux s (n-butane/ 
[rnol/m2sJ •104 rmol/m2sJ *103 methane) 

25 1.35 2.44 18.07 
50 2.15 2. 67 12.42 
75 2.78 2.Bl lO.ll 

1.00 4.94 l.14 6.36 

12.5 S.75 J.Jo 3. 84-

150 l.J. 1. l.40 2.6.0 

1.75 17.i 3.24 i.a·9 

200 21.. 3 3.01· l.44 

( Refere:nce: .. 
E.: .. Wicka and R. KaI.lenJ:>actr., Sw:t"a:cet c:tiffUsiort o.f' carbon 
diox-ide in activ~tad clierc:aa-J:s,. Ko:t!.oid: z:. / 97 { 1:941.) , !.lS.) 

Exmrtpif; Ji. 
A mea"1lbrane fabricated ~ccardin9 to the process ot example 
32 waa used for a test similar ~o. that in example ~s. A gas 
mixture of" 48 .. 3% methane and ·SJ.. 7% i-butane was: used' as· 
feed stream.. The calculated. fl:uxes and salectivities are 
given in the f ollowin9 table:: 

T' (C:} Methana flux. i-B.ut:an• flux· s (methane/ 
[mol,£:m2sl *1.0-' [1tt0lLtt211 1 *!.OS i·-butane} . 

25 . 1..29 7.18 l.9'2 
5.0 2.38 7.29 3.49 
.75 3.76 7.41 5.43 
100 4.90 9.38 S.59 

125 6.29 l:S.2 s.10 

150 8.42 17.7 5,09 

175 12.2 22.3 5.86 

200 17.8 25.7 7.41 

.Ex1m1211 ~a 
A membrane fabricated acoording to the process described in 
example J2 was used fer a test similar to that in example 
JS. A gas ~ixture of 50.0% n-butane and so.ot i-butane was 
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used as feed stream. The calculated fluxes and 
selectivities are given in the followinq table: 

T (CJ n-Butane flux i-Butana flu>< s en-butane/ 
(mol/m2sJ "'lOJ [mol/m2s] *l04 i-butana) 

25 l.3J . a. as 51.95 
so 1.66 0.71 23.55 

75 1.99 o.s2 24.21 
lOO a.2~ l.21 18.93 

l25 2.24 l.60 14. 00 

1.50 2.45 l.85 1.J.24 

·175 2.28 l .. as. l.2 .. 05 

2.00 2 .. 26 2 .. 06 l0.97 

E"xampltt tt 

A membrane f'abricated accord.in~ the: aesc:ription in example.· 

32' ~as: uaad for a test . ~inrilar to tha.t in axampla ~. A <;as. 

1'tixture containinq o.31% p-xylenet 0.26% o-xylene and 
methane a& balance was used as. feed stream. The.calculated 
tluxas and· se1ectivities are qiven tn. tha tollowin~ tabla~ 

T (CJ 

iaa 
l.SO 
175 
200 

p-Xylene flux 
[inaI/:.iZsJ •ta6-

l:.54 

l.4'l 

3.:l3 

3.02 

o-Xyl.en~ fl.lUC 

. [mol/:!!3sl · •l.O 7 

0.4!f 

0.6& 

0.92' 

i.22 

txample 42 

5 (p-x.yl.ene/ 
o-xylane) 

60.lO' 

4:3 .. 46 

30.4-9 

20.76 

A membrane fabricated according the description in example 
32 w21s used for a test similar to that ln example :38. A c;as 
mixture containin9 s.5% benzene, 5.st cyclohexane and 
methane as balance was used as feed stream. The calculated 
fluxes and selectivities are given in the followinq taDle: 
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'I' (CJ Benzene flux Cyclohaxane flux s (uenzene/ 
[mol/m2s] •107 (mol/m2s} •10' cyc:lohexar:e} 

45 2.64 0.53 5.0l 

50 3.03 0.66 4.60 
75 4.6l 0.92 4.99 

100 5.67 l.98 2.86 

l.25 9.23 3.20 2.88 

150 S.4~ 4 .. 48 2.12 

175 IO. 9' :l.lQ 3,JC. 

200 17.8 4 .. 48 3.97 

Example f 3 
A membrane fabrica~ed.. aecor<tinq tha description in e~ample 
JZ was usad for a: test s.imi!a-r to that in exa.mpla 38:·. A gas 
mixture cantainfnq 7~5t n~hexane, i~~4t z,z-dimethylbutane 
and r.te.thane as: l:ralanca was . use.Cf as f ead. st::raa:m.. The 

ea.lcula.teci fluxes and. selectivities are given in the 
followinq. table·: . 

T' [CJ n-Hexane flux 2: I a-D.im:&thylbU:tana- s (:benzene/ 

(mGl/m.ZsJ •tc.4 flux (ma-I/m2sT *t07 cyal.ohexzme:) 

2.0 l.. 2: L •. 9 oo·o· 
50 1 .. 5 2 .. 3· 640 

100 J. !. 2.7· 11.50 

1.50 3.0 1.9 1560 

200 2.4 l.. 2 2090 

AXOJDPlt 44 
Thi~· example illustrates the qrowth cf zeolite layers by 
multiple crystallizations, without refrashinq the synthesis 
mixture as in example 32, but by increasinq the 
crystallization ~emperature stepwise. 

A porous alpha-alumina disk with a pore diametar of 
160 nm and polished on one side was cut into four equal­
sized parts. The parts wara weiqhad and placed, polished 
side up, on taflon rings resting on the bottom of a 
stainless staal autoclave. In tha autoclavQ was pourQd 
70. 22 q o! a synthesis solution with el 1nola.r composition of 
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lO Si02 / l.S6 (TPA)20 I 0.275 NaJO I 147 H20. 
The opan autoclave was placed in an exsiccator, which 

was then evacuated during o.5 hours to iJ!craas& the 
penetration of synt.'lesis solution into the disks. Then the 
au.toclave was taken out of the exsiccator, closad, and 
placed in an oven at room temperature. The oven was heated 
up to 90~c in a few minutes and kapt at that temp~ratura for 
48 hours. Th& aut.oclav& was then cooled. to room 
temperature, opened and one of the sttpport piece~ ~a.s 
remQVed. Tne autaclava waa ciosed aqain and placed in-an 
oven at room temperature. The- oven was. heated up to ito0 c in 

. . 
a t:ew minutes mld.kept at th.at te:nparatura for 24 hours._ 

·Tha autoclave was ~oaiect down aqa.in and the second piece_ 
was removed .. The tempsra.tura cycle w:~ repeated two more 
~imesf· ~irE;;t fer 24 hours at. !.3-0.0 c- and then for 2:¢. hours ~t 
1sao-c:.. The f.otU:" pi.aces of the disk ware- atll washed: wti.th.­
demi.n.eralizect water of 70°C until.. the washin<; water haci' a 
conductivity of al:laut Ei micro siemen.s/cna, dried at l05°C: and 
cool.ad 1=0. room temperature in att axstc~tor. It waa 
observed ~"lat wit.lt each aq.inq s.tep tha waiqht of the d.islt 
Pieces increased.,. as shown l:n the .followinc; t:~ble:: . 

· dfsk p:ieca f. temperatttr& ltter.tory· t·C: waiqht 
increase % ___ .....,...... ... ___ ...._ _____ 

--~-----.. --........... _ .... _._. ________ .,__ ... _. -----------.-... 
1 90 o. a·a 
2 90 + ll.0 2.04 
3 .·· 90 + 110 + 130 3.50 
4 90 + l10 +. ilo + 150 5.63 

XRO analysis showed that with eacn ageing step the 
intensity of the zeolite peaks increased with respect to 
the intensity of the alpha"alumina peaks, as shown in the 
followinq table: 
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pe4k intensity ratio: 
peak at d•0.385nm (MF!) / 
peak at d=O.l49nm (Al203) 

0.190 

0.217 

0.236 

o.332. 

These results ind::iaate that with each aqeing step at a 
hiqber temperature new zeolite crystals are deposited on 
the. support. 
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i. 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 µ.m. 

2. 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. 

3 • A process for the ..mcyiufacture of. a layer by 

deposition on a support from a coil.oidal suspension obtainable 
by preparing- an aqueous synthesis: mixture comprising a· source­
of sil.ica and an organic structure directing agent.in a 

proportion sufficient to effe-ct ~stantia11y compl.ete 
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. cla±med in claim. 3°, wherein after its 
deposition on the- support the supported zeo1ite layer is 
activated. 

5. A p~ocess for the manufacture of a layer comprising 
a crystalline molecular ·sieve on a porous support which 
comprises.· applying to the support a colloidal suspension of 

. -
mole~ular sieve crystals having a mean particle size of at 
most ioo 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 pre-treating the porous support to form at a surface 
thereof a barrier layer, and applying to the stlpport 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 oraanir. 
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structure directing agent, and if desired or required 
calcining the resulting molecular sieve layer. 

7. A process as claimed in claim 6, wherein the barrier 
is a temporary barrier, and is advantageously water. 

a. A process as claimed in claim 6, wherein the barr~er 
is a permanent barrier of smaller pore size than the supP<>rt. 

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-coatisg. 

. ,:- . 
10 •. A process. for the .manufac:t.u:re of a layer comprising. 

a crystalline mol.ecul.ar sieve on a.·porou.s support, which 
comprises applying to or forming·on the support a.layer 
comprising amo:rphous silica·containing seeds of a zeolite 
having a mean particle size of at most ioo nm~· subje~ing the 
layer to hydrothermal. crystall.ization, and if desired or· 
reqo:ired acti.vating the:. ceysta:ll±zed layer.· 

ll.. A process for the manufacture of a layer comprising 
a crystalline molecular sieve on a porous support, which 
comprises preparing a.~yn.thesis mixture comprising a source of 
silica and an organic structure directing agent in a 
proportio~.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 mi~ture, 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 partic_le size of the molecular sieve crystals in the layer 
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is within the range of from 20 to soo nm, advantageously from 
20 to JOO nm. 

14. A layer as claimed in any one of claims l, 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 ~laims 1, 2. and l.2 

to 14, wherein the layer thickness is within the range of from 
0.1 to 20 µ.m advantageousl.y o .. l. to l.S µm, advan.tageou.Sly o .• 1 - . 
to 2 µm. 

1.6:.:. :A I.ayer as claimed in any one of claims :t, 2, and 12· 

to 1.5 ~ wherein the layer ptimaril.y contains nanopores i.e. , 
pores between 1 and l.O nm. 

1. 7. A layer as claimed in any one of claims l., 2 and l.2 

to 16", wherein the layer primaril.y contains micropores, i.e., 
pores between. O .2 and l. nm. 

18. A I.ayer as claimed in._ any one of claims I., 2, an~ :t2 

to 15, wherein the layer comprises mol.ecul.ar sieve crystal.s in 
a P?-rticulate matrix, the pore structure being defined by the 
interstices between the particles, betwe~n the crystals, and 
between the particles and the crystals, the pore structure 
advantageously being between 0.2 and 1 nm in size. 

19. A layer as claimed in any one of claims l, 2, and l.2 

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 
layer as claimed in any one of claims 1, 2 and 12 to 20 under 



l lDtlll tlllll lllll ltlll II tlll 
* C L M S * 

... 40 ... iiiiiU 
conditions such that at least one component of the mixture has 
a different steady state permeability through the layer from 
that of 'another component and recovering a component or 
mixture .of components from the other face of the layer. 

22. A process as claimed in claim 2i 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 cata1.ysing: a chemi.ca-1 reacti.On whick · 

comprises contacting a feedstock with. a layer a~ claimed · ir" 
. . 

any one _of cl.aims-· I.,.. 2-·, and !:2 to 2.<t,. which. is in active·· 
catal~c form under cat;:al.ytic . c~nversi.on. conditions and 
recovering a composition comprising at least one conversion 
product. 

. . 

25. A process- for catalysing a chemical reaction which. 

comprises: contacting: a feedstock wd.th:. one: face 0£· a layer as. 
claimed in Cll!-Y one of claims :t,. 2,. and 12 to 20·, that is- ~ 
the form of a membrane and: in act±ve catal.ytic form, under 
catalytic conversion conditions, and·:rec:Overing from an 
opposite face o~_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 ll 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. 


