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(LAI-1SC) Field of the Invention ©+ " “The presen S
rel ated t o0 ¥H&6%Beol ite containiing conposi t i‘Gn, its prepar &dl@xsg%é Puse.

. Background of the Invention (]?;_E tent 5,110,478 descri bes
. the direct synthesis of zeolltéi Wé'a)$%%§5ﬁiﬁ He ranes pr'oduced in

i accordance with the teachings , 478 wer e di scussed in
"Synt hesi s and Characterizatio a Pure Zeolite I\/Errbrane J. G
Tsi koyi annis and W Haag, Zeol |AHSMWU CRYSTARRIZED1092) . Such menbranes

are free standing and ZRODPIE ACONFAINING COMPOSIHION(ICAEISO) any
supports. Furthernore, the nenbranes have a gradi ent of crystal sizes
across the thickness of the menbrane. Such a gradient precludes growth of a
thin menbrane with a m ni nrum nunber of nonsel ective perneati on pat hs.

Zeol i t e menbr Eisld of thelnyentioheen grown on supports. See e.g. "High
- tenperature stainless steel supported zeollte (I\/FI) menbr anes: Preparation,

Modul e, Construction ang,Perneation anBekkum
J. A Moulyin, M croporotS RUeof Iyed bqre e&3¢ af‘ﬁ" zeﬁ;%comﬁnggl ands
Pat ent Appli cab asﬁbﬁ,liwp&pafaﬁmpanduﬁ’at ent Application 91309239.1 and

U S. Patent 4,099, 692. Al'l of the above prepared nenbranes

have nonuni f or m si zed zeolite crystals and are noncontinuous, exhibiting
many voi ds. OBaskgionpd of the Invention

U. S. Patent 5,110,478 describes the direct synthesis of zeolite
membranes. The membranes produced in accordance with the teachings of U.S. -
Patent 5,110,478 were discussed in "Synthesis and Characterization of a Pure
Zeolite Membrane," J. G. Tsikoyiannis and W. Haag, Zeolites (VOL. 12, p. 126.,

* 1992). Such membranes are free standing and are not affixed or attached as
layers to any supports. Furthermore, the membranes have a gradient of crystal
sizes across the thickness of the membrane. Such a gradient precludes growth of
a thin membrane with a minimum number of nonselective permeation paths.

Zeolite membranes have also been grown on supports. See e.g.
"High temperature stainless steel supported zeolite (MFI) membranes:
Preparation, Module, Construction and Permeation Experiments,” E. R. Geus, H.
vanBekkum, J. A. Moulyin, Microporous Materials, Vol. 1, p. 137, 1993;
Netherlands Patent Application 91011048; European Patent Application
91309239.1 and U.S. Patent 4,099,692.

All of the above prepared membranes have nonuniform sized
zeolite crystals and are noncontinuous, exhibiting many voids. Obtaining
functional zeolite membranes from low alkaline synthesis routes is difficult

because the heterogeneous crystals in the membrane require an enormous
membrane thickness to seal pmholes and void structures which lower the

membrane selectmty
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functional zeolite nenbran f p synthesis routes is.
difficult because the hete oﬁﬁﬁ%&gwﬂ&s&é&% in the nenmbrane require an
enor mouVeBEMe8hHe t hi cknesp to s%%l?ugﬁﬁﬂl | es [and voi d st rectusssmssii ch

| ower the menbrane sel ectiVrry. ot her refer ences generally
relating to the field of this i nvent|0ﬂ2+ ncI ude I nt ernati onal PCT

Application No. WO 94/09902 relating to a struatured catal yst system

| nternational PCT Application No. WD 94/01365 relating to the synthesis of
zeolite filnms bonded to substrat es, and European Patent Application No. O
481 660 Al S . Brief Description of the

Dr awi ngs Bn&lﬁé “ongie : s an electron m crograph show ng a
cross-sectional view of a zeolite |ayer grown on the inverted face of a
porous [err] alum ”‘"Fl?ﬁﬁesi @ir?elec n micrograph sh Wﬁgﬁc ssssei‘ﬁoﬁzil wOn

m cr ogr aph .,of a to ew o |°te zgrap rown ﬁoe inv ?@ace of a
porous a éﬂfﬂrﬁeﬁyt% (RS on the inverted gﬂ?l"@u%al “E‘I‘P%(s‘% t6-ffraction

pattern showi ng the preferred orientation of a corrp05|t|on of the
i nvention. The x-axigol g 2;d Eneélaecé&? nidfogtapRoEE thi vidW 5 zte%hte“layer
grown on the inverted face of a porous « alumina substrate.

Figure 3 is an X-ray diffraction pattern showing the 'prefe'r'réd
orientation of a composition of the invention. The x-axis is 2 theta and the y-
axis is intensity in :cps. o ) o (

: Flgure 4isa schemanc view of a zeolite layer ona porous

substrate (A) is the porous substrate (B) the zeohte layer, (C) a grain boundary,
W) the width at one point along a zeolite crystal, and (T) the thtckness of one
.crystal.

Summary bf thé Invention.

Apphcant has dlscovered a new composmon of matter contammg
zeolite: and a process for preparing the same. . The composition is unique in that
the zeolite crystals making up part of the composition pack in a manner such that
the zeolite forms a layer which is essentially continuous with no large scale
voids even when the zeolite layer is <10 um thick. - '

- Hence, one aspect of the present invention is directed toward a
composition of matter comprised of a substrate (also referred to herem asa
support) and a polycrystalline layer. of zeolite crystals wherein at least 99% of
said zeolite crystals have at least one point between adjacent zeolite crystals that -

is £ 20 A and wherein at least 90% of said zeolite crystals have widths of from
about 0.2 to about 100 microns and wherein at least 75% of said zeolite crystals
have a thickness of within 20% of the average crystal thickness. Preferably, the
zeolite layer will have at most 1Volume % voids and the zeolite crystal will
range from about 2 to about 50 microns.
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Figure 4 is a schematic view of a zeolite |ayer on a porous substrate. (A)
is the poro ate, (B) the zeolite.layer, (C .agrain boundary, (W
the width aﬁgﬁ‘l‘eﬁa%&gl&nt along a zeolite crystal, and (T) ‘the tﬁﬂﬂﬁ%b‘f
one crystal. Summary of the Invention - : ' "~ Applicant has

di scovered a new conposition of matter cont-dini ng zeolite and a process for
preparing the sane. The conposition is unique in that the zeolite crystals
‘maki ng up part of the conposiition pack in a manner such that the zeolite
forms a |ayer which is eddetharaspectafithe presest invention is dirgeted daward ai ds

even when the pegless 8f mkitig the iﬁ&Qnt[t%xﬁ%&iﬁBh%mPﬁsing the steps of. Hence, one
‘aspect of the present invention i1s directed toward a conposition of matter
conprised of a substrate (also referred to herein as a support) and a

pol ycrystal line layer of (geoddrtacting/s sabstrate vith & zedlite egatheSBmbituresi d
zeolite crystals have at | east one point between adjacent zeolite crystals
that is < 20 A and wherein at | east 90% of said zeolite crystals have

wi dt hs of from about 0.2(k)o hwkothemmllmmem:gtsaichs\dxsuamésmdmeohmst 75%
of said zeolite crystals hay, ' AT 0% eri\iré

crystal thickness. Preferably, t%@%ﬁﬁ?gq%%m%%fg\@g t npgltm% ct)lt?me
% voids and the zeolite crysgﬁm HZ¢9 l'tﬁé?&ﬁ'mmégéﬁm&aﬂ seitling on

m croneters. . WO 96/ 016&p said zeolite layer of particles produced from said zeolite

PCT/ US95/ 08511 synthesis mixture is prevented;

(c) removing any unreacted zeolite synthesis mixture.
Contacting as used herein includes total and partial immersion.

- The process further comprises calcining said composition of step
(c) at a temperature of about 400 to about 600°C for at least about 10 minutes
‘when said zeolite synthesis mixture contains an organic template.

The compositions thus produced are useful, for examplé, for size
‘exclusion separations such as separation of dye molecules from alcohol and
oligomer separation from hexane.

Additionally, the compositions described herein are often referred to as
zeolite membranes in the art and can be used as such.

Detailed Description of the Invention

Applicant has discovered a new composition comprising a
‘polycrystalline zeolite layer on a support. The support can be porous or non-
porous, preferably porous supports will be used. The zeolite layer can be grown
on any porous supports including but not limited to alumina, titania, cordierite,
zeolite, mullite, stainless steel, pyrex, silica, silicon carbide, silicon nitride,
carbon, graphite and mixtures thereof. Additionally, non-porous supports will
include quartz, silicon, glass, borosilicate glasses, dense ceramics, i.e., clays,
metals, polymers, graphite and mixtures thereof. When non-porous supports are
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the present invention is directed

-3-

toward a process o conposi tion conprising the steps
of : WO 96/01685 bstrate with a zerusesessgnt hesi s
mxture; al |y treating said substrate and
said zeolite o synt-he5|s m xture for a tine and at a
tenperature sufficient to forma zeolite | ayer on
sai d substrate and wherein settling on to said

;eg{ Ihteg ! %ﬁﬁfzteﬁf tlieaédmﬁds‘iﬁor%r :ﬁé weefhl fas @ensors dr teﬂgys)te Most preferably, the

y is mxtur rev Cc) renoving any unreacted
zeolite syHPREEWIl inﬁ‘;(gﬂpéws efimic or porous metgly - ng as usgd hgrel n

i ncludes total and partial inmersion. The process further

conpri ses cal ci ni ng & 'ﬂq,@gﬂg%n@rlﬁg&@sgmec & 8t By LORREERL 66 Of

about 400 to about 60U bout

zeol i t e syubstratedn @i zeolite:syrthesis mixase rg%ﬁm; giemperature su cxent

EXcl usi g 10 EAREE @%‘?ﬂ?“‘sgﬂa‘? gl dreatinf may A Ranfple, iWae o
e c

ol i goner SBIRAIAYE ?rr%tﬁﬂ?é‘?HﬁBr ssure. ontac%épfﬁgen Cqsb%?et g@)ﬁpogl ?I oﬁg,

descri bed cafied auesnmhahaeuhereei‘sardwtlhrg ofcrystatsoformedrin ithe synthesis the art

and can be used Aiing fltoclavingrith tfid sibitiatd. PThe SyfitheliS nixif2 thiy thus

be handled in a manner to prevent such settling.

In a preferred embodiment, the zeolite layer is grown on a support (
which is inverted in the zeolite synthesis mixture. Inverted as used herein means
that the zeolite layer is grown on the side of the substrate oriented from 90 to
270 degrees in the synthesis mixture. In the 180 degree orientation, the side of

| the substrate onto which the zeolite layer is grown, is horizontal and facing
downward. This is referred to as inverted. Preferably, the membrane will be
grown on the 180 degree oriented side. In the inverted orientation, the surface of
the substrate to be coated should be at least Smm, from the bottom and sides of
the vessel containing the zeolite synthesis mixture, preferably at least 8mm at its
lowest point during the process of preparation. Applicant believes that inversion
of the substrate prevents zeolite crystals, which are homogeneously nucleated in
the zeolite synthesis mixture, from settling onto the substrate where the zeolite
layer is grown. Thus, the crystals do not incorporate into. the growing zeolite
layer or perturb the growth process. Hence, at least 99%, preferably at least

" 99,9% of the crystals in the zeolite layer have at least one point between adjacent
zeolite crystals that is <20 A . In the instant invention, the spacing between
adjacent crystals is set by a grain boundary zone and the maximum grain
boundary Zone, absent voids or defects, will be <40 A. Additionally, at least
90%, preferably at least 95% of the zeolite crystals in the zeolite layer have
widths of from about 0.2 to 100 microns, preferably 2 to about 50 microns. As
used herein, grain boundary zone is the width of the disordered zone between
two adjacent ordered crystals The zeolite crystals in.the zeolite layer are -
intergrown in the membrane so that nonselective permeation paths through the
membrane are blocked by the narrowest point of approach between crystals.
Nonselective permeation pathways are taken to be permeation pathways which
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Applicant has di scovered a new conposition conprising a polycrystalline
zeolite | ay, support. The support can-be porous or non- or ous
preferably pgpgﬁgﬁgupports will be-used. The Zeolite |ayer cgﬁT__9 ih
any porous supports including but not Iintggd.to alumna, titania,
cordierite, zeolite, nullite, stainless steel, pyrex, 'silica, silicon
carbide, silicon nitride, carbon, graphite and m xtures thereof

oL TR TR e no st G T e oy, 6

graphi te and blockageof nbaspedineatidie pathovays exists atstoomo témperature after a

referably, t bR SRR G e pBrd GRlatndR BRSEN Tidih E HEUE by sllB

Growt h of t he Templates which arenwsedito growrthe deolite dare oftemiremaved byrecalcimgtionat e

it na zeolite §t‘égt 'P&éﬁxst_rﬂﬁiﬁidﬁiﬁgfe@é tfon' o?éﬁafqrmt) HPRAROWER { ofci ent

o effect crystalli_zati.on. ot her y 1 I ng may,, for exXxanple, in an

aut ocl ave und@pPPrae §Em i1 él.es 284 r&%’ € (RINBIIRISTEMOVRd S e

carr ihed_ out sestiblisied. tTies space betweer éﬂy'sms ﬁ]tgws ya"ismbm éomnaﬁdinbrgadai gﬂde

Sy hest T it S8 B S0 R sl e aRGaRA

I n a pref er r ehembrane.nFhe abs¢nceafaion-sel¢ctiverparmegtionspaths canshepdetectedbych is

inverted in tig iy fopreveitthe pertitatiotl & robl Rnipdatite (SFCYTidys MeaNSs
‘molecules through the membrane after any template is removed from the pore
structure. Dye molecules which can be chosen to detect non-selective
permeation pathways through the membrane should have minimum dimensions
which are larger than the controlling aperture through the zeolite and the size of
the dye molecule should also be less than 20 A. Non-selective pathways
transport dye molecules which are larger than the pore size of the zeolite. the -
dye molecules should be carried in a solution made with a solvent which can be
transported through the zeolite pore structure and the zeolite layer should not be

- allowed to pick up foreign contaminants (such as water) before being tested. It

is found that the compositions made in accordance with the present invention
block the permeation of dye molecules at room temperature through the zeolite
layer. All of the dye molecules chosen have sizes less than 20 A. The lack of
permeation at room temperature of dye molecules with sizes less than ~20 A
demonstrates that non-selective permeation pathways with sizes less than ~20 A
are biocked. It should be noted that this test does not have to be performed with
a dye molecule and any molecular species that can be detected having a size less
than 20 A and greater than the zeolite pore dimension can be used. The
advantage of using a dye molecule is that it can be readily detected by optical
means.

on

The habitus of MFI zeolite compositions grown in accordance with
the instant invention preferably display a degree of C-orientation (within 30° of
the normal to the surface of the substrate in the zeolite layer). More especially,
the longest edges (thickness) of at least 75% of the crystals are within 30° of

| _perpendicular to the layer plane, advantageously at least 90% of the crystals
being within that angle. - | |



that the zeolite'layer is grown on the side of the substrate oriented from
90 to 270 degrees in the synthesis mxture. In the 180 degree orientation,

t he si dewoPeniy T ch the zeolite |ayer i spgifebsnsss
hori zontal and] fT4t$ REE rg%hy\q isis referred to as inverted.

Preferably, thig ne ' brown-6n the 180 degree oriented side. In
the inverted offentation, the surface of the substrate to be coated shoul d
be at least 5mm from t_he bottom and sides of the vessel containing the
zeolite synthesis mixture, preferably at |east 8rmat its | owest poi nt
during the process o ara | i.capt be i ev n of the
substrate prevents zé(ﬂﬁ) @Qpaﬁrgs H’é‘r ot aﬁsgfbéw? 4 ted in
the zeol i tcellaudtdfahemopmhoneof the crystals thathave mhmlaﬁgessm(ﬂuclmeah)er e the
zeolite | t t he

gr owi ng z?c/) eﬁl oer Eggﬁla&gfﬁgﬁ ai\@ﬁ‘g rbgo émhﬁﬂgﬁ%ﬂhgtXIq'L st 99%
pr ef er abl yhﬁram@asnattcm of dhs awne“@wbaw%a ramdmlyz@mtc zeljterponvdes. at

| east one Iﬂ%@&a&%ﬁ’ﬁﬁm bht"ee@lth @dlﬁﬁfﬂﬁf €-iﬁ§fodeﬁtaﬁo7i9 fd’r In the
i nst ant |nvent et ween adj cent . crtx % ka}ﬁs’&iﬂ l/ a grain
boundary ZATRE, mmnﬁmﬁa ¢ CAxis the patid, p WY def ect s,

Wi I': :Je <onhe\00 akrtmlaé l:ombatedlznﬂsanm@ euleisedmidegllmtlleesnamﬁﬁ%o ¢ ;)f tlgg
ot ot Elfé?l%lﬂévll?gﬁ@t%fﬁ%@%oﬁ ﬁﬁo'lﬁlﬁ%llgﬂ*e?%hgxs&%té@%@? e o “orain
boundary pseferned arieatation (CPO).t Measheedrinshisovay,rizeolite inaccoadansent

or der ed Cryit feSiny Eﬁugo&ﬁsles FOYTatleast 1, zlrli!ﬁn&?‘lla'v&% EPoes figh as 5001 9 OWn

in the nenprane

no, ect | ve .per.neati o at 2 merrbrane
are bl ock etgtys mﬁ' te layerrange i fiie R from bt 2. a\lts
Nonsel ect i v@fet%lyrabbumt@aoollamer@pﬁféxalsgnabwtm m:bmtaommt hways whi ch

\IQQT? Sggé?(gggfrf?bly about 30p. Although the crystals may range in thickniess from 2 to

' 100y, for any given membrane, 75Volume %, preferably 90Volume % of the
crystals will all have the erystal ‘thicknesses of within 20% of the average crystal
thickness. Thxckness is herein defined as the length of the crystals from the
substrate surface to the uppermost edge of the zeolite crystal perpendicular to the
substrate. Composmons made from zeolites other than MFI will also display a
degree of onentatlon in habxtus and/or of the unit cell, however, such orientation
may not be in the ¢ direction. For example A, B, and C orientations are
possible, as well as mixtures thereof. Other onentatxons are also possxble

depending on the zeolite selected

’I'he instant comp'ositions' are virtually free of voids. They
preferably exhibit at most about 1 Volume % voxds preferably less than 0. 5
Volume % voids. :

~ Void as used herein means spaces between the zeolite crystals in

the zeolite layer along grain boundaries larger than 40 A. Defects are spaces

~ between adjacent zeolite crystals extending through the thickness of the zeolite
layer. In the instant membtaﬁe, the total number of defects in the zeolite layer
with sizes > 40 A is < 10,000 per square inch, preferably < 100 per square inch.
the number of defects havmg spacing between adjacent zeolite crystals larger
than about 2000 A is < 100/inch2, preferably < 0.1/inch2. Voids and defects can
be detected from cross-sectional images of the zeolite layer made in the scanning
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exi st at roomtenperature that do not pass through the zeolite crystals.
Thi s bl o¥3$Go1gss NoN- per neati on pat hways exists at roomt
afser a terr%?oate whi ch occl udes the pore structure is ren%?’%‘ghe

zeolite crystals. Tenpl ates. which are used to growthe zeolite are often
renoved by a cal ci nation step. Fromtrarnsni ssion éf ectron m croscopy
(TEM the narrowest point of approach betvveen crystals of less than 20 A

after the tenplate is remved is est ab hed The,.spgce bet rystal s
St Thi s poi nt OF eREmISIA EFeropn irroseapeoln the aost ATGETANIG Cas i Poole

non- sel ECtIVelwmﬂtbmbafanﬁﬁllﬁ(ﬁ:éeea‘ﬁdids)uﬂ@dé&ets nmenbrane. The absence
of non-sel ective perneation paths can be detected by the ability to

prevent the perneation at roomtenperature (~20[err]C) of dye nol ecul es
t hrough the nenbrane af Defectsof thentyipatdescsbed:can/beidétected: in ypqnmneat:on

per meat | on patﬁﬁ%*ﬁ&%?% efibotfts o SACR B8 pEAnBAES frho IE SOVRLAAS kRl
whi ch are | ar §gh %mtruee@imcmwsmbe detsrmined by examiming, erosesestionsolithene
si ze of t hgeglites ﬁi&xﬁfrﬂﬁ@uﬁﬂﬁ@cﬁnﬁﬁ%l@&r&rﬁﬁﬁc& e20Gés g&%ﬁﬁnﬁ@ﬁ ve

pat h t t I th f
the zeol i te. %GB%%"JsagéX ok it abrage, 1Ethe permeabily g the 2p a1
a 3 ol \éent Wlhl er tonitrdgen at rooA temperhtiiterio ess thheSzewﬁmotw‘(m sec+Phsval)
and the zeoli i

contam nant s % gﬁ“?@cﬁf@fﬁx%&eﬁgf&l%éélﬁ%@z&gﬁ%?gﬁén |se1&ga§nl%nt hat the
conposi ti ons mﬁrﬂ &@hovejameecaptabiem&qmcwm Morerpmfombly, theock t he
permeation Ofpéh’xﬁb it?cdf'tﬁ‘é liteq 'Higb 'afrdo ﬁffe?@@ E@ ‘lgwa

| 2
O?yer perrreatléﬁe qu%n%\s es C fé%gh@&ém?ﬁf@u@n@? +3 ‘ggglﬂ@is

~20 A dermmﬂftehmﬁfaﬂés apnre&ﬂk@ﬁt intentien ape ?te@ﬁrdﬂa{rb?ﬁdsﬁblm synthegies

e e e 2P S, A B B U g 0 1
can be det ectenystais/anegrowniand dreswell knownrin 2ite &talﬁﬂeegre@; H_ag_d_bg&gﬁ
zeolite pore gigienii8ievdd RizeHAfy S2348k, Van Nostrand Reinhold, N, 1992 and
Zeolite Molecular Sieves, D. W. Breck, R. E. Kreiger Publishing Co., Malabar,
Florida, 1984, ISBN 0-89874-648}5). For example, for MFI zeolites, the
synthesis mixture can be a mixture having a pH of about 8 to about 12 and is
readily prepared by those skilled in the art. For example, suitable mixtures
include NA2O, TPABTr (tetrapropyl ammonium bromide), SiO2 and water. The
membranes are grown by contacting the support material of choice in the zeolite
- synthesis mixture. The synthesis mixture is then heated to about 50 to about
300°C, preferably about 100 to about 250°C, preferably about 180°C fora.
period of about 30 minutes to about 300 hours. Any undesired growth on the
* substrate can be easily removed by known techniques. For example, grinding
can be used. Undesired growth does not refer to the zeolite layer of the
invention, but refers to growth on other surfaces of the substrate.

The zeolite layer compositions which can be prepared in |
accordance with the instant invention include silicates, aluminosilicates,
aluminophosphates, silicoalumino-phosphates, metalloaluminophosphates,
stanosilicates and mixtures thereof. Representative examples of such zeolites are
MFI, FAU (including zeolite x, zeolite y), zeolite beta, MAZ, LTA, LTL, CHA,
AFI, AEL, BEA, EUO, FER, KFI, MOR, MEL, MTW, OFF, TON, AFS, AFY, -



advant age of using a dye rml ecule is that it can be readily detected by
optical . —means. The habitus of MFI zeolite conpositions

grown i rWe&68188nce with the instant invention preferabpgrdisssisan a
‘degree of C-orientation (within 30[err] of the normal to the surface of
the substrate in the zeolite layer). Muge especially, t he | ongest edges
(thickness) of at least 75% of the crystals are within 30 of

perpendi cul ar to the | ayer plane, advantageously at | east 90% of the

crystals Alped ngppi M'TN MET, ABY ghd mxxtures thereof, referabl MFI zeolite with

- 6- measure of .t referred. dlrectlon
of the uni # silicom to FlurmiuR RO, Bsatsn hem 30 IRbe e?vﬁﬁ&llgd!ﬁaspmm giange
| ongest axwith(ndaluntiaam) Mmrzeahtemvntlhsvpllaaﬁos)grdam thay 80 as@ jretein obt ai ned

by conpari diffraction pattern of the layer with that of a
random y ofe?i%?ééég‘ggﬁc@%pomg In the case of ‘an MFlI-type zeolite with
predom nant C-axis orient atlon for exanple, the |ongest edge
corresponding to theg w m Grd02- peak to
t he conbin d 200 a 8 pea ?%ﬁlﬁﬁ‘%ﬁ lmnﬁhﬁéit ane {rnglzea legr random y
ori ent ed §tq inthe; geraenﬁeaﬂw an@ﬂparmwa% pased heredn ed

" orientati mmm.subjﬁaﬁatéﬁglsl n this way, zeolite layers in accordance with
the invention have a CPO of at least 1, and may have a CPO.as hi gh as 500.

The crystals in the zeolite |layer range in thickness fromabout 2 to about
100[err], The zeolite layer can have either a shape preferred orientation, a

crystallographxcally preferred orientation, or both Shape or crystallographically
preferred orientations occur because of the control of the relative rates of

- nucieation and growth offered by’ the synthesrs procedure Specifically, during
synthesrs the rate of growth can be made to dominate the rate of surface -
nucleat_ron of new crystals or incorporation of new crystals. Incorporation of
new crystals is defined as atta'ehment onto the surface of the growing zeolite

~ layer of a crystal formed in the synthesrs mixture. Since the growth rate can
dominate renucleatlon or incorporation, cxystals can competitively grow for long
periods of tu__ne without srgmﬁcant addition of new crystals into the growing .
layer. Since the growing layer is composed of individual crystals and the
synthesis method seeks to prevent. renucleation or incorporation of crystals, the
resulting composmon can have shape cxystallographreally preferred orientation,
or both. Shape orientation occurs because the crystals grow with preferred
regular habits (or morphology) at the surface of the zeolite layer. A regular habit
(or morphology) is taken to be a regularly shaped outline of a particular -
orysta'llbgraphic grain in the layer. Regularly shaped outlines are defined as
those which can be fitted or packed together so that there are no mterconnected
spaces or voids between crystals. Interconnected voids will form a pore
structure. A few examples of regular habits with regular shapes are columnar,
cubic, rectangular, and prismatic. Sphencal irregular and elliptical shapes are
not consrdered to be regular habits. In a shape preferred orientational, defined
layers will have the same regular habit. This can be measured by cleaving or
fracturing the substrate on which the layer is grown and examining the cross-
sectional morphology of the zeolrte layer with a scanning electron microscope.
Examining the surface of the as grown zeolite layer can also give additional
information concerning the shape preferred orientation in the layer. ‘A layer with




pr'eferabl y about 5 to 100[err], nore preferably about 30 to about 60[err],
~nmost  preferably about 30[err]. Although the crystals nmay range in
t hi ckness fWOP6P168 ( given nenbrane, 75Vol REHUSHS/08511

preferably 90Vol unl ¥eiefshder nASBEERI B Will all have the crystal
t hi cknesses of witflfin ZOHEPLACEQ aver pge ttystal t hickness. Thickness is
herein defined as ystals fromthe substrate surface to

t he uppernost edge of the zeolite crystal perpendicular to the substrate.
Conposi ti ons shape preferedawientationisitaken toche ome which has moreithap 2056 fﬂéﬁagree
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zeolite | ayerdrutvhme%r Hes surf4de. /Ah exam Ib&m:mratﬁmmohtechyéﬁwﬁklﬂm a
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he zeolite |ayer
FEB 1997 sually MFI zeolite layers g'own in accordance with the present invention

exhibit only one habit throughout the thickness of the zeolite layer. Usually MFI
zeolite layers with a preferred C-axis orientation exhibit a columnar habit (or
morphology) throughout the entire thickness of ther zeolite layer. Often shape -
preferred orientational layers have a preferred crystailographic orientation.

03

The substrate on which the zeolite layer is grown may be porous or
non-porous. If the substrate is porous, it will be a porous material throughout its
entire thickness. Preferably an inorganic oxide or stainless steel will be utilized.
The porous substrate, hence can be a ceramic, metal, carbide, polymer or
mixture thereof. The porous substrate, hence may have a uniform pore size
throughout or may be asymmetrical, having a larger pore structure throughout
the bulk of the substrate with a smaller pore structure at the surface on which the
zeolite layer is to be grown. The substrate pore size is dictated by mass transfer
considerations. It is preferred that the pore structure and thickness of the
substrate be chosen such that the mass transfer resistance does not limit the flux
of material permeating through the zeolite membrane during use. The porous
substrate will hence display a porosity of about 5 to about 70%, preferably about
20 to about 50% and an average pore size of about 0.004 to about 100y,
preferably about t 0.05 to about 2 microns.

It is preferred that the surface of the substrate, porous or non-
porous, on which the zeolite layer is grown be smooth. Rm_xghness in the
substrate leads to defects in the zeolite layer. The substrate should have an
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t.ransm Swo®someect ron nmcroscope. In the nost preferable ﬁé’fﬁlssﬁﬁgnzem ite
| ayer will be substantially free of voids;and. defects.

Def ects of the type described can be deeected in. dye per'r'reatlon
experiments. |solated points at which dye perneates into the substrate
reveal such defects. Defects can al so be determ ned by exami ning
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any m xt uteasperatare suificientdoiremeve any gedlitesyatitesiy mixtuserwhicledidatdt known i n
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grown by &gyrbg(htsbgg t he support materl al- of choice in the zeolite

Once washed, if the zeolite synthesis mixture contained an organic
template, the composition is calcined at about 400 to 600°C for at least one hour,
preferably at least about six hours. Longer calcmatlon times will not affect the
perfonnance of the membrane

| " The compositions are useful for separation processes whereby
feedstock derived from petroléum, natural gas, hydrocarbons, or air
comprising at least two molecular species is contacted with the composition
of the invention and at least one molecular species of said feedstock is
separated from said feedstock by said composition and wherein said
hydrocarbon feedstocks are coal, bitumen and kerogen derived feedstocks. -

~ Specifically, the following table shows some possible feedstocks
derived from petroleum, natural gas, air, or hydrocarbons and the molecular
species separated therefrom by use of the mstant composmons The table is not
meant to be limiting.



synthesis m xture. The synthesis mxture is then heated to about 50 to
~about 300 err C, éoreferabl y about 100 to about 250[err]C, preferably
‘abput 180[ er'Y9 854 period of about 30 m nutes to about 3PCUIHSAS08511ANY
undesired growmh on the - substrate can be easily renoved by known

techni ques. For exanple, grinding can beUsed. " Undesi red growt h does not

refer to the zeolite |ayer of the I nvention, but refers to growth on

ot her surfaces of the substrate The zeolite | ayer

conposi tions repared in _accordance with the jnstant

i nvention include silicates, ﬁb silicates, al un] nSeparsedhMolernlar Species
silicoal um no~mmmmom,tﬁmmms&eﬁ@s, p&mﬂsnélcat es and

m xt ures therepﬁ,m,lge&rhg&,% L& P o 01 Such Zepphlk VFT,~ FAU
(including z (.M Treqf% e T v 7 -
AEL, BEA, EUG £ Rt ANe S A CFF—FON: AFC%M utne ugo

96/ 01685 "Mixture of normaf and isobutenes ’  Normal butene

PCT/ US95/ 0851{1Kerosene containing Cq to Cig normal paraffins Cq to Cg normal paraffs

APD, MIN, MrT, Midurenfditragen andoxygear eof , pref erabl y |Witrauenl(ot exysieh) a
silicon to al|uixter@of Atdrogét SdlMéthanean 30 W [T be USEHydrdges!dl Ng
conposi ti ons MifhdelbrAgar oG etiete Lo WU

h f 1 _IT [o3 SIT1TC T3t & - o8 1 . e %
e above ST BRSOt S 4310 psrL HERnand, LCs to C10 goge et and

referred to i

Methane and ethane mixtures containing argon, helium, | Helium, neon, and/or argon
neon, or nitrogen

Intermediate reactor cataiytic reformer products Hydrogen, and/or llght gases
containing hvdrogen and/or light gases (C1-C7) _
Fluid Catalytic Cracking products containing Hy and/or | Hydrogen, and/or light gases
light gases :
Naphtha containing C< to Cyq normal paraﬁins Cs to C1 normal paraffins.
Light coker gas oil containing Cg to.C g normal olefins | Cg to C1g normal olefins and
and paraffins paraffins
Mixture of normal and isopentanes Normal pentane
Mixture of normal and isopentenes Normal pentene
Mixture of ammonia, hydrogen, and nitrogen Hvdrogen and nitrogen
Mixture of A10 (10 carbon) aromatics e.g. Paradiethylbenzene

' ' (PDEB)
Mixed butenes n-butenes
Sulfur and/or nitrogen compounds H»S and/or NHy
Mixtures containing Benzene (Toluene) _ Benzene
H», propane, propylene Hydrogen and/or propylene

- Applicants believe that molecular diffusion is responsible for the
above separations. Additionally, the compositions can be used to effect a
chemical reaction to yield at least one reaction product by contacting the
feedstocks as described above or below with the compositions having a catalyst
incorporated within the zeolite layer, or support, or by placing the catalyst in
close enough proximity with the composition to form a module. A module
would react the feedstock just prior to its entrance into the composition or just
after its exit from the composition.  In this manner one can separate at least one
reaction product or reactant from the feedstocks. The catalysts of choice for
particular process fluids are well known to those skilled in the art and are readily



to include such materials. - The zeolite |l ayer can have
either a shape preferred orientation, a crystallographically preferred
ori ent aW®@96/01685 bot h. Shape or crystall ographically pr ebEIross%/08511
orientations occur because of the control of the relative rates of

nucl eation and gromh offered by the sykt-hesis procedure. Specifically,
during synthesis, the rate of growh can be made to dom nate the rate of
surface nucl eati on of new crystals or incorporation of new crystals.
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without sirgaited@Rlsoftitpddsitile 1! Phé Bitfle I Yotdh e | aver.

Si nce thel rowm ng |ayer is coﬁ‘pose ﬁre |nd|'\gl|1dual crysta?aslﬂ ané’

synt hesi s seeks to prevent renucleatlon or incorpor.ation of

crystals, the resulting conposition can have shape, crystallographically

preferred orientag 190 DOTN. Snapg orl ent a0 oy pecause 1 he

crystals SEQRLQCPIOgess | Efols L LR G

surface ¢fMbted xydehes @pars\ortho, metsand haRnraxyleﬁeand/mptlgdbgu)enes t pken to

e Leaylehyikeapaged outline of @ parjicular  crystallodraphic aralnin
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fitted ol Ethane-dehydrogenationdotethalentier b ar Hydiogenand/orathyléne spacks or

voi ds bet ‘ﬁ?ﬂ cted{voids wll 5.15? gnPore strugture.

A few exanples g‘? rega1 &&%ﬁ?@?&th regul ar shapeg e col umar, cubi c‘

rect anguf 8 d prismatic. Spherical.lirregular and elliptical shapes are

not cons Mﬁihstdbﬂ%ré tigh bhadiess- | p a shape prm(%geﬁ- orientatiopal,
defi ned “sa,\éer% ave t he same repular habit:. Thi S can be neasufed by

cl eavi ng the substratel on which the |ayer Ls _grown_ahd
exami ni nJPi'dS;manéhydro diﬂﬁbh%la| mor phpl ogyHydrégen dirlsdt propyleirr with a
scanni ng mcroscope.  Exanminjng thé surface of 'the as gro
zeolite |- rfor Wau-g-n—c-g-n-e-emi-n-g'—t-h-e—shape
preferre:iGml-@l]lgamrmlal paraffie | ayer. AJayer with Hyd_roggn
dehydrogenation to olefins : -
Hydrogen Sulfide decomposmon Hydrogen -
Reforming o - Hydrogen light hydrocarbons Ci-
dehydrogenation/aromatization C2)
Light Petroleum Gas Hydrogen
dehydrogenation/aromatization

Mixed Butenes | B - 'n-b,u'teneé' .

The supported zeolite layer of the invention may be employed
' in such separations without the problem of being damaged by contact with
the materials to be separated. Furthermore, many of these separations are
carried out at elevated temperatures, as high as 500°C, and it is an advantage
of the supported layer of the present invention that it may be used at such
elevated temperatures. ' '

Further separations which may be carried out using the
composition in accordance with the invention include, for example, separation of
normal alkanes from co-boiling hydrocarbons, for example normal alkanes from
iso alkanes such as C4 to Cg mixtures and n-Cjg to C1¢ alkanes from kerosene;



shape preferred orientation is taken to be one which has nore than 90% of
the crystal &,d/g R one |l ayer inside the zeolite |ayer exhi b| ti R&ﬂsel f
similar regular habits. The self similar requirenent neans t 20850 e
regul ar habit is exhibited within a |ayer_jfat can be drawn in the electron
m crograph of the cross-section of the zeolite |ayer, however, even though
the shapes are the sane, they do not all-have to be the sane size. Because
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zeolite |ayerfrom W&b@eﬁ%ﬁn@uﬂgrsﬁﬁM§Le§ﬁe&m9rm lighit réfifie rate is
rou

br et or abl y arPSTRGENF €5 SHERDS. WOE HARECETG; oM G2 naigties arganients; and

por ous subst ralcehols érom aqueoussstreants; aldoholsifroml othernhpdmbearhonsyparticularly
alkanes and alkenes that may be present in mixtures formed during the -
manufacture of alcohols and separation of heteroatomic compounds from
hydrocarbons such as alcohols and sulphur containing materials such as H>S and

mercaptans.

The present invention accordingly also providés a process for the
separation of a fluid mixture which comprises contacting the mixture with one
face of a layer according to the invention under conditions such that at least one
component of the mixture has a different steady state permeability 1hrough the
layer from that of another component and recovering a component or mixture of
components from the other face of the layer.

The invention further proVi_des a process for catalysing a chemical
reaction which comprises contacting a feedstock with a layer according to the
invention which is in active catalytic form under catalytic conversion conditions
and recovering a composition comprising at least one conversion product,
advantageously in a concentration differing from its equilibrium concentration in
the reaction mixture. For example, a p-xylene rich mixture from the reactor or
reactor product in a xylenes isomerization process; aromatic compounds from
aliphatics and hydrogen in a reforming reactor; hydrogen removal from refinery
and chemicals processes such as alkane dehydrogenation in the formation of
alkenes, light alkane/alkene dehydrocyclization in the formation of aromatics
(e.g., Cyclar), ethylbenzene dehydrogenation to styrene. The invention further
provides a process for catalysing a chemical reaction which comprises contacting



m xture thereof. The porous substrate, hence may have a uniform pore size

t hroughout or may be asymretrical, having a |arger pore structure

t hr oughoWO 26//368%ul k of t he substrate with a snmall er pore sgngdosossiat the
surface on which the zeolite layer is to be grown. The substrate pore size
Is dictated by mass transfer consi deratilbns. It is preferred that the pore
structure and thickness of the substrate be chosen such that the mass
transfer resistance does not limt the flux of material perneating.through
the zeol i t enezedstanteofabimojecular repctiop svithuene facetof:a layer accardingtodhepl ay a
porosi ty Ohﬂﬂﬁ%hﬁxat&ﬁbmetfoﬁg%fﬁhﬁﬁm&?iﬂ%: PaiveatslyBe Fim Sfifdeand an

aver age pore sl ze ahout 004 to ref ablﬁ about t 0.05
to about 2°¢ nyegsion condmons and cortyolfig %? H ofipsecond reaptantc e of

t he substrbyehffaﬂbm&omrthaop osite face of die r:in bder 26 moregrecigely i s gr own

ayer: - Tho B dRERon bl Exaftfes ﬁg%t&&ﬂ@i‘%@%g“@“ e, Bediad G

PCT/ US95/ 0bgdrogen addition to benzene in the formation of ethylbenzene, cumene or aver age

roughness WEIH N Eb'ﬁ‘@'el f Iess than-10 [err]mw th an aspect ratio of
t he roughness ess %TEHR 9 is preferable that the average roughness
of the substrat e be Iess than .5 [err]mwith an-aspect ratio of the

roughness | eSS than Thé mvenﬂmtﬂﬂtm%oﬁ@ﬁﬁﬁﬁteﬂbﬁamﬁbﬁ%f@&e@ﬂowaé i zed,
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composition or as it passes through the composition and thus forms another
- product. This is beheved to increase the dnvmg force for dxffusmn through the (
zeolite layer. - :

‘Catalytic functions can be incorporated into the instant
compositions. When a catalytic function is incorporated into the composition, it
can be used as an active element in a reactor. Several different reactor
architectures can be constructed depending on the location of the catalytic site in
‘the composition. In one case the catalytic function can be located within the
zeolite layer, while in another case the catalytic function can be located within

* the support, and in another case the catalytic function can be distributed
throughout the support and the zeolite layer. -In addition, catalytic function can
be incorporated into a reactor by locating conventional catalyst particles near one
or more surfaces of the composition such that specific products or reactants are
contmuously and selectively removed or added to the reaction zone throughout
the reactor. Impregnatmg with catalytlcally active metals such as Group VIII
noble metals, e.g. Pt, can unpart the catalytic function to the composition. The
catalyucally active metals can be incorporated by techniques known in the art
such as incipient wetness. The amount of Group VIII noble metal to be
incorporated will range from about 0.01 tor about lO wt%.

‘Some specxﬁc reaction systems where these compositions would be
advantageous for selective separation either in the reactor or on reactor effluent
include: selective removal of a para-xylene rich mixture from the reactor,
reactor 'pr_oduét, reactor feed or other locations ina xylenes isomerization

process; selective separation of aromatics fractions or specific aromatics -



zeolite | ayer may preferably be washed with water for a tinme and at a

terrperaturev%ljsfl' Nt to renove any zeolite synthesis m xture which did
no; react durlndég%ssdrot hermal treatnent. Hence, washing maypﬁ:ér F/ﬂ?f’éfed

.at a tenperature of about 15 to 100[err]Gs.preferably about 80 to about
-100[err]C, for at least 10 mnutes, preferably at |east six hours. Excess
washing for longer periods will not affect the conpositions separation
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. cracking, thermal cracking, light alkane/alkene dehydrocyclization, ethylbenzene

dehydrogenation, paraffin dehydrogenation; selective separation of molecular -
isomers in processes such as butane isomerization, paraffin isomerization, olefin
isomerization, selective separation of alcohols from aqueous streams and/or
other hydrocarbons. S '

The following examples are for illustration and are not meant to be
limiting,

Examples

1. Materials

The hydrothermal experiments were performed using mixtures of
the following reagents: NaOH (Baker), AI(NO3)3, 9H20(Baker), Ludox AS-40
(Dupont), tetrapropylammonium bromide (98%, Aldrich), and distilled water.

Porous alumina and stainless steel substrates were used for the
support of the zeolite layers. The average pore size and porosity of the alumina
substrate was about 800 A and 32%, respectively. Porous sintered stainiess steel
substrates from Mott's (0.25 pm) and Pall (M020, 2 um) were obtained. All of
the substrates were cleaned with acetone in an ultra-sonic bath, dried at 120°C
and then cooled down to room temperature before use.
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The substrates were placed inverted (180 degree orientation) in a

Teflon lined reaction vessel supported on a stainless steel wire frame. The

_ distance between the substrate and the bottom of reactor was at least 5 mm. The
synthesis solution was then poured into the reactor to cover the whole substrate.
The autoclave was sealed and placed in an oven, which preheated at the desired
temperéture. The reaction bombs were removed from the oven after reaction and
cooled to room temperature. The coated substrates were washed with hot water
for at least 6 hours, then calcined at 500°C for 6 hours in air. The heating rate
was controlled at 10°C/hour. : - :

3. Analysis

'fhe resulting membranes were characterized by x-ray diffraction,
electron microscopy and permeability measurement.

: ReSixl_tS_and Discussion
1. Products

The following table shows some typical examples synthesized
under different experimental conditions, such as reaction time, and substrate.
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limting. Feedst ock/ process | Pr oduct
Yi el ded M xed xyl enes (para, ortho, neta) and Par axyl ene and/ or
et hyl berW@8&01682t hyl benzene  Et hane dehydrogenati on to ep&ylsssnssi1

Hydr ogen and/ or ene dehydrogenation to _

Hydrogen st yr efe THISSHEFHAIBEFN hoerldri on—butenes Hydr ogen
(iso's and nornaljs) - FFBbéﬁnge ogenation to Hydr ogen and/ or
propyl ene  prop e Clerr]-Clerr] nor rral uwwl“l M]

Hydrogen CABRMS:ogenation to olefins  Hydr E I 'ljualmrrpo& tion

Hydr ogen Ref or m ng _ drogen | i*ght _
hydr ocarbons ((er rl] - dehydr ogenat i on/ ar onat.i zati on C7)
Li ght Petrol eum Gas A composition comprising a substrate @grabgglycrystallme :

degygf Ogeﬂ@drm/zebﬁféeéﬂyéﬁls ﬁrﬁerexﬁ/‘ai( RAsBII% UTSsaid Izeohte c sttalﬁ have at least _
n- but enes su e a e | i on may
be enpl oy SR POIRtHELY e%ﬂ%??%?gg%& ﬁt%g’cs % %b ‘gp 1 g leasy d&z{eﬁﬁged by
cont act wisaid crystalsntedverwidths offrioen sboetr. attedboﬂﬂomtmonms .andewierein athese

Sob or ] CebiY, SEATAYS 1Ble IRHER MEREANA SRy AErllihylE]

|nvent|onﬂll1ﬁbmesist may be used at such el evat ed t enperatures..
Furt her separations which nay be carried out using the corrp05|t|on in

accordance with the _iinvention include, for example, separ, n of
2. A composition according to claim 1 wherein sai su strate is a

porous substrate selected from the group consisting of stainless steel, alumina,
courdierite, mullite, titania, pyrex, silica, silicon mtnde silicon carblde zeolite, (
carbon, graphite and mixtures theréof. '

3. A composition according to claim 1 wherein said zeolite
crystals are about 2 to about 100y thick. '

4. A composition according to claim'3 wherein said zeolite
crystal thickness ranges from about 5 to about 100p.

5. A composition according to claim 1 wherein said substrate is a
non-porous substrate selected from the group consisting of quartz, glass,
borosilicate glasses, clay, metal, silicon, polymer, graphlte dense ceramic and
mixtures thereof.

6. A ebmpoeition according to claim 1 wherein said zeolite
crystals exhibit_a preferred crystallographic orientation.

7 A composition according to claim 6 wherem when said zeolite
crystals are MFI crystals said zeolite crystals have a C-orientation within 30° of
the normal to the surface of said substrate. -

8. A composition according to claim 2 wherein said substrate has
a porosity of about 5 to about 70% and a pore size distribution of about 0.004 to
100u. '

This Sheet Has Been Rep
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normal al kanes from co-boiling hydrocarbons, for exanple normal al kanes

from iso aykARRTsslUCh as C[err] to C[err] m xtures and n-C[err to err]
683

al kanes from Kerosene; = 85 9508511

PCT/ US95/ 08511 13 - . separ ati on
§rom dlEPlamﬁm

of aromatic conpounds |
aromatic isoners from e"“"‘ e —Ret gpeci al | y para xyI ene. from a

m xt ure of xyl enes an | | benz pat
aromatics of different 9 B'ﬁ;lﬁm &B\g t8 éwr}fdﬁ gﬁﬁ%é@tsgﬁ@%yﬁe
t ol uene, and mnmggrougmmwutfhsan mphnnieuafriesn‘thandﬂwn withoarpaspedst raticom

aliphatic congpgiad® romatic nolecules with from6 to 8
carbon atons from Crghnfﬁ C'fFer)rI]la (napht ha range) - al i phatics; separation

of olefinic corrpoundjs from sat ur at ed conpounds, especially i ght al kenes
from al kane/ al kene m xt yp.es, cdif:& moﬁ%a@sﬂdﬁhgtb clafif Newhéretn sdidangstalichave

propene from pkapan e rogen . from hydrogen-containi ng streans,
especi al ly fr@h&ﬁ?&ﬁ?b gf???e% @R%-ocheni cal gas streans, nore.

especially fromC2 and |ighter corrponent s and  al cohol s from aqueous

streans; al cohol s from th e [.OEA

al kenes that ma resent mbq & res %éé Ic‘:%t“ ?Wﬁem@a@%@?ure of
al cohol s and aws Stﬁrsmgd&mﬂwcgr@ummgng gilicatgsdr ocar bons such
as al cohol s aendxrﬁmbsanmescﬁnkainvpnesﬁmteg Isﬁk&mﬁﬁm dﬂpﬁhfeks and

t Th d
provides a p@?%@W%OSPhQESa tappgie éﬁﬁufélﬁm{a . eblifE TOMAKs
contacting t CHA cARLIAEDNBEA, B0, (FERi KE} MOR, MEL, MTW, (DFE TON,
I nvention undgpgCREYH APRSABEE MITAMET, 'AF1S bnd Aixtures thereof. | -

This SHEEI' HAS B&tN

12, A composition according to claim 11 wherein said layer of
zeolite crystals is a layer of MFI zeolite crystals.

13. A composition according to-_claim 1 wherein said zeolite layer
has less than 1 Volume % voids.

14. A composition according to claim 13 wherein said zeolite
layer has less than 0.5 Volume% voids.

15. A composition according to claim 1 wherein said zeolite layer
has less than 10,000 defects of greater than 40 A per square inch.

16. A method for preparing a composition comprising the steps of:
(a) contacting a substrate with a zeolite synthesis mixture;
(b) hydrothermally treating said substrate and said zeolite
: synthesis mixture for a time and at a temperature sufficient
to form a zeolite layer on said substrate wherein settling of

particles produced from said zeolite synthesis mlxture during
treatment, onto said zeolite layer is prevented

LT
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conmponent of the mxture has a different steady state perneability through
t he layer fromthat of another conponent and recovering a component .or

m xture w096/a1ma)onents fromthe other face of the.layer. pcywsosossit

The invention r.mgrsﬁeqw phocess. f.or. gatalysing a chem cal

reaction which gonpri ggs KEEE ) a f¥®dstock. with a | ayer according to
the invention atdl ytic form: under ‘cat al ytic conversion
conditions and recovering a conposition conprising at |east one conversion
product, advant ageo(e) yremovingamye anteactedmeotitd §yarthesis fmrturet s equi | i bri um
concentration in the reaction mxture. -For exanple, a p-xylene rich

m xture fromthe reactor or _reactor product in a xylenes isonerjzation
process; aromatic colposhmethodbascosdingtarclaim 46 avhereinogid compasitionds i ng

reactor; hyfleiedat raGtBﬁi{ﬁtatﬁfe%F 400 10°600°C ﬁﬂchtqmo%ﬁm&!soﬁﬂéﬁ sgidsuch as
al kane dey lggena on'in.the formati-on of. . al kenes, |ight al kane/al kene

dehydr ocy SIS t%@&ﬁ?&f%aﬁprmﬁﬁm te. (e g., COyclar),
et hyl benzene dehydrogenation to styrene. The invention furt her provi des a

process 1o catalysi g o FbHd ook i th Uail'16 WikHR daif SutisBlte Rl | N0

PCT/ US95/ osriented such that said zeolite layer is grown on the side of the substrate orientede
react ant gto
Ofrofh 90 Pﬂ)h GHE e§ %?ﬁi]é %sﬁ%'?ﬂgﬁrn% %ﬁ \Qfelex%n{ ity ftle m&éﬁbé

t he i nventi on, or m and five, catalytic
form UndeTientagaR. taeeﬁtsolﬁy%rre.%ﬁwe&mﬁte horzonga] dovaac ﬁpwg side
addition of a second react ant by di ffusi on from t he opposite face of the

l ayer in order to m)i?h rec i}ﬁB F%quuglocigﬁﬁtlltgﬂere%pgilalc%%pos%&[ml es

include controlling
has incorporated therem about 0. 1 to about 10 wt% noble metal.

20. A separation process comprising contacting a feedstock
derived from petroleum, natural gas, air or hydrocarbons, comprising at least two
molecular species with a composition comprising a substrate and a layer of
polycrystalline zeolite crystals wherein at least 99% of said zeolite crystals have
at least one point between adjacent ¢rystals that is < 20 A and wherein at least
90% of said crystals have widths of from about 0.2 to about 100 microns and

 wherein at least 75% of said crystals have a thickness within 20% of the average
crystal thickness wherein at least one molecular species of said feedstock is
separated from said feedstock by said composition, and wherein said
hydrocarbon feedstocks are selected from the group consisting of coal, bitumen,
kerogen and mixtures thereof.

21. A process according to claim 20 wherein said molecular
species is separated via mo_lecular diffusion.

22. A process according to claim 20 wherein said feedstock is
selected from the group consisting of mixed xylenes and ethylbenzene;
hydrogen, H2S and ammonia; mixtures of normal and isobutanes; mixtures of
normal and lsobutenes, kerosene containing normal paraffins; mixtures of

nitrogen and oxygen; nuxtures of hydrogen and methane; mixtures of hydrogen,
ethane and ethylene; mixtures of hydrogen, propane and propylene coker
naphtha containing Cs to Cj mixtures containing argon, helium, neon or

[ lﬂllj Wi Th“sii”i""}}lnillld




h&drogen addition to benzene in the f of ethyl benzene, cunene or

cycl ohexan re g& ti vely. The i nvention further

cqnt enpl at ¥ @ Fee Rl as -described herei nPHRGSESHhe
separ at ed speci es rgdadtis ﬂa@r =il HASSARRS I heyy. conposition or as it passes

t hrough the conposi i on ang*iM o8y anot her product. This is believed
to increase the dri Brce for diffusion t hrough the zeolite | ayer.

FARPARR PR e S &tfﬁv%&%kﬁi‘%%g?é‘ﬁ. sl '“OQZ'n be
used as-an acracking:products; naphthaplightcokesgasoill mxmm M
ar chi t ect ur e§sdraftdes etk #%ﬁﬁ)rﬂﬁpﬁﬂ&“i eﬂfénE

site in th I’TpOSItIOI’] N ONE CasSeE ata? t1¢ qnctlon

n be
| ocated wit hi n andytrogen; mpenres gfi 10 ‘H%‘Fcizag’éx‘i“ﬁ%s %@?%F‘}qsr
function cannbsmire@afmlfwiﬂﬁﬁmogbheoﬁm@nﬂdt mmﬂresrofemmxhebmaﬂds he

catal ytic funct on_can.. 9._‘dl stributed L hr.oug e support and the
A Qg and ey ifeot

zeolite | ayeMX{Hies, gt HROT be incorporated into a
reactor by locating conventlonal cat al yst partlcl es near one or nore

surfaces of the conposihi 0 b'&h,stf&aéat g@gfdagmﬁ_‘éuﬁ;ragggtl 5 S are

continuously and sel ectively renoved or-ad&ed éign zon
throughout ~ COWacHRRaTeactiqmsireagh 3ithhy coppasision sopprising  substrate apd ) s

fsuc ht as G{ ou Pol{/'ci-j'stalhﬁ\éﬂh rrﬁt_l_z%'oﬁte @A'ytgtalld?heféiil:il at Iaaaf 99%@t said aeoliteC
unction to 0si e al ytica

i ncor por at ed® W@%gﬁ {1 ﬁg? € rafijacegﬁ S ﬁ?f’ge Q@?&x\ﬁ@pness

The anount oiavlﬁm [at Y&ast 9ﬂ%)bésardtwstals haee mdthsmfrfmmtahouwlz toraboge 1000m
about 0.01 tg; #ﬁ%ﬁ@ré@n at Jegst 75% of said cry Qﬁ%g%sﬂ{lélﬁ}eﬁﬁaﬁ&ﬁx? Bosy st ens

wher e t hese conpos I ons antag I've separation
ei ther in thef theaavesageoerystal thigkness. ef f | uent I ncl ude: sel ective renoval
of a para-xylene rich mxture fromthe reactor, react or product, reactor
feed or other locationg,in a | enes i,soner i zat n .

34 A proc.yess according to claim 59 wherein a catalyst forms a

module with said composition or is contained within said composition.

ST anYhohias e catal ytic

j

.r‘-’

(‘-

25. A process according to claim 24 wherein said feedstock is
comprised of mixed xylenes and ethyibenzene; ethane; ethylbenzene; butanes;
propane; C0-Cyg normal paraffins; H2S; catalytic reforming streams; light
petroléum gases (LPGs); sulfur and hydrogen compounds; nitrogen compounds;
mixed butenes, and mixtures thereof.

26. A process according to claim 25 wherein when said feedstock
is reacted with said composition a reactant or reaction product is obtained.

27. A composition obtainable by the method of claim 16.

28. A process for catalysing a chemical reaction which comprises
contacting one reactant of a bimolecular reaction mixture with one face of a
composition comprising a substrate and a polycxystalline layer of zeolite crystals
wherein at least 99% of said zeolite crystals have at least one point between
adjacent crystals that is < 20 A and wherein at least 90% of said crystals have
widths of from about .2 to about 100 microns and wherein at least 75% of said
crystals have a thickness within 20% of the average crystal thickness that is in

R AR I!Il' Th”iiilmliiiﬁ’ﬁﬁ |‘|‘”‘i‘||“"




process; selective separation of aromatics fractions or specific aromatics
WD 96/ 01685 :

PCT/ US9O w6 86id1685 ' ' ' - -BEF/Ussssul ecul e
rich streans fromcatal ytic reform ng or! ‘ot her ar omati cs- generation
processes such as |ight al kane and al k¥e . dehydrocycllzatlon processes
(e.g., C3- C7 paraffins to-aromatics from processes such’as Cyclar),

met hanol to gasoline -and catal ytic cracking processes; selective
separati OBatﬁfyﬂéefbﬁﬁ,nﬁndmCdmﬂynctdonvemoﬁ comditieds, randwoatmlhmgﬂlec al plant -

T ABhA SRR d Bty ATRRIG B apefhR i O uBERRie. of o0

catal ytic and thermal cracking, -olefins isonerization processes, met hanol
(Lo olefins processesg Napfidass hiedtd gﬁ%l&iﬁf‘!@r\ﬂlé}éxxﬁﬁ&@ﬁﬁﬁﬁm@nkane
dehydr ogenati on processe h as enation to propyl ene;
sel ect i veadsosbs al least anedme H‘Fr@ﬁ&eép ¢ °@'ﬁem cal s streans and
processes such as catalytic reform ng, alkane dehydr ogenation, catalytic
cracki ng, thermal cracking, |ight al kane/ al kene dehydrocycli zati on,
et hyl benzene dehydr ogenation, paraffin dehydrogenation; selective
separation of nol ecul ar i soners in processes such as butane
i sonerization, paraffin isonerization, olefin i sonerization, selective
separation of al cohols from aqueous streans and/or ot her .hydrocar bons.
The fol |l owi ng exanpl es are for |IIustrat|on and are not neant to be
limting.




Exanpl es 1. Materials The hydr ot hermal experinments were
performed using m xtures of the follow ng reagents: NaOH (Baker), [err],
9H[err]CXBaKer% Ludox AS-40 (Dupont), tetrapropylannoniunLannidg (98%

Al drich), YAhEUF i |1 ed water. Porous al unf hEVERE*eai nl ess
steel substrates were used for the support of the zeolite |layers. The
average pore size and porosity of thsdflunina substrate was about 800 A
and 32% respectively. Porous sinter # ainless steel substrates from
Mtt's (0.25 [err]m and Pall (M)20, 2 [err]n) were obtained. Al of the
substrates were cleaned wth acetone in an ultra-sonic bath, dried at

120[err]C and then cooled down to roomtenperature before use. WO
96/ 01685

PCT/ US95/ 08511 - 16- 2.
Hydr ot her mal Reacti on MFI menbranes were prepared fromtwo

different reaction batch m xtures, one contained silica only to nake high
silica MFI and § bi-he Y ) R &5 wishey have the

general fornul &§ 'y Herr]Q M
can be NA, K, HS

FIG. |
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0.15 and p varied from0.2 to 1. Al the results shown in the next section
have the conposition of 0.22 Na[err]O 10 SiJerr]:0Al[err]: 280
Herr]OO (tetrapropyl - anmoni unbrom de) with the,. Lon of

t he ZSN*STQ%%%$§%%MiCh cont ai ned 0.05 Al[err] the 1.74 gﬁgﬁkﬁgﬁg§ﬂand
0.45 g of NaOH (50 vt % were dissouy?d4 in 52 mM of distilled water with
stirring. To this solution, 18.8 g of Ludox AS-40 was then added with
agitation for at least 15 mnutes until a uniformsolution was fornmed.
The substrates were placed inverted (180 degree orientation) in a Teflon
|l ined reaction vessel supported on a stainless steel wire franme. The

di stance between the substrate and the bottom of reactor was at | east 5 mm
The synt hesis solution was then poured into the reactor to cover the
whol e substrate. The autocl ave was seal ed and placed in an oven, which
preheated at the desired tenperature. The reaction bonbs were renoved
fromthe oven after reaction and cooled to roomtenperature. The coated

substrates wer e\ ;@ﬂqm at | east 6 Dosmeesst hen cal ci ned
at 500[ err] C f GilEass i ai N éatfﬁ@krate was “CHEe| | ed at

10[ err] C hour. Anal ysi ; ' The .r nbranes were
characterized : ie 4 g erneability

The
di fferent

nmeasur enent .
foll owi ng tabl
experinmental cg

kv 8990

FIG. 2
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1. A nenbrane conprising a substrate and a polycrystalline |ayer of zeolite
crystals % L n.at | east 99% of said zeolite crystals hav one
poi nt bet Zgﬁﬁ)!\ jacent crystals that is | ess than or equal sgg’hg%%?gnd
wherein at | east 90% of said crystals have wi dths of fromabout .2 to about
100 micrometers and wherein at |east 75@/4f said crystals ha&a t hi ckness
within 20% of the avera@crystal t hi ckness. ~ A
conposition according to cl aM™s pretesal d substrate is a porous
substrate selected fromthe groupsconsisting o Prrg L @el~=a| um na,
courdierite, nmullite, tijagia silica, silicon @-- con
carbi de, zeolite, carbgh, graprf . m xt ures thereof @ 3. A
conposition according’to claim 1l wherein SarezaQ|ite o@: @ about 2
to about 100[err] tMNcCKkK. 4. A conposition e pwet0o claim
3 wherein said zeolitengrystal thickness ranges from al >=Cp about
100[err]. N A conposition according to cl>= NMeefein said
substrate is a non-porous sty ate selected fromthe g .»4@ ng of
quartz, glass, borosilicate”glasses, clay, netar, —STe8as B
graphite, dense ceram g~8nd m xtures thereof ”‘_‘ ynposi tion
according to claim lefherein said zeolite crystals exhi\g a P grred
crystal |l ographic oripntation along a crystall ographic g @ ed from
the a, b, or c crystglographic s or conbi nations thé ——

7. A conposition accprding to ¢ m 6 wher ei n when_sak=es=eD D= yst al s
are MFl crystals sai 8~zgglite crystals haue=e=torient &t i o= ) 30 of

>

= Qa.

Fig. 4
5

()
(X
O

= .5.
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the normal to the surface of said substTite. - 8. A conposition
according to claim2 wherein said substrate has a por05|ty of about 51to

abput 70% and a pore size di oyt 4 to '100[ err] R
9. A conposition according t I&M%\&qu‘ﬁ&sﬁ ubstrate has "an =~ "
aver age roughness wWARORR g , LAl )Y h an aspect
ratio of the roughness |ess than 1 1. 10. A conposition

accordi ng t Igl EI mf,l wherein said crystals have wi dt hs of about 2 .to about
50 microme Ol 1Ne NV 11. A conposition according to claim1
wherein said | ayer of zeolite crystals is selected fromthe group
consisting of silica sidi cat n

si | i coal um no- phosph spreﬁélil{)%’loﬂﬁg ﬁ%‘%ﬁflﬂ eévg%gﬁ%m@’%l?@&t es, M,
FAU, zeol i temppsition) its @reparation, andAiseCHA, AFl, AEL, BEA, EUO, FER KFI,
MOR, MEL, MIW OFF, TON, AFS, AFY, APC, APD, IV[I'N MI'T AEL and m xt ures

t her eof . .
Background of the Invention

U. S. Patent 5,110,478 describes the direct synthesis of zeolite
membranes. The membranes produced in accordance with the teachings of U.S.
Patent 5,110,478 were discussed in "Synthesis and Characterization of a Pure
Zeolite Membrane," J. G. Tsikoyiannis and W. Haag, Zeolites (VOI. 12, p. 126.,
1992). Such membranes are free standing and are not affixed or attached as
layers to any supports. Furthermore, the membranes have a gradient of crystal
sizes across the thickness of the membrane. Such a gradient precludes growth of
a thin membrane with a minimum number of nonselective permeation paths.

Zeolite membranes have also been grown on supports. See e.g.
"High temperature stainless steel supported zeolite (MFI) membranes:
Preparation, Module, Construction and Permeation Experiments,” E. R. Geus, H.
vanBekkum, J. A. Moulyin, Microporous Materials, Vol. 1, p. 137, 1993;
Netherlands Patent Application 91011048; European Patent Application
91309239.1 and U.S. Patent 4,099,692.

All of the above prepared membranes have nonuniform sized
zeolite crystals and are noncontinuous, exhibiting many voids. Obtaining
functional zeolite membranes from low alkaline synthesis routes is difficult
because the heterogeneous crystals in the membrane require an enormous
membrane thickness to seal pinholes and void structures which lower the
membrane selectivity.

Other references generally relating to the field of this invention
include International PCT Application No. WO 94/09902 relating to a structured
catalyst system, International PCT Application No. WO 94/01365 relating to the
synthesis of zeolite films bonded to substrates, and European Patent Application
No. 0 481 660 Al relating to membranes.
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12 A conposition according to claim 1l wherein said |ayer of zeolite

crystals is a layer of MFl zeolite crystals. 13. A
cogposi tion according to claim1 wherein said zeolite |ayer has Iess than 1-
Vol ume % voi ds. 14. A compasi~tion according to claim13’

wherein said zeolite |l ayer has less than 0.5 Vol une% voi ds.

15. A conposition according to claim1 wherein said zeolite |ayer has |ess
t han 10, 000 defects of greater than 40 A per square inch (6.4516 cnferr]).
16. In a nethod for preparing a nenbrane conprising the steps of:

(a) contact i Bgief Desbriptioh ®f\th¢ Drawingsl i t e synt hesi s mi xture;
(b) hydrothermally treating said substrate and said zeolite synthesis

m xture for a tine ranging from 30 mnutes to

- 19a - 300 hours andFigure I ismeelectvor micrograph showingey eros§-eeationabojes r ] C
of a zeolite layer grown on the inverted face of a porous c alumina substrate.

Figure 2 is an electron micrograph of a top view of a zeolite layer
grown on the inverted face of a porous o alumina substrate.

Figure 3 is an X-ray diffraction pattern showing the preferred
orientation of a composition of the invention. The x-axis is 2 theta and the y-
axis is intensity in CPS.

Figure 4 is a schematic view of a zeolite layer on a porous
substrate. (A) is the porous substrate, (B) the zeolite layer, (C) a grain boundary,
(W) the width at one point along a zeolite crystal, and (T) the thickness of one
crystal.

| Surnmary of the Invention

Applicant has discovered a new composition of matter containing
zeolite and a process for preparing the same. The composition is unique in that
the zeolite crystals making up part of the composition pack in a manner such that
the zeolite forms a layer which is essentially continuous with no large scale
voids even when the zeolite layer is <10 um thick.

Hence, one aspect of the present invention is directed toward a

composition of matter comprised of a substrate (also referred to herein as a
support) and a polycrystalline layer of zeolite crystals wherein at least 99% of
said zeolite crystals have at least one point between adjacent zeolite crystals that

* is £20 A and wherein at least 90% of said zeolite crystals have widths of from
about 0.2 to about 100 micrometers and wherein at least 75% of said zeolite
crystals have a thickness of within 20% of the average crystal thickness.
Preferably, the zeolite layer will have at most 1Volume % voids and the zeolite
crystal will range from about 2 to about 50 micrometers.
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thereby formng a zeolite layer on said substrate wherein particles
produced fromsaid zeolite synthesis mxture:during treatnent settle onto

sajd zeolite | ayer; and : ~ (c) renmoving any unreact ed‘
zeolite synthesis m xture; the i rrproverrent of substantially
preventing the settling of particles proéuced fromsaid zeolite m xture
during treatnent onto said zeolite | ayer 17. A nethod
according to claim 16 wherein said c osition is calcined at a terrperature

of 400 to 60atikzed,thé oomosﬂtmasansms sensonseor catalyists e Mostpreferablysthe

m xt ure cont 18. A net hod
according t ﬁﬁﬁ%wﬁgoﬁgg%g%gof%memﬁs oriented, such that said
zeolite layer is grown Grawth of &ecrceo(htelay@rmswmedrquéhyé‘@nmsgeto 270
degrees in téims&uféﬁeﬁzéoﬁre gﬁﬂesxsmm%?ammeaﬁ@at 4 88npadnse sufficient

ol dor o " to'elect Grystaflizali hirothanmally seating ey, 88%?@%@ " oaid
conposi ti on fiadclave under aﬁtegeﬁmrmssmbomon&chntgmfathe ghbsttatedespbel e metal .
carried out such that there is no settling of crystals formed in the synthesis
mixture during autoclaving onto the substrate. The synthesis mixture may thus
* be handled in a manner to prevent such settling.

In a preferred embodiment, the zeolite layer is grown on a support
which is inverted in the zeolite synthesis mixture. Inverted as used herein means
that the zeolite layer is grown on the side of the substrate oriented from 90 to
270 degrees in the synthesis mixture. In the 180 degree orientation, the side of
the substrate onto which the zeolite layer is grown, is horizontal and facing

~ downward. This is referred to as inverted. Preferably, the membrane will be
grown on the 180 degree oriented side. In the inverted orientation, the surface of
the substrate to be coated should be at least 5mm, from the bottom and sides of
the vessel containing the zeolite synthesis mixture, preferably at least 8mm at its
lowest point during the process of preparation. Applicant believes that inversion
of the substrate prevents zeolite crystals, which are homogeneously nucleated in
the zeolite synthesis mixture, from settling onto the substrate where the zeolite
layer is grown. Thus, the crystals do not incorporate into the growing zeolite
layer or perturb the growth process. Hence, at least 99%, preferably at least
99.9% of the crystals in the zeolite layer have at least one point between adjacent
zeolite crystals that is <20 A . In the instant invention, the spacing between
adjacent crystals is set by a grain boundary zone and the maximum grain
boundary zone, absent voids or defects, will be <40 A. Additionally, at least
90%, preferably at least 95% of the zeolite crystals in the zeolite layer have
widths of from about 0.2 to 100 micrometers, preferably 2 to about 50

~ micrometers. As used herein, grain boundary zone is the width of the disordered
zone between two adjacent ordered crystals. The zeolite crystals in the zeolite
layer are intergrown in the membrane so that nonselective permeation paths
through the membrane are blocked by the narrowest point of approach between
crystals. Nonselective permeation pathways are taken to be permeation
pathways which
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20. A separation process conprising contacting a feedstock derived from
petr ol eum natural gas, air or hydrocarbons; conprising at-.{ east two .+ e
nmoj ecul ar “species with a conposition conprising a subsirate andd.layes. .of-.
polycrystalline zeolite crystals whereifgat |east: 99% of’ sald ‘z€olite °°.°
crystal s have at | east one point between adjacent crystal s that is <20 A
and wherein at |east 90% of said crystals have widths of fromabout 0.2 to
about 100 m croneters and wherein at |east 75% of said crystals have a
t hi ckness within 20% of the average crystal thickness wherein at |east one

I I f b

sr,rgl choﬁ{oo:?%ﬁs gnds%ergﬁs%ﬁ@weﬁrgggﬁgﬁ&apgm Fl)édyfrom
the group co the propartioniof the-erystaly gt havsthedongest axis .
21. A procesgg ﬁﬁ?lgr’codtPE%l ﬂibrlhrf& xﬂﬁ?bébﬁt&‘iﬁé&’bﬂgﬁﬁﬂ}@bn%fﬁfé Xsrags :

separated Vi A process accQrding

to claim 20 hﬁnyattamr lwwwcﬂft"e@nw Hengdzeolitepewdes. ng of

f2n0X ed xyl eneﬁl ﬂi&dcﬁé faf'ahqmllype zeolite with predominant C-axls onentatlon, for -
a - dro

S xtur es of L%%D‘gg}raeﬁgwé@gre of nor%%gprp;tﬁob%tg%q ?\5

m xtures of of W}peaidtmthpmbmed 200 QnddilZOfpeistj divided bythé same ratioct ur es

of hydrogen, g randomly oriented powder; the quotient is termed the crystallographic
preferred orientation (CPO). Measured in this way, zeolite layers in accordance
with the invention have a CPO of at least 1, and may have a CPO as high as 500.
The crystals in the zeolite layer range in thickness from about 2 to about 100y,
preferably about 5 to 100, more preferably about 30 to about 60y, most
preferably about 30p. Although the crystals may range in thickness from 2 to
100y, for any given membrane, 75Volume %, preferably 90Volume % of the
crystals will all have the crystal thicknesses of within 20% of the average crystal
thickness. Thickness is herein defined as the length of the crystals from the
substrate surface to the uppermost edge of the zeolite crystal perpendicular to the
substrate. Compositions made from zeolites other than MFI. will also display a
degree of orientation in habitus and/or of the unit cell, however, such orientation
may not be in the ¢ direction. For example, A, B, and C orientations are
possible, as well as mixtures thereof. Other orientations are also possxble
dependmg on the zeolite selected.

L)_

The instant compositions are virtually free of voids. They
preferably exhibit at most about 1 Volume % voids, preferably less than 0.5
Volume % voids.

Void as used herein means spaces between the zeolite crystals in
the zeolite layer along grain boundaries larger than 40 A. Defects are spaces
between adjacent zeolite crystals extending through the thickness of the zeolite

| layer. In the instant membrane, the total number of defects in the zeolite layer
with sizes > 40 A is < 10,000 per square inch (6.5416 cm?), preferably < 100 per
square inch (6.5416 cm?). the number of defects having spacing between
adjacent zeolite crystals larger than about 2000 A is < 100/inch? (6.5416 cm?),
preferably < 0.1/inch2 (6.5416 cm?). Voids and defects can be detected from
cross-sectional images of the zeolite layer made in the scanmng |
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et hane and et hyl ene; mi xtures of hydrogen, propane and propyl ene; coker
napht ha containing Jerr] to (Jerr]. mxtures containing argon, helium. neon
ory : ' - 21- " nitrogen; intermedrdate’,
reactor catalytic reformer products; fluid, catalytic cracking products;
napht ha; |ight coker gas oil; nixtures of hormal and isopentanes; mxtures
of normal and isopentenes; mixtures of ammonia, hydrogen and nitrogen;

m xtures of 10 carbon aromatics, ,"m xtures of butenes," nixtures of sulfur
and ni t r ogenshapeprefereed orientation ivtaken to be ovewhichdas more,than 88%»f thet r ogen

conpounds; ag;g%%ﬂﬁﬁ oh8 %4 inside the zeolite laryer%ihilﬂﬁﬂg QENSm{leY regalai" ysing
a chenical regction conpr|si’ng coptacti ng a eact1on stream with,
conposi ti on QM| ShMEe Sgnﬂ%waugemtal wﬂatﬂ& sAne ahabis zeolite
crystal s whegghibited witiifita 1498p thiat 64 e defbn iie thy slet@ba nilsropraph bfet one
poi nt between adj acent ﬁgﬁ/s %h‘? hat ,is < 20 An:tgd gﬁ rei,n at” | east 90% of
sai d cryst al FORSPECHROh e #eotit lAyen Jiaweyes, qven iignen frshapes SEMey
wherein at | m?tdoﬁiﬁbaﬁ have tb be thetsahe $iae e Bacauseodfi the growtihinecRéfismfoft he
average crys ' : . ] .q) o claim
23 wherein aghgﬁeé kgta%gfi%s %osﬁ%%ﬁ F%hﬁ}"% ﬂn%gl??%c@rﬁg%g%f?@wﬁg#g nt ai ned
wi t hin sai d bettgra asez)rqf the layer and another shaperpreferred origntatiotiing layercl ai m 24
wherein sai dylgr{iféf%he sirface. An example of this is an MFI zeolite layer which has a

columnar habit at the base of the layer and a rectangular habit at the surface of

the layer. Many MFI zeolite layers grown in accordance with the present

invention exhibit only one habit throughout the thickness of the zeolite layer.

Usually MFI zeolite layers grown in accordance with the present invention

exhibit only one habit throughout the thickness of the zeolite layer. Usually MFI

zeolite layers with a preferred C-axis orientation exhibit a columnar habit (or

morphology) throughout the entire thickness of ther zeolite layer. Often shape

. preferred orientational layers have a preferred crystallographic orientation.

The substrate on which the zeolite layer is grown may be porous or
non-porous. If the substrate is porous, it will be a porous material throughout its
entire thickness. Preferably an inorganic oxide or stainless steel will be utilized.
The porous substrate, hence can be a ceramic, metal, carbide, polymer or
mixture thereof. The porous substrate, hence may have a uniform pore size
throughout or may be asymmetrical, having a larger pore structure throughout
the bulk of the substrate with a smaller pore structure at the surface on which the
zeolite layer is to be grown. The substrate pore size is dictated by mass transfer
considerations. It is preferred that the pore structure and thickness of the

-substrate be chosen such that the mass transfer resistance does not limit the flux
of material permeating through the zeolite membrane during use. The porous
substrate will hence display a porosity of about 5 to about 70%, preferably about

© 20 to about 50% and an average pore size of about 0.004 to about 100y,
preferably about t 0.05 to about 2 micrometers.

It is preferred that the surface of the substrate, porous or non-
porous, on which the zeolite layer is grown be smooth. Roughness in the
substrate leads to defects in the zeolite layer. The substrate should have an
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srtion conpristng a substrate and alpol ycrystalline |ayer of zeolite
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second reactant by diffusion fromthe opposite face of the structure.

COMPANY {US/US]; 180 Park Avenue, P.O. Box 390,
Florham Park, NJ 07932-0390 (US).

(72) Inventor: LAI, Wenyih, F.; 0-66 27th Street, Fairlawn, NJ
07410 (US). '

(74) Agents: BAKUN, Estelle, C. et al; Exxon Research and _ _
Engineering Company, P.O. Box 390, Florham Park, NJ :
07932-0390 (US). ' .

(D)) 'Ifitle:. AN IN-SITU CRYSTALLIZED ZEOLITE CONTAINING COMPOSITION (LAI-ISC)'

(57) Abstract

- The applicant has discovered a new zeolite containing composition and a process for preparing the same. The composition is unique
in that the zeolite crystals making up one layer of the composition pack in a manner such that the composition is essentially continuous with
no large scale voids even when the zeolite layer is < 10 zm thick. Thus, the present invention is directed toward a composition comprised
of a porous substrate and a layer of zeolite crystals wherein said layer of zeolite crystals is a polycrystalline layer with at least 99 % of said
2eolite crystals having at least one point between adjacent crystals that is < 20 A and wherein at least 90 % of said crystals have widths of
from about 0.2 to about 100 microns (preferably about 2 to about 50 microns) and wherein at least 75 % of said crystals have a thickness
of within 20 % of the average crystal thickness. Preferably the composition has at most 1 Volume % voids in the zeolite layer. Use of the
composition is also described.
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