Coat ed nol ecul ar sieve The present invention relates to a coated nol ecul ar
sieve and to a nethod of preparing it. In addition, the invention relates
to use of the coated nol ecul ar sieve and to conpositions conprising the

nol ecul ar sieve. The present invention further relates to use of the

nol ecul ar sieve and of conpositions conprising the nolecular sieve in the’
production of apparatus, for exanple electronic conponents and devices, and
al so to apparatus, for exanple electronic conponents and devices,
conprising the nol ecul ar sieve. The present invention relates especially to
a hydro%hobicall coat,ed nol ecul ar sieve and to a nethod of producing it.
In = S98tePomolertlat, §4€V8n rel ates to use of the hydrophobically coated

nol ecul ar sieve and to conpositions conprising the hydrophobically coated
nol ecul ar sieve. The present invention further relates to use of the

hydr Ghleobreakhy doseediomlredualtas sioewe cantdedf modepadiald eisveospd sing the
hydr ophobi cal | at ed nol.ecul.ar sieve in,the prodyction of apparatus, for
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exanpled 4@l8C Lb0Rise %cm%e%%t?ad mod@¥iiGes: sGRIRN bsidngdt he nol ecul ar sieve..
Background to the invention Mddern electrical and el ectronic conponents and

devi cempobtién onsomempse siege thal sodecsilibst snees .Wiheh paresesgnsi tive to
gaseqQus l.ecul es from. t he anbi ent atn%s ere, _.for _exanpl e oxygen or water
geg) ol

|
vapodrV SR Lhs & W rar 8 145 kEd UgE R GFYRE §¢EV6n3FE t hose
ol el RSMPRE 1 thohseXxdMpRre s ifRy the mdeskihokedsasvd hes4hle of corrosion or

hydrol ysis. A customary 2 nethod of protecting such materials in conponent's

and aedgesion of apparatus, for example electronic components
and devices, and also to apparatus, for example electronic
components and devices, comprising the molecular sieve. The
present invention relates especially to a hydrophobically
coated molecular sieve and to a method of producing it. In
addition, the invention relates to use of the hydrophobically
coated molecular sieve and to compositions comprising the
hydrophobically coated molecular gieve. The present invention
further relates to use of the hydrophobically coated
molecular sieve and of compositions comprisging the
hydrophobically coated molecular sieve in the production of
apparatus, for example electronic components and devices, and
also to apparatus, for example electronic components and

devices, comprising the molecular sieve,

Background to the invention

Modern electrical and electronic components and devices often
comprise materials or substances which are sensitive to
gaseous molecules from the ambient atmosphere, for example
oxygen or water vapour, because they are attacked as a result
of the action of those molecules and, for example, may be

destroyed as a result of corrosion or hydrolysis. A customary



is provided by encapsul ati on wherein the conponents or devices are
hernetically sealed off fromthe environnment. In this context, it is also
customary to incorporate so-called "getters"” in the interior of the
encapsul at ed conponents or devices which are capable of catching those gas
nol ecul es that do neverthel ess penetrate inside. Customary getter naterial§
are substances which are able to bind snmall nol ecules, for exanple gas
nol ecul es or water, by neans of aZchenical reaction ("absorption") or to
physically take themup ("adsorption”). CGetter materials in current use
are methbs of pebakcilihgysueh maltectibas snevespobdelt sgetidedeviakeri al s which
are used to.B%%F ct materials . or conponents fromthe damaging influence of
)

noi st'dr 8TP 8r CHEERS UG O YRR R NokVi§e FONRPESHESC Pitbed, inter ali a,
in Dﬁe@%%%QZQrélher@%t@%%li%?sé%l%ﬁ Q%f3%9$$2%P§{§3§%§bﬁﬁ%nkﬂcghp0rating a

getter material in the intefior of an encapsu conponent or device it
is altddspeositeié .t at iscedpor auetgebtrer toatiecbabsrancosganiad ledt eri al s whi ch

are ,us to,seal the.sensitive erials inside the conponents or devices
or tog$§gﬁrﬁhelgo 8néﬁ$?r&Prd8§rgé§ ?ﬁ@ﬁ?@P@é§?dF8Pm98?§ﬁ§FePrthe getter

mat ediedtigegayhiehi BEQr RALALRG OF QhGARHGy Eﬁbﬁ@egﬁs %%h%%b!%% or |
surface-coating conpositions which are then used to encapsul ate a conponent
or délpgedot peygnedielesy pevsgrateasnsddehereof or to cover it with a _
coating. An adhesive conposition having barrier properties is disclosed in
DE 10344449 A, and DE 19853971 Al describes inorganic/organic polysil oxane

hybr cdspoli®r getkert hateeriels H9e200h0432883 whli cli $l0$83 «a taoul dabl e
paste caonprising a zeolite, an organic binder and a solvent, which paste is
usedPipgd ER8LAr BRALELILES  off OF GEEMBAS USSPHPARCUNGS BrAWRLSZ6 by

means of a chemical reaction ("absorption"} or to physically
take them up ("adsorption"). Getter materials in current use
are metals or metal alloys or molecular sieves. Such getter
materials which are used to protect materials or components
from the damaging influence of moisture (water) or gases, for
example oxygen, are described, inter alia, in DE 3218625 Al,
DE 3511323 Al or DE 3101128 Al.

Besides incorporating a getter material in the interior of an
encapsulated component or device it is also possible to
incorporate getter materials in organic materials which are
used to seal the sensitive materials inside the components ox @
devices or to seal the components cor devices themselves. For
example, the getter materials can be incorporated in organic
polymers, adhesives or surface-coating compositions which are
then used to encapsulate a component or device, to adhesively
bond a casing therecof or to cover it with a coating. An
adhesive composition having barrier properties is disclosed
in DE 10344449 Al, and DE 19853971 Al describes
inorganic/organic polysiloxane hybrid polymers. Furthermore,
US 2004/0132893 Al discloses a mouldable paste comprising a
zeolite, an organic binder and a solvent, which paste is used

in the preparation of a getter. US Patent No. 5,401,536



3 describes, for producing a noisture-free sealed enclosure of an

el ectroni c apparatus, a coating and an adhesi ve which consist of a
protonated alum nosilicate powder and a polynmer. All those conpositions
conprise getter materials which are enbedded nore or |ess coarsely, but no}
honogeneously dispersed, in a matrix (pastes). None of those conpositions !
all ows transparent |ayers to be préduced and al so they cannot be used in a
printing process. In recent years an increasing trend towards E
m ni alasdrdaieisqn foaf prancEecta medls taind-dreed eriledeidesdias dfeen seen.
This ongoing mniaturisation is giving rise to many problens, not |east |
wi t h 8% CHOR 15 GRS e FsiGAAF N9a e as abGifgoe s &y devi ces |
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at nosphere. € one ha anounts of "the sensitiv

have Ald lénogsreo tcenioes 1 tdrem sh ermpmic ce wart temidagrerd@ lishathietermra rel atively
small _.n of gas | ecules is sufficient to danage them The protection
must qﬂp@% a¥E &F dn%c?(f A" S Sas f 1%1§l_°tp5’s°§]°rﬂeél,e 1¥a single damaging
gas Rl d, eaches e i sapiidias Mpld e dibdhe L diapd, the space
that is available inside an encapsul ated conponent or device is becom ng
ever asnwivisetragssaterd detvteats ditodiad rapdugredasindedsichlténehe demr@tsmal | form
o) th%§ i%%fan be us?ﬁfin gﬁparatus of such dinensions. Even if a getter is
to b& UTESH got & EF VI ASEHITE%r covering layer for sealing a conponent
or device of such dinensions, the getter should be in a formthat is as

smal | as possible, because not only is the thickness of a |ayer protecting

a cofforr@ferdr ViRRLS il 1nfisEs iy Butersh toge rftse mind adiurEmsitamst in terms of -

area ¢ many electrical and electronic devices has been seen. This :

ongoing miniaturisation is giving rise to many problems, not

least with respect to protecting sensitive materials,

components or devices against moisture or other damaging gas

molecules from the ambient atmosphere. On the one hand, the

amounts of the sensitive materials that have to be protected

are becoming ever smaller so that even a relatively small %
number of gas molecules is sufficient to damage them. The |
protection must therefore be so good that, as far as
possible, not a single damaging gas molecule reaches the
sensitive material. On the other hand, the space that is
available inside an encapsulated component or device is
becoming ever smaller so that a getter should as far as
possible be in a small form so that it can be used in
apparatus of such dimensions. Even if a getter is to be
incorporated in a sealing or covering layer for sealing a \
component or device of such dimensions, the getter should be

in a form that is as small as possible, because not only is

the thickness of a layer protecting a component or material

dropping but so too are the dimensions in terms of area

(width and depth), limiting the possible particle size of a

getter material so that the use of customary getter materials

having a particle size in the region of some micrometres can



(wmdth and depth), Iimting the possible particle size of a getter material
so that the use of customary getter materials having a particle size in the
region of some mcronetres can 4 be di sadvantageous or unfeasible. In
particular in the course of the currently rapidly ongoing mniaturisation
of electronic conponents such as, for exanple, MEMS devices, and the ever
smal | er di nensions of, for exanple? el ectro-optical devices containing '
them the use of customary getter materials is now possible to only a

li m bed ddxbevanhecarse ofr unfeskdele.han Phaey iang apf aseithd Ak cl es
haV|n% a.size of usually some mcronetres. Wien conposite materials
conpPitsithg &Uﬁﬁﬁﬁﬁéﬂ‘I§F§@ﬁﬂh@@906§§tPﬁ@lééﬁﬁé§ﬁ¢#@ﬁ-@ﬁ an adhesive and a
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substances, conponents or devices, a gettef material can protect the
mat ercihal evemnﬁoméﬂEroﬂnmansm@nsspécl&b&ye&hh@dbiveuﬁddtdAm@tlmad|V|dua
particles are snuall .conp ed t he thlckness of the |ayer consisting of

the O6VPGESt ERELHHRE Lhen CaPE ROFLGERESUSIAFtE St ri buted. If the

par t ingh@siane 10 o/ %ss%mart%d otnqyt he 1&%%@6%%%56 e LQERogist e |ayer,
passageways for gas or water can be"forned at |ocations where, because of

the & igcﬁcahadl§bﬁwb@KEO@r@Bemhel@epﬁemlpéesl@b@&n@natmazd afer, no

partlcle S present., ghomm in Figure 1. On the other hand, passageways
for JEYCIHYNSEEFE F&ﬁr Y68 formed at |ocations where accumul ations or

aggl onerates of getter particles occur, as shown in Figure 2. For that
reason, a getter material should have good di spersibility in the organic
conp&isis Ctoﬁ‘@@lshéle wiettienatgileh dompird spngs enboilymee  acenpdsicee material . The

poorc%%%&%rs' o%%tl%nn%ﬁya%r%%%kglve and a getter material are

to be used for encapsulating sensitive materials, substances,
components or devices, a getter material can protect the
material, component or device especially effectively if the
individual particles are small compared to the thickness of
the layer consisting of the composite material and if they
are homogeneously distributed. If the particles are too large
compared to the thickness of the composite layer, passageways
for gas or water can be formed at locations where, because of
the statistical distribution of the getter particles in the
layer, no particle is present, as shown in Figure 1. On the
other hand, passageways for gas or water can also be formed
at locations where accumulations or agglomerates of getter
particles occur, as shown in Figure 2. For that reason, a
getter material should have good dispersibility in the
organic compounds together with which it is present in the
composite material. The poor dispersibility in many organic
compounds which are customarily used for sealing purposes
such as, for example, polymers, adhesives, surface-coating
compositions or the like is a further disadvantage of

customary getter materials.



conpounds which are customarily used for sealing purposes such as, for
exanpl e, polyners, adhesives, surface-coating conpositions or the like is a
further disadvantage of custonary getter materials. 5 For exanple, |
customary getter materials such as, for exanple, zeolites have only poor |
di spersibility in nonpolar nedia as nmany polyners, adhesives, ?
surface-coating conpositions, sol®ents and the like are. In general, oxidic
materials, which also include the zeolites, are poorly dispersible in '

nonpebar esghpest schdt omdrgogerast havergeed diuspeksi bicbit ypxbhpiwater,
aqueous_aci ds_ and bases. The reason for that behaviour |lies in the surface
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Hei de| hberg, .19831. Wien an oxide is dispersed in water, a diversity of
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The exi Stence o? sucﬁ an aéhérlng wat er layér on t%g oxXi nresult in
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suspensi on, because .the oxide particles capnot caonme intqQ contact with one
anot héfSand © ﬁe?@FéP@ecgﬁﬁﬁﬂs§8§I8§EF§?€ Eg?ﬁérp%D@Eéﬁaﬁﬁ&sonTpﬁe pH of a

SOl UkkeRrna128akirhecCa? b23@ier ng@kRiRNet ORBidd a168S4Yht10ke sp@e of the COH
groups | ocated on the surface losing or gaining a proton. The OH group in

questzieod iitest hesupldyeterad nagrsOine OHt geoupsaiNaHRrgr emg. Addi ti onal

Char%%%i%gt%g% 8¥i %nctional Groups on Solid Surfaces, H.P.
Boehm, H. Kndzinger, Catalysis Science and Technology,
Vol. 4, Springer Verlag, Heidelberg, 1983]. When an oxide is
dispersed in water, a diversity of interactions between those
OH groups and water come about. Hydrogen bridge bonds can be
formed, resulting in a water layer that adheres to the oxide.
The existence of such an adhering water laver on the oxide
can result in its being possible to obtain the oxide in the
form of a stable agqueous suspension, because the oxide
particles cannot come into contact with one another and
therefore cannot agglomerate either. Depending on the pH of a
solution, a zeolite can lose or gain protons as a result of
some of the OH groups located on the surface losing or
gaining a proton. The OH group in question is then present as
an O  centre or an OH," group. Additional charges on the oxide
result in further stabilisation of an agueous suspension
because particles that approach one another are subject to

repulsive forces and therefore cannot come into contact with

one another or agglcmerate or form clumps.

However, in a nonpolar enviromment, for example in organic
solvents such ag, for example, hexane, toluene or petroleum

ether, or liguid, melted polymers of low polarity such as,



result in further stabilisation of an agueous suspension because particles
t hat approach one another are subject to repulsive forces and therefore
cannot come into contact with one another or agglonerate or form clunps.
However, in a nonpol ar environment, for exanple in organic solvents such
as, for exanple, hexane, toluene or petroleum ether, or liquid, nelted i
polymers of | ow polarity such as, 6 for exanple, polyethylene, the }
mentioned interactions between th& oxide surface and the sol vent cannot
cone about because the solvent nolecules are not able to form hydrogen v
bri dder bsadplel npadgietihoi enehathes mane ipotdstialiciagsed ohy leeweanl ecul es of

| ow pol arity. This neans that the surface of oxides in nonpolar solvents i's
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oxi dghepabliiyehes madnecuhekeheendet spnesent rekmahedRbeeeNb Ry to a very
smal | extent. Oxidic substances in nonpolar solvents™ therefdore forminto

aggl Sepdst eInapdddtimps, chergrswarennoki gupbilisked bhyi ¢hease, a condensation

react.l 0 he raoups..present. _on the rface often takes place, so that
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be dispersed. In order to be able to disperse oxidic particles in nonpolar
sol vERELGNLERE Of GKE6PSS|. oBgbudsalet Korsesf hesweknt fheorixdde i n questi on can
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therefore form into agglomerates and clumps, as shown in

Figure 3. In this case, a condensation reaction of the OH

groups present on the surface often takes place, so that

irreversible growth of the particles into one another takes

place and accordingly large agglomerates are formed. These

agglomerates can no longer be dispersed.

In orxrder to be able to disperse oxidic particles in nonpolar
solvents, the OH groups located at the surface of the oxide
in guestion can be functionalised with organic groups which
are as similar as possible to the solvent in question. Such
surface coatings are described, for example, in

DE 10319 937 Al.

The surface of the oxide particles can thereby be coated with
nonpolar and covalently bonded groups. The formation of a
covalent, chemically resistant bond is desirable because a
loss of nonpolar groups can result in the particles having an
increased agglomeration tendency. Preference is given to the
formation of a durable covalent bond over ionic bonds as are
described, for example, in "The surface modification of
zeolite-4A by CTMAB and its properties", L. Guo, Y. Chen, J.
Yang, Journal of Wuhan University of Technology, Materials

Science and Engineering, Wuhan University of Technology,



nonpol ar and coval ently bonded groups. The formation of a covalent,
chemcally resistant bond is desirable because a |o0ss of nonpol ar groups
can result in the particles having an increased aggl oneration tendency. _
Preference is given to the formation of a durable coval ent bond over ionic
bonds as are described, for exanple, in The surface nodification of !
zeolite-4A by CTMAB and its properties", L. GQuo, Y. Chen, J. Yang, Journal:
of Wihan University of Technol ogy, Materials Science and Engi neeri ng, Whan
Uni vERSEtryadE FedhnekogyitionMatiepbal s18cuencesEdti pacal899)onld(4), 18-23,
because _i oni ¢, bonds, which are_ based on the formation of ion pairs, can be
r eadPPPIBr oWBACEPEFE BysSEEneR thRsIoKBatbABeASal PBNPRAESE | 6AB gﬁn take pl ace

betM@gagﬁmgtﬁggﬂ%hoégésgfﬁyoggﬁggcighgups on the surface of a particle

coate at mann eractions between particles are therefore based
mai nly on van der Waals forces. This neans that if two particles cone into
cont act mﬁéh one. anot her, they are ugabl to_durably and irreversibly
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nonpeéaetsekgga&é-grguﬁgosarxh@egqgeaéefeﬁ hhBapYE BeSE (Bh cbUNghi Onal i sati on
are chlorosilanes such as, for exanple, trinethylchlorosilane (TMSCLl) or

al sottieét hphdierhl dnosirbetéonZebkiciveepopdetsclsar haee thediefford usi ng

al ky halgsilanzs are des&rib d, .for exanp&E" in EP 1 2% 403 Al . \Wen an
x| HEOFESr BASRAd QL HeS CPEaJeRLSoFOSaER - & TRiAAMeRYar 568N ¢l GPde I o spl i
of f pRgtracieavabset ihesdconchetnird thebyeeanbhaesi | @Rey adCahagnd the
surface of the oxide, as shown in Figure 4. However, these reagents have

t he #psduvahiugentharrenergabilyr agalemparteanSubl funatkedabysede corrosive
hydr%&%aeghh855d80g8|3§%£3§sibility in nonpolar solvents.

Customary reagents for the purpose of functionalisation are
chlorosilanes such as, for example, trimethylchlorosilane
(TMSCl) or also diethyldichlorosilane. Zeolite powders
surface-modified using alkylhalosilanes are described, for
example, in EP 1 020 403 Al. When an oxide is reacted with a
reagent of such a kind, hydrogen chloride is split off and a
covalent bond is formed between the silane radical and the
surface of the oxide, as shown in Figure 4. However, these
reagents have the disadvantage that the getter material can
be attacked by the corrosive hydrogen chloride molecules.
Investigations by the inventors of the present invention have
shown that, in particular, alkylhalosilanes destroy the
structure of zeolite'particles; the smaller the particles the
more pronounced is the effect because of the increase in the
relative external surface area of those particles. Generally,
porous particles suffer especially from that destruction,
probably because they are attacked by the corrosive halogen
compounds not only from the outside but also, at the same
time, from the inside. When halosilane reagents are used it
is also disadvantageous that, when porous particles are being

coated, the pores, internal channels and cavities of the



| nvestigations by the inventors of the present invention have shown that,
in particular, alkyl hal osilanes destroy the structure of zeolite particles;
the smaller the particles the nore pronounced is the effect because of the
increase in the relative external surface area of those particles. ’
Generally, porous particles suffer especially fromthat destruction, i
probably because they are attacked8by the corrosive hal ogen conpounds not -
only fromthe outside but also, at the same tine, fromthe inside. Wen

hal ophl-aneleeagent beabRelsodtill aha/aksgldtﬁadva@tﬁmaggédthat when porous
particles are being coated, the pores, internal annel s and cavities of |
the BYSpeME| énewhish bBeowBtesnRddSHURARGR bFobré#her ppaggddnorSystens in

“h!cﬂlBPE%ﬁgéﬁ&ngb §aesﬁﬁgm%%ﬁgs&;pgg?goggsgaaegeéI?gbgﬁgwandnso retains its

origina ractér, as s ar e herefore, oxidic
get t eigomatebi ahgesdebiaableor exanple, zeolites are also reacted with

al koxysilanes in order to silanise the external surface, as described in
"Surface organonetallic chem stry on zeolites: a tool for nodifying the

sorp&?gggg %ggrgkgg ggggggktﬁg élaggoﬁhbﬂ QOUF??| Emp | ecul ar Catalysns

(1994), However zeol rtes nbd that manner are _
desczébédtebeaeenaésbetgacaedaW1thtalkeﬂyanéahes ﬁnrbBQErnDdlflcatlon. Thi s
isp ible e eC|aII%Pgecau e zeolit s SO ﬁDglfled have sim | ar surface

prop@?i?@%s?o CHbEFPPedSPESPFResBSa e§F§19§ ctPbed T heF8i nbefore. In the
ProcesgahBfREEaRl $cUSREMiEEPGCHA b¥o11iBbkang- cgup! kBY ﬁaamk§l ich are

capabl & of cross-linking wth one another in aqueous media. This effect i%
uti| tbedsorpoiosxampbericmeshefcaseloftesheAzebhipéipar Toukealcofited with ;
Molecular Catalysis (1994), 86(1-3), 501-512. However,
zeolites modified in that mamner are described therein solely
as an intermediate for further modification. This is possible
especially because zeolites so modified have similar surface
properties to non-modified zeolites, as are described
hereinbefore. In the procesg there are used, especially,
silaﬁe—coupling agents which are capable of cross-linking
with one another in agueous media. This effect is utilised,
for example in the case of the zeolite particles coated with
the silane-coupling agents aminopropyltrimethoxysilane or
glycidyloxypropyltrimethoxysilane, which are described in
DE 100 56 362 Al, in order to stabilise a colloidal agueous
suspension of zeolite particles. A process for the production
of zeolite surface-modified in such a manner and the use
thereof in detergents and cleansing agents is described in
EpP 0 088 158 Al. Those surface-modified zeolites are,
according to their use, hydrophilic particles which can
accordingly be dispersed non-homogeneously in lipophilic

organic compounds such as, for example, alkanes.

Customary zeolites usually have a particle size of some
micrometres (see, for example, the information brochure

"Dessipaste™" of the company Siidchemie AG) and may be coated



t he sil ane-coupling agents am nopropyltrinethoxysil ane or -

gl yci dyl oxypropyl tri net hoxysi |l ane, which are described in DE 100 56 362 Al,
in order to stabilise a colloidal agueous suspension of zeolite particles.
A process for the production of zeolite surface-nodified in such a manner
and the use thereof in detergents and cl eansing agents is described in EP
0 088 158 Al. Those surface-nodified zeolites are, according to their use,
hydrophilic particles which can a@cordingly be di spersed non- honogeneousl y!
in lipophilic organic conpounds such as, for exanple, al kanes. Customary
zeol iaseslessuableyd, hdoe axparptlie;| dnsi'Bd lgflasdmr ofi arieret-remacsee, for

exanpl e, the informati,on brochure "DessipasteTM , of the conpany Sudchem e
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or i nl%fRen e8l(2nvditli7catirons dfhexiidel swdfiddestioRsCodl oxEdeVansant ;
Trends _in _physi cal em_st 1999), 7,. 145-158. .Thqose soyrces do not,
home@@%ﬁaﬁggcri ecogﬁsggis&%ﬁs%P%pe RO Sof T R §166at EF PRSI Ye particl es
N Qalopysr,s 79r 14%006 sdeneald Yol cROBROLL , Mdh@vabse s 5agked zeolites

as getter materials in thin layers is also not described. A further '
di sad-&REaga ovf PISIPEE tdEst efaitpoget coptedt eescdlise parpdlogmer dni s t he

possihiility of th al yner._bei.ng nmade cl oud by,.scatteri processes caused
by ggt% e %gr el @g@ a%‘ieﬁl&rg 1¥gf rlgcﬂo\l?é’oziﬁéefz‘eﬁiliaf'e g Fr GRSt of the
pol yaelarésals @eriage nsiczeibats aboveihhe aMee sSGat bakonedd mit of about 40

nmfor visible light. If transparent |ayers are to be
described.

A further disadvantage of using customary getter materials in
polymers is the possibility of the polymer being made cloudy
by scattering processes caused by getter particles having a
refractive index differing from that of the polymer and an
average size far above the Mie scattering limit of about

40 nm for visible light. If transparent layers are to be
produced, as are required, for example, for encapsulating
solar cells or OLEDg, such cloudiness must be avoided, or

should be as low as possible.

A further disadvantage of customary getters is that, because
of their size, they are not compatible with customary methods
for the production of miniaturised electronic components and
devices. Such apparatus is nowadays usually printed onto
suitable surfaces by machine using automatic apparatus such
as, for example, printing or spraying apparatus. The printing
nozzles used therein have an internal diameter in the region
of some micrometres. For that reason, getter-containing
liquids that are to be processed must contaln not only ne
particles having a size larger than the internal diameter of
the nozzle but also no agglomerates of golids which might

block the nozzle.



produced, as are required, for exanple, for encapsulating solar cells or
OLEDS, such cl oudi ness nust be avoided, or should be as | ow as possible. A
further disadvantage of customary getters is that, because of their size,
they are not conpatible with customary nethods for the production of

m niaturi sed el ectroni c conponents and devices. Such apparatus is nowadays
usual ly printed onto suitable surkhces by machi ne using autonmatic apparatgs
such as, for exanple, printing or spraying apparatus. The printing nozzles
used therein have an internal dianeter in the region of some micronetres. |
For that reason, getter-containing liquids that are to be processed nust
contain not only no particles having a size larger than the internal

di angl-eb£OfeskPepB oAl BEPYheala0enR1840! OMErates of solids which m ght |
bl ock the nozzle. 10 Brief description of the invention The problemfor the

i nvention described hereinbel ow was to overcone the nentioned di sadvant ages
of ¢ tonarﬁ natgrialﬁ. . The invengion sBogLﬁ esgeﬁiilly rovi de a nol ecul ar
of evehe HFOHLFE EREl FhEnsBYR LS Obe GSaLPRONIAT SLEPPLCH YBBaFaius,  whil st
it shoubkdopbsenbematitiahbe H9LahoEREgHRRUS FdL-aREARLCY mhBePigali C conpounds,
especi ally nonpol ar organi c conpounds. The nol ecul ar sieve should al so be

suitable for producing transparent |ayers. Furthernore, the nol ecul ar sieve

shou#g Qe SHLtabIe foi pgoce%sizg inra ﬁrintinﬂlnet od. After intensive
st udi e§, ‘t'KE& |ﬁ98ﬂf8?8 8t SPRECpRESENPTOV 98n?!8 R&V¥e®folind that the probl em
for fhechnygnkimanli snosghved by asbBl eauhahisteYescB8SRBPhEhEYsA _
hydroghoblcally coated nol ecul ar sieve, which conprises particles having a
whilst it should also be suitable for homogeneous dispersion
in organic compounds, especially nonpolar organic compounds.
The molecular sieve should also be suitable for producing
transparent layers. Furthermore, the molecular sieve should

be suitable for processing in a printing method.

After intensive studies, the inventors of the present
invention have found that the problem for the invention is
solved by a molecular sieve, especially a hydrophobically
coated molecular sieve, which comprises particles having a
particle size of 1000 nm or less, the surface of the

particles being coated with a silane of the general formula
SiR'R?R’R?,

at least one of the radicals RY, R?, R® or R® containing a
hydrolysable group, and the remaining radicals R', R?, R’ and
R? being, independently of one another, an alkyl, alkenyl,
alkynyl, heterocalkyl, cycloalkyl, heterocaryl, alkylcyclo-
alkyl, hetero(alkylcycloalkyl), heterocycloalkyl, aryl,
arylalkyl or hetero{arylalkyl) radical.



particle size of 1000 nmor less, the surface of the particles being coated
with a silane of the general formula S i RILR2R3R4 , at | east one of the
radicals Rl, R2, R3 or R4 containing a hydrolysable group, and the

remai ning radicals RL, R2, R3 and R4 being, independently of one another,
an al kyl, al kenyl, aIkynyI het er oal kyl, cycl oal kyl, heteroaryl,

al kyl cycl o- al kyl, hetero(alkylcydﬂoalkyl) heterocycloalkyl, aryl,
aryl al kyl or hetero(arylal kyl) radical. 11 Description of the Figures

Fi gupesdripeisn bf thegragueesc form the structure of two |ayer-systens
conprising (a) an organic polynmer and (b) getter particles. Figure 2 shows,
in diagrammatic form a layer conprising a) polyner and b) getter particles
wni chiborg 8 ghyﬁger1£Chla§9§¥unaﬁiewfbpﬁ' uged Lp-hpeudeagkng, garks the

qui ckeSt route wat er using 1n , |agrannat|c ,
f or ntaybe- sstpmagcompnxsﬂng (aarancbegahaulpglgméfaaﬁdcmbgroups a) denotes
the interior n oxidic particle. Figure 4 shows, in diagramatic form |
t he ﬁ?HF%ﬁhBBFEFQi??on of oxidic particles having surface OH groups. a)
denotes the interior of an oxidic particle. Figure 5 shows, in diagrammatijc
form the hydrophobicisation of oxidic particles having a pore structure.

a) dengtes 2hehoWateihodiagrammGXndlﬁopmrtacleyeﬁlgumprﬁsshgma) in

di tic_f ti-l truct whi ch ts of alt ti
par PPBIPEForad( B) BRRLeBoPIRERFASFctOaR EPEVeRcEHABLPEe (Eh) . The o

arrow included in the drawing marks the quickest route for

water diffusing in.

Figure 3 shows, in diagrammatic form, the clumping of oxidic
particles having surface OH groups. a) denotes the interior

of an oxidic particle.

Figure 4 shows, in diagrammatic form, the hydrophobicisation
of oxidic particles having surface OH groups. a) denotes the

interior of an oxidic particle.

Figure 5 shows, in diagrammatic form, the hydrophobicisation
of oxidic particles having a pore structure. a} denotes the

interior of an oxidic particle.

Figure 6 shows, in diagrammatic form, a multi-layer structure
which consists of alternating barrier layers (a) and

polymer/molecular sieve composite (b).

Figure 7 shows a typical gsize distribution for the particles
of zeolite LTA used in the Examples. The mass distribution is

plotted against the particle diameter in nm.

Figure 8 shows, in diagrammatic form, the set-up for a water

permeation test, wherein a) denotes a paper impregnated with



Figure 7 shows a typical size distribution for the particles of zeolite LTA
used in the Exanples. The mass distribution is plotted against the particle
dianeter in nm Figure 8 shows, in diagrammatic form the set-up for a water
perneation test, wherein a) denotes a paper inpregnated with 12 anhydrous,

bl ue cobalt chlorlde b) denotes a polyner layer and c) denotes water. '
Figure 9 shows photographs which rlédcord the results of investigation of t he
barrier property of a conposite material using cobalt chloride (water

per ngahy@hotesthluéncdbbelt PBRL 6gi aphsh) anby8f 84sa ?bl@mé@b%&eﬁm oride

appears as dark grey, and aqueous, pink cobalt chloride appears as |ight

gr eyandhe) t SpReBaF sHeheT a conparison sanple, and the bottom row shows a

sanpl e according to the invention, in each case at the start of the test (3

m nutes) and after 28 and 100 ninutes. Figure 10 shows the result of

i nveBLggaei Hnshéws hehptogeapheswhothsnetacd- that ragutosposi ti ons conpr|5|ng

t he pol ecul ar S|ev§ according to the invention, by neans of a_ cal cium !
d

m rr ORVERE1 g2 bleg; P tH%sP?FE%?Ban?p?ﬁEylﬂ@eﬂt?%ﬂpqﬁét?nW@E?FbﬁlreIates to
2 TYE5LRG0CLERLLYcROBL Ee TRLEEUF Aporib i fon IUEH) COTRI LRES Parll ol B3 havi ng

a particle size o nm or | ess e surface’ of 'the particles being
coatphotmgrhphssiaahgdnbusheb@eaecebalbrnhlarSﬁEf&ﬁﬁﬁ&ﬁs aatdhelkst one of

the radicals R4 cont ai hi ng, hydr ol ysabl e, group, and the
remePAPRg P CAPEORE; RoRkrgoBRit RALOG g, SPRGSFEnRENE R0 one anot her.
an abkkyl,, @®hkep¥b, row shows a comparison sample, and the bottom

row shows a sample according to the invention, in each case

at the start of the test (3 minutes) and after 28 and

100 minutes.

Figure 10 shows the result of investigation of the properties
of surface-coating compositions comprising the molecular
sieve according to the invention, by means of a calcium

mirror test.

Detailed description of the invention

The invention relates to a hydrophobically coated molecular
sieve, which comprises particles having a particle size of
1000 nm or less, the surface of the particles being coated

with a silane of the general formula
Sir'rR?R’R?,

at least one of the radicals RY, R, R® or R® containing a
hydrolysable group, and the remaining radicals R', R?, R’ and
R* being, independently of one another, an alkyl, alkenyl,
alkynyl, heteroalkyl, cycloalkyl, heteroaryl, alkylcyclo-



al kynyl, heteroal kyl, cycloal kyl, heteroaryl, alkylcyclo 13 alkyl,

het ero(al kyl cycl oal kyl ), heterocycloal kyl, aryl, arylalkyl or
hetero(arylalkyl) radical. In a preferred enbodi nent, at |east one of the
radicals R, R2, R3 or R4 contains a hydrol ysable group which is sel ected
froman al koxy group and a cyanide group. In this context, the expression
"nol ecul ar sieve" neans especiallﬁ%a conpound which is able to bind smal
nol ecul es. The expression "small | ecules” in this context refers, for
exanple, to nolecules of fromtwo to twelve atons, preferably of fromtwo
to setkytlonketgne (edpedicadlpalkylto tietercsvedwalkiesanydl.ecul es may under
nor ihiapns i f f . , which may, for exanple, be found
in F%gyg%g?gﬁtggf#%ggﬁgﬁég%'Fe?gp3e5a§%gﬁgres of such nol ecul es are gases
contained in air such as, for exanple, oxygen (02) or also water (H20) .
The binding of the nolecules by the nolecular sieve is generally reversible

or i FPefePERBrEreghgmodigiestor 8 Y epsFeP8EbIOE. thie rizslisadisaR si eves are
pref geably 40 unds, Wi C e. of. bindi smal |, mol ecul es
not %hly oﬁnfﬁ%i#%ggggg%e%bﬁ' angsgkﬁﬁhgggﬁkeﬁﬁéF%og%t%%IF%%Egres.

Pr ef éroed aex adplosy oftosmc b lae etlari ded erespare, for exanple, classic
oxidic solids or nodern hybrid materials. In this context, the expression
"oxidic solid" means, especially, an inorganic conpound which is present in
the_Ihp%ﬁﬂgfc%n%%&%ﬁakhhn%xﬂ%@%gﬁ%h!ynﬁﬁ%%h?h&’@%e@%"nﬂﬁk.%ryStall'ne SOl'df
Besi des netal cations, including cations of one or nore glenents of the

mai n egregpsldy sulbogpoupsl efiichhéspebiledico disidemmadd oxildicmlsal.id of such a

kindT%ncIudes ani ons_cqnpri si ng-oxygen atons. Preferred exampl es of such
e expression "small molecules™ in this context rerfers, tfor

example, to molecules of from two to twelve atoms, preferably
of frbm two to six atoms, and especially two to three atoms.
These molecules may under normal conditions be in the form of
a gas, which may, for example, be found in the ambient
atmosphere. Preferred examples of such molecules are gases
contained in air such as, for example, oxygen (0;) or also
water (H-0). The binding of the molecules by the molecular
sleve ig generally reversible or irreversible, and is
preferably reversible. The molecular sieves are preferably
porous compounds which are capable of binding small molecules
not only on their surface but also in the interior of their
pores. Preferred examples of such molecular sieves are, for

example, classic oxidic solids or modern hybrid materials.

In this context, the expression "oxidic solid" means,
especially, an inorganic compound which is present in the
form of a crystalline, partially crystalline or non-
crystalline solid. Besides metal cations, including catilons
of one or more elements of the main groups or sub-groups of
the periodic system, an oxidic solid of such a kind includes
anions comprising oxygen atoms. Preferred examples of such
anions, besides the oxide anion (0?7}, the hyperoxide anion

(0;7) and the peroxide anion (0,°7), are also anions which are



ani ons, besides the oxide anion (02-), the hyperoxide anion (02-) and the
peroxi de anion (022-), are also anions which are 14 based on oxi des of

el enents of the main groups and sub-groups such as, for exanple, sulfur
oxi de ani ons, phosphate anions, silicate anions, borate anions, alumnate
ani ons, tungstate anions and the |ike. Such anions can be present, for
exanple, in isolated formor be ddhdensed in the formof, for exanple, .
chai ns, bands, |ayers, franmeworks, cages or the |like. Condensed anions of j

suchpaskangnneyisgs! gdeedsindassobr0fReOhai AR 0BHEMBAKS sQb-LReupBIi N groups
and sub-groups, with its being possible for a plurality of different |
el enBBEB 88, b&ori AERUBEE | FuUbfBrconddasanianbonPhPrpPhakpr 884PBA. " hybri d '

mat e[k al " ans. ecy a un nt ai ni |.enent ich are
ConvEntTSRAE| kT Beap aioke: 0TSt 61 HAGRBGR BHeRGA SERYIBGECEI so fo
or gaahtofibeahdt ete 1Pkef estiedl exaspkesanfbBypredentt efoal sxahpsdch a kind
are, . for exanple, organonetallic conpounds which include, besides netal
at onsl dFgaAFednbPEBuPEsPBoRaBACREEFeLB. the £AFE céonfekt exREPBENdI ng

bet 1 he a d i I n Lkoni.c or coval ent. Thei
con!?ﬁ?ﬁ%%fsﬂgﬁaéﬂc 8§%§%ﬁo§%§§gggﬁkgg ?ggkgdS?oaggh%?R%ﬁ two or three |
di negshdaasedf aniexanplfestiehf ar kinflamayg, ihahdde cabdavspfl ayer sy i

framewor ks, cages andpkhe li ke. EEgending on the nature of , their

consPPEReRLEMEREST Réi EhBoRAAAgITSUER BBAPBURASTEHRSheWItR £h& form of solids

the S BP o E Py ane: & Pl et T ReeE s L RRES FEeE e he sor

cal | édcMdBEef@nméhabner gandentednewapk) conpounds. Preferred exanpl es of

hybrid materials of such a kind are, for exanple,
The expression "hybrid material" means especially a compound
containing elements which are conventionally allocated not
only to inorganic chemistry but also to organic chemistry.
Preferred examples of hybrid materials of such a kind are,
for example, organometallic'compounds which include, besides
metal atoms, organic molecules bonded thereto. In this
context the bonding between the metal atom and organic
molecule can be ionic or covalent. The constituents of such
compounds can be linked together in two or three dimensions,
for example to form chaing, bands, columns, layers,
frameworks, cages and the like. Depending on the nature of
their constituents and their bonding, such compounds can be
in the form of solids having rigid or flexible properties.
Preferred examples are compounds from the class of
organometallic polymers or those from the class of the so-
called MOF (metal organic framework)} compounds. Preferred
examples of hybrid materials of such a kind are, for example,
compounds which include transition metal elements such as,
for example, copper or zinc and organic molecules having two
or more functions which are suitable for the formation of a
bond with a metal atom, such as, for example, a carboxylic

acid function, an amine function, a thiol function and the



compounds which include transition netal elements such as, for exanple,
copper or zinc and organi c nol ecul es having two or nore functions which are
suitable for the formation of a bond with a netal atom such as, for
exanpl e, a carboxylic acid function, an amne function, a thiol function
and the 15 1like, on an organic chain or on an organic framework or in an
organic ring systemsuch as, for édanple, a pyridine, piperidine, pyrrole,
i hdol e or pyrazine ring or the like. Preferred exanples are, for exanple,
hybr 1 tikepnpauadscoofaziocchand arwedi gar boyyhie aehflswbavi bg anl 8AY- chain
(CB-CJB% ., hydrocar bon backbone, or conpounds of zinc_and nitrogen-

cont BFAPRYCT FHRYsTEPERE SUBEt PEut BBY WRKAMRARpORYPYELEENE, functions. Such
co : b h ped. | e, fo -t h = dj SLO solids and are
bl D A PP ae g bR Bl bR ke T bed 1 1
Li ePrefébrreflacyampllog §1899for2&8amphe, ekpbesdi oomppantiscbeszineans,
especially, individual  particles or small parts of nolecul ar sieve which
are present-dhrarbpxnilyci acide hevanef adlevgechapar HC6HE8) The particles
may i f or m of monocrystal .or nmay thenselves conprise
aggl%ﬁ%?é?%gﬂéﬁaﬁ?égso%rys?glF?%%O%? %oﬁ£0?§%?afpﬁnﬁlgﬁgg?Péles which are
fi xedbytadtnhagt edngospBeenBobiiBsti Eotedexanpl €arbbeyindi yibdgal particles may
be present in the form of a npsaic conEoynd consisting of smaller
nonoEFHSEaPRFt eSUCh TREMBAREHE| €8nn§ Bltpiesdnini kha fewmdeEhape, for
eXaNPhEeeSBIRLAC8bna PVLEPE 8L OknkNaECABPEPEC 01 88 ghiipsold or the 11ke, or
i n an angul ar shape, for exanp?e Fn-t e shape o cubes, parall el epi peds,

fl akmsleculbe, | skeh Beef Evabeyamphe, partbcl 8ssarébsfhéni galLi et

al., Nature 402 (19589}, 276.

vy

The expression "particles" means, especially, individual

particles or small parts of molecular sieve which are present |
preferably in the form of discrete particles. The particles
may be pregent in the form of a monocrystal or may themselves
comprise agglomerated smaller, crystalline or non-crystalline |
particles which are fixedly connected to one another. For

example, the individual particles may be present in the form

of a mosaic compound consisting of smaller monocrystallites. ;
The particles may be present in a round shape, for example .
spherical, oviform or in the shape of an ellipsoid or the

like, or in an angular shape, for example in the shape of

cubes, parallelepipeds, flakes or the like. Preferably, the

particles are spherical.

The expression "particle size" herein means the maximum
diameter of a particle. The expression is used herein both
for the maximum diameter of an uncoated particle and for the
maximum diameter of a silane-coated particle, but especially
for the maximum diameter of a coated particle. The particle
size of a particle is determined, for example, by

conventional methods using the principle of dynamic light



The expression "particle size" herein neans the maxi num dianeter of a
particle. The expression is used herein both for the maxi num di aneter of an
uncoated particle and for the nmaximum dianeter of a silane-coated particle,
but especially for the maxi mum di aneter of a coated particle. The particle
size of a particle is determ ned, for exanple, by conventional nethods
using the principle of dynamc Iidﬁi 16 scattering. For that purpose, the
particles are suspended or dispersed in a suitable inert solvent and
neasacedteasing. aFosuthabl punpasay i higedpaircecldheasezeuspehlfiedparti cl es can

al so_,be determned b surenent using SEM_(scanning el ectron mcroscope
i magBLSPEhES nﬁFv?dﬁﬁxtggi?iEP@Etaﬁgfﬁ?gFe?ﬁgfWeagﬂﬁ@aiEﬁF?gTﬂe particle Pe)

si zes@i thPeePRELEGL Rl 84908 NharsiL8SS§r PREFBRARL¥1800,8M 91 sbess, nore
preferably 600 nmor |ess, even nore preferably 400 rimor |ess, even nore

pr ef beadeyesobnadh by messurewentnoséngr 8EMr 4btgnp00gnmlertrbress, even nore
preferably 100, nmor |es even.nore . preferably 40 nmor le and

bopelt ArPEodBey MHRarT odee " TRe ThARphuRRbar ERer e Cr BrPESS SRV or mor e,
pref gpRBEYcR1NMraEe pAREEcl18DEEzRr 6Eetnbl yat0iomeor igoreooansd especially 15
nmor nore. The expression "hydroxide radical"™ nmeans the group -CH The
expr €s8fonPrafRYypbLEdIBLEI "inpanscassangrat eaefsrabilyhPOC0chBI A¥or branched

hydr bo o) i S iall 1 2 rbon at ons,
prefgggérygygénﬁgr?ggkggggsﬁ%ﬁ Egpoﬁé,Xﬁniégg}e?gggbﬁgggron11 to 8 and very
pref prabibyablonB 0 hm 6rcaeben atrensmoferperdgpheli’heooehhybyr et hyl, propyl,
i sopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n- pentyl, isopentyl,
neopéﬁ??b,eg@E-B@ﬁ?yPFeﬁﬁFﬁbEEnFQP,nm or less, even more

preferably 40 nm or less, and especially 26.6 nm or less. The
minimum particle size is 2 nm or more, preferably 5 nm or
more, more preferably 10 nm or more, and especially 15 nm or

more.
The expression "hydroxide radical" means the group -OH.

The expression "alkyl radical" means a saturated, straight-
chain or branched hydrocarbon group, which has especially
from 1 to 20 carbon atoms, preferably from 1 to 12 carbon
atoms, more preferably from 1 to 8 and very preferably from 1
to 6 carbon atoms, for example the methyl, ethyl, prole,
isopropvyl, n-butyl, iscbutyl, sec-butyl, tert-butyl, n-
pentyl, isopentyl, neopentyl, sec-pentyl, tert-pentyl,
n-hexyl, 2,2-dimethylbutyl or n-octyl group. Even greater
preference is given to the alkyl radical being a branched
hydrocarbon group having from 3 to 8 carbon atoms, especially
from 3 to 6 carbon atoms, for example an isopropyl, isobutyl,
sec-butyl, tert-butyl, isopentyl, neopentyl, sec-pentyl,
tert-pentyl or 2,2-dimethylbutyl group. The use of silanes
having branched alkyl radicals advantageously results in the
molecular sieve according to the invention having a high

degree of hydrophobicity. This is presumably caused by good



n- hexyl, 2,2-di nmethyl butyl or n-octyl group. Even greater preference is
given to the al kyl radical being a branched hydrocarbon group having from 3
to 8 carbon atons, especially from3 to 6 carbon atons, for exanple an

i sopropyl, isobutyl, sec-butyl, tert-butyl, isopentyl, neopentyl,
sec-pentyl, tert-pentyl or 2,2-dinethylbutyl group. The use of silanes
havi ng branched al kyl radicals advéﬁtageously results in the nolecular
sieve according to the invention having a high degree of hydrophobicity.

Thi s disi qirddsuaddl yeleauseitdphidood rol ecstiiead dngreofsudeady diagphid i ¢ nol ecul ar
sieve surface froma _solvent. An alkyl radjcal as understood by the

i nveritq offtts pﬁbr?rd?léﬁ]t FaRETe T AnGII TR okt 1HeERGi%hd Sy nmeans of

a si IB&%&%@%@%M 1 Qo Nl wsald sﬁmear%%fﬁfé’% ol kenyl

radi cal ™ and "al ky radical™ refer to at least partially unsaturated,

st r aighti-lchvaim aariyradshet] arhy drsocartbdvdraupslile ch have especially from 2
to 20 carbon atons, preferably from2 to 12 carbon atons and very
preferably from2 to 6 carbon atons, for exanple the vinyl or ethenyl,

al | ylph a8t @B on P OPBEGRNL 1t SBRIENY larl N Ary WA LUP. rSlraf erence i s
given to alkenyl groups having one or two (especially one) double bond(s)
and tt atkylisgs st a hlaw i uns ane ared we Yussissdi-adhainme) hrdgsiiedond(s). An

al kenyl., or_ al kynyl radical ,as understood the i nventi is_bonded to the
centr drsqqa}rco%ya%roorﬁposf "’fct?fedlsiﬁ?aavn% %%Per%aar@%f raomrs% I 'Ocoﬁizc?ccaarrt})ocfjirl bond and is
not ko y v o r Mt er g r e, £d N exdRssiadsns aldyylvaddi cal ", "al kenyl

radi cal " and "al kynyl radical" refer to groups in which, for exanple, one

or mirreigipvigef Zo M 90 Hasyaiavan Feems e pl&c eakanml @ dde ceige/ by hal ogen
aton1ééﬂéﬁ¥ff“%ll lf”éég%yfgﬁ§ﬂf“bropargyl, isoprenyl or hex-2-

enyl group. Preference is given to alkenyl groups having one

or two (especially one) double bond(s) and to alkynyl groups

having one or two (especially one) triple bond(s). An alkenyl

or alkynyl radical as understood by the invention is bonded

to the central silicon atom of the silane by means of a

silicon-carbon bond and is not hydrolysable.

Furthermore, the expressions "alkyl radical", "alkenyl
radical" and "alkynyl radical" refer to groups in which, for
example, one or more hydrogen atom(s) has/have been replaced
in each case by a halogen atom (fluorine, chlorine, bromine
or iodine) or by one or more, possibly different, group(s)
-COOH, -OH, -8H, -NH,, -NO,, =0, =S, =NH, for example by the
chloromethyl, bromomethyl, trifluoromethyl, 2-chloroethyl,
2-bromoethyl, 2,2,2-trichloroethyl or heptadecafluoro-
1,1,2,2-tetrahydrodecyl group.

The expression "heterocalkyl radical" refers to an alkyl,
alkenyl or alkynyl radical in which one or more {(preferably
1, 2 or 3) carbon atom(g) has/have been replaced by an
oxygen, nitrogen, phosphorus, boron, selenium, silicon or

sulfur atom (preferably oxygen, sulfur or nitrogen). The



or iodine) or by one or nore, possibly different, group(s) -COOH -OH, -SH,
-NH2, -NO2, =0, =S, =NH, for exanple by the chloronethyl, brononethyl,
trifluoronmethyl, 2-chloroethyl, 2-bronoethyl, 2,2,2-trichloroethyl or

hept adecaf |l uoro- 1,1, 2, 2-tetrahydrodecyl group. The expression "heteroal kyl
radical" refers to an al kyl, aIk§H¥ or al kynyl radical in which one or
nore (preferably 1, 2 or 3) carb aton(s) has/ have been replaced by an
oxygen, nitrogen, phosphorus, boron, selenium silicon or sulfur atom

(pr ebepakkyiony dbrLesobliy10r rRFEregEn) thiRRotd teXBr ggegn "heteroal kyl "
refers furthernore to yp derived froma_carboxylic acid, for exanple
acyl SCEEYRY kyPm & aF?EE?%X&BSn?FldaC§P§X?&ﬁ%?ﬂe eavbox pavikpilktilde or .

Prefgnkggy@égggh§§ ogcquRgg§k§xl Eg?&ég#g;g&gﬁgggécf5qf the fornul ae

Ra- O Ya-, Ra-S Ya- Ya-, Ra- CO O Ya-,
RaCON(Rb) Ya-, RaN(Rb) COYa- Ra-O-CO N (Rb) -Ya-, Ra-N (Rb) -CO O Ya-,

Ra N Ra- O- 0O O Ya- ... Ra- N( Rb) - O( =NRd) - N( Re) - Ya- ,
(:Rgérrgga 6&@%1 fREe%ér@?‘C%Yl RaJESAERBF SYRY OURE. RERBIECS- Ya- |

Ra Oreemiif RB) rY-20-vRa- I?KaRblY@IS- Qaa\ﬁé\r RORAYAN( Rbﬁ&%% NeRc) -Ya-, Ra- O CS- O Ya-,

Ra-S- 0O Ya-, Ra-CQ S Ya-, Ra- S- CO- (Rb Ya- &Rb)’ CO S Ya-,

Ra SRED G XY~ RRECEE0STa,  RRECSNIB S- Ya-, Rﬁqa@( ®°CSc¥ay®- Ra- CS- S Ya-

aRa - CS;,. 0 Ya- O, CS- S Y, wh
Ra i sga% hl\gy(ﬁq%ﬁfﬁ gift om %Q%ﬁg}sc@ié/l‘f RgCé\éf%én)ﬂoa& P(B:i? ~%6al kynyf1 gr oug,relRB
i s ar*hydrogervat,ome-§ ﬁﬁrﬁﬁaiﬁﬁﬂ NQ%Fﬁﬁﬁikeqyicgpy@z Céal kynyl group; Ris

a hydrogen atom a Cl- C6a|ky CBaIken¥I C2- ceal kynyl group; Rd is a
hydr Bgetr @3 of~-a RE1CBBArKt, RCESCBEIRZENY rRﬁjmlﬁgakﬁﬁﬁyf group and Ya is a
diregé HoRly fRP) y2-, R®-N(R®)-CS-0-¥®-, R*~N(R®)-CS-N(RS)-Y -,

R*-0-C8-0-Y*-, R®*-S-CO-Y*-, R®-CO-$-Y*-, R®-S-CO-N(R®)-Y°-,
R*-N(R®) -CO-§-Y®-, R*-§-C0-0-¥*-, R*-0-CO-$-Y*-, R®-§-CO-S-¥°-,
R®-S8-C8-Y"~, R®-CS-S-Y®-, R*-$-CS-N(R")-Y*-, R*-N(R®)-CS-§-Y*-,
R*-5-CS-0-Y%-, R*-0-CS-S-Y°-, wherein R® is a hydrogen atom, a
Ci1-Cgsalkyl, Cz-Cealkenyl or C»-Csalkynyl group; R® is a
hydrogen atom, a Ci-Csalkyl, Cz-Csalkenyl or C;-Cgsalkynyl
group; R® is a hydrogen atom, a Ci-Csalkyl, Co-Cealkenyl or
Cy~Cealkymnyl group; R is a hydrogen atom, a C;-Cgzalkyl,
Ca-Csalkenyl or C,-Cealkynyl group and Y® is a direct bond, a
Ci-Cealkylene, C;-Cgalkenylene or C;-Csalkynylene group,
wherein each heteroalkyl group contains at least one carbon
atom and one or more hydrogen atoms, independently of one
another, may in each case have been replaced by a fluorine,
chldrine, iodine or bromine atom. If the bond Y® igs between
the silicon atom and a hetero atom such as, for example,
nitrogen, oxygen or sulfur, that bond may generally be
hydrolysed. Preferred examples of hydrolysable heterocalkyl
radicals are, for example, alkoxy groups, e.g. methoxy,
trifluoromethoxy, ethoxy, n-propyloxy, isopropyloxy and tert-
butoxy. Further preferred examples of a hydrolysable
heteroalkyl group are a nitrile group or cyanide group. A

heteroalkyl radical which is bonded to the central silicon



Cl- Coal kyl ene, C2-C6al kenyl ene or C2-C6al kynyl ene group, wherein each

het eroal kyl group contains at | east one carbon atom and one or nore
hydrogen atons, independently of one another, may in each case have been
replaced by a fluorine, <chlorine, iodine or bromine atom if the bond Yais
between the silicon atomand a hetero atom such as, for exanple, nitrogen,
oxygen or sul fur, that bond may gedérally be hydrolysed. Preferred exanpl es
of hydrol ysabl e heteroal kyl radicals are, for exanple, alkoxy groups, e.g.

met Noxyom afiﬁﬂ@ogm@q?,aeém@@nrbﬁwylw&yd 15 ORE0PYA DXy i tert-
butoxy. Further preferred exanples of a hydrol ysable heteroal kyl group are

a nlthYdﬁpkySﬁhiQH Tyt Hec geom Los ¢ﬁﬂmﬂnnhy@M01yﬂﬁhb¢ which is bonded to
the ce traI ilicon,19 ato of t.he si by silic arbon bond is
gener 1P IR T b 272 St e e P b of yoabl €

het erx@@&ﬂ@&yéﬁ@ﬁﬁlxﬁe@ﬁﬂmmmmlet@mmMﬂ aed hoxyet hyl

met hyl am nonet hyl, et hyl am nonet hyl and diisopropyl am noethyl. The

expr edsigrprogclaeingethati cal " refers to a saturated or partially
unsaturated (e.g. cycloal kenyl) cyclic group which has one or nore rings

(preferably 1, 2 or 3) formng a franmework containing especially from3 to

14 caﬂb@nemm@smrpreéﬁm&mﬂ oradi ¢l 10rdBspect@ld YeScudatdd & or 7)
carbon atons. The expression "cycloal kyl" refers furthernDre to groups in
whi cFP&RE! B L rgiRs ahdF iR 58 o, cwﬂd@‘éﬁ@fﬂs 1 yexsrlierer duptwieich has/ have

becr HEPLOEC! SR 158 [ el e 2 S O eyl g or | odie atom

exanpf eamsue iy drah tysiabl reg cgs;d)é@iekbl}@n&mmlmrt@sm fcmr}ﬁx:arﬁ)tt@ns,
preferably from 3 to 10 (especially 3, 4, 5, 6 or 7) carbon
atoms. The expression "cycloalkyl" refers furthermore to
groups in which one or more hydrogen atoms, independently of
one another, has/have been replaced in each case by a
fluorine, chlorine, bromine or iodine atom or by one of the
groups -COOH, -0H, =0, -SH, =S, -HN;, =NH or -NO,, for
example non-hydrolysable cyclic ketones such as, for example,
cyclohexanone, 2-cyclohexenone or cyclopentanone. A
cycloalkyl radical according to the invention can be linked
to the central silicon atom of the silane by way of a
substituted group, for example -OH or -SH. Such a cycloalkyl
radical is generally hydrolysable. Preferably, a cycloalkyl
radical according to the invention is bonded to the central
silicon atom of the silane by a silicon-carbon bond and is
not hydrolysable. Preferred examples of non-hydrolysable
cycloalkyl groups are the cyclopropyl, cyclobutyl,
cyclopentyl, spirol[4,5]decanyl, norbornyl, cyclohexyl,
cyclopentenyl, cyclohexadienyl, decalinyl, cubanyl,
bicyclol(4.3.0lnonyl, tetraline, cyclopentylcyclohexyl,
fluorocyclohexyl, cyclohex-2-enyl or adamantyl group.

The expression "heterocycloalkyl radical" refers to a

cycloalkyl group as defined hereinbefore, in which one or



cycl ohexanone, 2-cycl ohexenone or cycl opentanone. A cycloal kyl radical
according to the invention can be linked to the central silicon atom of the
silane by way of a substituted group, for exanple -OH or -SH Such a
cycloal kyl radical is generally hydrolysable. Preferably, a cycloal kyl

radi cal according to the invention is bonded to the central silicon atom of
the silane by a silicon-carbon bod and is not hydrol ysable. Preferred 1
exanpl es of non-hydrol ysable cycl oal kyl groups are the cycl opropyl, :

cycl@@ﬁéykpreﬁaﬁagpyniylz éP'B?[élé&dééﬁﬂ¥ﬁ1a8@ﬁbgﬁ”Més/ﬁ&%éoﬂééﬂ|
cycl opent enyl, cycl ohexadi enyl, decalinyl, cubanyl, bicyclo[4 O]nonyl

tetr@ﬁph@ce@ybYo@@n©¥Ygﬁnloheky@genfIﬁ@lbcynlohelyﬂ;umyclohex 2- enyI or
adamant yl. group._The. expression "heter cl oal k cal" refers to a
cycrag?%9bg5?%uﬁr EuﬁgFE goﬂeégfﬁg $ PRY A chSBgtUBr °%0 nore
(prehetabyont. 2 Eétéfoéyﬂgo§§k§9ng@é@ﬁ(ﬁiefé@éﬁﬁyehggem otepl aced by an

oxygen, nitrogen, silicon, selenium g hosphorus or sul fur atom (preferably
oxygéhngguh@w1H@rfrﬁmtBogén}O Aﬁﬁ@@@l@ V¥l dal &yl Sgrouprpréfetasly has 1 or 2

xcpr S8TEn Phet PbEsePaRy FEPEEbBurLofurls PanteRhe koFe™o oroups i n whi ch

one enrfReembydr egegrabpssin wnd@neaﬂ@nbfymgfeo gdﬂagéﬁeétoﬁés/have been
replaced in_each case by a fluorine, chlorine, bromne or iodine atom or by
one énd@a@néeaubg ofoore appthen, hssyhawe bapp remjirepd- Rﬁﬂeaﬁhere is a

01 SEhgRo00 BeENERDLDe SALEGH AMALaLlg HHLME SpHyn;betgro sLom o
bondonandfasha grespkt -CObH, coopl ete, r adiicaks, canugenanal dy fe:hydr ol ysed.
If there is a direct bond between the silicon atom of the
silane and a hetero atom, for example oxygen, nitrogen or
sulfur, of the heterocycleoalkyl radical, this bond, and as a
result, the complete radical, can generally be hydrolysed.
Preferably, a heterocycloalkyl radical according to the
invention is bonded to the central silicon atom of the silane
by a silicon-carbon bond and is not hydrolysable. Examples of
a hydrolysable heterocycloalkyl radical are, for example, 1-
piperazinyl, N-pyrrolidinyl or N-piperidyl, whilst, for
example, 2-pyrrolidinyl or 3-piperidyl are examples of a non-

hydrolysable heterocycloalkyl radical.

The expression "alkylcycloalkyl radical" refers to groups
which contain both cycloalkyl and also alkyl, alkenyl or
alkynyl groups in accordance with the above defini;ions, for
example alkylcycloalkyl, alkylcycloalkenyl, alkenylcycloalkyl
and alkynylcycloalkyl groups. An alkylcycloalkyl group
preferably contains a cycloalkyl group comprising one or two
rings having from 3 to 10 (especially 3, 4, 5, 6 or 7) ring
carbon atomg and one or two alkyl, alkenyl or alkynyl

group(s) having 1 or from 2 to 6 carbon atoms.



Preferably, a heterocycloal kyl radical according to the invention is bonded
to the central silicon atomof the silane by a silicon-carbon bond and is
not hydrol ysabl e. Exanpl es of a hydrol ysabl e heterocycl oal kyl radical are,
for exanple, 1- piperazinyl, Npyrrolidinyl or Npiperidyl, whilst, for
exanple, 2-pyrrolidinyl or 3 pi peri dyl are exanpl es of a non- hydrol ysabl e .
het erocycl oal kyl radical. The exprédssion "al kyl cycl oal kyl radical" refers to
groups which contain both cycloal kyl and al so al kyl, al kenyl or al kynyl
gr oupBei axpeeos tencehvtbhot hekabeyeldei kpi i eaaichor rexawpl eo
aIkyIc%cIoaIk yl, al kyl cycl oal kenyl , al kenyl cycl oal kyl . and alkynylcycloalkyl
gr oupd? Y#ﬁY§1R915¥éI6§PR9ﬁ gPBufict prefehapeiibefparnsit vPEFrBaPRel group |
conpLi.s ng % g 1 c ly 3, 4, 5, 6 or
7) rB%gthgrE%ﬁgg?%%glgn%'o%eggrh riﬁ $r58 kgﬁéﬁ%Q? IG‘Lﬁ{%yéyl group(s) |
havingrﬁonratommsz hasﬁhaaebbaeat@aplaaéd Bheaaxpkegehonnitrogen,
"hetero(al kyl cycloal kyl) radjcal" refers to alkylcy cIoaIkX groups, as
def i fitd1feRei ABEEBLEN, | RRAAPBATBReCT oFUEHE £pPBf éPEBEGLrELLY or 3) ring
carb m to k an oxygen,
n|tr§g¥§%ﬂ’s§%%%gg,ege %g?gggnghogg %Fggéogggg}Pﬁemg%ggy?prg?eygbly oxygen,
sul f preferabiyoben) 1 érhétein@ébkyh&ymhgaﬁkyh)3gtoum0 mesbecablyyhas 1 or 2
ring(s) ,having from3 to 10 %es peci é Z% g atons and one
or two &fkyr, aPEeﬂylrlnglﬁ§ WP Gpdh8P r85IEWP GFBﬁﬁ(s? v g 1 or from2 .
to 6a1§9ﬁ99no§t AELE oalkyli NBEBULSs? HheRY Ropd Bebuwegntbhe silicon atom of
the silane and a hetero atom for exanpl e oxygen, nitrogen or sulfur, of
t he hatbon(athmlsycléélkybreraalaaﬂ;rechlbOanbﬁtwadnthbeesmiecohe entire

radlcgom O%ntﬂener? % and g hetero atom, for example oxygen,

nitrogen or sulfur, of the hetero(alkylcycloalkyl) radical,
this bond, and therefore the entire radical, can generally be
hydrolysed. Preferably, an aryl radical according to the
invention is bonded to the central silicon atom of the silane
by a silicon-carbon bond and is not hydrolysable. Preferred
examples of non-hydrolysable groups and radicals are
alkylheterocycloalkyl, alkylheterocycloalkenyl,
alkenylheterocycloalkyl, alkynylheterocycloalkyl,
hetero(alkylecycloalkyl), heterocalkylheterocycloalkyl and
heteroalkylheterocycloalkenyl, the cyclic groups being
saturated, mono-unsaturated, di-unsaturated or tri-

unsaturated.

The expression "aryl radical" refers to an aromatic group
which has one or more ring(s) having especially from 6 to 14
ring carbon atoms, preferably from 6 to 10 (especially 6)
ring carbon atoms. The expression "aryl radical" (or "Ar")
refers furthermore to groups in which one or more hydrogen
atom(s), independently of one another, has/have been replaced
in each case by a fluorine, chlorine, bromine or iodine atom
or by one of the groups -COOH, -OH, -SH, -NH; or -NO;. If

there is a direct bond between the silicon atom of the silane



hydrol ysed. Preferably, an aryl radical according to the invention is
bonded to the central silicon atomof the silane by a silicon-carbon bond
and is not hydrolysable. Preferred exanples of non-hydrol ysable groups and
radi cal s are al kyl heterocycl oal kyl , al kyl het erocycl oal kenyl ,

al kenyl het er ocycl oal kyl , aIkyntheterocycIoaIkyI hetero(alkylcycloalkyl)
het er oal kyl het er ocycl oal kyl and ﬁé&eroalkylheterocycloalkenyl the cyclic,
groups being saturated, nono-unsaturated, di-unsaturated or tri- |

unsaghifias edetdhe gx@h?s&b@ne ampleraﬁygah" ﬁ@t@b?eﬁooﬁnsﬁlﬁﬁﬁtl6f9r0Up !
whi ch has one or nore ring & havi ng especially from6 to 14 ring carbon
at on®, C%?é?%@@%@yngiﬁnﬁBbﬁél Gt€@sﬁéﬁla¥ﬁ9lﬁ§lfthgScbﬁbén andnms. The

exprEEékgﬁorgygﬁeraﬂtﬁég"n%a cafl an' &L %?aif LBe pRELL gogrouUPS I whi ch-

one Or nore rogén I hdépende one has/ have been .
repl Bratipl &8 eachydaseybybaef hugnl ﬂ&dlﬁﬂl@raﬂé abphéhﬁﬁyObrl odi ne atom or
by one, of the groups -COOH, -OH, -SH, -NH2 or -NC2. there is a direct
bond®Bét WeenteAECaLt | BERLGEBRL B Fﬁea§¥1aﬁ%dQQalaﬁﬂcarﬁéﬂgrBOaF%ﬁ] f or

eXanpheRXYBAN;SILbRAGAN:O! Al ElkccB 5210065 e3PORCLROLKoSHBSLLLLL €d aryl

radi cal therefore the entire radical, can generally be
hydrbyyaedllléﬁaﬁphebonfbbydrah@sablBoaerdraEYSabigarErafpheedxy or

anilino r dlcal Pref erably, aryl radical according to the invention is
bond&{T'8 ?ﬁeogeﬂ??agyérphéﬁﬁgg?oﬂ¥8Fp?h@ng'F%ﬁécagﬁ gr@thson car bon bond
and bﬁeﬂ?l h%@h@&isaﬁbﬁht g@febiﬁﬁenﬁia”PL?iu@%oﬁﬁ@nﬁidrthiﬁﬁbﬁ groups and
radi cal s"are the  phenyl enzyl, napht hyl , bi phenyl; 2-fl uorophényl,
anlIBﬁyLFIOEhanYiopﬁehydroxybydnvkyphep?hteflpenbahbnyﬁophémyhlradlcaI.

Phenyl radicals are especially preferred. The use of gilanes

having aryl radicals such as, for example, the phenyl

radical, advantageously results in the molecular sieve

according to the invention having a high degree of

hydrophobicity. This 1s presumably caused by good shielding

of the hydrophilic molecular sieve surface from a solvent.

The expression "heteroaryl radical" refers to an aromatic
group containing one or more ring({s} having especially from 5
to 14 ring atoms, preferably frdm 5 to 10 (especially 5 or 6)
ring atoms, and one or more (preferably 1, 2, 3 or 4) oxygen,
nitrogen, phosphorus or sulfur ring atoms (preferably oxygen,
sulfﬁr or nitrogen). The expression "heterocaryl radical"”
furthermore relates to groups in which one or more hydrogen |

atom(s), independently of one another, has/have been replaced

in each case by a fluorine, chlorine, bromine or ilodine atom
or by one of the groups -COOH, -OH, -SH, -NH; or -NO;. II
there is a direct bond between the silicon atom of the silane
and a hetero atom, for example oxygen, nitrogen or sulfur, of
the heteroaryl radical, this bond, and therefore the entire
radical, can generally be hydrolysed. Examples of a
hydrolysable heterocycloalkyl radical are, for example,

1-pyridyl or N-pyrrolyl, while, for example, 2-pyridyl or



Phenyl radicals are especially preferred. The use of silanes having aryl
radi cal s such as, for exanple, the phenyl radical, advantageously results
in the nolecular sieve according to the invention having a high degree of
hydr ophobicity. This is presumably caused by good shielding of the

hydr ophi Il i ¢ nol ecul ar sieve surface froma solvent. The expression
"heteroaryl radical" refers to an &fomatic group containing one or nore
ring(s) having especially from5 to 14 ring atons, preferably from5 to 10

(espeeiralinp 15y lomrd) exand e @l a ath-0RLre] vl  Mafearahlonol. 2, 3 or 4)

oxyge ni traogen, phosphorus or sulfur ring atons (preferably oxygen,
sulf@amaﬂ ﬁ?FPgﬁgn). The expression "heteroaryl radical"” furthernore

relates to groups in which one or nore hydrogen atom(s), independently of
one anot her, has/have been replaced in each case by a fluorine, chlorine,

br onilhe expiredisiemnt'emylalidyl araiafalt"herefeaupso Gdps @hictSH, - NH2 or

- NC2. %%S#%S a_.direct bond _hetween_the silicon atomof the silane and

I f _.th

a het&F 5%t Ara A5 Ry &t Vit Pdgehydr aliemyl mdiore het eroaryl

r adi 1d=hiks1b NG st ok i.gals, n erally be i
hydrgﬁtged.k%%a%gﬁggﬁzf a hyé%%ﬁ§igﬁfggﬁt$§?5%§gf%g%f§%éré%ﬁgal are, for
exangParple gymiladikyvdr, Rlgwlestwll,, axyilladkehngrl examiladky2ydy,ri dyl or 23

2- pyr.r.ol re .exanpl_es_.of nan- hydrol ysahl e heterocycl o- al kyl radical.
The 5%8?%4§i5ﬁl$3ﬁylgﬁﬁwCXQQﬂ%;§Gﬁ§'ef Ai?ﬁglﬁ%ﬁ;qaﬁkﬁi &6ht ai n both aryl
and al1%@ lalrilcy cldeamdny 1aldasuds .ars%/e% £y s YOWRS130¢9ndi ng to the

above definitions, for exanple arylalkyl, alkylaryl, arylalkenyl,
ar y| &1ey frptlueng.y poilemsal kigs 1 tarh@ney clssaltemey| bealzwll aiylloryideoal kyl and

o-fluorotoluene, 1H-indene, tetraline, dihydronaphthalene,
indanone, phenylcyclopentyl, cumene, cyclohexylphenyl,
fluorene and indan. Preferably, an arylalkyl group contains
one or two aromatic ring(s) having from 6 to 10 ring carbon
atoms and one or two alkyl, alkenyl and/or alkynyl groups
having 1 or from 2 to 6 carbon atom(s) and/or a cycloalkyl

group having 5 or 6 ring carbon atoms.

The expression "heterco({arylalkyl) radical" refers to an
arylalkyl group as defined hereinbefore in which one or more
(preferably 1, 2, 3 or 4) ring carbon atom(g) and or carbon
atom(s) has/have been replaced by an oxygen, nitrogen,
silicon, selenium, phosphorus, boron or sulfur atom
(preferably oxygen, sulfur or nitrogen), that is to say
groups which contain both aryl or hetercaryl and also alkyl,
alkenyl, alkynyl and/or heterocalkyl and/or cycloalkyl and/or
heterocycloalkyl groups according to the above definitions.
Preferably, a hetero(arylalkyl) group contains one or two
aromatic ring{s) having 5 or fxrom 6 to 10 ring carbon atoms
and one or two alkyl, alkenyl and/or alkynyl group(s) having
1 or from 2 to 6 carbon atom(s) and/or a cycloalkyl group
having 5 or 6 ring carbon atoms, wherein 1, 2, 3 or 4 of

those carbon atoms has/have been replaced by oxygen, sulfur



al kyl aryl cycl oal kenyl groups. Specific exanples of arylalkyls are toluene,
xyl ene, nesitylene, styrene, benzyl chloride, o-fluorotoluene, 1H i ndene,

tetraline, dihydronaphthal ene, indanone, phenyl cyclopentyl, cunene,

cycl ohexyl phenyl, fluorene and indan. Preferably, an arylal kyl group i

contains one or two aromatic ring(s) having from6 to 10 ring carbon atons
and one or two al kyl, al kenyl and/ al kynyl groups having 1 or from2 to 6
carbon aton(s) and/or a cycloalkyl group having 5 or 6 ring carbon atons. |

The exphnessbgen” hebRE0( akgkalkkyl) ekafibtak" aref gig1hetarcaakyhal kyl group as

defi ned_herei nbefore_in_which one or nore é preferably 1, 2, 3 or 4) ring .

carb@ﬁY&P6ﬁ€§?CﬁﬁéoéikEévbéﬁy1§?§ﬁf§FYﬁé§ﬁﬁ gavheen repl aced by an oxygen, |

nitr gtom (preferably

oxyganr e R e BB T B R B B b S ont at h both aryl

or hatglaakyhyahdtakSOyanbyﬂkylalhey&hlk@lhyngkoaydhOalhehgnoalkyI and/ or
cycl pal k and/ or _heterocycl oal k gr oups accordin to the above

defl B ngy PF%Y%PaBF§erQaF¥E€F%?H Yyha ﬁ???O@FM&B K¥AY4ins one or two ‘
aro”ﬁ%h%r&h?Qﬁﬁét §¥ETQ¥E OﬁeEé985§¥§@y&@oélﬂQlcahQQErBEQgﬁfOa”d one or twog

al kyl, "al kenyl "and/ or af Kynyl group{s)” havi ng rom 6 carbon !
at ontgylaatikenya, cheteabkyl lhevepochalbagk§ler heterpgrgahkonratons, wherein

34 CEYoRPer bRk La: BrLer bRty R By T AR BOY s RERDr RS TRy CxYgen. sulfur

arylH@E@&@@ﬁeheahkghylarﬁbh@k@&9§ygbgakbsmxglcyeiﬁh§k§x|heterocycloalkyl
aryl al kenyl het er ocycl oal kyl aryl al kynyl het erocycl oal k

arylaEk¢rhereibeyekoaﬂky&yyclOhékenméryhdlh@terhere&batyrakkenyl
heter?%y%h%%e%oxybloalkyl groups, the cyc¢lic groups being

saturated or mono-unsaturated, di-unsaturated or tri-
unsaturated. If there is a direct bond between the silicon
atom of the silane and a hetero atom, for example oxygen,
nitrogen or sulfur, of the hetero(arylalkyl) radical, this
bond can generally be hydrolysed. If the hetero(arylalkyl)
radical is bonded to the central silicon atom of the silane
by a silicbn—carbon bond, the hetero(arylalkyl) radical is

generally not hydrolysable.

The expressions "cycloalkyl", "heterocycloalkyl",
"alkyleycloalkyl", hetero(alkylcycloalkyl)", "aryl",
"heteroaryl", "arylalkyl" and "hetero(arylalkyl)" also refer

to groups in which one or more hydrogen atom(s),
independently of one another, has/have been replaced by
fluorine, chlorine, bromine or iodine atoms or OH, =0, SH,
=5, NH,, =NH or NO; groups. The expressions refer furthermore
to groups which are substituted by unsubstituted C;-Csalkyl,
C,-Cealkenyl, Cy-Cealkynyl, Ci-Cghetexrocalkyl, C3-Cyocycloalkyl,
C,-Coheterocycloalkyl, Cg-Cyiparyl, C,-Csheteroaryl, C;-Ciraryl-
alkyl or Cz;-Ciihetero(arylalkyl) groups.



het er oaryl het eroal kyl , heteroaryl cycl oal kyl, heteroaryl- cycl oal kenyl,

het er oaryl het erocycl oal kyl, heteroaryl hetero- cycl oal kenyl,

het er oaryl al kyl cycl oal kyl, heteroaryl al kyl - het erocycl oal kenyl ,

het er oaryl het er oal kyl cycl oal kyl , het eroaryl het er oal kyl cycl oal kenyl and

het er oaryl het ero- al kyl het erocycl oal kyl groups, the cyclic groups being :
saturated or nono-unsaturated, di 4Mmsaturated or tri- unsaturated. If theré
is a direct bond between the silicon atomof the silane and a hetero atom:

for prarptebLRygen, eabht H60ERe0aLEULEMENL Obntherhat eadEarylal kyl) radical,
this bond can generallg be hxdrolysed. |f the hetero(arylalkyl) radical is
bondeddregenea EeRE r BpYsPEi ¥8Rlaced BY hatogenankeompy aseffiedhvcar bon bond,,

t he t a radi | r y o] | e. The
expr 28st SOREIACCRERRy | BEbERLAL Sy HERET PhCrnORte O E L8P iy
het enotar@iyhgytbonhkylintrentaonl is usbét bnoar yidmidapbakkyEdrand
"hetero(arylalkyl)" also refer ,to groups in which one or nore hydrogen

at onf¥FIPLE hdLpRABRR YRof OhEUAAOPRERILRaSPHEOE ek PepFEcRE by fluori ne,

Ch'OéiﬂénegrH&%EﬁgobekﬁﬂhBEiﬁé?EE PEafER150mapbe éévaﬁkgﬁeéﬁktor NC2

groups. The expreSsions refer turthernore to groups are substituted-
by uRsubskanpledwiitnCéallkgbers(2nCoal keayhol&ulaal kyayk, Cl- C6het eroal kyl ,
C3-Cloc¥cloalkEI, cZ:CBheterocicloa kyl , ,C6-Cl oaryl, Cl-éﬁheteroaryl,

C7- C295P%PIng) k| CBE EBVERERSEe B(%r@%évk9|?rgﬁaaﬁs?O@Bou eférably, in each

of thgeabpMerBBRALhOREENT AltRaMacAl herPydregeaxahfTB FBY bRl epl aced by
hal ogen atons, especially by fluorine atons. Especially when the nolecular
si evpurpeser dEngtsoaprhéiratenni b Eprayadgi nsanyi qusdrpkase, for

apparatus or for the purpose of printing using a printing

apparatus or the like, the interactions between the particles

of the molecular sieve coated with a silane having

perfluorinated radicals and the surfaces of the apparatus in

guestion, for example the internal surfaces of storage

vessels, pipework or hoses, nozzles or the like, are

advantageously minimised.

Especially preferred silanes are acetoxysilanes,
acetylsilanes, acryloxysilanes, adamantylsilanes,
allylsilanes, alkylsilanes, allyloxysilanes, alkenylsilanes,
alkoxysilanes, alkynylsilanes, aminosilanes,
azidosulfonylsilanes, benzoyloxysilanes, benzylsilanes,
bromoalkylsilanes, bromoalkenylsilanes, bromovinylsilanes,
alkoxycarbonylsilanes, chloroalkylsilanes,
chloroalkenylsilanes, chlorovinylsilanes, cycloalkylsilanes,
cycloalkenylsilanes, diphenylsilanes, ditolylsilanes,
epoxysilanes, fluorinated silanes, for example fluorinated
alkylalkoxysilanes, e.g. {3-heptafluoroisopropoxy)propyl-
trimethoxysilanes, (CF3)};CF-0~C3HgS1(0OCHa}3, oOr fluorinated
alkylsilanes, e.d. (heptadecafluoro-1,1,2,2-
tetrahydrodecyl) triethoxysilanes, methacryloxysilanes,

naphthylsilanes, pentafluorophenylsilanes, phenylsilanes,



exanpl e dispersed in a liquid organic conmpound, the use of silanes having
perfluorinated radicals may be advant ageous. For exanple when a di spersion
of the nol ecular sieve according to the invention in a |liquid organic
conmpound is used in conjunction wth machinery, for exanple for the
purpose of its application by spr%ging using a spraying apparatus or for
the purpose of printing using a prdhting apparatus or the like, the |
interactions between the particles of the nolecular sieve coated with a

si | apeopavunlysipantkyopirophedyladieall snand sheysueianedesl, Eheyapparatus in
guestjon, for exanple the internal surfaces of storage vessels, pipewrk or
hoseBORBB2F8S BF VABYLi R&l28PE- advant ageously ninimi sed. Especially

preferred silanes are acetoxysilanes, acetylsilanes, acryl oxysil anes,
adamantyl sil anes, allylsilanes, alkylsilanes, allyloxysilanes,
al kehAyl sthaaessidhhexysimbanads mbkyogphtalianene am noskl ahésal

azi dosul fonyl sj | anes, benzoyl oxysi | anes, benzyl sil anes, bronoal k Isilanesﬁ
o1 onBaP KBRS SFPEnBESEBR BBV RSP aRBCOE AN R ey CATBBRgES: PAhOBUTE |

chl opgahkybsklangsa at8bonoal kapyl gihapeseonBl-er oxhAaYhskhanes, _
cycl oal kyl si | anes, cycl oal kenyl si | anes, di phenyl silanes, ditolylsilanes,

epoxypskkunes, theyeprfnanednyi manésg fokiexaRpkehkknorenatbe

al kyl al koxysi.] anes. e. 3-hept.af l.uor oi sopr,opoxy) proopyl - tri et hoxysi
aneB e erY) sePoRr aRedt pioar s LBgr P oftHACBAAE AR RO REF FaEs The. g
(heptaggeahbyor and, 41302miketrabydnedeeyl ) ruktakhaxys) | anes,

nmet hacryl oxysi | anes, napht hyl sil anes, pentafl uorophenyl sil anes,

phenPksbEakesnveptipropacdisr| ahés taproparyyl 6%¥8El-anes, silyl cyani des,

silyl
The expression "hydrolysable group" herein defines especially
a group which 1s split off on reaction with water, whereupon
the terminal part of the group (that is to say that part
which 1s remote from the central silicon atom) is separated
off from the residual molecule comprising the central silicon
atom and there is formed on the residual molecule comprising
the central silicon atom a hydroxide function, that is to say
the group -OH. In other words, a hydrolysable group as
understood by the invention is preferably a potential leaving
group which is split off, or released, for example on
reaction with water. Hydrolysable groups of such a kind are
also split off by other molecules - apart from water - which
have terminal hydroxy functions (that is to say the group
-0H), for example by alcohols, protonic acids, e.g.
carboxylic acids, sulfur oxygen acids or phosphorus oxygen
acids, or also by free hydroxy groups on the surface of
oxidic solids. Preferred examples of such hydrolysable groups
are radicals (R, R?, R’ or R') such as ester groups

containing a carboxylic or sulfonic acid and an alcohol etc..

preferably, the hydrolysable group comprises the entire

2

radical, that is to say one of the groups R', R?*, R’ or R%, so



phosphates or vinyl silanes. Al those silane conpounds may contain one or
nore chiral centres. The present invention accordingly conprises all pure
enantionmers and also all pure diastereoners, and also mxtures thereof in
any mxing ratio. Furthernore, the present invention also includes all
cis/trans isoners of the conpounds, and al so m xtures thereof. Furthernore,
the pr esent |nvent|on i ncl udes a@7 tautomeric forms. The expression !
"hydrol ysabl e group" herein defines especially a group which is split off

on rengti oAdwkt AywebeysivhesaapeNonthenbeentnak pantcal the, gqgup (that is
to say that, part which is remte fromthe central silicon aton) i's
sepaRat@d R'oOf fL5f BewaRe ade Sitdudir ooltdeuresdewsri sIod@ae central silicon

at om,angd,- Qgﬁg Eﬁaigéﬁggaﬁusa ECBES%E8@| oy egHIElC@ﬁggkgh glsthe central

silicon a ion 0 say group I n other |
mordsormeaydpnéyaabbd gramplas oﬂnﬂgdsbmgdabyetbeOupyeafleachSapreferably a
potential | eavjng grou which is S§|It off, or released, for exanple on
r eacki-Bf WRhCHat Br ChEy BPBEGEELPE §REUPRVERtEgRhaRSKRAECAFETCRFSE split of f

by OEB%S"?#ﬁ%h?éablép%hlfzéw VWALES - mh'dCﬂeteéxslf(gmaa cQ droxy
functions

to say the group - , for exanp by al co ols, pr ot oni c
aci dsuch. gs anaahbmyylradmcdi bsnﬂédrngyggnoﬁctﬁe oxygkosphomyus oxygen
acidé, or g freﬁ Eédro é groups on_ the su aiﬁ if xi dic solids.

Pr ef ?Véﬂge§ eGP HmHi r oP¥sabl e5?58E¥c Yadré FgaéRl R2, R3 or
R4) sueh as 8sb§begﬁaﬂﬁé ré8nkaini Bonhateabheyy! aa9kasukheni gsagi d and an
al cohol etc. Preferably, the hydrolysable group conprises the entire

r adi pakidyhapri pyroodsyredécef ,t he gmonpsrRIicR?, SRBhoRSRANHS 0R7
NMe,, a cyanide or phosphate radical etc.. Special preference
is given to an alkoxy radical bonded by way of the oxygen
atom, for example a methoxy, ethoxy, n-propanoxy,
isopropanoxy, n-butanoxy, isobutanoxy, sec-butanoxy, tert-
butanoxy or hexanoxy radical, or a phenyloxy radical or a

cyanide group.

The hydrolysis reaction preferably i1s a reaction which
proceeds spontaneocusly in the presence of water under normal
conditions but also includes reactions which proceed under
conditions of, for example, elevated temperature or in the
presence of a catalyst. Preferred examples of catalysed
hydrolysis reactions of such a kind are reactions which
proceed in the presence of an electrophile, e.g. (protonic)
acid-catalysed reactions, or those which proceed in the

presence of a nucleophile, e.g. base-catalysed reactions.

Tn the treatment of a molecular sieve particle with a silane
containing at least one hydrolysable group, the hydrolysable
group can react directly with a functional group on the

surface of the particle. In the process preference is given
to the hydrolysable group being split off as a leaving group

and a bond being formed between the surface of the particle



t hat under hydrolysis conditions the entire radical (Rl, R2, R3 or R4) is
separated off fromthe residual nolecule conprising the central silicon
atom and an Si-OH group is forned. Preferred exanples of hydrol ysabl e
groups of such a kind, which in the context of the invention are also
referred to as hydrolysable radicals, are e.g. a heteroal kyl radical such|
as an al koxy radi cal bonded by way2®f the oxygen atom having the general °
formula -OR a heterocycl oal kyl radical such as a piperidine radical, a

het enndr yher adileak stith assarepwindyl eadpyanel esuadi Galbarah AW ne r adi cal
such,as -NH2 Or NMWe2, a c%enrde or phosphate radical etc.. Special

pr ef éFengs upéegﬁﬁéﬁdtéya &IRB%Fnﬁa@ﬂeaFeﬁéﬁeéd-ﬁp ﬂ@yaopaﬂheCéﬁygen at om
for %ﬁegeleuéfEE%hQéyco%EQ%X%atﬂ E g@%ﬁﬂéy’ h%%% anoxy,. - but anoxy, .
i sobut anoxy, sec-butanoxy, tert- butanoxy or exanoxy 5 |g§I or a |
phenycorydiagdi tal tbe anvemaﬂbdelgrhyﬂroﬁhebhwduqyy&bateaawﬁtﬁnapreferab'y i's
a reaction g@ i.ch p oceed spontaneously in the presence of water under

nor mil- 1 2BEn gL R &LPRE-udes reactions which proceed under
conditions of, for exanple el evated tenperature or in the presence of a
catal yst. Preferred exanpl es of catalysed hydrolysis reactions of such a
krndEapecneééVhodgrmngchhepcoaeedgrmeahE1pnewhmch eksadtel eat taphile, e.g.

(proé é ci d- atal %eg cti or those which proceed in_the
pres X@ pokiggl goﬁﬁ% & BOEGCHiee Eé?gﬁyéﬁdaF€8€@ﬁ86§ Wi kDt RBet r eat nent
of aippkaeubar éteiéa@%rbh@|ﬁ¥ by@a%&Eaﬁ?ouﬁoBEathnglﬁhnEeﬁét one

ysabl e

hydr ol ysabl e group the hydro group can react directly with a
f uncFEBharegr Spaochunkéionalf greupf onhehpastiréhee bfi the process preference

'S Oh¥%Rout8rt REOUILglysahLe grour. Belng 8B L ohT (A3 851 8aying group
containing the remaining radlcals, is joined to the surface |
of the molecular sieve particle. For example, the gilane can
react with an oxidic solid as molecular sieve particle so
that at least one hydrolysable group condenses with a
hydroxide group on the surface of the inorganic solid,
releasing the hydrolysable group, as a result of which the

silane radical, having the remaining radicals, is joined to

the molecular sieve particle by way of an oxygen-silicon
bond. Preferably, all the hydrolysable groups of the silane
will react with functional groups of the molecular sieve
particle and form corresponding bonds with the molecular
gsieve particle. For example, a silane having two hydrolysable
groups can react with an oxidic solid as molecular sieve
particle so that the two hydrolysable groups condense with
two hydroxide groups on the surface of the inorganic solid,
releasing the hydrolysable groups, as a result of which the
silane radical, having the remaining radicals, is joined to
the molecular sieve particle by way of two oxygen-silicon
bonds. In that case, the two hydroxide groups on the surface
of the inorganic soclid are preferably two neighbouring
hydroxide groups on the surface of the inorganic solid. In

corresponding manner, a silane having three hydrolysable



and a bond being formed between the surface of the particle 28 and the
silane with its remaining radicals. Such a particle is, as understood by
the invention, referred to as a particle whose surface is coated with a
silane. A nolecular sieve according to the invention is hydrophobically
coated with a silane defined herei nbefore. Especially, during the coating!
reaction which results in the hyd?bphobically coated nol ecul ar sieve in
accordance with the invention, at |east one hydrol ysabl e group of the

si | ageoups cenl acadtbyiahf ancokodat godip as mbtesulhaceiefet he nol ecul ar
sieve particle, as a result of which the silane, containing the remnaining
radiEQEE}Ci§ £8i hBatt bhenshgger BrerobyseheengresnpaFosfepeeprithcl e. For

exanpheee! figashlang 620upkeah! chb! BupRaBXi deCeAgl ifloRsanbLecHl 2n, Sieve
particle so” that at~least one hydrol ysabl e group condenses w a
hydr orildesgnguphenthheestyfiaoéyebbihegrnopganas sokiedultr elfeahinog t he

hydr o]l ysabl e group, as a,result of which the silane radical, having the
renaFﬁ nalﬁaﬁgcﬁﬁg}cﬁi'jBﬁﬁéﬁgtEgetﬁ@mﬁﬁFéEEI5Pd%F€ e par#Peredpy way of an

oXygen- ehbi f8NechoBd. sPeebepably 1l byt fayhydr ehysablbgygeaups of the silane
will react with functional groups of ¥he nol ecul ar sievé particle and form
cor r espoaditngobdads Ini thatheamsl etbheachreseebwdparidel grobps eranple, a

silagﬁ haviEg t wo h¥groL sabl e. groEg can reagt 'Eh a oxidic solid as
ol eEHPaPUSFEGE CharfrcFEOSga hSt SPhaSt REShPEF ?§§§ Ve §F88ps condense wi th
two Héﬂ@ﬁbbd@iﬁboﬂpar@&iﬁaeg%@ﬁbéc@nOEhthukﬂabﬂaBECtﬁ@'EﬁorﬁéﬁﬁéaSing the

hydrolﬁ$able groups, as a result of which the silane radica havi ng t he
renaPRLAG . r BREgrsblys pohneyopBobiRalhyl eeakal Bpégeupart FéR¥eby way of two

Oxygfﬂ'gkhbgagnce with the invention, which is obtained by
treatment of a molecular sieve particle with a silane defined
hereinbefore or is coated with a silane defined hereinbefore,
contains no remaining hydrolysable groups. As understood by
the invention, a hydrophobically coated molecular sieve which
has been coated by treatment with a silane defined
hereinbefore is also referred to as a molecular sieve which
is coated with a silane. A hydrophobically coated molecular
sieve in accordance with the invention, which is coated with
a silane defined hereinbefore, is especially a molecular
sieve which is obtailnable by treatment of a molecular sieve

particle with a silane.

Preferably, the silane does not contain a radical containing
a functional group which reacts with the hydrolysable group
under normal conditions or under the conditions which are
used for coating of the particles. Such a compound is
disadvantageous for the present invention because it would,
for example, react with itself (e.g. polymerise) under the
mentioned conditions, and would therefore no longer be
available for coating the surface of the particles, or react

to form a polymeric material having bound-in particles which



bonds. In that case, the two hydroxi de groups on the surface of the
inorganic solid are preferably two nei ghbouring hydroxide groups on the
surface of the inorganic solid. In corresponding manner, a silane having
three hydrol ysable 29 groups can react with an oxidic solid as nolecular
sieve particle so that the three hydrol ysabl e groups condense with three
hydr oxi de groups on the surface of3G¢ he inorganic solid, releasing the three
hydr ol ysabl e groups, as a result of which the silane radical, having the .
remawoubg tBdiefibrei foj Dbngdr be thetnel esvhabrsieverpaeticle by way of

t hree oxygen- silicon bonds. In that case, the three hydroxi de groups on
the BBFFAEES®f the inorganic solid are preferably three neighbouring

hydr oxi de groups on the surface of the inorganic solid. Preferably, a

hydr ophobi cal | y coated nol ecul ar sieve in accordance with the invention,
whi cihées, obhathedpbgsehteahmentiof, aamiisetihatisheys padei beewaehh a sil ane
defi ned, higeipbeﬂpre3or is,coated. wth a silane defined hereinbefore,

cont BRHECALS r Brmifhirngt n9dr 81 ySAbF & i 73 . DY QR R S oE PP 8E i nvent i on,
a hydcpphgbhgalh iEQ@EeﬁlﬁU&QC@$aén§@RVQMH%EH*ErQﬁsaﬁféﬁbﬁﬁ@ﬁ by treat ment

with a silané de¥|ned herei nbefore is also referre O as a nol ecul ar si eve
whi chf pseceanttlewi t bnaaskiyanealkehydr ophbkbngal | heteabeadkpdl ecul ar sieve in

accordance.with the invention ich.is. coate i th si.l ane defi ned
s orREbpar By L) hBEsEBRET, Bl br bR kBT coBelit Bl bRET atn! & by
treapmRpy ) of hét@'@b@?éh@él&ﬂf@!?ar?@r, thelealicyh 8rshkaBec (Brefierably, the
silane does not contain a radical containing a functional group which

r eacedkvid hragéchydr bhesapkengioupthanaby her kal scdpdiletenshat under the

COnd%kéoggmthgﬂgaEgdicals do not contain a hydrolysable group.

In other words, in accordance with the invention at least one
of the radicals R, R?, R® or R* of the silane contains a
hydrolysable group and the remaining radicals R;, Rz, R; and
Ry are, independently of one another, a non-hydrolysable
alkyl, a non-hydrolysable alkenyl, a non-hydrolysable
alkynyl, a non-hydrolysable heteroalkyl, a non-hydrolysable
cycloalkyl, a non-hydrolysable hetercaryl, a non-hydrolysable
alkylcycloalkyl, a non-hydrolysable hetero(alkylcycloalkyl),
a non-hydrolysable heterocycloalkyl, a non-hydrolysable aryl,
a non-hydrolysable arylalkyl or a non-hydrolysable

hetero (arylalkyl} radical, each in accordance with the

definition given hereinbefore.

In accordance with the invention, at least one of the
radicals R', R?, R® or R® of the silane contains a
hydrolysable group. Preferably, at least one of the radicals
R', R’, R® or R* of the silane contains a hydrolysable group
selected from an alkoxy group and a cyanide group.
Preferably, one, or two, or three of the radicals of the
silane contain(s) a hydrolysable group and, especially, one
or three of the radicals of the silane contain(s) a

hydrolysable group.



used for coating of the particles. Such a conpound is disadvant ageous for
t he present invention because it would, for exanple, react with itself
(e.g. polynerise) under the nentioned conditions, and would therefore no

| onger be available for coating the surface of the particles, or react to
forma polymeric material having bound-in particles which 30 would
therefore no longer be in the formbf discrete particles. Wen, in the _
present invention, a distinction is nmade between radicals Rl, R2, R3 or R4
containing a hydrolysable group and remaining radicals Rl, R2, R3 and R4 '
whi ch are, independently of one another, an alkyl, aIkenyI aIkynyI

het eFBaPkPreiegyeroampringatepdakye, 13V@9te9@hoﬁrﬁﬁarahéweeaca|ky|cyc|o-

al ky t I ar vl L _hetero( ar radi cal ,

the Phi ShE: SHAFREVERDYE, xpBikpn bk BhBhbi PopHe PemaHERE Ratl A < "o not
Contafnthehydhekgsablhy@&@ﬂpsabﬂ@ athexywerdscaln aggordance mnth t he ‘
invention at |least one of the radicals Rl, R2, R3 or R4 of the silane i
conté?ﬁélﬁlnﬁyaﬁ9P9§éﬁlér&réﬁﬁeﬁﬁédthénﬁéﬁﬁpﬁ?ﬁélya9¢08n§ Rl, R2, R3 and R4
are, nd Yn8 ab yl, a

non- ﬁygggﬁgsa th Fkéngparamﬁggggyd?%ﬁg E¥838g¥§ ﬁkeabgon hydr ol ysabl e
het eredliikglls, aamhylhyddmbaiableycﬁwanhgnkybdlaamen hydrolysable het er oar yl ,

a non- Fgﬁrol Ek cIoaIk , a.non- hydrol ysabl e

het ePO{HIKYFES aﬂk SnofrK draﬂygaﬁﬁeaﬁéteryé9&kyé|ky| a

non- B&@&ehxgabh@rarﬁ&efe%aaqg @xeh051§9@'§aa&x5@gkyb 21 cA1R91: hydr ol ysabl e
hetero(arylal kyl') radical, each in accordance with definition given

her eicabefteile. ahd acwérdadgeaWEthanﬂeespeemaﬂéu,fabmlbaanchad of the
alkyl radicals. Special preference is given to the alkyl
radicals being branched alkyl radicals having from three to

eight carbon atoms.

Preferably, the silane contains one, or two, or three
hydrolysable alkoxy radical(s), thé remaining radicals being
alkyl radicals. These silanes have the advantage that, on
hydrolysis, they release the respective alkanols, which can
be selected in accordance with their toxicity. Furthermore,
it is advantageous that the alcohols behave inertly towards
the molecular sieve under the specified conditions, that is
to say do not react therewith or cannot be sorbed thereby.
Preferred examples of such silanes are, e.g.,
isobutyltriethoxysilane, diisobutyldiethoxysilane,
triisobutylethoxysilane, iscbutyltrimethoxysilane,
diisobutyldimethoxysilane, triiscbutylmethoxysilane,
isobutyldimethylmethoxysilane, isocbutyldiethylmethoxysilane,
isopropyltriethoxysilane, diisopropyldiethoxysilane,
triisopropylethoxysilane, isopropyltrimethoxysilane,

diisopropyldimethoxysilane or triisopropylmethoxysilane.

Special preference is given to the silane containing one

alkyl radical and three hydrolysable alkoxy radicals.



radicals Rl, R2, R3 or R4 of the silane contains a hydrolysable group.
Preferably, at |east one of the radicals Rl, R2, R3 or R4 of the silane
contains a hydrol ysable group selected froman al koxy group and a cyani de
group. Preferably, one, or two, or three of the radicals of the silane
contain(s) a hydrolysable group and, especially, one or three of the ,
radi cals of the silane contain(s) 3 hydrolysable group. 31 In a preferred
enbodi ment of the invention, preferably each of the hydrol ysable radicals:

of theegblese esamplhdeperdenthya 8i1hhe atbers,.ga, hydrol ysable al koxy
radical, and the renmmining radicals_are selected, independently of one
anot hePLUEY bR hekhayHFaloagpl dsabryy1Eadneshexyaikangl radicals, al kyl

129, g srosysestinbaadicabooy sbbrtoveloaliulaad.eglse 2ryl Tadl eals and

radi cals and aryl radicals, and especially frombranched alkyl radicals.
Special preference is given,to the alkyl radicals_being branched al kyl
r adi ERPS RAVPRGLPF BRI Ee libSWEFENTI¥ERLER BREnE1LlPREf EPABRININEe sii ane

i h I56 , h
contehgeeoaﬁkYQrfsagcan ghpegPe ﬁgaebggegeﬁeagrﬁé¥gr9ga§egi§> the

remai ning radicals being alk radi ca ese silanes have the advantage'
t hat prefierhydr ekgmpdest héysneheaseiihrer especei ye, alikabokgl-whi ch can be

sel ected jn. accordance with their toxicity. Furthermpre, it is advantageous
Chat SLREEAVLBRGRE RBRAFES) Aor LFyPEEHAPAE I RBCHBPEYaR AR S eve under tho

specified conditions, that is to say do not react therewith or cannot be

sorbed thereby. Preferred exanples of such silanes are, e.g.,
The surface of the particles is coated with the silane, a

surface region of the particle being coated with a silicon
atom including its remaining, that is to say non-hydrolysed,
radicals. Especially, the surface of the particles is
hydrophobically coated with the silane. In the process, a
surface region of the particle can also be coated with a
plurality of silicon atoms; accordingly, the surface of the
particle can be coated, for example, with two, three, four or
five gsilicon atoms per surface region, in which case the
silicon atoms can be arranged, for example, on top of one
another in a plurality of layers or offset from one another.
Preferably, the coating is a mono-layer, that is to say each
surface region is coated only with exactly one silicon atom
including its remaining, that is to say non-hydrolysed,

radicals.

OH groups are present on the external surface of oxidic
materials such as, for example, zeolites. In order to be able
to disperse oxidic particles of such a kind, for example in
nonpolar solvents, the OH groups located on the surface of
the oxide in question are, in accordance with the invention,
coated or functionalised with a silane having remaining
organic groups, in which case the remaining organic groups

are as similar as possible to the solvent in question. The



i sobutyltriethoxysilane, diisobutyldiethoxysilane, triisobutylethoxysilane,
i sobutyl trinmet hoxysilane, diisobutyl di methoxysil ane,
triisobutyl met hoxysilane, i sobutyl dinethyl nmethoxysil ane,

i sobut yl di et hyl met hoxysi | ane, isopropyltriethoxysilane,

di i sopropyl di et hoxysil ane, triisopropylethoxysil ane,

i sopropyl trimethoxysil ane, dllsoﬁgbpyldlnethoxy3|lane or
triisopropyl met hoxysilane. Special preference is given to the silane

cont gipfageone thkkykidadpaakiandst bageabydralyugabl peablaxydradtgal s. 32
Preferred_exanpl es of _such a sil ane are, , 1 sobutyltriethoxysilane,
|sobﬁ??PPFFﬁe@ﬂ@x9§Vﬁéﬁ§tlyl?85@8§y9¥@PEFhoﬁ?§iﬁaﬁ@aéion of a

PRSI bBEE SRl a0ocpy S Ok S BBONECLAARY. SEeRLI L0 (1

| ane cont ai ni ng koxy radical-.
Preféosedoéxahglaenpblancgraupslaaa aesyule. fn, theobatyheles '

dine#h%[nethox si | ane gr gb ¥Idleth¥ln§thoxy5|lane The surface of the
par t PEV2RY| ncHBFERRRPEN2PHe CRPFgheORateRUFRG¥e FEGLENT6F the particle belqg

coat ﬁ%%bmeafékl £69Aen8heTbhNebHELNEnkT o BARENpDE el BREwkEN! PHEAY |
non- hydrol ysed, radicals. Especially, the surface of the particles is :

hydr ephwbtoakkgctoargdnict brohpssphanbe BnrfheepoﬁcasparalCéarface regi on of
the artlcbebcanlz SQ bg goat ed mnta gﬁ hgé of silicon atorms;
accoP¥PhgPYorLfallyr £FRAESEr 1rna<CBE ?FS?eW& cOBVEREIPBr exanple, with
two, Thheegeti6HE BEtwbk¥epsirkiedBsaheabrtReTesbi-bapgskaImAinli/Nowhi ch case
the silicon atons can be arranged, for exanple, on top of one another in a

pIuraﬁht?eﬁfwaaiér§O§€96ﬁfybﬂchrmﬁﬁ@ﬁethﬁéthértWOPPéréﬂéﬁﬁﬁ CPM@ coating is
a nopg: Ia rf gi o ed only with
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irreversibly agglomerate. Oxides hydrophobically coated or
functionalised in accordance with the invention have good

dispersibility in nonpolar solvents.

When an oxide is reacted with a silane defined in accordance
with the invention, at least one hydrolysable group is split
off and there is formed, for example, a covalent bond between
the silane radical and the surface of the oxide. When, for
example, the silane contains at least one hydrolysable alkoxy
radical, on reaction with an oxide there is released, by
hydrolysis, only the corresponding alkanol or alkyl alcohol,
which can be selected, for example, according to its
toxicity. An alkoxy radical as hydrolysable group or leaving
group is advantageous also because alcohols generally behave
inertly towards the molecular sieve under the stipulated
conditions, that it so say do not react therewith or cannot

be sorbed thereby.

The molecular sieve according to the invention is
distinguished by its small size in the nano-scale region.
This small size allows it to be used in devices of

correspondingly small dimensions. For example, the molecular



including its remaining, that is to say non-hydrol ysed, radicals. OH groups
are present on the external surface of oxidic materials such as, for
exanple, zeolites. In order to be able to disperse oxidic particles of such
a kind, for exanple in nonpolar solvents, the OH groups |ocated on the
surface of the oxide in question are, in accordance with the invention,
coated or functionalised with a siPBéne having remaining organic groups, in
whi ch case the renmmi ning organic groups are as simlar as possible to the

sol veditevan uestdiony dheclds iswdrfic afart hee addate PRrdn dRsowamn, accordingly,
be coated with nonpol ar and coval ent|y bonded groups. The formation of a
coval Bht@PRHIAE I 1y WekGis tQntY BHitL § e diarffaRfe diry Bt AUdeens s of the

nonpQlar, gr gupss Crﬁ%q{ tmi&érg@tf@ra{fé;loeﬁéajfl%@@.g an increased

aggl oneration te ncy. It 1s not possi or condensation reactions to
t ake pl ace between the slowto-react organic groups on the surface of a

partiC|e13%é&%§£a§2%§alu% coated in accordance wth the invention

| nt er38ty _ paf ﬁ%@%so%r@ef H@]&%]@%MWWVWQ% der Waals
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anot her they cannot durably and irreversibly agglonmerate. Oxides

hydr opte hiaat hydooatsdole rddinctionaf itdesl §inlave oraddme esav gdil édised nvent i on

have good , . dispersibility in nonpolar solvents. Wien an oxide is reacted
wi th S | Y deTTH 3 PSR AP RN (Q HS AT, Ot ti%ast one

hydr Qlysatd e Orgiiped Sa BB} teh@fdudndhd her ais doramehaf ofi8xanpl e, a
covalent bond between the silane radical and the surface of the oxide.
When,adarrdiaxant ethe hienwenibien conthirdrorhob it Lvoneodiyelt orydalt e al koxy
gilane, it being possible for the non-hydrolysable radicals
of the silane to be so selected that they impart the desired
hydrophobic property to the surface of the particle. The
person skilled in the art will know which radicals of the
silane have to be selected in order to obtain a desired
property for the surface. Accordingly, for example, a
lipophilic or hydrophobic surface property can be obtained by
silanes having non-hydrolysable alkane radicals, it being
possible for the degree of the lipophilic or hydrophobic
property of the surface to be modified for a particular
purpose by selection of the number and features of the
individual alkane radicals, e.g. the chain length or the
degree of branching. A molecular sieve of such a kind can be
advantageously dispersed in alkane-based organic compounds,
for example in solvents, e.g. hexane or octane, or in
polymers, e.g. polyethylene or polypropylene, without clump
formation being observed in the material. In corresponding
manner, silanes having other non-hydrolysable radicals can be
used in order to obtain a surface property which makes
possible dispersion in other organic compounds or materials.
For example, non-hydrolysable radicals having aromatic groups
can be uced in order to make possible dispersion in aromatic

compounds {for example aromatic solvents, e.gd. benzene,



radical, on reaction with an oxide there is released, by hydrolysis, only

t he correspondi ng al kanol or al kyl alcohol, which can be selected, for
exanpl e, according to its toxicity. An al koxy radical as hydrol ysabl e group
or leaving group is advantageous al so because al cohols generally behave
inertly towards the nol ecul ar sieve under the stipulated conditions, that!
it so say do not react therewith &% cannot be sorbed thereby. The mol ecul ar
sieve according to the invention is distinguished by its small size in the

nanotstakfel egiydane, Thiysigimkl, shpRrahliens bt thebeiusgdoirnidevi ces of
correspondi ngly small dinmensions. For exanple, the nolecular 34 sieve :
accoF@RguURESt éVFﬁgeﬁFpﬁﬁtéﬁn958u9§edfaavﬁﬁﬁﬁgé@u@P}YmﬁﬁSabéﬁﬁagus i n whi ch

only_gaviti o aps.hgvi ngq n n por e h one mcronetre are
ava|F g* g ?tﬁugnnre X hgg gbggcéhgfé ghel ?eculér %lgge according to the
|nveubmpnunéschaVedgwahhlagsubapeopertbesngopassmbtécfgmoupbe (for

non- hydrolysable radi cals of the silane to be so_ selected that they |npart

a deSrfEH BFOEQFPQnt80W98u§9Ffa€egofgFﬁEhlﬁﬁvtﬁéﬂéerﬁ§6§c|éﬁFPOche surf ace
of tﬂﬁnﬁ?hﬁ%ﬂ'@& Eh%vﬁlk%?COFQEEﬁeEﬁoEEe EBYeBLLAR1LS B ﬁ%@ﬂ bigal Iy coat ed

B
wth I'ane, it being possible for the non- &ydro ysa e raglcals of the
S|Iaaesubabe havsegeatBdn%haﬂrbhggabhparaduheldesntadnlhgdaophnyﬂc property

to the surface o ticl The erson_ sk ed int art will know
whi CHEPRl EBREeOrainBe"BbanneHatocrr aEoBn i edS) AUaFABLS; GOBbt A 1 a

desi pedssPlopRihY {QEnt hensiurtacneaiAcag’ HbRBhkrsl Oh g¥aBBLEara |ipophilic
or hydrophobic surface property can be obtained by silanes having :
non- By erel pfabhehabkiiadr gdinchkes chemipsailpy bound inte a polyvinyl

material. Generally, by means of suitable selection of the

non-hydrolysable silane radicals the surface property of the

molecular sieve according to the invention can be adjusted in

accordance with the intended use. Especially, by means of

suitable selection of the non-hydrolysable silane radicals

the hydrophobic surface property of the molecular sieve

according to the invention can be adjusted in accordance with

the intended use.

The terms "hydrophobically coated", "hydrophobicised" and
"hydrophobicisation” in the context of the present invention
refer to surface treatment of molecular sieve particles which
imparts to the produced surface a hydrophobic or lipophilic
property which has the effect that the molecular sieve
particle cannot be suspended or dispersed in water but can be
readily suspended or dispersed in nonpolar solvents having a
dielectric constant of less than 22, preferably less than 10
and especially less than 3. Accordingly, the hydrophobically
coated molecular sieve is especially a molecular sieve which
can be suspended or dispersed in nonpolar solvents,
especially nonpolar organic solvents, which have a dielectric
constant of less than 3. Examples of nonpolar organic

solvents of such a kind are, for example, saturated



possi ble for the degree of the lipophilic or hydrophobic property of the
surface to be nodified for a particular purpose by selection of the nunber
and features of the individual al kane radicals, e.g. the chain length or
the degree of branching. A nolecul ar sieve of such a kind can be

advant ageousl y di spersed in al kane-based organi ¢ conpounds, for exanple in
solvents, e.g. hexane or octane, o6 in polynmers, e.g. pol yet hyl ene or
polypropylene, wi t hout clunp formation being observed in the material. In
cor r egpendafBongBsReal kahkanes . havhegrahBer naganbydiobysahke padi cal s can be
used in order to obtain a surface property which nakes possible dispersion
i n ofKemabigahyeresabBORas 6r InaPERFENS: For exanpl e, non-hydrol ysabl e
radi cal s having aromatic groups can be used in order to nake possible

di spersion in aromatic conpounds (for exanple aromatic solvents, e.g.
benzeneprdsr tol aenéd zphehag adedknblonhmhghakepaugglhbeoEikhé or in
conpounds having aronatic grou ps éfor exanpl_e ynmers having aromatic

gr ouBSTe8; g1npEFHelyFERBIGESt REY FRE}EIBF PA tg@nﬁ@ﬁﬁa§lﬁévpﬁgt§ﬁalogous
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graphite | erenes, car nano es or the Furthernore, for
exanpfethbysméans oan hessbaaelhatedgthanonhhydm&ayeambéecaabsal cont ai ni ng

h bt d a whi ch table f
Crosggppﬂgrou ﬁ% eiglﬁsgo gﬂgangﬂglﬁﬁn%ﬁérgﬁgﬁpﬁ%geQEF UIs?evg o?rsuch a

k'ndpﬁ@ﬂléﬁeﬁheﬁb@@thn?QyndalBbat@ngobYVbBYEly”Eh%rb%kerﬁﬁmera||y, by means
of suitable selection of the non-hydrolysable silane radicals the surface
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blocked, and so retains its original character. Accordingly,
for example, a molecular sieve can be obtained which is
excellently dispersible in nonpolar substances but which
retains the abllity to adsorb polar substances such as water.
A further possibility for avoiding the pores, internal
channels and cavities of the particles from being coated
and/or blocked or plugged by the silane used in the coating
of porous particles, is to revergibly block or reduce the
size of the pores of the particles before coating with the
gsilane, for example by loading with large ions, e.g. caesium

ions or tetraalkylammonium ions.

Accordingly, for example, when it is not possible to use a
gilane having a molecule diameter larger than the entrance
apertures of a zeolite, the entrance aperture of the zeolite
can be reversibly reduced in size. In the process, the pore
diameter to be established is advantageously so selected that
the molecules of the silane can no longer pass into the
pores. After coating, the larger pore diameter can be re-
established. Such reversible adjustment of the pore diameters
is carried out preferably by means of ion exchange using ions

of appropriate size. Accordingly, it is known, for example,



sui tabl e selection of the non-hydrol ysable silane radicals the hydrophobic
surface property of the nolecular sieve according to the invention can be
adjusted in accordance with the intended use. The terns "hydrophobically
coat ed", "hydrophobicised® and "hydrophobicisation”™ in the context of the.
present invention refer to surface treatnent of nol ecul ar sieve particles,
which inparts to the produced sur¥/ace a hydr ophobi ¢ or |ipophilic property
whi ch has the effect that the nol ecular sieve particle cannot be suspended
or dtkpersedlitewaTrr 1batfledanibh sbeadmlyasuapkmﬁédlorpdképersed i n nonpol ar
[ ctric constant of less than 22, preferably | ess than

sol vent s haV|ng g ,dl§|8
10 ﬁﬂm%§$ﬁc? | fy2l 4801 R - 3 %Ec%?ﬂ@ﬁ@lVltPhEOEQEFbBWObPEth9 coat ed
mol egphat BLRYME L6 ﬁéEGS' gbl¥ aiambesy! a; éhﬁ%ﬁgg@ ¢BpoC bewﬁgépended or

di spersed in nonpol ar sol vénts, espéciall ar organi ¢ solvents, which
havelandeetbengeccanohetaarrmédlees remar8ibExanpl es of nonpol ar organic

sol vents of such a kind are, for exanple, saturated 36 hydrocarbons or

al kanes, e.g. pentane, hexane or octane, or aromatic hydrocarbons, e.g.

benzene. ibA ekERAnGE A%EhEdCEahi AYs8NBLOLsBROCKI Bgaetr Rbugdipg of the
pores, internal channels and cavities of the particles by the silane used

in thbec@aﬁragt@vep@ndas pﬁrtheIGSOth@ tadibatsofofthehergbhane can be so

sel ected that the si ann enetrate.into_the aV|t|es and
RO SR SE IR S et St e e
surfﬁﬁéncanebgaaembeéeglzéh@flah@ra@blﬁuéf@ﬁ@ro@ﬂcéﬂelgtbea hand, remains :
open, that is to say is neither coated nor blocked, and so retains its
or|gPﬁéVm@ﬁaF§cF@P ﬁé@@rd|hglphe case of a large difference in

the refractive indices - to ensure optical transparency. The
process of modifying the framework structure of a zeolite can
also be used to match the refractive index of the zeolite to
that of the organic compound in which it is to be dispersed.
This 1s especially advantageous when the particle size of the
zeolite introduced into an organic compound is too large - in
the case of a large difference in the refractive indices - to
ensure optical transparency. Details of modifying the
framework structure are described, for example, in

JP 86-120459. A possibility for modifying the refractive
index by ion exchange is described, for example, in "Optical
properties of natural and cation-exchanged heulandite group
zeolites", J. Palmer, M. Gunter; American Mineralogist

{2000), 85(1), 225.

The small size of the molecular sievé according to the
invention together with its coating adapted to the particular
surroundings advantageously allows its use in especially thin
layers. Furthermore, the molecular sieve can also be
advantageously dispersed in an organic material, for example
a polymer, an adhesive or a surface-coating composition, and
the composition obtained in that manner can then be used in

thin layers. Accordingly, using the molecular sieve according



for exanple, a nolecular sieve can be obtained which is excellently -

di spersi bl e in nonpol ar substances but which retains the ability to adsorb
pol ar substances such as water. A further possibility for avoiding the
pores, internal channels and cavities of the particles from being coated
and/ or bl ocked or plugged by the silane used in the coating of porous
particles, is to reversibly block or reduce the size of the pores of the |
particles before coating with the:”%ilane, for exanple by loading with | arge
ions, e.g. caesium ions or tetraal kyl ammoni umions. Accordingly, for |

exanpbethshenvehtisnnolapessi hheihg HBecRneSbbanerhavkpgthafiobegnl € di amet er
larger than the entrance apertures of a zeolite, the entrance aperture of |
t he $8Bl| PEeaceambbesheder hbry itedadeantagspue. innpekeiprdasssn the pore

di angt gf S i i e I | ecte hat he nnleculés
of Pﬁ%ﬁg?ﬁgﬁggggnggghkgﬁggﬁ %Sgggﬁﬁﬁggtﬁﬁa %%?ggégAf?%rgg %??%é?ythe | ar ger,
por eadvranetgecucanmbhanee- therabthaahed. pbudice@veagebkeogdiaust nent of the porie

dianeters ,is carried._out preferablé by neans of ion exchange using ions of
appr 6PFPaFLCE| BRECALROr HPRBFYSIPY FReKHBWACULBE &%8HBI 8CCoYA1NHat zeolite

LTA gadgd mgnwghyrrah?@aeﬁséan%i snpefgang'tbaesﬁlsauﬁé,‘lf (400 pm. Wen

| oaded with potassium on the other han has™ a pore dianeter of only 3

A (388app)e Fhpslymen, eadheageecan berfaceiredabihgr evepsebbyonThe ion
exchange nmethod can al so be used in order to match the refractive index of
t he BB¥LNFedt d2VREt LBLCKRESEr §Ani-€SScBRpBURdIMf cPrekarpbeyt Rabmof t he |
igle size of the zeolite introduced

polyger. This is ges'rable when the gar . .

into QrepBFﬁiﬁFaP Yt%o”Wa?ﬁg eSPRCLAL Xaée ofMa |arge difference in
A further advantage is that the molecular sieve according to
the invention is also suitable for dispersion in a liquid
organic compound so that the organic compound containing the
molecular sieve can be processed using a customary printing
nozzle, for example a jet printing nozzle. Accordingly,
composite materials comprising the molecular sieve and an
organic compound can, using customary printing methods, be
printed on a material, for example a sensitive material which
is arranged on an apparatus, e.g. a wafer of an electronic
component or device. In contrast to customary molecular
sieves, the molecular sieve of the present invention has the
advantage that not only does it not contain any particles
which, because of their size, are capable of blocking the
nozzle but alsc it does not form any agglomerates in the

organic layers, which can in turn block the nozzle. i

Furthermore, investigation of the properties of the molecular
sieve of the invention has shown that the molecular sieve of
the present invention, compared to customary getter
materials, makes possible especially good protection of
sensitive materials even when it i1s introduced into ;

relatively thick lavers of organic compounds.



the refractive indices - to ensure optical transparency. The- process of
nodi fying the framework structure of a zeolite can also be used to match
the refractive index of the zeolite to that of the organic conmpound in
which it is to be dispersed. This is especially advantageous when the
particle size of the =zeolite introduced into an organic conpound is too
large - in the case of a large difference in the refractive indices - to |
ensure optical transparency. Det ail% of nodi fying the framework structure!
are described, for exanple, in JP 86-120459. A possibility for nodifying the
refractive index by ion exchange is described, for exanple, in "Cptlcal |
properties nat raI and ati on- exchanged heulandlte %roup zeolites", J.

Pal mer SIfF2 XfeF SARBEFESHER PRI SGFsEPEE8B)C BEEYIC1985. The smal | size

of thacpghaecsl ﬁars,hez@saa@oﬁ@lﬁ@gskeoahgy rA¥enhi,aRchigaekher with its coating
adapted to the particular surroundings advantageously allows its use in

espe@h@tgynﬂhlﬁolhdyerQreﬁerabéVnmneraneCnoxedmCa60§nd$e the al so be a
advant a eousl ispersed Ln_-an anic nmateri for.exa a polyner, an
adhest¥ eSFIS PFE? “co8ri ﬁg %%&?Ft Sﬁecéﬁghytﬁg &BRﬁggpflon obt ai ned in
t hat c@iﬁ@aﬁhdcﬁﬂlbheﬂsbﬁr'é%éﬂtl An thenfbaymebs. aAeeQsdhandline,using the

mol ecul ar sieve according 38 to the invention, |ayers having thicknesses of
| essPer&Aal lynrryafabé inec oFprPshedyshRldhnes sadudnt gesdsditaoparticul ar in

mannee TRERS EafTbhes SanREn R B E Pt o Hhs. P RERC e stor  oi ng ¢ he
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atomg. Preferred examples of such aniong, in addition to the

oxide anion (0?7}, the hyperoxide anion (0, ) and the peroxide

anion (0,%7), are also anions which are based on oxides of

elements of the main groups and sub-groups, for example

sulfur oxide anions, phosphate anions, silicate anions,

borate anions, aluminate anions, tungstate anions and the

like. Such anions can be present, for example, in isoclated

form or be condensed in the form of, for example, chains,

bands, layers, frameworks, cages or the like. Condensed

anions of such a kind may include oxides of one or more |

elements of the main groups and sub-groups, with its being !

possible for a plurality of different elements to be included |

in one condensed anion.

OH groups are frequently present on the external surface of
oxidic materials of such a kind. When an oxide material of
such a kind is dispersed in water, a diversity of
interactions between those OH groups and water come about.
Accordingly, an oxide material of such a kind can, depending
on the pH of the aqueous solution, gain or lose protons by
way of the OH groups located at the surface. In addition,
hydrogen bridge bonds can be formed, resulting in a water

layer that adheres to the oxide material. The existence of



having a | ayer thickness of less than 5 gm preferably 2 gm nore
preferably 1 gmand especially 0.6 M A further advantage is that the

nol ecul ar sieve according to the invention is also suitable for dispersion
inaliquid organic conpound so that the organi c conpound containing the
nmol ecul ar sieve can be processed using a customary printing nozzle, for
exanple a jet printing nozzle. Accd¥dingly, conposite materials conprising
t he nol ecul ar sieve and an organic conmpound can, using customary printing

net hgdsh Be apheRied @Btrdrmboekabn kAL 8%APR! ead $QRBSILI Y& MREerial which |
is arranged on an apparatus, e.g. a wafer of an electronic conponent or

devi beinpnpesatibast teoobieiomhg pslideumateripdyés, thie fowieodl ar si eve of

any Brpie sEUeGecROsRRRadR PRI OB Tt B PEO R B ng the |

nozzbg bhe akidel mateedanotahabm avyeagakonebatasti witthe oner ganic |layers,
which can in turn_block the nozzle. _Furthernore, investigation of the
pr op@PetesropnghEhpsrdeteacangiosy a9t omgEat Ay EAtLEH -hTEegRéRFer hat t he

nDIe&gkﬁgcikgxgfogno&gng%e%gghihnﬁggé%g 1sC8?2§E%%.%9#ﬁ%%F mary getter

mat eri1al’s, €S pOosSi espéci al ood protection’o SeASitive materialis

evenpwkéarabliys dehttiodited] ifotroexaelbakl vl hebliitly hayiers valuamgari C
compounds. 39 Preferably, the particles conprise ingrganic particles.
| nor §Anit&ESFELrPEYeEIas Wikde PSLHTd 5Pt KOTI FPENFCSFCHLET BA6V§aRitc sol i ds,

pref epably J.RAIARLE @%indi ¢ solids, the expression "oxidic solid" meaning
especlall'y an inorganic conpound which is present in the formof a

crystalline, partially crystalline or non-crystalline solid. In addition
Special preference is given to the particles being inorganic
particles which are selected from particles which include
porous aluminophosphates, porous silicoaluminoophosphates or
zeolites. Preferred examples of such aluminophosphates are,
e.g. AlPO-5, AlPO-8 or AlPO-18. Preferred examples of such
silicoaluminophosphates are, e.g., SAPQO-5, SAPO-16 or SAPO-
17. Preferred examples of such zeolites are natural and
synthetic zeolites, e.g. the natural zeolites gismondine and
zeolite Na-Pl (GIS structure)}, and or the zeolites of type
ABW, BEA or FAU, or the synthetic zeolites zeolite LTA (Linde
Type A), zeolite F, zeolite LTL, Pl, P2 and P3. Special
preference is given to there being used as particles small-
pore zeolites having pore diameters of less than b5 A

(500 pm), for example gismondine, zeolite F or zeolite LTA.

In a preferred embodiment of the present invention, the
particles are selected from gismondine, zeolite LTA, zeolite
LTF and zeolite Pl, P2 or P3, and the silane contains one
alkyl radical and three hydrolysable alkoxy radicals. In that
case, special preference is given to particles of zeolite LTA
which are coated with isobutyltriethoxysilane, with
isopropyltriethoxysilane or with phenyltrimethoxysilane, and

to particles of zeolite LTF which are coated with |



to metal cations, conprising cations of one or nore elenents of the main
groups or sub-groups of the periodic system an oxidic solid of such a kind
i ncl udes ani ons conprising oxygen atons. Preferred exanpl es of such anions,
in addition to the oxide anion (02-), the hyperoxide anion (02-) and the |
peroxi de anion (022-), are also anions which are based on oxi des of a
el ements of the main groups and sublgroups, for exanple sulfur oxide

ani ons, phosphate anions, silicate anions, borate anions, alum nate anions,

_tungig@bat?mitgaét%&ytshqan@,k%i_tﬁuqao@%@ﬁtﬁgtﬁ%ﬁsﬂ%ﬂe okor exanple, in
i sol at ed ormor be condensed in the formof, for éxanple, chains, bands,:

| ayed thf phepwditkémethgeysdlanige | i ke. Condensed anions of such a kind may
i ncl ude oxides of one or nore elenents of the main groups and sub-groups,
with its being possible for a plurality of different elenments to be

i ncl ndede pireFeeredndansed meRiten cobldtatalRs pded ciiregueXny 1Rkesent on the
external surface of oxidic materials of such a kind. Wen an oxide materi al
of &henhmelricHd ars sdicyFe ASEOTIAN@ater the dnvensilon . ofutnttdeact i ons bet ween

thosﬁegg.o%r QuRs 123d s yatel, goRe w%*iﬁuhﬁde?%%%h | ALY (3R ?né'l%%u'ﬁ&e?' al of
such™a kKi'nd "can, dependi ng on thé pH of the aqueous solution, gain or |ose
pr ot @igvidy o fwayeo brichentH igrvenpd onodat adtall iie sgurfactoskn addition,

hydr ogen hri dge bonds can be formed, resulting in a water |ayer that
adhePE$O0G Soxi de material. The existence of 40 such an adhering water

| ayer on the oxide can result inits being possible to obtain the oxide
material in the formof a stable agueous suspension, because the individual
partilel escoatlanie exitthe tinet dmivan tdam)ot-heome licntid acortiacvie \iist isede

as a getter material. Accordingly, the molecular sieve
according to the invention can, by virtue of its size,
readily be used as getter material in miniaturised apparatus,
for example in electronic components and devices. Especially,
the molecular sieve according to the invention can be

advantageously used in cavities which at least in one

dimension have a maximum measurement of less than 1 pm,

especially less than 500 nm.

Furthermore, the present invention relates to a composition
comprising the molecular sieve according to the invention and
an organic compound. The expression "organic compound" herein
means a customary organic compound such as, er example, an
organic solvent, an organic solid, an organic liquid or an
organic polymer. In that context, organic solids and/or
organic polymers can be present in any desired form or can be
made into such a form. For example, organic polymers 1in the
form of granules, strands, plates, films or the like, having

any desired diameter or thickness, can be used.

Furthermore, the expression "organic compound" also includes
a composition (composite material) which comprises one or

more organic compound(s), it also being possible optionally



anot her and therefore cannot agglonerate either. Therefore, ©particles of
inorganic oxidic materials of such a kind are preferably dehydrated, for
exanpl e by heating under vacuum or by freeze-drying, when being used for
the nol ecul ar sieve of the present invention. Special preference is given
to the particles being inorganic articles which are selected from I
particles which include porous alddn nophosphates, porous ;
si |l i coal um noophosphates or zeolites. Preferred exanpl es of such '
al unmtpephespbatesiar eompenentllPe- 5. éﬁBEggnQE ALPO=18, Preferred exanples
of such silicoal um nophosphates are, SAPO-5, SAPO-16 or SAPO- 17.
Pref6@?@Haékawppé§déﬁt§ﬁéh0¥e§hﬁtéékﬁretﬁab@raﬂcéﬁQEdsynthet|c zeolites,

albgapatucalyzeok htengLamad 0 a0d,ceqll Lo MLl (GLg stLucture)  and

or t e Zeo o "t yp€ syn tic zeolites zeolite
LTA ¢khnbe sdypeabpd zaatltherrbpektﬁesLEE tHé sBZfa&é B3. theeci al
preference_is given to there being used as particles small- pore zeolites

havi R§TpoFecdi aket Breught| éasor paAeswAthsghopR) off bheeRaRPRECgi snondi ne,
zeol LLg 85uﬂﬁ ZEB'%EEtLEﬁe mb@e@u?%@fgéégg ?gbﬁﬁﬁgggkeﬁf hh% gresent

i nventl the” particles are selecte romagrs I ne, zeo |te LTA, zeolite
LTF amganeolcbmpﬁmndPZThe B&rsandskhéleﬂlanethenaath1dmeanWKyl radi cal and

t hree oI sabl e, al kox digals. in_ that c¢ase, special preference is
v eRnitn 2rkRaRee15; SOEYahiE BRR v e Oabens o bmREER, a8

|sobabghggbgahgéyghhgggof@ th isopropyltriethoxysilane or with
phenyl tri net hoxysilane, and to particles of zeolite LTF which are coated

with 41 isobutyltriethoxysilane, with isopropyltriethoxysilane or wth

phen%k%%ggg Q y%hgagrganlc compound contained in the composition
comprises a polyvmeric compound. The expression "polymeric
compound” includes all customary polymers such as, for
example, homopolymers, syn- and iso-tactic polymers and
heteropolymers, statistical polymers and block polymers and
block copolymers. The polymeric compound includes both chain-
form polymers and alsc two- or three-dimensionally cross-
linked polymers. These polymers may be thermoplastic,
elastic, thermosetting or the like. The expression "polymeric
compound" also includes monomeric compounds and/or oligomeric
compounds which may optionally be further polymerised. The
polymeric compound can be present as pure compound, for
example in solid form, or in the form of a solution or
dispersion. Preferably, a polymeric compound is present in
solid form, for example in the form of granules, strands,

plates, filmg or the like, having any desired diameter or

thickness.

preferably, the polymeric compound 1s a thermoplastic
compound. In this context, "thermoplastic" means that under
the influence of heat the compound softens or liguefies
reversibly (that is to say without the compound being

destroyved) so that under the influence of heat the compcound



Those preferred enbodi nents constitute preferred exanples of the nol ecul ar
sieve according to the invention, but the person skilled in the art wll
understand that the nolecular sieve of the present invention is not limted
to those enbodinments. In accordance with the invention, the nolecul ar sieve
is used as a getter material. Accordingly, the nolecular sieve according .
to the invention can, by virtue of43ts size, readily be used as getter
material in mniaturised apparatus, for exanple in electronic conponents

and devi ®es prosResicd,| For themplee eHapeds ey ecraeRidli kg Wl side i nvention can
be advantageously used in cavities which at least in one dinension have a
nmaxi MR ERSHeFe fomponeads «+ Rrefermed exgapilas wi édermend a06.ari m |
Furt ber r t,d:nvent] I 0Sj4d conprising the
nol e S?‘regFeé%%h co |§§#ﬁ§’tﬁ€gﬁn$§% F%%yg%ﬁ% g%%grggﬁnggbnpound. The

expr epFmn oropgdyiptogeeeind PHEr @il yos®ale fdngystearfr y or gani ¢ conmpound
such as, for exanple, an_ organic¢c solvent, an organic solid, an organic
| i quib®lgrxymetdvdamee (FRYmeOT nod v téete®a:, organic solids and/ or

O 9Aoa RIS 38 L)) B0 AR e OB e D made into
such™a form “For exanple, organic polyners in the L]formo gr anul es,

st r amdyrgueatcepoliirars (BI)he dri kéwve Hakieng Urateyr désd riedt ldicaroet exf or
t hi ckness, can be used. Furthernore, the expression "aqrgani ¢ ¢conpound” al so
el SHEL . A0SO (RGO IS (5 P R 88 o o more
Or ganisk, sCRMRAMAIS) 1 idordcd iRl NY RRSS IR RRIIHRNY Y 1440 f0r non-or gani ¢
conponents, e.g. inorganic fillers, <colorants, conductors or the like, to
be | ndameplastic compound, so that a homogeneocus dispersion is

formed without the polymeric compound being destroyed.

Special preference is given to the polymeric compound having
a low water permeability, that is to say a water permeability f
of less than 0.9 gmm/m?>'d at a gradient of from 0% to 90%
relative atmospheric humidity at 25°C (wherein d = day},
preferably less than 0.63 gmm/m’'d, and especially less than
0.1 gmm/m*d (measured on a 100 pm-thick layer). Preferred
examples of polymeric compounds of such a kind are, for
example, polyolefins, e.g. polyethylene (PE) - both high-
density polyethylene (HDPE) and low-density polyethylene
(LDPE) - or polypropylene (PP) or the like. Such a
composition comprising the molecular sieve of the invention
and a polymeric compound having low water permeability

exhibits the desired properties especially advantageously.

Preferably, the organic compound is a surface-coating
composition, preferably an anhydrous surface-coating
composition and especially a surface-coating composition
which has low water permeability, that is to say a water
permeability of less than 2 gmm/m*"d at a gradient of from 0%
to 90% relative atmospheric humidity (wherein 4 = day).

preferably less than 1 gmm/m> d. Special preference is given



Advant ageousl y, the nol ecul ar sieve of the present invention -can be-so -
coated that the properties of the surface of the particles are brought into
line with those of the organic conpound, so that the nolecular sieve is

di spersed in the organic conpound. The person skilled in the art will know
whi ch coating is suitable for which organi c conpound, as described ;
her ei nbefore. Preferably, the organic conpound contained in the conposition
conprises a polyneric conmpound. Thé expression "polyneric conpound”

i ncludes all customary pol yners such as, for exanple, honopol yners, syn-
and itso-tther teur feateHreyast jany cdmgiceriopiaiy rerisig st atursfdead cqod ver s and bl ock:

pol yners and . bl ock. gopol rs. The lLymeric c ound i ncl udes bot h chai n-
f or mPBRATEr Oe’ihdﬁ'glcgbp‘{‘?‘/%%eeoﬁwt#e&e?ﬁi e cc}ﬁéﬁ'? FFFELTT9%ked pol y(r:reflsn
Thes &R SIMBYLdEe dherdmpl @t iy &dddikidderdmsetd iflg amd he like.

The expression "polyneric conpound” al so includes nononeric conpounds
and/ crurflaasorasd telng srpueist Wi GPOEBEGQ G drkd 1 ly7 beobtairdsdrl ol yneri sed.

The I .G CO a resent._as pure caompound, for exanple in
sol i aﬁo%éar/?Olé’?t?%%?‘ﬁ%’?’mmo@aﬁpé@mro%%r Lgecﬁ“?d'g?'si%.tkﬁ eferably, a

pol y iy fa EOmtlithd SciRKENtidd Usatdah frdf Mo are® Xt Raddyydthe form of
granul es, strands, ©plates, filnms or the |ike, having any desired dianeter

or tiiGknestaimadile diingn REgehd! yher i3 Lofoee i Nethewkansdd astic

conpa ! 0 g, " asti.c’ nean t der. the influence
of he‘%?q"tkhée rEc&ogr]rﬂp&%:ue?\ s%%“&sé%ﬁﬁgé ulzq%i[ eLsoc rleveﬁssfd;?yM%#}hcgatl is to say .
W t hatadde astigiawls] defmgn Hasteoyet stk thaltddidieimd henbmf [a1egse of heat

t he conpound 43
Munich, Germany.

Preferably, the size of the particles is so selected that
they can be homogeneously distributed in the organic
compound. In order to obtain a homogeneous distribution of
the particles in the compound in guestion it is important not
only for the individual particles to be small compared to the
thickness of a layer to be formed but also for them to be
capable of being homogeneously dispersed. For that purpose
the molecular sieve according to the invention is

advantageously suitable.

In accordance with the invention, a compogition comprising
the molecular sieve of the invention and an organic compound

is used in producing or sealing an apparatus.

Preferably, the apparatus is a packaging. Accordingly, a
composition comprising the molecular sieve of the invention
and an organic compound is used, in accordance with the
invention, for producing or sealing a packaging for sensitive
products which contain compounds or compositions which are
attacked or destroyed by small molecules, for example
apparatus such as electrical or electronic components or

devices, or food or medicaments. In a preferred embodiment,



can be processed, for exanple shaped or noul ded, or mxed wth further
conponents. Preferred exanples of thernoplastic polyners are polyol efins,
e.g. polyethylene (PE, HDPE or LDPE) or pol ypropyl ene (PP), polyoxyol efins,
e.g. polyoxynethylene (POV) or pol yoxyethyl ene, polynethyl nethacrylate :
(PWMWA), acrylonitrile-butadi ene- styrene copolymer (ABS), or the |ike. Under
the influence of heat, the nolecutar sieve according to the invention can
be advantageously incorporated - even subsequently - into a thernoplastic

conpeuith psekhbdhgd RODEIRUEETIERRVEIN Firdm HOdMRIMitdiew the pol yneric
conpound bei ng destroyed. = Special preference is given to the polyneric i
conpSRRTREHNAY the mewesatler sdavealill ithe ipvsntion enshyna wat er

per Lty , d a gradjent. _qf fr 0% to 90%
rel g?’i}?ghétcnggg{?gﬁ‘?h%afgie%f%ﬁ ezngié?rg‘%\ﬁ%grlt&g% %= da%e,a‘i &St ) y |ess

t han pcb3gd ngd Nads  arG@eciaald yheeds kichanr §lhsgi8¥ N2’ d (neasured on ai
100 mthick layer). Preferred exanples of polyneric conpounds of such a

ki nd PRCERIELS e faidpl &XaFERPEISEn packaddngsolfpet RPosh@ PE) - both hi gh-
densi : I low-densi.ty e (LDPE) - or

pol yg{rescé)ipl%%éﬁr%gtt Pp)ﬁ\&grc@{*goﬁhr%%% §u\g??)a%%§l§rr€gl§ %é-l wg%ﬂagiltng t he nol ecul ar
si evevhdicht He ti mrentorortopand aheolotier, ¢ caonbeu podiamdeady diowosdter

perneabi lit exhi bits the desired properties especially advantageously.

Pr ef €28 ngr&&%mq ?O&eﬂi‘rl—fa&cél@&?_c i%fg t}{eorrposi tion,

pr ef arldnt i2m anhy drQh SUHRGRGQR IdRHhoGHRRS| Uk 21 Recially a

surface-coating conposition which has | ow water "perngability, that is to

say & thetrematserimdshi 4.0y @fapesss delvalipo2rgt, ma wd-ack tdtcsa mprtadiiedt of from 0%

to 9%%) rp%ll%r{e\ée, ?T{[erg%s_l_p%err it%ehlir:?kcg taX:e( \g’he%rl%idn b%if %eC:iLarI%/g? '‘coated with
a polymer film or f£ilm of surface-coating composition
comprising the molecular sieve of the invention. In that
context, the coating can be applied both to the outside of
the packaging and also to the inside of the packaging, and
preferably the coating is applied both to the outside of the
packaging and also to the inside of the packaging.
Preferably, such a coating, especially the outside, is
transparent so that it is possible to read information, for
example printed on cardboard packaging, through the coating
layer comprising the molecular sieve. In a further preferred
embodiment, packaging containers of another material, for
example a plastics material, a metal or the like, are sealed
with a film, a cap or the like made from a polymer comprising
the molecular sieve of the invention in order to produce a
complete packaging. Alternatively, such a composition
comprising the molecular sieve of the invention and an
organic compound can also be introduced into the interior
space of a packaging made from another material, for example

into the inside of a cap sealing a tubular packaging, e.g.

the tubular packaging of a medicament.



preferably less than 1 g-m n2' d. Special preference is given 44 to the
surface-coating conposition being a surface-coating conposition which can
be hardened by UV light. Preferred exanples of such surface-coating
conpositions are, e.g., the surface-coating conposition EPO TEC OG 142-17,
obtainable from Polytec PT GrbH, 76337 \Wal dbronn, Germany, or the
surface-coating conposition UV-Coating Polyled Barriersyst. #401,
obt ai nabl e from Eques C. V., 5340 AE®> Oss, Netherlands, or the
surface-coating conposition Loctite 3301 Medical G ade, obtainable from
Henk@teﬁecehte DeutlsdKemeise: @ilvidn 892he w@@bmhtu@e&mﬁmm'aBreferany, t he

size e particl 1S sQ sel ect ed hat hey can,_be honpgeneously
di st &caﬂ gﬁﬁ io¢ c&ﬁﬁgﬁWEn% CCo B eﬁ'éxﬁonogeneous

di st @}@H‘bl@% Qff ahh%llé@rttrﬁ@aﬂs drh etﬂé%t%ﬁﬁ@u @@mp%n%%stdroraévtlcles i mpor t ant
not only for the individual particles to be snall conpared to the

thlcﬁﬂ§s§-@ﬂcéol@9@&tﬁ@—@@CﬁQMﬁE@lb@wsaﬁ@o(N@MSﬂheﬁﬁﬂoeﬁ@ﬂmd&pamle of bei ng
hono dlspersed For_that purpas t he nol ecul ieve according to
t he %% ﬁ %193 SRR ageSus s SptgﬁFgngn D lEGFEar ?@é%qq1the i nventi on,
a CompRiidaloryeeral |(MEoMS)the mrreehiyy, si eyerem-die dniyenisoen ,and an -
organi ¢ conpound is used in producing or sealing an apparatus. Preferably,

t he é@&@ﬁ-’aﬂ‘iﬁ-hss oF phckddiiey. MeEeigirAgdy aoparesmsodist ifoFdG¥pr i sing the
ol equl3r %W%\éﬁzl%r%l&h% BMeNti %@ﬂa%n <gpganic dﬁ%?i’m%"é@qcf iysed, in

accordandce i nventi on, oducung or Sealing a pacKaging for
sensiatni Vﬁgaﬁbﬁ@ﬂ@ﬂioﬁ:dﬁﬂir@fm@ﬁip&lﬂhadﬂmﬁﬁdm ol cdidesidhigns oxhiseh are

At A or b S Y, o tiny deleey, " YpetdRY an organic
solar cell, a CIS solar cell and an OLED. Preferably, such a
device is sealed by being encapsulated in a tightly closing
casing which is in turn sealed, adhesively bonded, coated or
the like using the composition comprising the molecular sieve
of the invention and an organic compound. Special preference

is given to the casing also being made from the composition.

Alternatively, a surface to be protected 1s directly coated
with a composition comprising the molecular sieve of the
invention and an organic compound. In this context, a
"surface to be protected" means a surface of an apparatus
made from a material which is attacked by small molecules.
The composition can be applied to the surface by any
customary method, for example by pouring, immersing,
spraying, surface-coating, rolling, brush application or the
like. Depending on the nature of the composition, the
application can also comprise further steps, for example, in
the case of application of a soluble composition: dissoclution
in a suitable solvent before application and removal of the
solvent - e.g. by evaporation - after application; in the
case of application of a composition comprising a
thermoplastic polymer: heating before application and cooling

after application; in the case of application of a



apparatus such as electrical or electronic conponents or devices, or food
or nmedicanents. In a preferred enbodi nent, 45 such packagi ngs are produced
directly froma conposition conprising the nolecular sieve of the invention
and an organi c conpound. For exanple, packagings, e.g. sealed film
packagi ngs (bags, sachets and the like) or plastics packagings, e.g.
transparent packagi ngs for food or47medi canents, which conprise a top part
and a bottompart which fit one on top of the other, can be produced

di r eciohmposfitamna coaipriei ngO Mpilysiatd sblte TRloeeeals eV iQforddi@ : | nventi on.
I n anot,her preferred enbaodi ment, packagi ngs of ot her materials, e. g. paper;,
car didddatangl asPodymesi@atdon areagsipme f tegt APrdd catd anike -are seal ed by

bel g, 003! 6L 2Py TRl B kI al, SUARACEL9Y g gpoS i on

conprrsrng the nolecul ar sieve I'nven SONt8xt, the
coat iofg acawpid capl! ised viesith toar tthe dumaidepaﬁonbh&ypa@kagkmgo&nd also to the

i nsi de of .the acka and_ preferably the coatln IS applled both to the
out si @aﬁlfmtghé? é’%%l%ﬁgté’n ea%@ttet?tﬁﬁieciaﬁs qt

Prefghéggﬁatggghoa GoR! idghn23REGHAl |y the outside, is transparent SO that
it is possible to read information, for exanple printed on cardboard

packagi ng, through the coating Iayer conprising the nol ecular sieve. In a
further preferr enbodi nent agi n ont ai ners .of another material, for
exan’%tpgcg |é’§tefdc?§-’eﬂ?§teeﬁ |gl"’£‘t3§t°ala sotpps1 LHhen W WS SHTRI LSR5 h a film a
cap @he iR 1ldka arade dicomma iRl YIRenGARR bSidGn gamleddiowsigeve of the
invention in order to produce a conplete packaging. A ternatively, such a

conp&siiido T iadigst:i Sivhgashe mdl éc pirantsingy aosfz lithe am\idret isorr fase an
to be protected. In this context, any customary printing

nozzle or printing method may be used which are suitable for
the application of layers by printing. For example, the
composition can be printed using a customary jet printing
apparatus as is used in the manufacture of wafers for
electrical and/or electronic circuits and of apparatus based
on such wafers. Such printing nozzles frequently have a
nozzle diameter in the region of some micrometres. The
composition, which comprises the molecular sieve of the
present invention having particles having a particle size of
1000 nm or less, can pass through that printing nozzle
without the nozzle being blocked by particles or
agglomerates. This allows the composition to be
advantageously applied in an automated operation, for example
by a robot, which is not possible using a composition

comprising a customary getter material.

In a further preferred application, a composition comprising
the molecular sieve of the invention and an organic compound

is used in the production of membranes.

The invention relates also to an apparatus which comprises a

molecular sieve according to the invention or a composition



organi ¢ conpound can also be introduced into the interior space of a
packagi ng nade from another nmaterial, for exanple into the inside of a cap
seal ing a tubul ar packaging, e.g. the tubular packagi ng of a medi cament. 46
Preference is |likew se given to the apparatus being an electrical or :
el ectroni ¢ conponent or device. Preferred exanples of an electrical or |
el ectroni ¢ conponent or device ar é8a ni cro-el ect ro- nechani cal system '
(MEMS), for exanple an acceleration sensor, e.g. for an airbag, a

m cr cc@imcting dpte aadlaystam { ML thOMAedpionr System on-chip (SoC),
solar_cells or the like,. A preferred apparatus is a solar cell, especially:
a t hiT-HYer %06?%9“%%1 |The, ‘%F%@%Fo%%% 'E?RI?araa‘%P%"r defelnrrscHion c

Opht heddind ensipudi dd ekl fiod¥ol. CLERORARN G iGN enlyding device),
especially an organic solar cell, a (S solar ce and” an’ . Preferably,
such advaieiagqeous shlgets yf bdiaprrmaps umatetion até ghdpeycdlasy ng  casi ng
“hicmgéh'ﬂktégfkﬁgﬁﬁ§d adhesi vel y bonded, coated or the like using the
conposi t1on conpr|3|nd“%he nmol ecul ar sieve of the invention and an organic
conpound. Special preference is given to the casing al so being nmade from

the conposition. Alternatively, a surface to be protected is directly
coat dFreifnably ¢ dhp IR R TR nthnditer ultarersiiere of the i nvention

and Al £ LW t-hi ontext, a "surface to .be protected” neans
a su?gfb;ng{e&o sgn app%s&{érmlgqi?rrco%aa R Sﬁst‘?/\ﬁ?%wl?%a]attacked by smal |
nol ecdrgseis ity Wonpesiddune an de apidRtide ddesairfraee dorMhg cust omary
nmet hod, for exanple by pouring, inmmersing, spraying, surface-coating, i
rol | idy, 4 %ﬂ%cﬁorﬁc&ﬁ PG e PPt mp el vext we of the

Conp%ﬂﬂﬂéﬁb—éég%ing composition or the like, especially two
layers, three layers of four layers. Preferably, the layers
are applied on top of one another successively. In an
alternative embodiment, the layers are applied in alternation
with other material layers. Preferably, those other material
layers consist of sensitive materials, so that a sensitive
material is laminated between two layers of the composite
material according to the invention. Alternatively, other
materials can also be used which, for example, fulfil a
further function of the apparatus, for example a control
function, an optical function or a cooling/heating function,
or have a further protective function, for example against
electromagnetic radiation, e.g. light, UV light or the like,
or can form a diffusion barrier. Accordingly, laminate
sequences can be produced which consist of a plurality of
layers and which, in dependence on the layers or layer
sequences in question, can result in a multiplicity of
possible applications. An example of a multi-layer structure

is shown in Figure 6.

The present invention further relates to a method of
producing a molecular sieve according to the invention,

wherein particles having a particle size of 1000 nm or less



application can al so conprise further steps, for exanple, in -the case of
application of a soluble conposition: dissolution in a suitable solvent
before application and renoval of the solvent - e.g. by evaporation - after
application; in the case of application of a conposition conprising a

t her nopl astic polyner: heating before application and cooling after
application; in the case of applicgbion of a 47 conposition conprising

pol ynmeri sabl e nononers or oligoners” initiating a polynerisation reaction
after application, e.g. by UVirradiation or heating, optionally foll owed
by r ey dladeftan-eptt onbih sat veerst orne hellake ofpthengéhgrah step of

cl eany surface to be protected can be included prior to application
of thé composition. Special preference is given to a conposition which
conprises the nolecular sieve of the invention and an organi c conpound
being printed, by ,neans of a printing nozzle, on the surface to be
protected. In thi%sRcBit ext, any custonary printing nozzle or printing

nmet hod may be used which are suitable for the application of |ayers by
printing. For exanple, the conposition can be printed using a customary j et
pri ntulnegreappat at essasons of eché nradrecaks U 'gc RiK eROf omek Breorftarinsel ectri cal

and/or electronic circuits apnd of apparatus based on such wafers. Such
print?rEVé%ﬁ Y%%b¥?éﬁﬂ%$ﬁI?nﬂéw%e%¢B£099¢E¥QW%&E&%Q Y301 FRLS fion of some

m cr ot RS andhR* £OEPOShEdOBnadii £ SONPHL S&&E?@fﬁ%ﬁ%gl sieve of the

present invention having particles having a particle size 1000 rim or
| ess,athenpbssathywnyh hdbereallyl ngcyoked By tiheuerodmeyhozzl e bei ng

ol ockefl by PRISLELEF, HerB99) MBI FLES ol Nisn 1 | QU8.L0E, SPIRpR)4 1 on o be

aryl, arylalkyl or hetero(arylalkyl) radical.

In this context all expressions are used as defined

hereinbefore.

In accordance with the invention, particles are made to react
with at least one silane. Preferably, one, two, three or more
silanes that are different from one another can be used in

the reaction. Preference is given to particles being made to

react with one silane,

In a preferred embodiment of the production method of the
invention, at least one of the radicals R!, R?*, R® or R? of
the silane used contains a hydrolysable group which is

selected from an alkoxy group and a cyanide group.

The particles used, having a particle size of 1000 nm or

less, can be produced by known methods. For example, zeolite
particles having a particle size of less than 1000 nm can be
produced in accordance with the method described in Patent i

Application WO 02/40403 Al.



advant ageously applied in an automated operation, for exanple by a robot,
whi ch is not possible using a conposition conprising a customary getter
material. In a further preferred application, a conposition conprising the
nol ecul ar sieve of the invention and an organic conpound is used in the 7
production of nmenbranes. The invention relates also to an apparatus which
conprises a nolecular sieve accordPng to the invention or a conposition 48
conprising the nol ecul ar sieve of the invention and an organic conpound.

The exprRSSIr@anRPRA Ue HerRint ikas the pafman g drdulatederei nbefore.
In such an apparatus, the advantageous effects of the present invention are
espedeAqty Wikhodg iRl 88 e haviftdy &l lpreasitaisary corll g f1ifrsccording to the
i nventjgn i t I f j mt-erial conprising
t he ED Cgcutﬂegir)'n?{der\s/ge%{a&g@&fedi %{ét 0 “ﬁ%@%ﬁsgnc%ang ar‘gtgr"\;gzgfnl} cdn%orrpound, for:
exanEe thepolspprertarsmouadhe siha  theys wirfeade-caratiti N teomrasiddtorviath t he | ke,

especially two |ayers, three layers or four layers. Preferably, the | ayers

are &P iRP L -of ot bite @RS S REEEY vy b fagried tthative
enboqj it 1sutifteaﬂll@/%Iislx?cri%r?%ﬂoﬁdcﬂdﬁsa:c}relrmﬂactﬂ oM i rial

| ayers. Preferably, those other materia ayers consi'st of sensitive

mat erdraltsie sd avwrsssa oerdid ineactrattey ital remdtamindt echdhetrwedrent vk | ayer s of |
mat er.i al ;according to the invention. Al ternatively, other

t he conposite =
mat ert 'ssr’éjzi‘f‘?vaﬂ]%'o HE UL WRHET rfyortoeié’f'f&'!o VFUIFITY - it her function of
the appafAtdSn ftile PRI 21U FRMagddICt 81 AN QP ica). fnation or a
cooling/ heating function, or have a further protective function, for
exg”qﬁxgﬁhﬁﬁrﬁﬂght or UV light, or to use a suitable catalyst. The

person skilled in the art can, using his knowledge of the

art, select the measures suitable in each particular case.

Preferably, the reactants are made to react in a suitable
solvent. Suitable solvents are any solvent which is inert
with respect to the particles and the silane. Preference is
given to aprotic organic solvents, for example saturated
hydrocarbons such as alkanes, e.g. hexane, heptane, octane or
the like, aromatic hydrocarbons, e.g. benzene, toluene,
xylene or the like, halogenated hydrocarbons, e.g. carbon
tetrachloride, dichloromethane, hexafluoroethane,
hexafluorobenzene or the like, dimethyl sulfoxide (DMSO),
dimethylformamide (DMF) or the like.

Preferably, the reactants are made to react with one another
in a solvent with heating, in which case special preference
is given to boiling under reflux. Preferably, the reaction is
carried out under a suitable inert protective gas, e.g. argon

or nitrogen.

Preferably, in producing the molecular sieve of the invention
the particles are first dried before thelr surface is coated

with the silane. Dried particles are especially



el ectromagnetic radiation, e.g. light, Wlight or the like, or can forma
diffusion barrier. Accordingly, |lamnate sequences can be produced which
consist of a plurality of |ayers and which, in dependence on the | ayers or
| ayer sequences in question, can result in a nmultiplicity of possible
applications. An exanple of a multi-layer structure is shown in Figure 6.
The present invention further rel at®s to a nethod of producing a nol ecul ar
sieve according to the invention, wherein particles having a particle size

of 1GQeRahitilgebulsess =49 tadle MRae prddirdely \Whih mll dcedslr @lewel | ane of the
general formula S iRIR2' R3R4 , wherein at_|east one of the radicals Rl, R2,

R3 0PCRATEGRCaItRs the HyTestieah hecqlusep UBRE SiFeRdien MoHETU®Eni ng radi cal s
R1, o N d ly hep, kyl, al kenyl,
gy Reero Pl RS SRR ey 22 MY, Sla b

het errealtliyinc ydltbalthyd )silzetesr aeke adlek yeac tdioyl noar-yiral fogim @
hetero(aryl.al kyl) radi.cal. in this context all expressions are used as
def i RedtCrH & %Bé@%?e?thna§@t5ﬁﬁ5W@@' O (9 SMFRGSn, particles are made

to reatlordindfl At d eR3teRN@SIdidRe Bnehenably ndPRGglloiRrddieeser nore

silanes that "are different from one another c¢an be used in the reaction.
Pr ef exdymedsigsogisvian hieo ghdratiinegdes [idieng seadént ¢dhateaemnnsixt h one silane. In a

Do SHEER IR IR fh e BN Cin o, o e dvgntion. ot | eas
hydr ¢Ja¢saRii1esdr ot iWHa0N v,S a cleaning step can be carried out

before the drying step, in which the particles are, for

example, washed using a suitable system in order to free the

surface and/or the pores from undesirable loading with

molecules or ions. Especially, ions present in the particles

can also be exchanged by means of ion exchange reactions in

order to modify the properties of the particles, e.g. the

pore size, in line with the particular purpose.

Special preference is given to drying the particles by a
method which is selected from heating in a vacuum and freeze-
drying. For heating, the particles are heated preferably for
at least 12 hours, preferably at least 24 hours and
especially at least 48 hours in an electric oven under a
vacuum of 1072 mbar at a temperature of at least 150°C, and
especially at least 180°C, in order to remove undesirable
molecules from the surface. In a preferred method, the
particles are dried by heating before coating with the
silane. In a preferred method, the particles are dried by
heating after coating with the silane. Accordingly, the
particles can advantageously be prevented from forming
agglomerates. In an especially preferred method, the
particles are dried by heating both before and also after

coating with the silane.



sel ected froman al koxy group and a cyani de group. The particles used,
having a particle size of 1000 rimor |ess, can be produced by known

nmet hods. For exanple, zeolite particles having a particle size of |less than
1000 nm can be produced in accordance with the nethod described in Patent !
Application WO 02/40403 Al. 50 1In accordance with the invention the
particles are made to react with a2silane, with all reaction conditions
being included. For exanple, the two reactants can react with one another
spontrargeusil whehd ey tare 5 eught iint0 fearitacicad t Frane-angtdwer. In that
case, the method can be carried out wunder suitable dilution conditions or
wi t h F&goIGhsy Puseseridiafy fraiezasrédrstighe S eoarid Glesctadit.s B react with one
anot Nefnih o Y. NOWRYET, 13l SRS NEGRFALLILS ditiadice eagrgk, for
exanple 'n the formot el ectromagnetic radiation, e.g. heat, vi'sible |ight
or Wdridgldspeari did vuse desistt st ecaatsgl Vst anTheprpensienskigdeathtuy t he art

can, slng his know edge of the art, select the neasures suitable in each

par t itEHSdr %ﬁ%ﬂ&m'(ﬁ#bféﬂ%%¥b,a¥h% PRI Ar et e TOTP B in a suitable
sol veioe SWtARR 1510} YRIM Sndl e @Ilh SYNEN VR S:d RIoydM th respect to

the particles and the silane. Preference i's given to aprotic organic :
sol vemdss ifrab lex argll e wslataurfatasd thwy dnodadeon S cumotitiagy lat kadtes,s e. g. hexane,

hept an ctane ar the like,.ar tic _hydrocarbqons, e.g. benzene, toluene,
oy e AARR Sy, BRIt T GEhTSTES Gt SuP 281 r achi or der
di chlgramdanes hexaldioraethanes és%@ﬂﬂqwmﬁodéﬁ%ﬂé%e, di net hy|

e _

sul foxide (DMSO, dinethylformam de (DMF) or the like. Preferably, the
r eacttdre ARl sievedd Miaduaate langdveous suspension. This

suspension can be frozen and dried by freeze-drying in order

to advantageously prevent the particles from forming
agglomerates. In an especially preferred method, the
particles are first dried by freeze-drying, then dried by
heating in a vacuum and afterwards coated with the silane.
Optionally, the particles can be dried by heating in a vacuum
after coating. Accordingly it is advantageously possible to

prevent the particles from forming agglomerates.

In an alternative, especially preferred method, the particles
are first dried by freeze-drying, then coated with the silane
and, after coating, dried by heating in a vacuum. Especially
when a zeolite is used as molecular sieve, it is quite
crucial that the zeolite be dried by freeze-drying before
coating and by heating in a vacuum after coating. It has been
found that by means of this especially preferred method it is

possible to prevent impairment of the product properties.

Iin a preferred method of producing the particles according to
the invention, for coating with the silane the particles are,
in a first step, suspended in a suitable solvent and, in a
following step, the silane is added to that suspension.

guitable solvents are any solvent that is inert towards the



in a solvent wwth heating, in which case special preference is given to
boiling under ref lux. Preferably, the reaction is carried out under a
suitable inert protective gas, e.g. argon or nitrogen. Preferably, in
produci ng the nol ecul ar sieve of the invention the particles are first
dried before their surface is coated with the silane. Dried particles are
especially 51 advantageously suit&ble for producing the nmol ecul ar sieve
according to the invention because undesirable nolecules, e.g. water

mol epakes clebi ahdcahe fsQuamanmh:efe$bQWed®w1gw%actboapwiou:hct he silane, nake
the reaction non-uniformor otherwi se hinder it, are renoved fromthe
sur f REFAN1ECEGLYFRGEY, erhﬁﬁégﬁﬂérS§Fé¥ét@§npaﬁﬁpﬁ&rﬁ@n§g&P@ﬁeﬁﬁtes can

advagggeaus! ¥ be eBlanaedndika, Seochlc! Bl | RN Ao B ?n' tall e molecul es

can be renove romthe pore the Tparticles y, a cleaning step
can bhgdeacerbdneut e.bef beazehe, dtpﬂugnstegylenewbmchhehélm&rt|cles are, for

exanpl e, washe in uitable systemin order to free the surface and/or
then58ﬁ8§epﬁg %uﬁﬁgggFéﬁignﬁoaﬁiﬁg g5“n5@§5&F@§°5ﬁd@0ns Especially, ions
pr esefichBrohe thahl, Cheka riak rakifabe  exeharaed bymeans o ipe exchange

reactions in order to nodify the propertles of the particles, e.g. the
por e 1dikee, dimeithyd wwﬂﬁomhdepdDMsﬁuhadlp&ﬁb@ééorSEQGda (PMEf eence i s given

to dr art t hod ,whi i.s.selected fromheating in a
vacu&# agf&tklere%fgfl Pg’iﬁfg%hﬁorsnﬁé‘éltei t§, 2ERED AR PO %&%ﬁe fredt e%’ Ypreferably
for a@opheast aliyikauns, opfrebakahly iat adeastusé hawns sandeaspeci al ly at | east
48 hours in an electric oven under a vacuum of 10-2 nbar at a tenperature
of affriedggpbiypCthgngeaction is carried out under an inert gas,

e.g. argon or nitrogen,

In an alternative method of producing the particles according
to the invention, for coating with the silane the silane is,
in a first step, mixed with a suitable solvent and, in a
following step, the particles are added. A suitable solvent
is as defined hereinbefore. Preferably, the particles are
added in portions, optionally in admixture with solvent.
Preferably, the reaction is carried out under an inert gas,

e.g. argon or nitrogen.



especially at least 180C, in order to renove undesirable nolecules fromthe
surface. In a preferred nethod, the particles are dried by heating before
coating with the silane. In a preferred nmethod, the particles are dried by
heating after coating with the silane. Accordingly, the particles can
advant ageously be prevented fromformng agglonerates. In an especially
preferred method, the particles at® dried by heating both before and al so
after coating with the silane. 52 Preferably, the particles are, in a \
firseExamppesfreeze-dried. For the purpose of freeze-drying, the particles
are, for exanple for at least 12 hours, preferably at |east 24 hours, and
especially at |least 48 hours, in an appropriate apparatus under vacuum
(10" felbarbmihed ot PRS2 e s3ke0t MOre than 25C, preferably not nore tha
20C, 1n order to reimove undesirable nolecules fromthe surface. -
Accordingly, it is advantageously possible for the particles not to form

any gl onerates. ,Freeze-drying is especially advantageqQus when the i
nDIeg§%a51§@e§é53§lgpﬁ&89§dq nF§&u88§§c§§§5eﬁgﬁ8ﬁ.p?ﬁi Cl&5sPERsi on can be |
fr02%@t@&ﬁiﬂ%ﬁﬁ%ybﬁe%h%eé%'@&%bﬁgc'@i@%ﬂe%caEQe%Qﬁ%“h@%%%&%h%nE%QVe”t the -

particles fromformng agglonerates. In an especially preferred nethod, the
par t Folreshate phirpssedr ilad caylf cesee abbopitng, mlhed dr Bedpeysilmating in a |

vacuum and_afterwards _coated with the si.lane. Optignally, the rticles can
o dCBE ot REa g B o S5 T D5t CERTEBER 15, SACLOTACHE! Foruep
advaptageoss kympessiithlod Werepmevenrebnespabt el asvinamst earAgiaggl oner at es.
In an alternative, especially preferred nethod, the particles are first

dri e§ipprf r ebreiaepileg fronefheogoswanyt ALVHENSH dpagen. A typical

size distribution ig shown in Figure 7.

Unless otherwise stated, for all the examples described
hereinafter, there was used zeolite LTA having a particle
size of about 300 nm (see Figure 7), which was produced
according to the method described in Patent Application
WO 02/40403 Al.

Example 1 - Coating of the molecular sieve

a) Coating of zeolite LTA with isobutyltriethoxysilane:

100 ml of a 20 % agqueous suspension of zeolite LTA having a
particle size of 300 nm were freeze-dried. A high cooling
rate was ensured during freezing. The powder, havihg been
dehydrated in a fine vacuum (10" mbar) at a temperature of
150°C, was introduced into a mixture of 100 ml of dried
toluene and 10 ml of isobutyltriethoxysilane with stirring
and boiled under reflux for one hour. After cooling the
mixture, the product was filtered off. A white, markedly
hydrophobic powder was obtained, which is very readily
dispersible in alkanes, e.g. pentane, hexane, heptane,

alcohols, e.g. ethanol, isopropanocl, and diethyl ether. The



and, after coating, dried by heating in a vacuum Especially when a zeolite
is used as nol ecular sieve, it is quite crucial that the zeolite be dried by
freeze-drying before coating and by heating in a vacuum after coating. It
has been found that by neans of this especially preferred nethod it is
possi ble to prevent inpairnment of the product properties. in a preferred

met hod of producing the particles aecording to the invention, for coating
with the silane the particles are, in a first step, suspended in a suitable
sol veridrpthobitided ddaity i, epn tdutgidaane s lagdpd- to that suspension.
Sui tabl e solvents are any solvent that is inert towards the 53 particles
and tHERgsAfd.e Pref&teéice is given to aprotic organic solvents, for
exanpl e saturated hydrocarbons such as al kanes, e.g. hexane, heptane,
octane or the |ike, aromatic hydrocarbons, e.g. benzene, toluene, xylene or
t he |b)kecathalpgeatead ity rTarfarbionts prery ] amenhdsgigidicdrieor | de,

di chl gr onet hane, hexafl uoroet hane, hexafl uorobenzene or the 1|ike, dinethyl

sul f CAYPTANSE S diatetdy 1 ForiiafRie (BVF)e%6ePh He'd% ke. Preferably the

sila i i 4 , : i addition, optionally in

adm )?u%%lﬁﬁ&sﬁbv}gﬁ%laqg&% g"bﬁé)?y lt etfgr%\é&agﬁ on is carried out under an

i ner tigEstylegletdragors idrame t rogént ta ,n merkaldler ratd noephddim o efdepr oduci ng

t he partiile& ac o%&ggg% to the invention, for cQating with the silane the
si | arfd Lotained s thep, VIR% PR SISRII R S MY St/ n a

fol | Qyi;Rg 1P, dNferRardd s At added nh sy tale-sol vent  is as defined
hereinbefore. Preferably, the particles are added in portions, optionally
in adm xture with solvent. Preferably, the reaction is carried out under an
i nert

cfyﬁ%ating of zeolite F with isobutyltriethoxysilane:

The procedure was as in Example la) except that, instead of
100 ml of 20% agueous suspension of zeolite LTA, 100 ml of a
20% agueous suspension of zeolite F having an average
particle size of 400 nm was used. A white, markedly
hydrophobic powder was obtained, which is very readily
dispersible in alkanes, e.g. pentane, hexane, heptane,
alcohols, e.g. ethanol, isopropanol, and diethyl ether. The
hydrophobicised zeolite is, in contrast, no longer

dispersible in water.

Comparison Example 1

As a comparison example, a zeolite LTA having a particle size
of about 5 pum (determination by DLS) was dried and
hydrophobicised in accordance with the method described in

Example 1.



e.g. argon or nitrogen. 54 Exanples Measurenment of particle sizes The size
di stributions of the nolecular sieve particles were determ ned by neans of
dynam c light scattering neasurenents. For that purpose, in each case about
2 mM of a dispersion containing the particles to be examned in a suitable
solvent or in a conposition were neasured using an ALV-NIBS Particle

Si zer, obtainable fromthe conpanyE%iV-anH Langen. A typical size
distribution is shown in Figure 7. Unless otherwi se stated, for all the ‘
exanpExampkec?i betlestibngi ofif vatert bake-upscapadiggol ite LTA having a |
particle size of about 300 nm (see Figure 7), which was produced according
to the nmethod described in Patent Application WD 02/40403 Al. Exanple 1 - i
Coat i fokh he a Warap oLLiLe: ith !
sobut I T et Ry e Dy B e e OB oY ot zeolite LTA
havi n§xamppartatl ersi zetobdB806dnminer 20 f g eefepdt yethyPeheglmcpoting rate

was ensur ed ing.freezing. The powder, haying been dehydrated in a fine -
vacuu ?EE-%Q#%gp)lﬁtaﬁ ?éﬁﬁ%%é?ur%gg?"u@5®égw %riﬁ¥rBBﬁc€alY%?6 a mxture.
of 108okbo®f cdrbBdaihobuesecandi el bPfmbsobULY! thiethoxysibapg With |
stirring and boiled under ref lux for one hour. After cooling the mxture,

t he predokt emsstdregeetnopfbigntphaie, Aeckediyolnydivphoveekpandar was
obt ai ne

which. i readily. di ibl e, jn, al k g, ,
noxanbo HERY hrachSa¥EekAF RO i ol REREROUr hbrananl e trdoarabhor ot her.

The 58f about 20°C, an increase in weight of 1.3 g is ascertained.

i
1

Example 3 -~ Preparation of composite material

2 g of the coated zeolite material according to Example la)
are stirred into 8 g of a UV-hardening N,N-
dimethylacrylamide-based adhesive ("Locktite 3301",
obtainable from Henkel Loctide Deutschland GmbH). The
resulting suspension is placed in an ultrasonic bath for five
minutes. The adhesive composite can be cured using UV light

and used for covering over molisture-sensitive substances.

Example 4 - Composite material barrier property

In order to test the ability to protect moisture-sensitive
substances (barrier property), the test structure shown in
Figure 8 was used. In the absence of moisture, pieces of
paper having a size/diameter of 15 mm and impregnated in each
case with 5 mg of anhydrous, blue cobalt chloride as
indicator substance are each placed on a glass plate having
an area of 20 cm?. Then the adhesive composition produced in
Example 3 1s poured over one of the glass plates so that an

additional margin of 8 mm around the piece of paper




e i e

hydr ophobi ci sed zeolite is, in contrast, no |onger dispersible in water. b)
Coating of zeolite LTA with phenyltrinethoxysilane: The procedure was as in
Exanpl e 1 a) except that phenyltrinmethoxysilane was used instead of

i sobutyltriethoxysilane. A white, markedly hydrophobi c powder was obtained,
which is very readily dispersible in o-xylene, p-xylene, toluene and
benzene, but not in water. c) Coatia¥g of zeolite F with

i sobutyltriethoxysilane: The procedure was as in Exanple |a) except that,

i nst eadnPbgnd08a i eh 2AX SAMSEHELS USRBESLAR:0bnZERk 5%&5%1%99 m of a

20% aqueous suspension of zeolite F having an average™ particle size of 400
nm wass usederadwhyvt thenadkediye hgupophbbor poddehewadhebiumened, which is
very readily, .dispersible in.alkane g._pent an hexane, h ane,
aIcohg?@PO%¥5}o%tgﬁnSVFegsgﬁ?BEa I?i%ﬁ5°dF%tﬁ§mlg§ﬁeW§n3ﬁ£' ﬁggrophobicised
zeol i 4eihg, al PueeNEARSEivAOCbRAPOSLtighsSpersthtec&n3veyer. Conparison Exanple
1 As a conparison exanple, a zeolite LTA having a particle size of about 5
m ( dePBEainabienfpympDisrkadslaeFédeahaut st epfoBibisedai n accor dance with

L0 PR ERE T SRR, i S S Epp Rk

are iwhteduged theocRngesf apel yptbylrenev{suplly. abRotod28Fhsi ffan extruder.
Take-up of water by the polymer conposite obtained is confirmed by neans of
the | RBReBRBTFA OhelBfit tBATSEBELaEBOVA aRbFeARrai P. REB6EdRAR§PY, °fn a week at

a the surface-coating composition layer by water is shown by a

change in the colour of the cobalt chloride indicator from
blue (dark grey in Figure 9) to pink (light grey in

Figure 9). As can be clearly seen from Figure 9, penetration
by water is already observed in the case of the comparison
sample after 28 minutes, and after 100 minutes almost the
entire indicator is pink (light grey in Figure 9), that is to
say has come into contact with water. On the other hand, the
sample according to the present invention shows no change of
any kind during that test period, that is to say the
indicator remains blue (dark grey in Figure 9). This test
shows that the take-up of moisture by a water indicator
{cobalt chloride) is markedly slowed down by the adhesive
composition according to Example 3 of the present invention

in comparison with untreated adhesive.

Example 5

1 g of zeolite LTL having a particle size of, on average,
150 nm is stirred with 50 ml of concentrated CsCl solution
for one hour at room temperature, filtered off, washed,
redispersed in water and freeze-dried. After drying at room
temperature in a fine vacuum, the zeolite is boiled for one

hour under reflux with 50 ml of toluene and 5 ml of



relative atnospheric humdity of about 40 % and a tenperature of about 20C
an increase in weight of 1.3 g is ascertained. Exanple 3 - Preparation of
conposite material 2 g of the coated zeolite material according to Exanple
la) are stirred into 8 g of a Uv-hardening N, N di net hyl acryl am de- based
adhesi ve ("Locktite 330111, obtainable from Henkel Loctide Deutschland
GrbH). The resulting suspension i $8laced in an ultrasonic bath for five

m nutes. The adhesive conposite can be cured using UV light and used for
coveriagoomer Aot sy 1k eheensitane, sabséaneesl indrxaipl £s4ril €oppgsite materi all
barrier property In order to test the ability to protect noisture-sensitive]
subst@hteanq pipshed BEepeRE9rOnehe test structure shown in Figure 8 was :
used. In the absence of noisture, pieces of paper having a size/dianmeter of
15 mm and i npregnated in each case with 5 ng of anhydrous, blue cobalt _
chl ortlde material cherelybstadeeedr es eactr placed bmta Phagsopl ate having an
area of_ 20 cnP. Then the adhesi onposition produced in anple 3 is |
poure}aojcﬁé%?h:‘gﬁ%n%f Tr‘%tg|%}§gu5|i;f%§(: owjtmtadﬂlnjaﬂﬁ‘il¥?oﬁ’é1:r‘%‘?5i?ﬁtof 8 mm |
around tB8RLPHLCErOf oPaPSH . 5ihel@ff@@ﬁtﬁgoﬁ\éwiégeofn%éa&&ﬁ ﬁypééam_e on
the glass plate is covered by the adhesive conposition and ? e adhesi ve \
conpositéeonal scaumed osi Ayt Vereghtiated wivhl Ghe memked, epat frousi ng a pure '
adhesj.yve conpo itionl§" ocgtite 3301", obtainable from Henkel Loctide

Deut s ??Eﬁdggh%?ﬁ,p% %%ﬂ% FrSon°Sanpl e is produced. Both sanples are
covered with water and the changes are observed visually. Photographs of
the course of the test are shown in Figure 9. Penetration of the
surface-coating conposition |layer by water is shown by a

Example 6 - Calcium mirror test on surface-coating

compositions

For testing the properties of surface-coating compositions by

a calcium mirror test, the following samples and comparison

samples were prepared:

Sample A) Pure surface-coating composition (polymer dissolved
in toluene); prepared by dissolving 20 g of TOPAS 8007
granules {(obtainable from the company Ticona, of Kelsterbach)

in 100 g of dry toluene.

Sample B) Surface-coating composition as in Sample A), with

addition of 10 % by weight of zeolite LTA having a particle

aize of 300 nm,

Sample C) Surface-coating composition as in Sample B), but
with addition of 10 % by weight of coated zeolite LTA having

a particle size of 300 nm in accordance with Example la}).

Sample D) Surface-coating composition as in Sample B), but

with addition of 10 % by weight of coated zeolite LTA having

a particle size of 5 pm.



S i e,

change in the colour of the cobalt chloride indicator from blue (dark grey
in Figure 9) to pink (light grey in Figure 9). As can be clearly seen from
Figure 9, penetration by water is already observed in the case of the
conparison sanple after 28 mnutes, and after 100 m nutes al nost the
entire indicator is pink (light grﬁ%&in Figure 9), that is to say has cone
into contact with water. On the ot hand, the sanple according to the
present invention shows no change of any kind during that test period, that
is to say the indicator remains blue (dark grey in Figure 9). This test
shows that the take-up of noisture by a water indicator (cobalt chloride)

i s mafFREGLYMSVERe 2BOWE ~BYPORe tadhdEi fe VAEHRPORELROR 88¢E6r dPHE to Exanpl e 3

of 1hg1Rkesent ablyenlel vhRoreRRELa9R: L, N LAl Lealeg adbesiury Exampie 5 1

g of zeolite LTL having a particle size of, on average, Orimis stirred
wi t h Boamedofvithnoeaert pdt ¢theCsGlr faokutbaninforoompeshadbnat ofoom t enper at ur e,

filtered off, shed, .redispersed.in water and freeze-dried. After drying
at rogﬁppggﬁpé$gF8rP)iﬁnaapiﬁ@m@§§&ﬁﬁnmﬁﬁ§°9eépiﬁ & &b§§PCEd for one hour

under phgkthiws  Wehl 80t ngf rhelkuerengnd 2olkt@ht58 cm/s. The
i sobut yl di et hyl et hoxysi | ane. After cooling, it is filtered off and washed

wi th sdedesecoatedmmtiehi ahet bardbyeprodidad icomposiddonedcfnto 10 g of
b 1262025001 ol Dy SBar: FRS06r Phe CHBmIUr: 6 REPRY CATORARRGE S,
di ff en@nthat edrd bRnbleneaked aeyenf,r 9m. obbese of the pol yet hyl ene used.
Exanple 6 - Calciummrror test on surface-coating

The surface-coating composition on one side of each of the

coated and dried slides was then scratched off using a knife.

The reverse sides of the slides, each of which at time 0§

exhibited a complete mirror surface, were stored for several

days in the ambient atmosphere (air) and examined and

compared. In the case of glides B) and D), pointwise

cloudiness of the mirror was rapidly observed, whereas in the

case of slide A) a large number of gmall cloudy areas were

obgerved after some time. Slide C) was the longest in

exhibiting no impairment of the mirror. Figure 10 shows the

data obtained.

In order to compensate for the variation in the humidity of
the atmosphere, the data was plotted against a relative time
axis. The results are compiled in Table 1, the life of the
calcium mirror being given as the time for which no visible
cloudiness occurs. The experiment shows that the addition of
coated zeolite according to the invention results in a longer
1ife for the calcium mirror (Sample C). The addition of non-
coated zeolite of the same size (Sample B) and also the use
of coated zeolite having a larger particle size of about

5 micrometres (Sample D) result in a reduced life. It is

striking that the addition of uncoated zeolite particles



conpositions For testing the properties of surface-coating conpositions by
a calciummrror test, the follow ng sanpl es and conpari son sanples were
prepared: Sanple A) Pure surface-coating conposition (polyner dissolved in
tol uene); prepared by dissolving 20 g of TOPAS 8007 granules (obtainable
fromthe conpany Ticona, of Kelsterbach) in 100 g of dry toluene. Sanple B)
Surface-coating conposition as in 88nple A), with addition of 10 % by |
wei ght of zeolite LTA having a particle size of 300 nm Sanple C ?
Sur f deerigoatd Ngarromposidion @S 300 Sanpl{safPle BYE awd tthaddddi©ioof 10 % by
wei ght _of coated zeolite LTA having, a particle size of 300 rimin

accordfan@ It h BT ZFW)1te RAFTEETHS SIrFHRES dHathelg bkt tidn as in |
Sanpl £,8)4 £ J¢thaddition %.by, gt 't ite LTA having
a parti%lerrgélﬁze é({)% 5 mqg%Q Ca?%ﬁ%%m%g ?/%\ﬁ&o}%l-%ﬁe%fo%?%e%%ﬁ%vacuum met hod
ont o dawwos Yt iass 183 edlesThd\f4 Bynvipomant depgositéromt tdie she desrybse each !
coated with og&{of the surface-coatin ositions of Sanples A) to D) in:

co
an i rETRETOW nY ot i FePhCARTRERY thi Rurkvelel @t alf ng rate being a

const @2 & Sa11Thehe %é%ssm%r#{:[ h the surface-coating conpositions of

Samples A) to D) were dried for two ys at roomtenperature in an inert
at nosphere (argon, 99.999% . The surface-coating conposition on one side of
each of the coated and dried slides was then scratched off using a knife.
The reverse sides of the slides, each of which at tine 0 exhibited a
conpledwignrror surface, were stored for several

Sample Zeolite Coating Zeolite particle Relative
size [um] life
A - - - 3
B LTA No 300 1
C LTA Yes 300 >5
D LTA Yes 5000 1

Example 7 - Transparent films

For testing the properties of films, the following samples

and comparison samples were prepared:

Sample E) 1000 g of polyethylene granules (m.p.: about 116°C)
having a particle size of about 400 pum were processed, using
a twin-screw extruder having a slot die, to form a band about
30 mm wide and 1 mm thick. From the extruded material there

were produced, on a hot press at 200°C, films having a

thickness of 100 um. i

Sample F} 100 g of zeolite LTA having an average particle

asize of 300 nm were added to 900 g of polyethylene granules




days in the anbi ent atnosphere (air) and exam ned and conpared. In the case
of slides B) and D), pointwise cloudiness of the mrror was rapidly
observed, whereas in the case of slide A) a |arge nunber of small cloudy
areas were observed after sone tine. Slide C) was the |ongest in

exhibiting no inpairnent of the mrror. Figure 10 shows the data obtained.
In order to conpensate for the vargﬁ:ion in the humdity of the atnosphere,
the data was plotted against a relative time axis. The results are conpiled
in Table 1, the life of the calciummrror being given as the tine for

whi chhaving sé bpertLtbadshessobcebost Ihe gxperhaenésshovsgthdktihe addition
of coated zeolite according . to the invention results in a longer Ilife for

the cHPRiRFPFPFFBY ¢ SARPI USRI TR HHRT 8 FHRAY 0P X HEWASE OBREH GBI i te of the
sane §?&ﬁd(§§gpl§ng% ando®50rt Be-HSE %%%%ﬁga%fﬂiéﬁQ#%igo?agbB ga larger

particle size of about m cronmetres ( resu in areduced life. It
is sPBrinkingftaatcobibinaddi thenpolyvmeroatesandewhst shpatehetieso60 having a

particle_size of 300 nn1é8angle Bl and the_ addition of |arger, coated
zeoli?Eog%??i§¥@§u£%%in eDF_BB}E ?%s%?fn?%esiW%ﬁ?rﬂﬁﬂ?eﬁ?e_hénbarrier
propethy¥ Qimbhgasnedags- §88LENEaCPAPOshbl anapsed. edbg 8ignsficant

i nprovenent of the barrier property by the zeolite according to the
invention is therefore all the nore surprising. Table 1 Sanple Zeolite

CbatiEgm%fgl&SeFPf&éi%ggeﬁgkgéhggd s 28 LML Sanfler 2s”a8scBibd4 No 300 1
in the case of Sample F) except that, instead of 100 g of
zeolite LTA, there were used 100 g of coated zeoclite LTA
having a particle size of 300 nm, which was produced in

Example la).

Sample H) Filmg were produced in the same manner as described
in the case of Sample F) except that, instead of 100 g of
zeolite LTA, there were used 100 g of coated zeolite LTA
having a particle size of about 5000 nm (about 5 um), which

was produced in the same way as Example 1}.

The film samples E)} - H) produced in that manner were
subjected to both visual and also tactile testing. The

results are compiled in Table 2.

Table 2
Sample | Zeolite particle Coating Transparency | Roughness
size [um] of film of film
E - - Trangparent Smooth
F 300 No Cloudy Rough
G 300 Yes Almost Smooth
transparent
H 5000 Yes Cloudy Smooth




C LTA Yes 300 >5 D LTA Yes 5000 1 Exanple 7 - Transparent filnms For
testing the properties of filns, the follow ng sanples and conparison
sanpl es were prepared: Sanple E) 1000 g of pol yethyl ene granules (mp.:
about 116C) having a particle size of about 400 m were processed, using a
tw n-screw extruder having a slot die, to forma band about 30 nmm w de and
1 mthick. Fromthe extruded naté$3al there were produced, on a hot press
at 200C, filns having a thickness of 100 m Sanple F) 100 g of zeolite LTA'
havi ng an average particle size of 300 nmwere added to 900 g of

pol yet hyl ene granules IlIt 61 having a particle size of about 400 m The
resulting mxture was processed 200C, using a tw n-screw extruder having &
roundaflpee BN OnA1B0 KBREaSHEARE Dakhaged ggévageg ObofBal g Alter
coollng, the p Wyner strand was s ened roduce g ghules. The
resuEbrnghgrpnubestmeseomracesﬂaéntmonhhef$ame eRgnetrassgesenched in Sanple

A to formfhIl nR | ms_were produced in the sane nanner as
descPPReGOUPRDERS - cg%é oft) SéﬁpF@mP}eE§&¥pFrPH§PaI?H§t@gﬁnoﬂo?bé g of

Zeo'%h%ohgﬁ ahBeie Wﬁ%eau§ﬁgo§90f%e?f %Hét@9m§§9hbbﬁ h;éppﬁév'ng a particle

si ze of nm whi ch was produced 1n Exanple la). Sanple Films were |
prodSamdlenFﬂheomames&annanoaeodeSerLwedhavmnghe paselcﬂeSampbeoE) except

t hat 1 f 1 1t LTA, th d 10 f t ed
o B R HeRrBe A hE POl 38 BPtabOar SR08B AT EaEBAtIRY o bt oh

has only poor dispersibility in the nonpolar polymer.
Formation of agglomerates occurs. The agglomerates result in
a noticeably rough film. In some areas the agglomerates are
visible to the naked eye. Film G) comprises zeolite LTA
having a particle size of 300 nm coated with isobutyl
radicals in accordance with the invention. The film is very
similar to the comparison film E). It is just as smooth and
its transparency can hardly be differentiated from the
latter. Film H) comprises coated zeolite LTA, but with a
particle size of about 5 micrometres. Although film H) has a
smooth feel it is substantially cloudier than film E) and

film G).



was produced in the same way as Exanple 1). The filmsanmples E) - H)
produced in that manner were subjected to both visual and also tactile
testing. The results are conpiled in Table 2. Table 2 Sanple Zeolite
particle Coating Transparency Roughness size [m of filmof film E - -
Transparent Smooth F 300 No O oudy Rough G 300 Yes Al nost Snooth
transparent r7H 5000 Yes C oudy Sméét h 62 Sanpl e E), which contains no
zeolite, serves as conparison for the properties of a conventional film
e.g. transparency and roughneassenti¢hafjsi s conpletely transparent when ;
| ooked through and it has a snmooth feel. The Conparison Exanple Sanple F) |
conpri ses nanozeolite LTA having a particle size of 300 nm However, the
zeolite |®Mpm@lﬂp%@§@@&% Ya1d@ss oy MﬂSr%ﬁE’%rs' bility in the .
nonpol ar pol yner. Fornation of aggl omerates occurs. e aggl onerates result
in a notpaeabtles oufha fpantidhe soimee avak0dhenragot oz @t eshare visible to

t he naked eye. Fil conprises zeolite LTA _having a rticle size of 300§
ri mcoat eﬂl]&f?%ei%g]b%?lpgﬁjd?ﬁ%? sz‘b‘?W%c%?ﬁtb%%c"éth% %ﬁﬁali“ﬁ\/%%ti on. The
filmis vely geh&tdBredanihe conparison filmE). It is just as snooth and
its transparency can hardly be differentiated fromthe latter. FilmH)

conprises coated zeolite LTA but with a particle size of about 5
m cronetres. /M%{gﬁg%péfllﬂ H has a snooth feel it is substantially
rd

|
cl oudier than f

at least one of the radicals R!', R?, R® or R® containing a

hydrolysable group, and the remaining radicals R!, R?, R

3
and R* being, independently of one another, an alkyl,
alkenyl, alkynyl, heteroalkyl, cycloalkyl, heteroaryl,
alkylcycloalkyl, hetero(alkylcycloalkyl), heterocyclo-

alkyl, aryl, arylalkyl or hetero(arylalkyl) radical.

2. Molecular sieve according to claim 1, wherein the silane

contains one, or two, or three hydrolysable group(s).

3. Molecular sieve according to one of claims 1 or 2,
wherein each of the hydrolysable radicals of the silane

is, independently of the others, a hydrolysable alkoxy

radical, and the remaining radicals are selected from
non-hydrolysable alkyl radicals, alkenyl radicals, alkyl
radicals, cycloalkyl radicals, alkylcycloalkyl radicals,

aryl radicals and arylalkyl radicals.

4. Molecular sieve according to one of the preceding claims,
wherein each of the hydrolysable radicals of the silane
is, independently of the others, a hydrolysable alkoxy
radical, and the remaining radicals are non-hydrolysable

alkyl radicals.



film@. 63 Patent clainms 1. Hydrophobically coated nol ecul ar sieve
conprising particles of a particle size of 1000 rimor less, the surface
of the particles being coated with a silane of the general formula

SiR RZR3R4, at |east one of the radicals Rl, R2, R3 or R4 containing a
hydr ol ysabl e group, and the renaining radlcals Rl1, Rz, R3 and R4 being,

i ndependent |y of one another, an afkyl, alkenyl, alkynyl het er oal kyl ,
cycl oal kyl, heteroaryl, aIkyIcycIoaIkyI, hetero(alkylcycloalkyl),

het esacysloQecallky! siafy acaiopiddiky tcobnkeber eher Yraldeding adiadals., 2.
Mbl ecul ar _si eve according to claim1l, wherein the silane contains one, or

two, or FHEEEIRyFNS pdbile rgldels) ars bW@P@@@ﬁaﬁ Livdy @ a8d€6r @i ng to one o{
clainms 1 %%1% F@Qﬁ{%mgeﬁg%g %fﬁ%g chgy g%% e radi cals of the silane s
e ydr ‘

i ndependent |y % ot hers ol ysa oxy radi cal, and the
renalnlng radi cal s are selected from non- hydrolysable al kyl radicals,

al kenyl ra |cals K radi cal s, cycloalky radi cal s,, al kyl gycl oal kyl '
radlghls §FV1aFé&l@%Féa§ﬁ§I§F€ﬁal@ypnﬁaﬁ'cép§ PF eORG e IR ey e |

accor di nge AR t8fe the tAIACRdII: AlTE northeriel B:8a5k1efs t he hydrol ysabl e
radicals of the silane is, independently of the others, a hydrolysable

al koxy radlcal and the renalnlng radlcals are non- hydrolysable al kyl

r adi S Mbl.ecul ar ve a cor to one of, t recedi ng cl ai ns,
C7a MO ecu ar slLeve accor ing gl %ereln ktl:%ep g

inorganic particles are selected from particles which
comprise porous aluminophosphates, porous

silicoaluminophosphates or zeolites.

8. Molecular sieve according to one of the preceding claims,
wherein the particles are selected from zeolite Na-Pl
(GIS structure), zeolite F and zeolite LTA, and the
gilane contains one alkyl radical and three hydrolysable

alkoxy radicals.

9. Method of producing a molecular sieve according to one of
claims 1 to 8, wherein particles having a particle size
of 1000 nm or less are made to react with at least one

silane of the general formula
SiRRZRR?,

at least one of the radicals R}, R?, R® or R®* containing a

hydrolysable group, and the remaining radicals R', R®, R’ :
and R* being, independently of one another, an alkyil,
alkenyl, alkynyl, heteroalkyl, cycloalkyl, heteroaryl,
alkylcycloalkyl, hetero(alkylcycloalkyl), heterocyclo-

alkyl, aryl, arylalkyl or hetero{arylalkyl) radical.




wherein the al kyl radicals are branched alkyl radicals having fromthree to
ei ght carbon atons. 6. Ml ecul ar sieve according to one of the preceding
clainms, wherein the particles conprise inorganic particles. 7. Mol ecul ar
sieve according to claim®6, wherein the inorganic particles are sel ected
fromparticles which conprise porous alum nophosphates, porous

si | i coal um nophosphates or zeoliteés® 8. Ml ecul ar sieve according to one of;
the preceding clains, wherein the particles are selected fromzeolite Na-Pl
(G S1struetubd) acaealdiihg Eoardazeobi, t @hkTAinantet bartsiclage agent ai ns one

al kyl radi ¢al. and three hydrol ysable al koxy radicals. 9. Mthod of
prodUC|n@réeﬁnp§58F§rr§?§§é°&c@6Fﬂl RGet §14ABSf clains 1 to 8, wherein :
particles having a particle size of 1000 nmor less are made to react with
at |east one silane of the general formula S iR RRR3R4 , at | east one of

t he ﬂadiMethoalacRﬂrdEﬁgotoRéladmtaDniwgeaeihydhelpaabﬁelgsoame and the

renalnln a gals R1, R%, R3 ﬁna R4_bein i ndependent|ly of one anot her,
an aIkyI SRk BYyeagFK Phy R, MRENQ oﬁ?%??tegygFB@I GRELRGE éPodr yI
aIkylcycbg@hhmlanaeggggQ@thkgﬁgloalkyI) het er ocycl o- al kyl, aryl

aryl al kyl or hetero(aryl al kyl') radical. 65 10. Method accordlng to cIa|n19
wherein the particles are dried before reaction with the silane. 11. Method

accor, wh rel the particles,are ed b ns of a method

el e tet ninasrPRgiPl 5o SaedtPand ecsBogrjFngne partIE1es
are first dried by freeze—drylng, are then dried by :
heating in a vacuum and are afterwards coated with the

silane.

13. Method according to one of claims 9 to 12, wherein the
particles are dried by heating in a vacuum after coating

with the silane.

14. Method according to one of claims 9 to 13, wherein the
particles are first dried by freeze-~drying, are then
coated with the silane and are afterwards dried by

heating in a wvacuum.

15. Method according to one of claims 9 to 14, wherein for
coating with the silane the particles are, in a first
step, suspended in a suitable solvent and, in a following

step, the silane is added to that suspension.

16. Method according to one of claims 9 to 14, wherein for
coating with the silane the silane is, in a first step,
mixed with a suitable solvent and, in a following step,

the particles are added.

17. Molecular sieve obtainable by a method according to one

of claims 9 to 1l6.



12. Method according to claim9 or 10, wherein the particles are first
dried by freeze-drying, are then dried by heating in a vacuum and are
afterwards coated with the silane. 13. Method according to one of clains 9
to 12, wherein the particles are dried by heating in a vacuum after coating
with the silane. 14. Method according to one of clains 9 to 13, wherein the
particles are first dried by freez€®rying, are then coated with the silane
and are afterwards dried by heating in a vacuum 15. Method according to
one of clainms 9 to 14, wherein for coating with the silane the particles

are, in a first, step, susgended in a suitable solvent and, in a foll ow ng
st ep, 1BheCeRPEREtF S HBBR L8 PHaFNE UEBLRSHORT F6SVRERREATEEREr BPng to one of

claim 9 tR.14r Whgigknifep gCoAt i AT MEL Ant Be éhkéneox?@ﬁ gglane is, in a
first step, mxed with a suitable sol vent an%, Inaftfo Pomnng step, the
particles are added. 17. Ml ecul ar sieve obtainable by a method according to

one F c&ains 9tto 16. 66d.18.thnEositgﬁn Cﬁngrlsipﬂ t he nol ecul ar si eve
accor d ng-PBPBRE P REFRECI Y0 8 6r21F ahd YnCoFYanttScBhftting. 19.
CD”DOSiti@Bmﬁéﬁﬁ&dbaggkﬂégba&”bé@ymé@@éeEmeBQnQEganiC conpound conprises a

pol ymeri c conpound. nposition according to claim19, wherein the
polynmeric conpound is thernoplastic. 21. Conposition according to one of

cl al 15,186,301 ¢ YO8 8580 hIRGPRLYHELLG £9TPOHAILDAS (ReMBhE(mBEE HRADI 11ty of

compound is thermoplastic.

21. Composition according to one of claims 18 to 20, wherein
the polymeric compound has a water permeability of less
than 0.9 gmm/m*'d at a gradient of from 0% to 50%

relative atmospheric humidity.

22. Composition according to one of claims 18 to 21,

characterised in that it is transparent.

23. Apparatus comprising a molecular sieve or a composition

according to one of claims 1 to 8 or 17 to 22.

24. Apparatus according to claim 23, characterised in that it
has been produced or sealed using a composition according

to one of claims 18 to 22.

25. Apparatus according to claim 23 or 24, characterised in

that it is a packaging.

26. Apparatus according to claim 23 or 24, characterised in

that it is an electronic component.

27. Apparatus according to claim 26, wherein the electronic

component is selected from a MEMS and an OLED.



than 0.9 gomMmin2 d at a gradient of fromO0%to 90% rel ative atnospheric

hum dity. 22. Conposition according to one of clains 18 to 21,

characterised in that it is transparent. 23. Apparatus conprising a

nol ecul ar sieve or a conposition according to one of clains 1 to 8 or 17 to
22. 24. Apparatus according to claim23, characterised in that it has been
produced or seal ed using a conpositdon according to one of clains 18 to 22.
25. Apparatus according to claim?23 or 24, characterised in that it is a
packagi ng. 26. Apparatus according to claim23 or 24, characterised in that
it is an electronic conponent. 27. Apparatus according to claim 26, wherein
t he ebgctaomatataonponentiing sel entedf f ¢ baims MEMScand7 anwkkERIin6d  28.
Apparatus according to one of clajnms 23 tg 27, wherein a surface to be

prot ect ed®F6E26at BA BErREPFFCIPENLE NeO2ERBRPOSTEFBAY WOtRAPB&r at us according
to claim2gumberein. the conposition is printed through a printing nozzle
onto the sur?ace to be coated. 30. Apparatus according to one of clains 23,
24, 25, 28 or 29, characterised in that it is a menbrane. 31. Use of the
e b SYEras  SPTBORL A5 P AEE S 98, e P08 Ol BhffBodi L0 O 17 1O

is printed through a printing nozzle onto the surface to

be coated.

30. Apparatus according to one of claims 23, 24, 25, 28 or

29, characterised in that it is a membrane.

31. Use of the molecular sieve or composition according to

one of claims 1 to 8 or 17 to 22 as getter material.





