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 nolecul ar sieve. The present invention
further relates to use of the nol ecul ar sieve and of conpositions
conprising the nol ecul ar sieve in the production of apparatus, for
exanpl e el ectroni c conponents and devi ces, and al so to apparatus, for
exanpl e el ectronic conponents and devi ces, conprising the nol ecul ar
si eve. The present invention rel ates especially to a hydrophobically
coate eve and to a nethod of producing it. In addition,
t he |n§%%9 ﬁ°$$?§}%§ 0 Use of the hydr ophobi cal | y coat ed nnlecular
sieve and to conpositions conprising the hydrophobically coated

nol ecul ar sieve. The present .invention further relates to use of the
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at nosphere, for._exanpl e oxyge r va our,, becaugﬁﬁthey are
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exanplgodueyibe 6fsdprametuas &oﬁ:eeﬂ&ﬁlppé £HJRDN0k ebmpyaERtysis. A
custonar 2, method of protecting such materials_in conmponents and
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cont ext, is also customary to incorporate so-called "getters" in
t he |@srer='ieer: brvenjel aih diiaiiest egreshpbheriias ohvdeepbebianlth are
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penetrate 1 nside tomary getter erlals re su ances which are
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means of reaction ()" bsor t|o or to S|ca¢%g t ake
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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
oxXygen 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



Besi des incorporating a getter material in the interior of an
encapsul at ed conponent or device it is also possible to incorporate -
getter materials in organic materials which are used to seal the
sensitive materials inside the conponents or devices or to seal the
conponents or devices thenselves. For exanple, the getter materials
can be incorporated in organic polyners, adhesives or surface-coating
conpositions which are then used tg encapsul ate a conponent or

devi ce, to adhesively bond a casing thereof or to cover it with a

coating. .An adhesi ve conposition haying barrier properties is
ool JEsHoM, SEEDT DY RATHED AT AR BE L 68558 TOmorif R PpES devices
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2004/ 0132893 Al' dj scl oses a noul dabl e Easte conprising a zeolite, an
or ganitevBich§e Ar&nbBeEnRbi SRy, SHtiled past &rem e envi ronaeptepitat i on

of a gefitelonbaPat £nt; oyt 4Q Féﬁéry3t9e§ﬁ£3€§§%§§%9%ogeaﬁﬂgh”9 a
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| ayers to be produced and al so they cannot be used in a printing
process. In recent years an increasing trend towards mniaturisation
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at nosphere. On the one hand, the anbunts of the sensitive materials
that Hake tbepeupr 6! a@i@dbtbom "DecBrthgr evalresivdld ém sorrkat esen a
rel ativel I 0 I I i Uf ficient.t ge
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possi MagrerialsawBiclyl &relamagi ng gastoot esat @ ir=dac khes coheoaenssti ve

mat eri_al . t he other hand, the space that js .avail able inside an
encapdiion SIS BRBGTERT L HERCEe Lo IBLE bl o AR s i E8F=80 (FE¢ 2
get t eregipakdogggéal ase pRssidibedbeihben snpd,| ifromM Se1BBat al, can be
used in apparatus of such dinensions. Even if a getter is to be

i ncor 5 3teéd3Pd Alseal Phg Il 1e8vAting | ayer for sealing a conponent

or device of such dinensions, the getter should be in a formthat is
as smal|l as possible, because not only is the thickness of a |ayer
pr ot eddsigles dvapvpetiong mato@titglr mabpplap Buttisp inderaps ehean

di mﬂ%n%?shﬁa‘cganﬁorgé?@é&@ éf“d%ﬂr?cénggdfgt{%m l&id@sﬁ?ﬂ% the possible
particle size of a g er material so tha e use of customary
get t erimmtrporake pavteay eetparitilcl énsbzganic tihee grdgilen wifi choaee
nicronet%F% can _ . ..
use o Seal the sensitive materials inside the components or
devices or to seal the components or devices_themselves. For
example, the getter materials can be incorporated in orgénic
polymers, adhesives or surface-coating compositions which are
then used to encapsulate a component or device, to adhesively
bond a casing thereof 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 polysildxane hybrid polymers. Furthermore,
US 2004/0132893 Al discloses a mouldable paste comprising a
zeollite, an organic binder and a solvent, which paéte is used

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



4 be di sadvant ageous 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 snmaller
di rensi ons of, for exanple, electro-optical devices containing them
the use of customary getter materials is now possible to only a
limted extent because of the fact that they are present in particles
having a size of usually sone nmicrénetres. \WWen conposite materials
conprising a polyner, a surface-coating conposition or an adhesive
and a dgstqrdibesnt Eor apradeciy e modedutor f eac apsillcal ienglosnsit bfe
nateﬂégyslé%%gstances sLomponent s gn devi ces et,ter g?terial can
prot ect tHEC= R &r PP %%%ﬁoﬁbﬁ?a FEde éﬂééﬁﬁgﬁﬁWFyW' FBctively if
the i ntbngidtabipar protesatts® Sminosorpased gewddie shdl ekpesgmées . t he

| ayer of the conposite material and if they are
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or water can a ornmed at locatfTons ere accunul att ons or

aggl orker atsedl oft gepribntivay tmlcessoccur, as shown in Figure 2. For
that reason, a getter material should have good dispersibility in the
organi ¢ conpounds together with which it is present in the conposite
mat er il rethatpgeirsdi apensidddsihy thefi@nyowRiGEN I ndarpetsgdsimhi ch are
custo ily used for seali pur poses such as, for exanple, po]ynmners,
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getter materials such as, for exanple, zeolites have only poor
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{width and depth), limiting the possible particle size of a
getter material so that the use of customary gettef materials

having a particle size in the region of some micrometres can

i



6 for exanple, polyethylene, the mentioned interactions between the
oxi de surface and the sol vent cannot cone about because the sol vent
nol ecul es are not able to form hydrogen bridge bonds. In addition,
charges are not stabilised by the nolecules of Iow polarity. This
means that the surface of oxides in nonpolar solvents is charged only
to the very slightest of extents. @ pul sive forces between the oxide- |
particles are therefore not present” or are present only to a very
smal | extent. Oxidic substances in nonpolar solvents therefore form
into diRyIBFECHPEsAgREVS | FFpRieRs diewn InnPeTieEla im the sogase, a
condens@atin J.2aeht 89 Lipide, %@ﬁ@%ﬁi&@?p&s%&% urface often
takes place, so that  irreversibl'e growm he particles into one
anot hezlacikenigl aonpanegnte coral regl vy foar guanpbhe orNEME elevdcesf, oandd.
These I r nLn nge i.Sp Inorder to be able to
di sper@%’go |%E§;%§?c %@#% %o%p%eagogogxgrﬁdls?' %16%5 &'fpg ?ocat ed
at the:lauwdm:e:onfcaﬁ.héngxt]dan) rtmle;stel Olﬁ ca@tdsreanﬁurgﬁﬂmal ised with
organuﬁﬂg{qu s which are a imlar pﬁsslb to t he _sol vent %E
quest i &ﬁrF&Wép%%E& §th@l§é§c FBEed Ut Y aRsicesen©

10319 93y Rlot thatrsthépcerofiptdirmaxiideppatitTée hdAhd faersqla)é be
coated with nonpol ar and coval ently bonded groups. The formation of a
covaléﬁﬂﬁﬂéhéﬁpﬁélW?CF%%¢%¥%h{ bond is desirable because a | oss of
nonpol ar groups can result in the particles having an increased

aggl oneration tendency. Preference is given to the formation of a
durabIVél&;l)mr@ﬂsibenmab@biam)rﬁqmmdﬁdagae relymiescrd sad fafcer exanpl e,
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TeChnc%é$BGneﬁés 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 layar, passageways '
for gas or water can be formed at locations where, because of E
the statistical distribution of the getter particles in the
layer, no particle is present, as shown in Figufe 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.



Materials Science Edition (1999), 14(4), 18-23, because ionic bonds,
whi ch are based on the formation of ion pairs, can be readily broken

apart by other ions. No condensation reactions can take place between

the sl owtoreact organic groups on the surface of a particle coated
in that manner. Interactions between particles are therefore based
mai nly on van der Waals forces. This neans that if two particles cone
into contact with one another, they are unable to durably and
irreversi bly aggl onerate. Such functionalised oxides have good

di speifeirbiekayle n aosnpolaay selktent sat&idianenic @agebs &ednphe
purpose of functionalisation_are chl.orosilanes such as, for exanple,
P PoERRPRr BLTF S PSR F16PeEPUB Tet r) AoCHPGRESHPaHe “T a0l | L&
powdemanyupbagre A {diesh iwsisng sat Kyt bad sl Impesmpoaidesss ] bed, for
example, in EP 1 020 403 Al. Wen an oxide is reacted with a reagent
of suSRIYRERCER i derks R | 48 genal+ ridignaaiesbsb¥ent bond is
for mednbehvgesot ecBlddngd 38beate8Nh &1 AGE sBE LB OX fe, as
shown in Figure 4. However, these reagents have the 5| sadvant age t hat
t he g&creplaat 8ol entra®ie 1at cankeasbyhavre aod dédeperhybibigan in

chl ori I \V; Lgat.i iye r resent
i nven'kmlg gﬁggagg&%ﬁg%éc{lh(%ts%hlgnbégggi gﬁl} %:},eeazﬁ%ylrihgl glsllg{:aé\%ga eOSJt%r oy

t he stliest inetlh¢ sweofddee ghamtisckesof titets ndldser offhmapariald esTHehe
nore pronounced is the effect because .of the increase i he rel ative
oxt or RALSSUPF oRWF e O YROLE BAreh 1 0, "Bl SRF9, TPOIBIR Wt cl es
suf f ezee3pees al dyudTIomidhali ndesk r ugt o yrdi@baayubecange they are

at tacked bét:ihe corrosive hal ogen conmpounds not only fromthe outside

but aESEINgGELPReLkFnatinpal PoRMRPHER i de SWKEATRE! MiTane reagents

are ugednhl #S RASLHSA0AREAGEDHSsé oo WARN TREHAUS PRI LiCl es are
bei ng coated, the pores, internal channels and cavities of the 8

parti ¥ods éanSPetrgRr clsatled aldldelitutkdd 8 -piuggedn Sysdeers in
whi Chd‘ig?eﬂcgé& .r:ﬂ‘?lw xf age d&§eP§iEpecE1f Ci%e%ﬁ.[&ggng ! g&léxﬁé’er?g:%%%
ts ig , esirable.

retains ori‘gi nal cHaracier, as shown in ure are
Ther e#ir groopé dand gettteer cvaeeabals. siedragen foarl dgrabphés @molba es are

al so reacted with al koxysilanes in order_ to silanise the ext.ernal
Urf a e eE] FELN BN BRERy DoPil Hod® athieddeoEal U BT,

zeol i R erisoOlcd aif madhf yhngdhsei s®rpitean 1prepebhi €6e afxizkol i t es”
A. Choplin, Jourpal, of Ml ecul ar, K Catal ysis (,1994), 86(1-3), .501-512.
onovern TESRIY Gt i H0d0, HOERUR Lo elo 4D SBELPIBAS Thitid

sol el ¥oaf 88 &NEaRdiaRfRober shypbherondiddaeatl Re Jhigeis possible
especi al |l y because zeolites so nodifi ed have sinilar surface
pr opePBREESCLSS nepannAfdidamed 1aEe| Feriactygvidie cies epPbBEr @i nbef ore.

In th ) iall I - coup i ts
i ch e B el O Db A i a.
Thi s ebfistions atz¢dlsiddy chor leganpt egdin thwtoaseasf at heswzEoldh e

theﬁila coupl. n ts

particles coated wth e P, a .

am noﬁ%‘ﬁy??r%%%t%)%/rs%pasneogﬁl%?y%ﬁl d%/rfeo%ﬁlﬁ:%(;%%ﬁ tlf)lsrlrﬁgh%]iysi | ane,

whi chgatiaidessarphetbr.n THe DE0gH6uB 62N Aluesticar der thenspadidritsasa

col | oi dal__agueous suspensi,on of zeo 'Ie._q%laa;]{]i les. A ]grtcess for the
r

pr odulty 8n TIZ&OFt 82s it a8ECHB I & L IfrEnH MPETE use
t her eghsuncdeh ef@etier atdpiheansitg epei squediesentbedsich

because particles that approach one another are subject to
repulsive forces and therefore cannot come into contact with

one another or agglomerate or form clumps.

However, in a nonpolar environment, for example in organic
solvents such as, for example, hexane, toluene or petroleum

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



EP O 088 158 Al. Those surface-nodified zeolites are, according to
their use, hydrophilic particles which can accordingly be di spersed
non- honogeneously in |ipophilic organic conpounds such as, for
exanpl e, al kanes. Custonary zeolites usually have a particle size of
sonme mcronetres (see, for exanple, the information brochure

Dessi pasteTM' of the conpany Sildcheme AG and nay be coated 9 as
descri bed, for exanple, in "Silylation of mcro-, neso-, and

non- por ous oxides: a review'; N Inpens; P. Van der Voort; E

Vansant ;  M.croporous. an soporoqus_Materials, ((1999),, 28(2), 217, or
'~ TR CHPTRBR (P LT Pl G o iho TS F R ER LA S RaRHLOTE. DblHEER:
Tr endsthen gxiyiel eakf&benisd rihd ¥WNYent7cadddt 1&dne HIse: $evaces do
not, hqwever, descr'bgﬁfispersion properties of those coated zeolite
partict %%VSBFyW%#éc S (ftfr%e TPEnéPARI 1© ForhdnpBiogeREidgeUse of

coat echZRTY.I teSaagi 8ebh eI cHBtdd 3lre hBtt Hidbd BUEIS S @eSO NOt
descri bed. A further disadvantage of using customary getter materials

in polWeacilies phelpdseeArity. Jhishaepos yeiat bdishgurddeecbbudy by
scat t erjng..prec used, t i i efractive
i ndex%ﬁﬁ%gr il%gﬁégg‘%l%ﬁat of t Sg%tgo%lﬁggé%n@%ﬁ ga{%\grﬂa%g%g' ze far

above slhghtestsodt extémie | iBdnulsfivebborcdd wamwesm ksl bkadei ght . | f

transpar.ent .l ay e .pr.od d,.as_are required, for _exanple,
for e carg“gLucllaeg i %gsgﬁ[‘%éﬁ%ﬁb srp i p%%ﬁ@t %{lc%r%lpd%dﬁ sémﬁfﬁsf:ob%

avoi detsryorsmshbubdt&et asotioli asupesanbée. i datiddlerr dicdadvant age of
custon%%¥ %%%te%s i s, that ecause of theiy size, th are not
conpat FHEETRFEN TRER L BT \AFREITSTS tes, 2 ec%?%ctaisoﬁ i at uri sed
el ect iz eCQNMPOACHE Ss Ak £Ie\d cRedeRYEPi @PPAE Al tUor SeNewadaps usual ly
printed onto suitable surfaces by machine using aut omati ¢ appar at us

such & OURSr PERARPF O pFRITHT a6 SpFaYyi ke tlradsus SOTIE3Sr i nt i ng
nozzl es.-M8R4 st ReEekiofay oA i tehRak1 di ARt 8 odd 4R850k 9R0f sone

P
m cronetres. For t%at_reason, getter-contalnlngi?qu| s that are to
be pr @essedndusccepdingly niatrasnlegohomprdtes e Harineg .aThege | ar ger

than t liocte%%iggrl;]t g%ﬁqgiejf’%lggtext I@% g%é!a?sgé’:[ al so no aggl oner ates of

sol i ds i nozz

In order to be able to disperse oxidic particles in nonpolar
solvents, the OH groups located at the surface of the oxide
in guestion can be functiomalised with organic groups which
are as similar as possible to the solvent in question. Such
surface coatings are described, for examble, 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 1s 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,



10 Brief description of the invention The problemfor the invention
descri bed herei nbel ow was to overconme the nentioned di sadvant ages of
customary materials. The invention should especially provide a

nol ecul ar sieve which is snmall enough to be used in mniaturised
apparatus, whilst it should also be suitable for honobgeneous

di spersion in organi c conpounds, egpecially nonpol ar organic
conpounds. The nol ecul ar sieve should al so be suitable for producing

trans@ﬁrt%e&ahgygéz'sengélrﬁ&h%@fqlgéb? mp4 f@ul e 3eV%e§?8Hédi&?ic

sui table for ﬁroce33|ng in a printing nme ensive
st udi é@ndﬁhe aok iR shageq lva phes’éﬂrmatmtqfonomawalteundamhm t he

probl e ggytgf?kg%gg%gapn3§o%glvegogy a nol ecul ar sieve, especially

a hydrop 0 | ecu Si'eve, which conprises particles
havi ng a partlcle size of 1000 nmor |less, the surface of the.

ti ted with | f th | formy
S RURSRSARORD SR EEGt T OP PN Ee i el Rlate HRVeRS §RRALBbTRC ni ng

a hydrekysablgagi € Uprodid dnheneesai-rhew sad (;gﬁlr%leie Pat&3 and R4
bei ng, .i ndependently of one another, an al kyl, al kenyl, alkynyl,

heter&gﬁﬁywan%?ﬁiO%HWSHaCQ%QPérBSFV?eneﬂqaﬂkﬁ%ﬂSoéﬁ@yF erefore
het er %%'el‘i%ﬁ%@i%’%xk@n et GRatYCEOALLY! TAIY lneaBkY LALKY] £ Ao

het ero(aryl al kyl) radi cal
partlcles come into contact with one another, they are unable

to durably and irreversibly agglomerate. Such functionalised

oxides have good dispersibility in nonpolar solvents.

Customary reagents for the purpose of functionaligation are
chlorosilanes such as, for example, trimethylchlorosilane
(TMSCL1) 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 corrogive 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 extermal 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 halosgsilane reagents are used it
is also disadvantageous that, when pofous particles are belng

coated, the pores, internal channels and cavities of the



11 Description of the Figures Figure 1 shows, in diagranmatic form

the structure of two |ayer-systens conprising (a) an organic pol ymer

and (b) getter particles. Figure 2 shows, in diagrammatic form a

| ayer conprising a) polyner and b) getter particles which forma

cluster (c). The arrow included in the drawi ng marks the qui ckest

route for water diffusing in. FiguBe 3 shows, in diagrammtic form

the clunping of oxidic particles having surface OH groups. a) denotes

the i Hagtienedf can Wxtshe dritdacbBda/ & I &cKe® @W%)luig@eﬁi. agramatic
form the hydrophobicisation of oxidic particles having surface CH ;
gr oupSYSEErgehnt Waieh Lheytigiieamadt surlase dit HRiiiey €0aFr§urer 5 :
Shows,qllo%k%aagﬁany@tf&éﬁ(gniesh%rw%gph&?aﬁ ORs0knahdi _:
particles having a pore structure. a) denotes the interior of an

oxi di Figmrei 6l eare desirable. : '

Therefore, oxidic getter materials such as, for example,
zeolites are also reacted with alkoxysilanes in order to
silanise the external surface, as described in "Surface

organometallic chemistry on zeolites: a tool for modifying

the sorption properties of zeolites" A. Choplin, Journal of
Molecular Catalysis {199%4), 86(1-3), 501-512. However,

zeolites modified in that mamner are described therein golely
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 process there are used, especially,
silaﬁe—coupling agents which are capable of cross-linking
with one another in aqueous media. This effect is utilised,
for example in the case of the zeolite particles coated with
the silane-~coupling agents aminopropyltrimethoxysilane ox
glycidyloxypropyltrimethoxysilane, which are described in

DE 100.56 362 Al, in order to stabilise a colloidal aqueous
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
EP 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

"Degsipaste™" of the company Sidchemie AG) and may be coated



Figure 6 shows, in diagrammatic form a nulti-layer structure which
consists of alternating barrier layers (a) and pol yner/ nol ecular
sieve conposite (b). Figure 7 shows a typical size distribution for
the particles of zeolite LTA used in the Exanples. The nass
distribution is plotted against the particle dianmeter in nm 12
anhydrous, blue cobalt chloride, b) denotes a polyner |ayer and c)
denotes water. Figure 9 shows phot &graphs which record the results of
i nvestigation of the barrier property of a conposite nmaterial using

cobal taschlegicdrdBetiyater eeimEal i G est)1at ot her mmw,ag@go-

anhydrous, blue cobalt, chloride appears as dark grey, and aqueous,
pi nk OBRPPCRPEPRECRbRRET & F&VIieyit ¥r ejmpaty tBop Veowdshiows a

CoMpar) St ;S BIPY s #Re, LFc-RAL-OMLT QHASHO rding to the

invention, in each case at the start of t%ﬁ?@%s %ﬁﬁﬁéﬁgs) and

after @9%nd 268062h n2tTs.oFiigure€hedishbwsod hii gagsiolis off bri@sti gation

of the prapecties Qof purdacs: I.ng_copposi ti.ons C I si,ng _t he

nnlec%iar %%%vé accordi Ny t'o %%&Vnggﬁ?ggﬁgl6§nﬁﬂéﬁgn§%e§1§g¥%ium

mrror(iS@$t, 7, 145-158. Those sources do not, however, describe
dispersion properties of those coated zeolite particles in
polymers or, more generally, in nonpolar media. Use of coated
zeolites as getter materials in thin layers is algo not

described.

A further disadvantage of using customary getter materials in
polvmers 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 nmm for visible light. If trénsparent layers are to be
produced, as are required, for example, for encapsulating
solar cells or OLEDs, 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
sultable 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 contain not only no
particles having a gize larger than the internal diameter of
the nozzle but also no agglomerates of solids which might

block the nozzle.



Det ai |l ed description of the invention The invention relates to a
hydr ophobi cal | y coated nol ecul ar sieve, which conprises particles
having a particle size of 1000 nmor |ess, the surface of the
particles being coated with a silane of the general formula

si RLR2ZR3R4, at | east one of the radicals R, -2,3 R or R4

contai ning a hydrol ysable group, d%¥d the remaining radicals Rl, R2,
R3 and 4 R being, independently of one another, an al kyl, alkenyl,

Brief description of the invention

The problem for the invention described hereinbelow was to

overcome the mentioned disadvantages of customary materials.

The invention should especially provide a molecular sieve
which is small enough to be used in miniaturised apparatus,
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 particleg having a
particle size of 1000 nm or less, the surface of the

particles being coated with a silane of the general formula
SiR'RZRRY,

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 alkyl, alkenyl.
alkynyl, heteroalkyl, cycloalkyl, heterocaryl, alkylcyclo-
alkyl, hetero(alkylcycloalkyl), heterocycloalkyl, aryl,
arylalkyl or hetero(arylalkyl) radical.



al kynyl , heteroal kyl, cycloal kyl, heteroaryl, alkylcyclo- 13 al kyl,
het ero(al kyl cycl oal kyl ), heterocycl oal kyl, aryl, arylal kyl or
hetero(arylal kyl) radical. In a preferred enbodi nent, at |east one of
the radicals R, R2, R3 or R4 contains a hydrol ysabl e group which is
sel ected froman al koxy group and a cyanide group. In this context,

t he expression "nol ecul ar sieve" nmans especially a conpound which is
able to bind small nol ecul es. The expression "small nolecules” in

this eRRLEXbtish s cHL FigHaaR!l € to molecules of fromtwo to twelve
atons, preferably of fromtwo to six atonms, and especially two to

three atons. These nol ecul es may under normal conditions be in the
form of. as, i ch .may,. for ex I be .found_ in_the apbi ent
atnos%ﬁgﬁgg iw%#%#%@ I%f%ﬁﬁ egu gggugﬂﬁﬁoﬁ%fhﬁ EUGFB* §aRes " Ent ai ned
in ai lageehspstedorcenaigliag ¢iyoen ¢Onief palishevwabrd (H20). The
bindigg of the nplecules by the nolecular sieve is generally

rever SFBFEF P2F T e\RSisible, and is preferably reversible. The

nol ecul ar sieves are preferably porous conmpounds which are capabl e of
bi ndi ng smal| nol ecules not only on their surface but also in the

i nt er FEUEE 2 heigwporiss dipgEpanabic kel és lovesuchmadlebad &) si eves

are, LIy RXATRLE bC| ARt gXidhcy SOlfitsPleIRdEr B1DYPLEd(JRL g cal s
In thi's Tontext, the expression "oxidic soli neans, esbe0|al y, an
i nor gankewcbrpowtrdl viti e drpwesgmarke tihe foirkettarouystaid i ne,
partig% ¥r0é¥§£&§ﬂ4#“3n9r noncrystal line solid. Besides netal cations,
i ncl udrng catrons 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 gns conpr,i_si.ng oxygen, atons. Preferred, exanpl es, of such
ani onE1BBS; GePTHR O G0 SGRABTE L ED- 505 T &Ry FAFBRIBE Sni Gridis21 and
the pgaokidEefmbA{P2lrrace alSraLNS)MikaRtaEethe interior

of an oxidic particle.

Figure 4 shows, in diagrammatic form, the hydrophoblcisation
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 size 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



14 based on oxi des of elenents of the main groups and sub-groups such
as, for exanple, sulfur oxide anions, phosphate anions, silicate

ani ons, borate anions, alum nate anions, tungstate anions and the

| i ke. Such anions can be present, for exanple, in isolated formor be _
condensed in the formof, for exanple, chains, bands, |ayers, !
framewor ks, cages or the like. Codd@ensed ani ons of such a kind may |
i ncl ude oxi des of one or nore elenents of the main groups and ,
sub- gpAHPErold | Tbids aiNg pR3sEDEE, for EerRlrdsakbi by1ohedi 14 prent :
el ements to be included in one condensed ani on. The expression :
"hybr B8AnEl edeRPresHBiilespeci al | y a conpound cont ai ni ng el enent s

whi ch are conventionally allocated not only to inorganic chem stry

but also to organic chem stry. Preferred exanples of hybrid naterials

of suFhgurki hoskews Hhotoswampkevhoelyarranstdhitihies resupbandE whi ch

inclu i des l,..at ' I l.e t Q.7 1IN
this cbvpRERbRREr ot il B 8E OPRoSell) BE CRoieEte el
can besiiagi cobalcotalenide Theteonseinemnita: afessichInobpeunds can be

| i nked, together in two, or three di i ons, f, exanple to form
chain??oﬁgﬁH§Ph%ol?ﬂhﬁgrqugyeﬁigef?gﬁéiawéﬁioﬁgﬁéegpgﬁ T8 RS | 9K
Depengdi-ag, osnd hequiedwy e ikt bebkl €ofstot iR apreadst Bei Tigandi ng, such

conmpounds can be in the formof solids having rigid or flexible

pr opeSEEEs. TRE k@R rell Shaws &s CaFRatbifih AR e oArthEne | BREEWY

or ganopgt ahbil:e POLMEIS Ricorhesg £60md hevdrasenof 1hheasw-&add ed MOF
(nmetal organic framework) conpounds. Preferred exanples of hybrid

mat er ia&l §hef staeh @f Kild tasE, (Poniexepl ea;nde@fﬁ‘}@ﬁngg #fch incl ude
transhbbog.ﬂﬁ£$£ el enents such as, for exanple, copper or zinc and
organic nol ecar es having two or nore functions which are suitable for
the formation of a bond with a nmetal atom such as, for exanple, a
carboxylic acjd function, an.am ne,function,. a thi function and the
i T S T Bk ety A EC IR R TR R G

Or ganigE ELREas¥StEat B cadoshil.ofy agfitieri iy thell melepuperi di ne,
pyrrole, indole or pyrazine ring or the |like. Preferred, exanpl es are,
for eRdfEReaCROBRITE c‘iﬂrﬂ&?n&?"&?‘tii)ﬂc Dhdrepns Gifc & SS%H“& aci ds

havi ng,;a3,engaghai n (C6-C18) hydrocarbon backbone, or conpounds' of
zinc and nitrogen-containing ring systens substituted with carboxylic
acid functions Such conpounds can be obtained in the form of

t hree-di nensi onal solids and are able to bind small nol ecul es, such
as, for exanple, MOF-5, described in H Li et al., Nature 402 (1999),
276. Tetadipdedssonipipion iafl ¢be dmuentiempeci al ly, individual
particles or small parts of nolecul ar sieve which are present
preferably in the formof discrete particles. The particles nay be
presemthd Antrarf onnrelfatesmoer hytiabphobixeyl Ihevseledesot enpiése

aggl onerated smaller, crystalline_or pon: crys uticégs whi ch

talli.
are fiSi&dey &’Bﬁﬁ%c?%@lﬂr ShPLRIEHEP . %Jrn%faﬁ%\ré:l,l%ﬁﬁgg%ﬁai vl dual

parti clR® WBY oPe1BsEsetie idurithee OEM B Parbidias tiTpoundatedsi sting
of smaller nonocrystallites. The partiiles may be present in a round
shape, wiftdy aegahpre ehnehs @anera)i £8FMb: in the shape of an el lipsoid
or the like, or in an angul ar shape, for exanple in the shape of

cubes, parallelepip%d§% flakes or the like. Preferably, the particles
are spherical. SiRR°RR,

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 cone another, an alkyl, alkenyl,
alkynyl, heterocalkyl, cycloalkyl, heteroaryl, alkylcyclo-



The expression "particle size" herein neans the maxi num di aneter of a
particle. The expression is used herein both for the maxi num di aneter
of an uncoated particle and for the maxi nrum di aneter of a
silane-coated particle, but especially for the nmaxi mrum di aneter of a
coated particle. The particle size of a particle is determ ned, for
exanpl e, by conventional nethods using the principle of dynam c |ight
16 scattering. For that purpose, the particles are suspended or

di spersed in a suitable inert solvent and nmeasured using a suitable
measurdlkyldeetero Tatkel weclofalidyd ) pahbtetesyclaalalydq bevilet er mi ned by

t [ [ | ect ' [ . Th
i viaar it PR B R BB T eal - Tho part1gle i ze of

the particles is 1000 nmor |ess, preferably 800 rimor |ess, nore

preferably 60Q nmor |less, even nore preferably 400 nmor |ess, even
nor e Pepﬁﬁgﬁréﬁg ?WPQ@HW§£§S,a@véﬁaﬁBrQP%wQﬁ<§h§bﬁ?52991ﬁn3§r | ess,

even 181 erPraf ertabbytdls HNRAdo8 S8 abeY eSS SRl %aeg?zeéQea‘m or

| ess, and especially 26.6 nmor |less. The mninmnumparticle srze is 2
nm or HsFe anppdkexabdyouwp madbe syreidavyeoyreferably 10 nmor nore,
and especially 15 nmor nore. The expression "hydroxi de radical"”
nmeans the group -OH The expression "al kyl radical" neans a

sat ur dredhist cangéxt cHdien expresanchetindyemdear sdevgrompanshi ch has

especial Ly . m carbagn, at gns refera froml1l to 12 carbon
at oms,e% %ég%?ﬁf%r%%réoqﬂ%ﬁ Potg glﬂ]dgv%or ;%’lﬁge)fég@;gl ?O?'?‘Bﬁ]rl Sto 6
car boiThet erprefsioexaanEld tld erellbyl, ietthils dqeneRY, re56Ps OPyds

n- butyl, iiobut |, sec-butyl, tert-but%%, npentyl, isopentyl,
neopertSIPL8ectp e ITCIT PEEREP EVR. FRIGNSIVE. AtamFet RYF BHRSALr

N-oct Wf GeMPrw&Ves Si-ealt@msnr ahar @gls@giasug} &R &8 theed! kydnd adical
bei ng a branched hydrocarbon group havin rom3 to 8 carbon atons,

especiTdFF§ PPOATBLED B aKilen aeshal eonditdams| deanni sbpr bpgm of

| sobutyy lya S efr it Yha }qaﬁfQH%%bFe[SBQeﬂs d BeRReNt¥hienec-pentyl,
tert-pentyl or 2,2-dﬁnethylbuty group. e use of S|Fanes havi ng

br ancle¢aoabkete r atif ety egd exampdesust ysuds mlalecudesheraoyaoad ar si eve

SCo0r el BN IETAAD VRS Bllsfl, 8RO oIy ORI o1t
water (H;0). The binding of the molecules by the molecular
sieve is generally reversible or irreversible, and is
preferably reversible. The molecular sieves are preferably
poroué 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 cations
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

(027) and the peroxide anion (0,%"), are alsc anions which are




17 shielding of the hydrophilic nolecular sieve surface froma
solvent. An al kyl radical as understood by the invention is bonded to
the central silicon atomof the silane by neans of a silicon-carbon
bond and is not hydrol ysabl e. The expressions "al kenyl radical" and
"al kynyl radical" refer to at least partially unsaturated,

strai ght-chain or branched hydrocadron groups which have especially
from2 to 20 carbon atons, preferably from2 to 12 carbon atons and
very magkar ahl yxiaes &f tel dmepdcboli ghonmaid afrotganphe shb-ytaybs or

et henyl, allyl,  acetylenyl, propargyl, isoprenyl or_ hex-2- I é
Or 0Up SUPHaPEr cheE PRI \n 'S ERFKBRYRS GFEARS nAVIOREBEE BPLETR
(eSpe%llqhbstensﬁlgﬁybl&M@%ﬁoﬁad b Ourd iy larGloRWps thayk pgeone or
two (especially one) triple bond(s) An al kenyl or al kynyl radical as

under§@0@@Sb§nﬂh§h$nb%kﬂ+(ﬁvasaﬁéﬁaédC@% hevwrasantal forl PEBRPEE om of E
Ee s8R IRAPELD o 13 'aogle]gﬁgga B OO0k AN drs B8k Bxgiolysabl e.

Fur t héfnore expr essi ons al’kenyl and
"al kyplainadi bah8sr efayensn qﬁampworhsmh¢@gesfqn Uhea&pke one or nore

hydr ogen aton(,s) has/h e, been re Iaced in each | ogen
a¥on1%%?§§?§%éyg5h?%ﬁ &bﬁi%&ggr Bt f‘% 3ﬁegf ° r%, ?
possi koredief bRERDE, ogrm(nsa)m Gops - &t stB:H-grd‘dbe wiNeRits0, - S,

=NH, for exanpl e by the chloro t hyl nethyl trlfl onet hyl ,
o ehl GRISEnPPBESORE GhR AL I3ty pF | Gh BRORh ALegiecs £S5

hept adegatliuar 93, dng. goﬁ@éﬁs@ay%%gofl group. The expressi on

"heteroal kyl radical" refers to an al kyl, al kenyl or al kynyl radi cal
i n which one or nDre (preferably 1, 2 or 3) carbon aton(s) has/have

b I : :

G S e L e el R e
18 exnna%amﬂng"béémemmﬁlqﬁlcﬂr@t@rsohuenhémmﬁwkytaiLwcgt@dpndér|ved
from %rgf” boxy %’a%g%‘%m giis a?éfng)P% 30k c SN AN crlgxygar bonyl,

acyl o
Preferred examples of hybrid materials of such a kind are,

for example, organometallic'compounds which include, besides
metal atoms, oxganic 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 chains, bands, columms, 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
organcmetallic 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 exanple,
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



Preferred exanpl es of heteroal kyl radicals are groups of the

formul ae Ra-O Ya-, Ra-S-Ya-, Ra-N(R))-Ya-, Ra-CO Ya-, Ra-O CO Ya-,
Ra- 00-0-Ya-, Ra-CO -N(Rb)-Ya-, Ra-N(R 3)-CO Ya-, Ra-O-CO N(Rb) -Ya-,
Ra- N(Rb) - 00- 0- Ya-, Ra-N(Rb)-CO N(Rd)-Ya-, Ra-O CO -0-Ya-,

Ra- N(RM C(=NRd) - N(Rd) - Ya-, Ra-CS-Ya-, Ra-OCS-Ya-, Ra-CS -0-Ya-,

Ra- CS-N (Rb)-Ya-, Ra-N(Rb)-CS-Ya-,15Ra- O CS-N(Rb) - Ya-,

Ra-'N( Rb) - CS- 0- Ya-, Ra-N(Rb)-CS-N(Rd)-Ya-, Ra-O CS-0-Ya-, Ra-S-CO Ya-,
Ra- CO1$%¥a- on Ran SJ FRhaYa-

o SRR on P SENCYA o0 NS Yomgon 00

Ra- S- CEIRRRY) ring , Sy Rhlcesas* YEOT REANDICS- - wndmeo cs- s- Ya-,

gegglaﬁgﬁw%?m}%%% I's El‘ar zme rl&%@ﬁ& CoI kenyl

or q/chﬁeme@le:g&rmlpes Iacrel,sfarhg:dam;g]m aiymdacanp@m&g/lof zinc
C2- Col kg ¥I or - Coal kynyI %Qoup, Rd is a hydrogen atom a
Cl- C6&PRy 1%@ éﬁﬁ%%@r@llq‘j’rﬁbﬁ?ﬁa&ﬁdWﬁ £58%k direct

bond, p a%cgﬁ@éxma%a&on@ Qel ESRYCERR Ot GAnCoahlyayL S £56 0P,
wherei n each heteroal kyl group cont al ns at ast one carbon atom and
one OFORBRENINAIIGGENh SHSsRRs Bnidepetat Iuy.thf canboa&nbidnearmdray in each

case %&ly’a f r r| ne, ne or brom ne
atomE %{8 }E&?%on a%?’glpgéP%e% h}se@m |C(r)lr%‘ at omtfé‘ﬁdk%m?‘lecf ero atom
such ala:eéﬂﬂlmqm@,l woflidgeand oxygeabler teubfing, shdt bond may

gener hydr o sed Pref err Ies of hydr sabl e '
heter@g#%gﬁ?sadl aé:’r’e Fo?x%’@gﬁﬂéfo SKO%SS?%}&‘g % Fy. Le@boxy,
triflaorpmedhony, 4(H!t ha®g9o) n- pvepyl oxy, isopropyl oxy and tertbutoxy.
Further preferred exanples of a hydrolysable heteroal kyl group are a
nitrile group or cyanide group. A heteroal kyl radical which is bonded
to t hensestpdssidd 09Rrtl181 8t ompoingd hespickb-aner by fnéiJl - carbon
bond is generally not hydrolysable. 'Speci fic exanpl es o

non- hPa¥ bl ke | ErdloREkyE ?hdiTkHa®s lare shevaowlyheh yrte present

et hoxype e , et yl and
dii so%ro]E)&%gzliml}r;ﬂ(:;lté{](r?ﬁ]lé 'f?#g %?é{géﬁé(;er‘?n 2)Ig?:tttfné!L Mé ?B&%ﬁﬁegf ers to
a sat mafatle@l mwregwatt iial ItileuﬁthImﬁtaemo@mcgystyi:l @alrkaanytlh)emsyed.kres group

whi ch Lone or Jmore rings ef erab
fr arrem% CntE i n&rggsgc?%ﬁ(f{/el? ' §th?: %Féliﬂec%’lf b%)‘?‘F‘ a(iré’r?ﬂ;%lgﬁﬁﬁer ably
from Batoi dled esrieti atkyfdxedly Torheited) toabhenamdtiay:. Foe

refers furthernore to groups, i n_which one or
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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




20 nore (preferably 1, 2 or 3) ring carbon atom(s) has/have been
repl aced by an oxygen, nitrogen, silicon, selenium phosphorus or
sul fur atom (preferably oxygen, sulfur or nitrogen). A

het er ocycl oal kyl group preferably has 1 or 2 rings having from3 to
10 (especially 3, 4, 5, 6 or 7) ring atons. The expression

"het erocycl oal kyl radical" refers ¥urthernore to groups in which one
or nore hydrogen atons, independently of one another, has/have been
r epl acedtiteréagh Easeclmt purpese nehechdoriqlss brensnependeddimne at om
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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



The expression "aryl radical"” refers to an aromatic group which has
one or nore ring(s) having especially from6 to 14 ring carbon atons,
preferably from6 to 10 (especially 6) ring carbon atons. The
expression "aryl radical" (or "Ar") refers furthernore to groups in
whi ch one or nore hydrogen atom(s), independently of one another,
has/ have been replaced in each casg7by a fluorine, chlorine, brom ne
or iodine atomor by one of the groups -COOH, -OH, -SH, -NH2 or -NQO2.
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a fluorine, chlorine, bromne or iodine atomor by one qof the groups

- COCH, ta (e SeRErafptbicaNgEon Pl hBPestsane ¥ 692 50Rd Bet ween t he
sili Coéhlaitc%%—%faFBBﬁ ﬁ?ﬁ&”@n@% %o*&ehg %%14 or exanpl e oxygen,
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radlcaelxample, 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)
-COQH, -OH, ~S8H, -NH;, -NO;, =0, =8, =NH, for example by the
chloromethyl, bromomethyl, trifluoromethyl, 2-chloroethyl,
2-bromeoethyl, 2,2,2-trichloroethyl or heptadecafluoro-

1.1,2,2-tetrahydrodecyl group.

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

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



The expression "arylal kyl radical" refers to groups which contain
both aryl and al so al kyl, al kenyl, al kynyl and/or cycl oal kyl groups
according to the above definitions, for exanple arylal kyl, alkylaryl,
aryl al kenyl, aryl al kynyl, arylcycloal kyl, arylcycl oal kenyl

al kyl aryl cycl oal kyl and aIkyIaryIéycIoaIkenyI groups. Specific
exanmpl es of arylalkyls are tol uenel8xyl ene, nesitylene, styrene,
benzyl chloride, o-fluorotoluener 1Hindene, tetraline,
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heteroalkyl radical which is bonded to the central silicon



25 Preferably, in each of the above-nentioned radicals all hydrogen
atons may be replaced by hal ogen atons, especially by fluorine atons.
Especially when the nol ecul ar sieve according to the invention is
used in a liquid phase, for exanple dispersed in a liquid organic
conpound, the use of silanes having perfluorinated radicals nay be
advant ageous. For exanpl e when a diigpersion of the nol ecul ar sieve
according to the invention in a liquid organic conpound is used in
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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
exanple non-hydrolysable cy¢lic ketones such as, for example,
cyclohexanone, 2-cyclohexenone or cyclopentanone. A
cyclbalkyl radical according to the invention can be linked
to the central silicon atom of the silane by way of a
subétituted 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, spirol4,5]decanyl, norbornyl, cyclohexyl,
cyclopentenyl, cyclohexadienyl, decalinyl, cubanyl,
bicyclo[4.3.0]nonyl, tetraline, cyclopentylcyclohexyl,
fluorocyclohexyl, cyclohex-2-enyl or adamantyl group.

The expression "heterocycloalkyl radical" refers to a

cycloalkyl group as defined hereilnbefore, in which one ox



propar gyl sil anes, propargyl oxysilanes, silyl cyanides, silyl
phosphates or vinyl silanes. Al those silane conpounds may contain
one or nore chiral centres. The present invention accordingly
conprises all pure enantionmers and al so all pure diastereoners, and
al so m xtures thereof in any mxing ratio. Furthernore, the present
invention also includes all cis/tredns isoners of the compounds, and
al so m xtures thereof. Furthernore, the present invention includes
all tgt-ameplerdpdwBy The 4PRessing cavsilisallss aaaYRavEes&in
defines especially a group which is split off on reaction with water,
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example, 2-pyrrolidinyl or 3-piperidyl are examples of a non-

hydrolysable heterocycleoalkyl 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 atoms and one or two alkyl, alkenyl or alkynyl

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



i sopropanoxy, n-butanoxy, isobutanoxy, sec-butanoxy, tertbutanoxy or
hexanoxy radical, or a phenyl oxy radical or a cyanide group. The
hydrol ysis reaction preferably is a reaction which proceeds
spont aneously in the presence of water under normal conditions but
al so includes reactions which proceed under conditions of, for
exanpl e, elevated tenperature or 21 the presence of a catalyst.
Preferred exanpl es of catal ysed hydrolysis reactions of such a kind
are r @RG! LRPS W S HAGRSM ah Ryl BEc 1B £58A0€ Rk par el ekLaphid e,
protonlci aci d-cat al ysed reacylons or those which proceed In the
pr eserdEyseyealoninebsmaups e ag. deﬁs@eéét%e}ebefpéaetmnshmmm

treat e ggpl 1Si gvg.payt ot ai ni ng at

| east one }\(;)lydfg)olfg?f'L gréug, gfﬁ§§£§|y33%Pea§?% P can fgect

dir ectbybmtéltmnfsﬂndiaso’rhmlvegbeap oep Yadueds onf aneo&jrgehe pHRftdgEne. |1 n
the process preference i en to the ro sa Ie up, being split
of f ELEIeRY! St Oy ARG RNOOAR Wi o, Al PRELF-ERE sur face of
the pakityehs sBrand:d ha tsolbane. WA thetidr ( h&@ﬂﬂ?ﬂgoéﬁﬂj@)ﬁbﬁ:ou@(:h a
partlcle is, as understoqd by the invention erred to as a

par t | BFETGREREY hAT dc@n € c3aBés) iraHng frrEnd. ta #BI éesnesiadilave
according to tdhe, nventingn aksmBySMeRiRbIGallYy aoRLed ¥ tdh,a sil ane

defined hereinbefore. Especially, during the coating reacti on which
r esul Bdkiayi her Higfraspedbivéabrgup 63 dvisidedubar £5pmv2 § @ccor dance

Wi th Eggbgﬂ"&&?ﬁﬁ& ale 8@SE 9B, h%ULfeOJty %%8%8%% Otf_n%@% sid.gne is
repl ace y a ti onal ‘group on e sur ace 0 ecul’ar si eve
parti ekenr af the @maneofamﬁhacheteheo sadcmne,foaroekamplegoxm:rr emai ni ng

radi cal, i S joine 0 ce of nol ecul ar. si ev rticle.
For eRZafpPesn t?ﬁe%ﬁié%? gn%ﬁ ?t%§94? 18%?3?8£§%}f %é?#%; ‘ecul ar
si evetpast behe, Shd ttaier@tfolreaeheoaetﬂnéﬂrreﬁmaml ecghOgén &adgnses W th
a hydroxi de group on the_surface of the |no%%an|c solid, releasing

the hYY¥RBP{%eRT e RFSHEFaPAY  a2Redt} MRl ACFAEIENG o Thsi cal

havi ngnﬁreﬁti&%@maeedwahﬁe bénttﬂalln%qltl%ohhgtam eeué@é s'i'l%&‘l%
particle by way of an oxygen-silicon bond. Preferably,

hydrobysab$tl{ﬁQﬂnﬂaﬁh0nt ngi paRelsndgt ﬁéﬁé@lmﬁﬁhlﬁunE¥¢ﬁﬁﬁﬂedgroups
of th%ﬁarﬁf cy! B¢ R gﬁﬁ%ﬁgbgbfeaﬁih{§§’%539 58§Bﬁﬂg'gﬂebonds with the

nmol ecu Sfreve parti or exa a sil‘ane havin
hydrobykahhet@mmngniaaikyﬂeaaﬂkmlhétenvayuldadksnyld as nol ecul ar sieve

partic so. .t hat the t dro rou se with two
hydro?hggnﬁ}%ﬁﬁﬁFQﬁ¥9Hﬁ? faéi tiq? RS ﬁéﬁﬁggg lid, releasing the
hydr ohpsabb Pamﬁemt@a:lo&ak@lnesuétemamlmttemecgcnaaekymhmﬂl havi ng
the remai ni ng radical s, 0|ned tq the | ecul ar sj eve partlcle by

way oReF®Ee QQHQQ¥SHOB keryly Fhen s cddSeIrPHRS tBR M dr oxi de

gr OUPS 500k 83 S UdrRFRmRb thiR8tEAOT @PNirG 3k ear 8rpeeferably two
nei ghbouri ng hydroxi de groups on the surface of the inorganic solid.

| n copnespenziiey manner, a silane having three hydrol ysabl e

The expression "aryl radical® refers to an aromatic group
which has one or more ring(s) having especially from & 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 -COQH, -OH, -SH, -NH; or -NO. If

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



29 groups can react with an oxidic solid as nol ecul ar sieve particle
so that the three hydrol ysabl e groups condense with three hydroxide
groups on the surface of the inorganic solid, releasing the three
hydr ol ysabl e groups, as a result of which the silane radical, having
the remaining radical, is joined to the nolecular sieve particle by
way of three oxygen-silicon bonds.22 n that case, the three hydroxide
groups on the surface of the inorganic solid are preferably three
nei ]ghmglr iangeh%ﬂds oas&die,bwdllufmscampléhmmd lrt,acrfim:fogtdme oirneﬁgaun:i:,cdcsﬁal id.
Prefera , a r ophobi ¢cal I,y coated pol ecul ar sieve_ in_accordance
i th 8OV RESRERGITS b TP HtS CHReh: AEUL By it SoPOR ot bu ar

si eve tpRirbirele Vhé hedt SHd anRR1idaN, Nnesh heseibahonR B drsl1goaded with a
sil ane defined herei nbef ore, contains no remaining hydrol ysabl e

gr oupgxemplandef shodplgpaHe PAVENTRGFCIES RER GpREISPEEY| 9% coat ed
mol ec %%@%iﬁb?i‘%dﬂ%fh. BIASEE88A C0dh E%rs?y L B Whng S5
efor 0 I

defi ne erein e is alsoreferre as a nol ecul ar Si eve i ch
i s codeenidioh asshomded W Hjdr ophbbaladiyi aonteddmoifecheasibimae in

accordance with the i.nventian, I I BN assi ef i ned
her ei g)B’efao?é, 1P SR Oil%gar‘%é?!égﬁ?%’? SRR hd ApREEEREAE] by
t r eat EE@InplEs aofohesthwdrdiveadlpagtoope amd hraalisiallanerePtieéer abl y,

t he sil ane_does noi contai,n_a radjcal_caontaining,a functiopnpal .group

whi ch PERELs GRERYE he ROy s ROPBSGY bt (I SRBERAT - cBRa {76 of

under sthereepHELDNSI WY SR etsEdot Ghercat it phehil® paaid«l es.

Such a congound_ls di sadvant ageous for_the present invention because
it wodhenviioradkepbt eare cafnecipl hYi Pseferyed g ThsomesePtsellamRfer t he

ment | AigdagoRaly! Pes 2N i Aot NEORT SkadIR | QGG aval abl e T or
coat i ng {he Sufface of the particles, or react to forma polyneric
mat er irzldikali ngdbhaurrgeonpar tdesiidss whik chhe 3@ haswl@nt kae¥fore no

| onger_ be _i.n_the f of di e t] i the present
invenﬁcé:ﬁf:déngig iﬁ% i%%ve%t%%dggggﬁéeée%%i cg S r% R2, R3 or R4
cont ainyidagpacbydi oy y SHitl  igr auesandbleneaus ei) bvadicod shiR21dRYy | e and
R4 which are, independently of one.,another, an alkyl, alkenyl,

o kynyiE CHEL BYBEPROE LRI E SAETS BrSASE JHE)T &y EPOLFRY!

het er o(al kyl cycl oal kyl ), heterocycl oal kyl, aryl, arylal kyl or
hetero#arylalkyl) radical, the intention thereby is to stigulate t hat

the r G BFRGCPRUPR al BEERF B IcEAFAFRL A FRHRITT CaliPe 23gPBAPCI n ot her
wor ds,

in..a 1 l.avent i Qreiafi1{hersmdi cal s
R1, Rffogg %gmﬁ%@g?ﬁ%mﬁ%i%ﬂﬁg r%ogltﬂ g?gg) ?#ﬁ?%lteysablle é?ouf) and the
r emai ricnd 4r adingabtoms, wefaRRbdivd ERaMa? eFOigﬂje@%ﬁmtaIl}Yoﬁ ®feb)
anot her., _a_non- hy I b I - olysabl h k a
mon- hyir FEanFe. P b st (psBeRRte iy L FEB0E ) ER¥sen
non- hydrialogeabl phoyohoakk\dy sulfom- hyolg odiysed| edebdcraddyybxyaen,

-hydrolysabl e, al kyl | qal kyl - | C
ot o st BecrsErigrs) LR eraPar Sl et RiRR, Fadicary 4
non- hygrahssabl-a aeyhted W@ydyaisolyisahl €h asye abkylorer hrdrogen

non- hydrol ysabl e _hetero(aryl al kyl) radjcal, eagh in accordance with
the deftiof (s)onigieefnfgiethiRdt (€ a’r'lﬂtﬁ‘?:’éor}b%sﬁg’éa‘{ﬁ I}I?eflhgepﬂecé% i on,

at | east Qnr& okskheyradit@dsilRl, dr2orBeprbf¥miie tdie izidiareacont ai ns
2 or by one of the groups -COOH, -OH, -SH, -NH; or -NGy. IE
there is a direct bond between the silicon atom of the silane
and a hetero atom, for example oxygen, nitrogen or sulfur, of
the heterocaryl 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



hydrol ysabl e group. Preferably, at |east one of the radicals Rl, R2,
R2 or R4 of the silane contains a hydrol ysable group selected from an
al koxy group and a cyani de group. Preferably, one, or two, or three
of the radicals of the silane contain(s) a hydrol ysable group and,
especially, one or three of the radicals of the silane contain(s) a
hydr ol ysabl e group. 31 In a prefeggzed enbodi nent of the invention,
preferably each of the hydrolysable radicals of the silane is,

i ndependgation af atheeobiglss J¢ hy Q) }ﬁgéglé%%ﬁ %ét%%%ggggand the

remai ni ng radicals are sel ected, indepen one an from
non- hyaireily gaeiieadl kyl radicals, al kenyl radicals, alkyl radicals,
cycl oal kyl radical s, alkylcycloalkyl radi cal s, aryl radicals and
aryl al kyl radicals, nore preferably fromal kyl radicals, cycloal kyl
radicaﬂEa&m@r&syﬁonad&nﬁlalkymukaaipaahaféﬁéfg(ﬂatyﬁw@@@e%h@bhyl

radlcals [ ere the al radi cal s being

br anch oditgll%y% E%d%@é s ‘g\ﬂ%ﬁf F&%ﬁfﬁt hftE W%l'el%}ﬁi 3r B8R/ 8¥ ons.

Pref erahilyallRe srbape &adRiiify @€ chel abibe dla"fltrilrt%n@yd%l:ysab' e

al koxy radi.cal (s t he renalnln% radi cal s being al kyl radicals. These

si | aneEaIR}E Fﬁglﬁﬁbﬁ%taﬁ%Kﬁ roﬁrﬁ§a¥%ﬁ@¥ﬂé;aﬁM%é}kN@Véase t he
[ especthyeyahkanele, Mﬁy&%m npe! Co1RA R RCLAIAIRCE UhgN L hel T

toxicit rt hernore, i s advantageous t behave
i nertlat éﬂﬁyé§yﬁh@ﬁ¥%#axin9ﬂ0U®ﬁev§paﬂdé#ctenamgiaﬁlbfedrgbaﬁhihnns,

Lhal e QoSAkn00 ROl eh@aclediiOn Bl s r SANNYerllG 1 QhEY S0O €OV

Pref erred exa such Si es ar
i sobutcy-lftlrupebhoicyemé anleﬂ :dldesmbutgtdabiﬁ@xyﬁjﬂyanenaphthalene,

triisab Ietho SI| sohutyltrinetho | ane,

i | SoBULPraT e HE L AR AT o BTG f S PP Heheny L,
|sobuuyb@rﬁﬁéhaﬁﬂetm@%yslﬁﬁ@ﬁéxab&?buéﬁ|éhyﬂélkbﬂebﬁaﬁﬁsbbﬁwﬁans
i sopr di i sopropyl di et hoxysi | ane,

tri et hoxysil ane,
trllségﬁbﬁﬁl EVR 35T e T 4G 57 o PRV ERY net9¥ooly $10 dRering carbon
di i sopieRy! Qh&%ﬁ@xd:?'dﬁﬁ%l%lt r au&%ﬁ)%&%ﬁﬂ%@%?& ‘gﬁ%c' al

preference is given to the silane c ai ni ng one cal and
t hr ee Haydnel ysebl Erat kKoxXap vadirhbs. atom(s) and/or a cycloalkyl

group having 5 or 6 ring carbon atoms.

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



32 Preferred exanples of such a silane are, e.g.,

i sobutyltriethoxysilane, isobutyltrinmethoxysilane,

i sopropyltriethoxysilane or isopropyltrinethoxysilane. Speci al
preference is |ikew se given to the silane containing three al kyl

radi cal s and one hydrol ysabl e al koxy radical. Preferred exanpl es of
such a silane are, e.g., isobutyl di4dret hyl met hoxysil ane or

i sobut yl di et hyl met hoxysi |l ane. The surface of the particles is coated
Wi th thensklkanen acohé f asefegeaneRbnhhes pard ighankeergateal ed with a
silicon atomincluding its repaining, that is to say non-hydrol ysed,

r adi caFylhpspeerurigalinfe SuplReEeBPCYRECPHIGIYd es i s hydrophobical |y
coat edh bicl MLt 80Fe1 dALIG BEQESPRenfIRd ARG hBELRP1Of L he
particlé can al so be coated with a plurality of Silicon atons;

accor dirydbeykynhgheveferwclofalild  paryiel ket awcysdradkenst . exanpl e,

W th . thr r filv i ki at 4 region, in
mhich%%%ggo?ﬁgfé}ﬁfgb&%%E%ﬁ?’ aﬁhkgﬁg%féﬁg%ﬁgg%aﬁ'%%g%g}é, on top of
one ameithebarplicpéooalliztly, dietkapergloychidldetl ,f hemeonerghot her.
Preferably, .the coating is nmono- | ayer,..that .is to_say, each surface
el ortabeakeeul odrst e AR SR Eb Y RohSesRer R IpERe Tl L <
remai RyRdoal Rahyis hotSBAMARIRYIEPEYSETkyT Adict@dhr®arPradkplps are

present on the_external surface of_ oxidic materials_such as, for
exanplteteresyriealkenybr it aroapy lhgkeredl L pErloaéXidi ¢ particl es

of Sug%t%rggggméeér@gﬁmc%l%aﬁgeﬁgi Afind MMM cBryiRe L OFLgr oups

| ocat on t surface of the oxide in question afe, in accordance
Wi t h tei&vilhessrboyclemkndd anoubgnctheney¢ ke wiqupsabeingne havi ng

remal A9 0LAANGE JEQURd N GRSELNG. A NG, eL0aNi ¢ groups
are a$%imiar as posSible 10 the'solvéent 1n question. The 33
sur f aemseftutrheedxi Ie (isate dlses dameatcoonid fegiywdse chat edlwboh

nonpol ar and coval ently bonde roups, The_formatign of a coval ent,
Chon iRy Se RS, Bhiond 4 & EVRTPAgEahs S AIeIegs S yPefne
nonpolak-r@HeuPsrcaal fesuldf ivhd hecpastaelBslibaAvi ngddralnctrased

aggl oneration tendenc i's, not pgssible far condens%thgg%geactions

ot
to takens see gERGERRLY R Hvekolyselact t o SFodapy e sur f ace
of a &%fdiic%peieyﬂsﬂa@@b&&a&{ey PRkl £ LEGOTLARCR MR EhBane

invention. [nteractions between particles are therefore based mainly
on varbwler sWdacenfoarken hidh theahsteratarylaMy Paredirad Ednme into

contact_ _with-.on cannot durably and irreversibly
200l onsrirel B Y Ll

cally coated or functionalised in
accordance with the invention have good dispersibility in nonpolar
SOlve%?%iexpressions "cycloalkyl", "heterocycloalkyl",
nalkylcycloalkyl®", hetero(alkylcycloalkyl)®, 'aryl",
"heteroaryl", "arylalkyl®" and "hetero(arylalkyl)" also refer
to groups in which one or more hydrogen atom(s),
independently of one ancther, has/have been replaced by
fluorine, chlorine, bromine or iodine atoms or OH, =0, SH,
=8, NH,, =NH or NO; groups. The expressions refer furthermore
to groups which are substituted by unsubstituted Ci-Cgalkyl,
C,-Cealkenyl, Cx-Cgalkynyl, C1-Cgheteroalkyl, C3-Cipcycloalkyl,
Cy,-Coheterocycloalkyl, Cs-Cyparyl, Ci-Coheteroaryl, C;-Cizaryl-

alkyl or Cy-Ciihetero{arylalkyl) groups.



When an oxide is reacted with a silane defined in accordance with the
invention, at |east one hydrol ysable group is split off and there is
formed, for exanple, a covalent bond between the silane radical and
the surface of the oxide. Wen, for exanple, the silane contains at

| east one hydrol ysabl e al koxy radical, on reaction with an oxide
there is released, by hydrolysis, gnly the correspondi ng al kanol or

al kyl al cohol, which can be selected, for exanple, according to its

t oxi cigh s ko i L ysabl . eaying group is
advantagegﬁgba so é%gﬁggﬁgfgghgﬁgggéﬁera(ﬁvgggﬁgﬁgg%%e ¥*y t owar ds

t he milvéraben steve naddre teplstipubnatleal cmrdisttiomss, eshatiallso say
do no ci therew th cann be sorhed thereby. The nol ecul ar
sieverb cggPafﬁ%et% e %% gﬁfﬁghyighﬁ?éfG%&Ei?ﬁgggﬁys??gesnall si ze
in thecrandisgate tegiigiventhba $Avhdedize allionsd phhseperased in
devi ces of _correspondjngly snall _dinensjions. For _exanple, the

1ol o GRATPLSAALTRVE SR ot g St RESATAFORUEdn BeCsHd Of
advanizaggads| Nat ThARRMALGS 1hA ¥l SHa 1k GRY bhegafhingdfsafavi ng

di mensi ons of not nore than one micronetre are _avail able.

Fur t hE€PKpPEamp e vt & digperpéonppicitamadicsvdancedevéng to the

i nvent,i-QR 6gh M+ WLane, i1 bei I.b h
non-hygrgfggg%ﬁggra |€g$§%g§b#hgﬁs?lg% fgggggggbsé§%%§gﬁéf%%t t hey

i npar usgddesi ¢ent yprapgent with nhchswefnceaf exhmppar foxl €he Especi al |y,
the s of - the | ecul_ar _sigve accarding.to the invention is
hydroéh%ﬁ?%%l%%:gg%ggﬁﬁ%FPhlgﬁsﬁ a fa¥¥“%5%ﬁ8gp83§9fﬁ¥QQQH t he

non- hggpatkysadl @ riadi adles patpthe sf l@nmtindghessagsel peiediddat t hey

i npart the desiregggygkgghobic Prqggrt, to the surface of the

par t i EPBATEHES i PeHth_?ﬁ AT WS PRWBRPWRTR PRI &S of
the splfafBe NAyEedilldie ssehaectegdtea &Eﬁkﬂatgalgﬁbahavﬁn??S'fed property
for the surface. AccorQ|neg, for exanple, a lipophilTic or

hydr opR&bLeoBiRa e HRddFeteyarantive Yhifaicesd oby the| apRaraaid g

non-h bl I 1kadheal SraddaPE s bl he degree of
t he I?%%%t???ﬁzgﬁahydr p%ogF% pr%%iﬁ%%g%?&F%ggsg?f%Eé?%%ébe nodi fi ed
for avpaselsulpgyarkosy bhyseel exvidkesofort thenlhber ane feat ures of
the indjyi |k rradicals, e.g. the chain length or the degree
of brgﬁgﬂ?ﬁégéfgﬁﬁ?ggﬁﬁggS%?éve of such.a kind can be advant ageously
di spersed i n al kane-based organi ¢ conpounds, for exanple in solvents,

e.g. hexane octane, Qqr |, olyners, e.qg. | yet hyl ene or

pol y pESBSFURELY HHSHRRE SR Bparor AT GIFTEr G LOBEEF ved i n the

mat er habry] §i GR{dES RRAYI BEYIRNAREs, daRe%yRaYl Bged] her

non- hydrol ysabl e radi cal s _can be used in order to obtain a surface

pr ope LYY il banerak 64 kydsdil anes di abkrkaei ilange ner L bepgahi il dG®pounds
or m%?k&ﬁ}'/%il&l:rfgs de?éelﬁE%E‘rlsi‘PQﬁé‘é/ draliyRahheneadi cal s having aromatic
groups can be used in order to nake possible di spersion in aromatic
conpoenrddogibiorexsiilaacsr ohankey serwaintagiese. yenpehsbhanes,
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(OCH;)3, or fluorinated
alkylsilanes, e.g. (heptadecafluoro-1,1,2,2-
tetrahydrodecyl) triethoxysilanes, méthacryloxysilanes,

naphthylsilanes, pentafluorophenylsilanes, phenylsilanes,



35 toluene, xylene, pyridine, naphthalene or the Iike) or in
conpounds having aromatic groups (for exanple polyners having
aromati c groups, e.g. polystyrene or the like), or. in conpounds
havi ng anal ogous properties to aromatic groups (for exanple, carbon
conpounds, e.g. graphite, fullerenes, carbon nanotubes or the like).
Furthernore, for exanple, by neanstof a silane having a

non- hydrol ysabl e radi cal containing a vinyl group there can be

obt ai pedparSyl§aCmad et dparayt babk €14:08s Crags 1l cpkhnges tHilyl

vi nyl -=cont arni ng nononers.. A nol ecul ar sieve of such a kind can be
cheni ®APEPhBBERJOT Nt oIl eRyl nmaterial. Generally, -by neans of
sui tabl e sel ection of the non-hydrol ysable silane radicals the
surface property of the nolecular sieve according to the invention
can b@ladihesedsihaze compavodswnel cortain ende@ruiercespetdhl |y, by
means of . suit e selectli . - I .SLLane, radical s
t he hf&P&ﬁﬁ%b?@ﬂgtﬁ %Scegtpg(%lggglf%ggf Q‘?ﬁ%mn%gg'%%gﬁpgﬁgéé %&o@%élér:]g to
t he | rvefAtioneeanab® djsilad pureadias demnsmmanist, h afildeailabended use.

The terns "h droghopécall coat ed", "?ydrgph% i ci sed" gﬁd
" hydr SPFEBFER s BRPEROE i 41 BOrtBRt T/ E he PreSEMP Prventi on refer to
sur f agR-ekkBt MBGENOf ool 1@ lidic 15 ey eaPRI ¢isl wsnshiigbmerpast sti® t he

produced surface a_hydrophobic or |ipophilic property i ch has the
ef f ectCompaintlfe ﬁ%@eﬁﬁﬁQﬂm%ﬁugﬂgspghﬁF%?%'éﬁﬁﬁ%@r T&uspBRded or

di spersed i,Q m&&aﬁp&s G RRsr 8l Lyusssended ais di spersed in
nonpol'ar solvents having a dielectric constant of |ess than 22,
preferably | ess than 10 and especially less than 3. Accordingly, the
hydr ophobi cal | y_coat r, i Wl NE QAL ca BBLEEM

si eve |g%pgg%s%ggsﬁgﬁgﬁgggg%ﬁedgggégse aﬁﬁﬁﬁg%%% aF Sngents?§
especialgrpuporhotar iorgzhitc ofdl ventrsacwbdm hwitdy evad edi. etvberevipon

constant of |ess_than 3. anpl es_of,_noppol ar. organic.s nts of
such 49§ f§=RrEaliBere ,gggparéFﬁag 36 1y dr C§?§5ngg%§ al kanes,
e.g. Reftanes kexape SfoaiN&entialdr iRk t¢en ytdngcdsberparetgd

benzene. In order to avoid cqating and/ or bl ocking or hug 'ng of the
por es,ofintiErHa thenaamkPala MPIERHIE SSMBFLFHY it i angg:% y ?P‘lé L1 ane

used ik d@n@ORLEPE P RS RAheCkeSidtdE Kddicales cofpiheisg! ane
can be so selected that the silane nolecules cannot penetrate into

the catig icsntand ehhbael g theYFEPKLEReEUNYEI ditHGIty 15a @082V ng of
sol el y,the exterpal syriass cRkde achigvstysdiit igigpipnak surface, on

the other Rand, remarns open, that is to say is nelther coated nor
bl ockathdendtcea byt Bhasinventdrargilsabrefiarablera pRiestdiedgilpaving

exanple, a l.ecul.ar _si eve n he L.hed jch | lently

di sper%%peq’?ﬁc ompof B 5 éﬁaﬁ%eg%gt&%g\%ﬁf C?F{u%% e%kaélnﬁ)sl%i(%g ability to
adsor by gldlors Whshaneesr s uphas yvaabde. ghotns t o rsypdssi Kikdt preor

avoi ding the pores, jnternal channels and cavities of the :t4.cles
from KSRy %?éé{te&fgnBYo‘Pﬂb‘?%é%gth 5| Gg@@ﬁr’ﬁyf%cﬁ% Ws"jftlearhne %g%%lhi n the
coati ng, @ ROLAWS1PALEFEXESTuld ilchisl Q¢RESI Db yed| 0ok wie adupe t he

size of the pores of the particl.es before,coathgg with the silane,
for exa@ple %yr CFAHPRE W t R FARYS i HFOLCBLG. 2CHESi fmYons or

tetrag+%?%é§9ﬂyg gg&h?nssufggpréggggnyac&gg e afRbLohNEN dxdygies. Not

possi 0°use a silane having a nol ecul e dianeter |arger. than the
ent r anaei dmerdrurdsooby af Fee| 1Y E 0ph STONPPafR et BPFHLHA DR he zeolite

can be reversjbly. re 09 Sd-ZEo1ldd e sRFRCE Y ¢rdugset er
to be %é%%ﬁﬁi%gi§§srsgggggﬁ%§%é%uaF9 SO sefecte tﬁaﬁﬂﬁke nol ecul es of
the sihsserpfircals |(@hger® pREsor m'd shehpd? eestenf (BOUSSat i ng, t he

| arger pore, dianeter can be rees I shed..: UShar eyersidf adicust ment
of t heCPorRLRHiHhEt &S P%Cysg%\?r(?]gdé@?tdn%:&egg%gb ydb%{rreans of ion
exchange using ions of appropriate size. Accordingly, it is known,

Preferably, the hydrolysable group comprises the entire

2 53 4
radical, that is to say one of the groups R, R?, ®R® or R%, =0



37 that zeolite LTA | oaded with sodium has a kinetic pore dianeter of
4 A (400 pm). When | oaded with potassium on the other hand, it has a
pore dianeter of only 3 A (300 pm. This ion exchange can be carried
out reversibly. The ion exchange nethod can also be used in order to
match the refractive index of the zeolite to that of the organic
conpound, for exanple that of thejgolynmer. This is desirable when the
particle size of the zeolite introduced into a polyner is too |large -

in tth% S iff ; i .ractive indices. o to
ensur e3o§t ?gg it r%%é%%ﬁcfﬁ@ﬁ?%%c%@% %%eglnr%d%ﬁéﬁﬁaft HE f Fatrewor k
st ructRirer d*)aiseskparateah difsdroa uhedréoidedicmdllzeunef racti ve i ndex

of th okite t hat .of .the_organic conpound in which it js to be
di spe%gé@?‘”l%ﬁﬁ% ti%'éé SEPEE Ff’léﬁa%n?'é%o%‘#\ﬁ@n SEREHEF PRI si ze of
the zdolinbd.i Ptepeitioel dxaiplan Of Japdro GAPMALENdrbspt 0o | Ri&@E & i N the
case %}‘ma Iaé gl_lldjffel{ence in thg refractive indices - to ensure
optic r alf g etft yFRDECREFE 0P b FAARRERE AFEnBhER krateuradur e
are desChkbRfdrd OFs BRI chlls) Paf-d204%9 -heéel?@égk?l ! f%a/i AT

modi fying the refractive index by i on exchange 1s described, for
exanplEch; as "@piawxprgsacel ebonded dnumaly @fd that puvgex ciamyged

heul andi.t £.9 gfeq_l't ; P , ; rica

M nerg?'g%?%t El?%%bo , %B?%mu%§5 n?sh%ﬁr@é?%ggg%@?eémn%ﬁ%&lul ar

si eve sacbondi agoimeniks nenvredt cah, tadetttmmanyilhratiscabasuaty saadapt ed to
the partigul ar_ sur ndi_ngs .advant ageqQusly .allows its use_jn
especﬁgﬁ'g}ﬁf h(ir)rn Efyaérgotise. o %%Fﬁgr n%rl*ea,qmtrhee rE8ul ﬁPCéi%%e%noﬁl so be
advanNageous layathii spe beephospltat onga@iicalmetel | afpediorl ewFpkenae

pol ymer, an adhesive .or a surface-coating conposition, and the
conposPt %ﬁe%b'foai%daﬁﬂ?@’hﬁﬁdhﬁﬁ%é?o tgqﬁ'eWaHeOEsE}éleinrﬁnn | ayers.

Accor B8} Yot S:RonJIRE aMRk@BYkAl . StI%E , A¢COBpAAOXYS
isopropanoxy, n-butanoxy, isobutanoxy, sec-butanoxy, tert-
butanoxy or hexanoxy radical, or a phenyloxy radical or a

cyvanide group.

The hydrolysis reaction preferably is a reaction which
proceeds spontaneously 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.

In the treatment of a molecular sieve particle with a gilane
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




to the invention, layers having thicknesses of |ess than 5 pmcan be
acconpl i shed, which is advantageous in particular in mniaturised

el ectroni c conponents and devices. In especially advantageous nmanner
there can be produced | ayers of a conmposite material conprising the
nol ecul ar sieve according to the invention, dispersed in an organic
conpound, for exanple a polyner, a2thesive or surface-coating
conposition, having a | ayer thickness of less than 5 gm preferably 2

gm Mg phel 81 abhy Wi @ Ay egpeel all Ya@i &R dAdhukt bartadyant age
is that the nol ecul ar _sieve according to the invention is al so

ng :
sui t abife P8 UBASERERPIPY FiP HIYEREioRgaRES TR GIn@Ss8 PhEELERR
Or ganiyh HTRAVRL & ONS &kt gk thg L8l %Q!ﬂéﬁé. SA §¥f LR 2Re spEgeessed

using a customary printing nozzle, for exanple a jet printing nozzle.
Accor diasgirdlingohpotie elneardiiionl §scbwprovhokiadidynsioatefaritheve and
an Or%ﬂﬂ%ﬁﬂcﬁgﬁiﬂgg £ Mg custonmary printing nmethods, be printed
on a material, tor exanﬁle a Ssensitive material which is arranged on
an apparatus, e.g. a wafer of an el ectronic conmponent or device. In
contrast tQ stogary nol.ecul ar_.si eves, the | ecul ar .si eve of the

br o5 e ERSRIATTY onaRELRY NS PR B ERGE O oHTEy ZF08LERL ioti% ont ai n
any paridrelphsoibatly dsodusedifeculalr sséve, il caRiablbe of chl geki ng
the nozzle hut also it does not. formany agglonerates in the organic
| ayer $VRRCERMc 2Rt | HERRE (1S SYEreR¥sabLe | F oW Gthdbfprdlane is

| nvestiHAaki-an B% 4 hBREOREI @5c8h bRl SaMie $revgeof the

invention has shown that the nol ecular sieve of the present

i nventmcdecudampateve traiistichaey geresvnlpmiemlilch thekeslpoesi bl e
especi gl L.y . t ' ' Ltve; r e il is
intro uagél%ggg ?%?é%%&gﬁg't f%%gﬁgégfsléﬁgi%ﬁg#?%)g%%bggﬁg%#é 39
Pr ef ercebhlthe tbéepalar cd oy gaprtiise ei. nBoy aavragnpar, t ittleesilbner gani ¢

particl es as.upderstood by the invention are . norgani¢ solids,

Dt et e RS EOT a0 s PR ROl e Al BRSO | o
meani ngha@Speciiahty @fe imagaRisebtenpgosiny vdriddhdess priekeat in the form
of a crystalline, partially crystalline or, non-crystalline solid. In

addi t itBREF IR FORRL FRAde FC8 R EBR i R BFIh &9t Yor e el ement s

of the diRi-3;8LOYRS Ry NUDEBhp! Nas periadin sistartnagnexi di c
solid of such™a kind includes anions conprising oxygen atons.
Pr ef ersid@nex zapiesl of haticty dlicomsmainingdradiginlico tife JoxPEe BRI on

021, e j.de: ani a r.oxi i A , are
glso éﬁg%ﬁgx%ﬁpgﬁkagﬁ aggﬂﬁgﬁégkggeéggf@gﬁgﬁéﬁﬁgﬁg?%?%ggég?n groups
and suprgy.opefefablexail ahsuhidrodyxsael andonms pfospkatélanéons,

silicat.e.ani ons, borate ani ons, alumnate i_ons : ani ons
and tﬁgﬁﬂi%@?cgu@ﬁgén B EE §T8P8§eﬂ%,t %fmaf%%%%@?EE%EESOIated
f or m Qjaritd caendaasedrm cdheespondiat, bbnds exartplthe avdienslabands,
| ayers,, franemotkié_ca es or the like

¢

Condensed ani on oﬁ S cg a

(i N AP EREAC PR or Bl LR GBS 7t RECHEIHE G Eips
and syl RURSn Yhhbr I Schaim®:aessi Bheid s andildiralirt wiekedi f ferent
el enents to be included in one condensed ani on. .

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 solid are preferably two neighbouring

hydroxide groups on the surface of the inorganic sclid. In

corresponding manner, a silane having three hydrolysable



OH groups are frequently present on the external surface of oxidic
materials of such a kind. Wien an oxide material of such a kind is
di spersed in water, a diversity of interactions between those OH
groups and water cone about. Accordingly, an oxide material of such a
ki nd can, depending on the pH of the aqueous solution, gain or |ose
protons by way of the OH groups | @eated at the surface. In addition,
hydrogen bridge bonds can be formed, resulting.in a water |ayer that
adher ¢soh,8st BEn OXb 4e TRLSS 1) oxI@fceééfﬂf%ﬁﬁn@ﬁecﬂ9a§p%¥e adhering
wat er “I'ayer on the oxide can result inits being possible to obtain
t he opird6laheesd athdth tihee thoem bydvoktsiille guvepsscendpessivarth

becau e, pdi vi rticl of..the oxi material cannat., cone
"nto. S oRl Sl of She tweit o ot hagrEier sl

ei t herel®hetindories flardd Gly€izobi/salbbDe garoupsoXiadi @ Fekelt abs wfickuch a
kind are preferably, dehydrated, for exanple by heating upder vacuum
or "by e B LB pai S Aoyl Pt D e THERERLY afs TSy 1 he

preserb th¥eRdloulSpetictle paetereaas, ivayioterni-Bat BRyHAI L1 Ccl es being
inorganic particles which are selected fromparticles which include

por ou§ 1AL GRT NBPRES pHR dd12tp6rEas BRe | ERALMYNEOPABS pIERERS (1

zeol i .g8. Fﬁ’{ra?é@é r&d tﬁf@rﬁ’ilogéaﬂ%csé@ 1@l ?)S}%'%% BR#l eenAdS: € 9.
A1PO-5, AI'PO-8 or AlPO-18. Preferred exanples of such

si | i cosfighboephes dhainesigee greugs , orsAMS sugkROe] 6L othSAROIanic
Preferr ex f suc i r r.al ti C

zeol i 82,9%.ggg’%%eabg%{t’u%a?‘yégg##(%}gjzcagjilgm%%%ﬁ% g Qﬁgggg%‘#{% T Pl (a@s
structiur aycontishos wid 2del iheenvfon ypéiABN sBEAtain&dhy or t he

synthetic zeolites zealite LTA, (Linde Type A).,.zeolite F, olite
Dy "EreSBa B Telsdndar, pifys Mt LS MEn Bost Hihe 4R e
as pahkirel fBesiBd |oParL coaekit Rsthayidid e godiiangt Besodbd®ee,t han 5

A (500 pm), for exanple gisnondjne, zeolite F or zeolite LTA In a
pr ef eFCPBERERH O™ HERE IS ICH BYPFesesAP i BURSn, AEhBIREFS Fe%edYar e

sel ectad tHONEH SAPNEIHNRropBBbi L&Y l/%z'koazt%d o8 ekl Tagng; &eOlitienP! , P2

or P3, and the silane contains one alkyl radical and three
hydr ohgsabeen a¢kasgd ratiteghsneny whith addanspdefanedreference is

gi Ve”{n%? E%%%&Jlrgsi falzs%OIr!ef%ﬁrl:g& Yhi£h areqcadhed w L, which
i sobuty frité oxysilane, w I'Sopropyl triethoxysilané or wt
phenylitr coetbédxysid anesilane.t d pdtomticds cafl lyecbated iidlavhilelr are
'Coategig%ghin accordance with the invention, which is coated with

a silane defined hereinbefore, is especially a molecular

sieve which is obtainable by treatment of a molecular sieve

particle with a silane.

Preferably, the silane does nbt qontain 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
avallable for coating the surface of the particles, or react

to form a polymeric material having bound-in particles which



41 isobutyltriethoxysilane, with isopropyltriethoxysilane or with
phenyl tri met hoxysi |l ane. Those preferred enbodi nents constitute
preferred exanples of the nol ecul ar sieve according to the invention,
but the person skilled in the art will understand that the nol ecul ar
sieve of the present invention is not limted to those enbodi nments.
In accordance with the invention, ¥he nolecular sieve is used as a
getter material. Accordingly, the nolecular sieve according to the

I NVentioMldC 8RerBFové Mal€l difgdrt HeStiAeths ebshin Yobheligeedtas getter
material in_mniaturised apparatus, for exanple in electronic
conpom@Atd AR devi ces. Especially, the nol ecul ar sieve according to
the invention can be advantageously used in cavities which at | east

i n one dimension have a maxi mum nmeasurenent of |ess than 1 especially
| ess (@R, 500 BRe FURIM fovEntipe, predbsitinghiiam i16n madrabesween g

CONPOSI-{4;001 GORPY i5), NG: (512 APLGAU i3 & 8,AEE00dLBTC 0:5f18 davent i on
and an or gani ¢ conpdund.” The €xpression "ofgani ¢ conpoun herein
neans memaisiogarydocaksiR, c8fipdindnduth wid chf ereexanpépendmtdngani c

sol vent, an or ic solid,. an organic liguid_or.an or i ¢ polymer.
Tttt o8 SRPERSE ool e BBRRVE: SR AR ARERER e

pr eselfﬁydll&a&ny;l_delséﬂl‘.@fbéﬂﬂ_m Qi’lr];:@‘[aﬁyblso@ﬂdﬂ,i meframlalaytgymofor
exanpl e, organi Cc poly rs .1l the formo ranul es, strands pates,
T Ee e PekaPoribianiaty Gexks ool st bbb reRAEEL: "can be
used. Jihiher-aBi8al ! hen&XHIRIHiOR tRESAHRT Gl & AP AHIgulakeothae! udes a

conposition (conposite material) which conprises one or nore organic
conpoUH& spmaiping seadiGaHE sios $ob| eoBpRinmlbyprolysable 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
hyvdrolysable group and the remaining radicals Ri, Rz, Rz 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—hydiolysable heterocaryl, 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 cf 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.



42 for non-organi c conponents, e.g. inorganic fillers, colorants,
conductors or the like, to be included. Advantageously, the nolecul 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

t he organi c conpound, so that the nolecular sieve is dispersed in the
organi ¢ conpound. The person skillsgd in the art will know which
coating is suitable for which organic conpound, as descri bed
her ei nbef ore. Preferably, the organic conmpound contained in the
conposition conprises a polyneric conpound. The expression "polyneric
conpoumds prefedesd adnbalisteaany pbé yirerentsuel) asefbesabbyadgdie,

honmopal yner s - a i So-f.actic pol ynmers and, heterqpol ypers,
stati St CAF B%ﬁ%ﬁ%¥%§ﬁhﬁjﬁﬂ R BoPg S %ﬁl?qﬁ dék &8§§P9 -L¥The
pol ymerti ¢heosprenyl, i dwied veablle Chtlkdicf ¢famiRayMBRE &R al so two- or

t hree-di nensional | y cross-1inked polyners. These polyners may be
t her nOSFasPIRY BREST3 S AfesRoseted nglnenanelently. ofhenexpr essi on

" pol YRk Aes ONMBAMAhorliRIAGEHEAES W%raébdqc QEpoyYndsyand/ or
ol i goneri c conpounds which nay optionally be Turther polynerised. The

pol ym&ads cabapouhiey k arndicagses enclosllpd ecacdipdsnd, for exanple in
solid A r f | uti.o r di.spersion.- Preferably, a
pol yngﬁ?%%m%%%%fnk ??a{)@ecs@%%t’ ?ﬁgoﬁ%%&%ma% ofgrgigrﬁé’le in the form
of gramdieslsstmarElgraieateddy Erbmsaliylt hediickés, haycbgaBinyl desired

di ameter..or.,t hickness. Preferabl t he pal ri.c conpound is a

t her nBPRASET & %%ﬁﬁﬁﬁﬁ%erQ%CﬁﬁFs %%%t%ﬁ&%%LaﬁﬁgfﬁﬁBWagF?%gh ans t hat
under attheli ddledice, afpdidall pherepsmaund $aktansookhki guefi es
reversi hl ithat is.to say m%ihout t he conpound bei ng destroyed) so

that GRgeFathcesiRg Ruoe Kyl FAiifoiaying3treBnt e teessed,

for exapgnptecshapehiQmgroul ded, or mxed with further conponents.
Preferred exanpl es of thernoplastic polyners are polyolef ins, e.g.

pol yet hyl ene (PE, HDPE or LDPE) or polypropyl ene (PP),
I j I P hyl :
po y0é¥%§§%%§ﬁ%bﬁ§ﬁzfgﬂfé%§£§§£Q¥A§ﬂﬁu£ Q&DF§5,98LYQK%£% yl ene

pol ynet styrene.'copol yner copolyner (ABS), or
t he | hkdrolnskerle kel iaoxfl wreddeadishedthe temanpliagulradisaly dedngor di ng
to the ' ted -, even

invention -can he advant ageausl! ncQr,por
subse&&%ﬁ#lra;lgﬁﬁﬁj QQFﬁgrﬁ%g?%g%iEﬂ%oﬁ%ﬁhﬁgyaggagﬁaf Y ndfogeneous
di spehgtioniysid oriree; wicdllkade the pedpamiive eaQRrpAUDE, b@hih dest r oyed.
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 cannok be sorbed thereby.
Preferred examples of such silanes are, e.g.,
isobutyltriethoxysilane, diisobutyldiethoxysilane,
triisobutylethoxysilane, isocbutyltrimethoxysilane,
diisobutyldimethoxysilane, triisobutylmethoxysilane,
isobutyldimethylmethoxysilane, iscobutyldiethylmethoxysilane,
isopropyltriethoxysilane, diisopropyldiethoxysilane,
triisopropylethoxysilane, isopropyltrimethoxysilane,

diisopropyldimethoxysilane or triisopropylmethoxysilane.

Special preference is given to the silane containing one

alkyl radical and three hydrolysable alkoxy radicals.



Speci al preference is given to the polyneric conpound having a | ow
water perneability, that is to say a water perneability of |ess than
0.9 TiuminR2' d at a gradient of from0%to 90% rel ati ve atnospheric
hum dity at 25C (wherein d = day), preferably |ess than 0:63

g minR' d, and especially less than 0.1 Tramin2'd (nmeasured on a 100
gmthick layer). Preferred exanpl €2 of pol yneric conpounds of such a
kind are, for exanple, polyolefins, e.g. polyethylene (PE) - both

hi gh- 38@%kl¥efObyaipye £ner (ddMEL andahoVeslensd ty, pol yet hyl ene (LDPE)
- or polypropylene (PP) or the like. Such a conposition conprising

t he noisebulyt TEievlornfsitang ndeabrbrl Bt BiEnNe  conpound havi ng
| ow ﬂ@@?' j s & [ Is specially
advaﬁ?%%gggg?y. %%#éﬁ%ﬁﬁ%%$%hg %?g%%?%y%ﬁﬂ%gﬁ%§S§%lggggrface-coating
conposition, preferably an anhydrous surface-coating conposition and

especi_ gl | surface-coat | co si.tion whigh has | ow r .
o medBEELey, BEREEE AT 3 L ShERTRRCH LA BT M g e
%nu/EFEhie&hﬁakglaﬂ%@i&?fﬁ éﬁaamn?%hydféﬁ?@ahﬂeﬁ?hkbx&twaﬁﬁ?elig

um dit erein = day), ef era ess than 1 ,Trru *d.
Speci ﬁlyeﬁfgéff@iieﬁ’é%m?%e%i%%r?‘%iﬁat Slﬁﬁ%e S § ade-ToatFRGUESposi ti on
bei ng A r¢hi 266t EOR) 4 NOAAOMHROSISbbA By VB SthElase the:Raidaned by UV
light. Preferred exanples of such surface-coating conmpositions are,
e.g., the surface-coating conposition EPO TEC OG 142-17, obtai nable

from Relyee BT, GbH 1 G337 AlADE 0ndoo Gl M Ble W9ane, a
: S

surface-coating conposition ating ed Barriersyst. #401,
obt ai ralrifackr oapEoquest G:he pBE3I401RELEERY deatnsl [wirds 2 eiligen

U SeS TP REL LS BdP0h IR (gl sbar
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 silicon 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 gilane having remalning
organic groups, in which case the remaining organic groups

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



Preferably, the size of the particles is so selected that they can be
honogeneously distributed in the organic conmpound. In order to obtain
a honogeneous distribution of the particles in the conpound in
guestion it is inportant not only for the individual particles to be
smal | conpared to the thickness of a layer to be fornmed but also for
themto be capabl e of bei ng honogengeously dispersed. For that purpose
t he nol ecul ar sieve according to the-invention is advantageously

suita c e: W : LN tio C sitio onpr.i si ng
the mosearar 0% v Br P e h R e B B 6RABER AT useq
i n pr edopohgroand eadvalerarlvappadatiugrolyef ensblfprrbecapparatus is a
packagj Accordi ngl y...a conposition ¢conprising the no| ecul ar sieve
of t h%"’?’%%%ﬁ?f oﬁg%rﬁ%c%/&%%rr&frjrisgaﬁgnB%%dl?sadtsYéé’g‘,agieﬁuﬁcE%?ﬂé??ce Wi th
the inwast b6nthé aioMsIdICigigupe seal +&G1B: BICkaQi park9r1sgnsi tive

produg%F.mhich contain c%ggpunds or conpositions which are attacked
or deSEr3PEdIAByLRTRAS b IAGGHCBEraF HP1 SRNARTEYapBSr ABUBOEUCh as

el ect pHogalpL0E £bLCESAMMIGRBRORERES: s ARY 1G&S p9hchoBdrQen the
medi canents. In a preferred enbodi nent, 45 sucﬁ packagi ngs are

pr odu&é@WdrPeEeR§t fQuTATE CC EFPEBEt PNt mprifsicegofhe peretular sieve
of the.l ) gani .:For _examl e ackagi ngs,
EYUPYERLE RSO A LOU, SoEOPRL ] (SRRl By

e.g. sea gsS, Sachet's an oy pl astics
packadhirgsaceigns thetnegsar patr tpatkaghrg sHeore foredbas edredh Lielye Rins

whi ch I 0 art and botto art, which fit,one on top of
the ot %ﬁp,agjf::‘ﬁa%leé pra (ﬁ?(,sédwglfLFgc?‘?ﬁnﬁ ;%%ta oS RePAEBRDE 51 GRS he
nol ectihas sowvecofwidie dneverbiher tifeneiniet AuehBLyeshembodi nent,
packagi ngs of, other materials, e, g. paper, cardboard, a plastics
et er PP SBFE BUPIS MBERP S, OKbOFT K8 SHOPTORAFRALEy CRRIHY Qoat od
Wi th gupetysesl fdddniel aldcbFaahcs Ui @f anoalh Bt EBAPRSE | ¥bEONPri sing
the nol ecul ar sieve of the invention. In that context, the coating
can bElEpprs e bigth i noRpodarssekveite-he packaging and al so to the
i nsi de of the packaging, and preferably the coating is applied both
to the outside of the packaging and also to the inside of the
packa@hey.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 cén be selected, for example, according to its
toxicity. An alkoxy radical as hydrolysable group or leaving
group is advantageous also because alcochols 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




Preferably, such a coating, especially the outside, is transparent so
that it is possible to read information, for exanple printed on
cardboard packagi ng, through the coating |ayer conprising the

nol ecul ar sieve. In a further preferred enbodi nent, packagi ng

contai ners of another material, for exanple a plastics material, a
metal or the like, are sealed with3&a film a cap or the |like nmade
froma polyner conprising the nolecular sieve of the invention in

order 1Q. U QleeadngOrB! ehe RARKAGIND cafll ber fabd Vakvantiieualy

conposition conprising the nolecul ar sieve of the invention and an
or gani i copse@tdscan whiehbenintdsydlided Pht g2PH IV (BMeE5aeBSof a

paCkagciJPQ}orEBql%rtar %g]a.ﬁn ﬁg%%ﬂﬂx‘a arteoévsf , into the. I nsi de of
a cap seali1ng a tubular pacjkag| ng, e.g. the tubular packagi ng of a
medi canent. 46 Preference is |ikew se given to the apparatus being

an electrical or electronic co ent_or._deyice, Pre | es
of an %ﬂ%ﬁﬁqqqﬂﬂe'oFggl88??%%?d¥€§#ﬁ%ﬁ‘%chﬁaﬁeg}%xézéé?é;alngxﬂgp
M cr o- gh & Cliv@nrachankc aba sy e MEMS) anbor iexasphe @wossdtde oation

ensor, e.qg. for an airbag, a m.cro-el ectrooptical tem ((VE ,
DVD ohihs sy As DhE SERBSLE S Pec R ranss oo Y 144 BTNt

pref erged apRAF AldbsirkS a2aseL #6d G dper@sPesi ahbysartdid-d@yele sol ar
cell, a diagnostic EI t, an organic photochrom c_ophthalnc lens, a

"f1ip-paitpicle. ASPECEDLLEr gblde SUL NS oF thPngodesrEdy Si&fecial Iy an
organi ¢c_sol ar I - I : ahlew asuch a
devi ceaﬁ:%m!scgiﬁigobyﬂ%e?hgeég%%%slu gltyé%% ?’%ggl% gh I(gé%él(%isi n_é:\h cgsi ng
whi ch g5lane t urn edalgedosailbksi et \chsomdadhydoaleealke thaslidelké usi ng
t he conposition conprising the | ecyl,ar. sieve. e nvent.i and
an or gahi B¢ O3 gcgﬁl S :l’%%éeréé#é%q ?’% vénfa?%pt%ﬂeé]c%l'ﬁ%laal S0
bei ng ARGEcHHSHNG hecperRSthi tite Aldfdeaiifvehy, parsicIacete be

protected is directly coated with a conposi.tjon co i Si t he -
nol ecuPaFseR el ldied He FH@eﬁFFo‘ﬁl]a]ndmé’gPB"?‘dg i Eagbg%{)%n%{]gﬁhr? this
cont ext;1 gne HUFAGR, R Be1Brotectedrd®mans apsHihagedadiagy appar at us
made froma naterial which is attacked by small nol ecul es. The

conpospropercarfde thsplsusdace - t AeceifHedy by O&n§xetRtentt y net hod,

for exanpl . pour ing, . | : S EACBaCOStdEd b
rolli négﬁ%ﬂlgpopuﬁr ih aqo@ﬁ@%ﬁﬁ%ﬁ%%ﬁ%&gﬁg’fng oneg he niLat ur eyof
t he copplanés dpgvire ramphiydablypsalbe allkeme owpgicadss utt lRe1ng eps, for

i ss0l BPFBHOIR oA AOEEs) Sontober R ast ok FOSPARNET vl of
the solygptrty ol tHY RMdReeatbobe -nedifiedipld eapaohjcuker he case of
oAt | nguBe8R oA AN oA SREGBITHE At SATEFRaP  oResi h the case
of appli gatt 80 Pfafarf! 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

Fformation 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 used in order to make possible dispersion in aromatic

compounds (for example aromatic solvents, e.g. benzene,



conposition conprising polynerisabl e nononers or oligoners:
initiating a polynerisation reaction after application, e.g. by W

I rradi ation or heating, optionally followed by renoval of an optional
solvent; or the like. Optionally, a step of cleaning the surface to
be protected can be included prior to application of the conposition.
Speci al preference is given to a cpypposition which conprises the

nol ecul ar sieve of the invention and an organi ¢ conpound bei ng

print me inting on the.surface to be

bt ot ect by heh RhEe e o pBAd e nARRERELPEE o TR R8T, P8 & pri nting
met hodomppuhds usadimdi adorerte csgirbapb e (for dbenparplbotghkes Bivimyers
by printing. For exanple, the ¢ osition_.can ,be printed using a

cust ofary 4 ef %??W%hge'agp‘pé)rog'ﬁﬁggggn?soﬂs%i e RaEndfacture of

vaf er soipounliechaving and/ayoue! pebpentLesit¢ Wrlhatie ghoappalains
based on such wafers. Such printing nozzles frequently have a nozzl e
di anetSFPTPASt heAFI GiPOWEGFe B 6r oWEIRRite, THald6NEBEF 1 | @@LLathi ch

CONpr ins@$ L8 NBY ek airi]@é)e.vg«uefthp_\?ﬁop%,e%}t %@%L °By ALY o
particles having a particle size of 1000 nm or Ss, can pass through
t hat pgr SAtRAG PRVAI® avindiolydrhdyaable erdsbiosd lslootkedihy parinyd es or

aggl o e i I 0 si.tlion ta he.advan ousl '
anpl | GHoRR Ehent Saf g BosalBe A Lk A KO EREES B e 1
not pegesbl-dinlsimy wi doioyilticontabnjtd sioipn@reushomalycgedd er

material . In.a further, eferred lication, conposition

conpr i°$°K§ Phes . e%ﬁ?lig éﬁa@véeof;ﬁ%ﬁjec?ﬁxﬁé%ﬂugﬁ éﬁggaﬁ B‘i’g’é‘Fﬁrﬁ’l

conpouadei $als eckndrding preduehhonc of suBidBIaN@S1 ec#8on of the
non-hydrolysable silane radicals the surface property of the

RIS

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 termg “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 sleve
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 B



conprising the nol ecul ar sieve of the invention and an organic
conpound. The expression "apparatus” herein has the neaning

stipul ated herei nbefore. In such an apparatus, the advantageous
effects of the present invention are especially brought to the fore.
Preferably, the apparatus according to the invention conprises nore
than one |ayer of a conposite maté&mi al conprising the nol ecul ar sieve
according to the invention and an organi ¢ conpound, for exanple a

polyng&d 8B AENES| ¥R a B2, 2605 CORLA L COMASIHL 87 BELihe, ldke,
espeC|aIFy two | ayers, three layers or four |ayers. Preferably, the
| ayer eranatapphveéoarans ok . gnebans®ier successively. In an
alternative enbodi nent, the layers are applied in alternation with
other material layers. Preferably, those other naterial |ayers
consi Ih ofdeenstdt aveldratoartiialgs andpot Halockisgnsint pleggatgr o4l the

| am nat ed between t | ayer.s of .the conposi mat er L al . accordi.ng to
the | BPERE OMACAFPE} st G ABEnE VRt o ghéaﬁ’aé}%‘o‘l%%c%gt&“%m ch,
for exanphe, ubelfih ©hd Wddtehgl vACHOBELHTPATE ARear dhesraflibcakxanpl e

a control function, an _optical function or a cqaling/h atif
f unct iodn ther Shagee L3R EC FPOEEEET VR udts &t laRsr M@x§Apt €S agai nst

eleCtQ%%E%EeﬁéﬁeEEQQQFiﬁHb t®elcali 80bs &M |dHinaAk blRechéke, or can
|

forma fusion barrier. Accordingly, |amnate sequences can be
produmedtinien. cdrerslinglya gl Grariey of JARIYS taed SKRPEA2Li n
dependenGe Lot S la | A%E" 1ALGURNE SR et Ohle Gafed esul t
ina mul'trplicity of possible applications. An exanple of a

mul t i Haayler retaims uopen s disdwvisi BoFsgur s areilfiwmpceasat Roventi on

further, relates to a method af producin | ecul ar, _sSi ordi ng
to thgﬂi"r@«?a‘fi —6‘ﬂé We’f%ﬁaﬂ'nﬁaf‘ttf’c%%g %%?n%j%?ap%re%'cnggﬁégngﬁ’looo nm
or | espr 4Raapeemdendedigant shierb asnlleasébionamesi Wanenolst he general

formul a si RLR2ZR3R4, wherein gt | east_one qf the raghiahﬁ.R%, R2, 12.3
or R4 SEeLaPRELY AVSRTS NS d1gREHBOLRAT e &Yttt fittng

radi calet Rhs BRe EBifBNE Rb did@orbngengndemss vartfesORRcANakhREtenN
al kyl, al kenyl, al kynyl, heteroal kyl, cycloal kyl, heteroaryl,

al kyl ¢y diurghiey| popetial bt IGATC WPSELRY| Fhe AT oy EItSaPRY! | aryl,

aryl al kyl an hehgr ol af i & ki kene@@hedlcies from being coated
Vand/or blocked 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
silane, 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
silane 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,



In this context all expressions are used as defined hereinbefore. In
accordance with the invention, particles are nade to react wth at

| east one silane. Preferably, one, two, three or nore silanes that
are different fromone another can be used in the reaction.
Preference is given to particles being nade to react with one sil ane.
In a preferred enbodi mrent of the producti on nmethod of the invention,
at least one of the radicals 112, R2, 112 or R4 of the silane used
cont a a VS@aD! QU t | koxy group
and atgégnfgﬁgggéup %ﬁggbg}?igﬁegg%ggﬁ%ﬁLa%i%gn%Egglﬁgrge si ze of
1000 AéeBeteesst 4dhn (lﬂé)oppmdluc@l!elbylmdﬂm wm:ﬁdhpdsétsﬁwmexmrpﬂe

zeol | LEnBA hlid 5 AU NG BoPAY bt el 78 A1\ P38t 13, 1900 Hpsgan be

pr oduc I'n"accordance w UesErbid
Appl|cahlechKh@QhﬁﬂﬂmﬁaAhrrléﬁ é@tanﬁnﬂdﬁmﬂgnmnth t he |nvent|on t he
particles are nmade to react with a silane, with all reaction
condi tions being included. For exanple, the two reactants can react

Wi th ohe a50t&efhaReNTRAGOUS bin WESL theYasice 1Br evabt tétmhant act
with one another. In that case, the nethod can be carried out under

sui t abhe BRFYARTGIVe dndier Bhsthe RIH AT AHAtDRheRR rREGHHihe
sl ownegspffind NerdLastaphe tRakeSE eVl th 19k 2ANR, suéta%@l Yoarll@Quever,

al so be necessary to introduce energy, for exanple Int form of
el ect WbAaghee i kT HEA LR isdre @fgth¢m%ﬁ01lhayl@té0ﬂugﬁ@ beta)a | i ght, or

to us tabl.e c st. ers il c usi ng
hi s kﬁo%f%%%éﬂ%ﬁﬁ¥hg%gb% s& 9?8 %éﬁaégiurggg ?ig %ﬁ%%x%gb
parti thearefeseriRy eine'irlablsy, tbeensact MCaﬂetnaﬂspamn@actrﬂm a

i tabl e sol vent . abl | whi ch
i th PESRERT T 19 ohre: EPBo Rt T S o ey 6P e eretl i Godon 1o

apr ot hms'orlg@nhy;ecscﬂd/mtts:h the exargte watinkaikedr hylle oggshianrs tsuch as
alkaneE?Behg hexane, ,heptane, octane or the like, argmatic
0

hydr o€ the progayisefemopndete Widdledd oF FREPE] ‘?(JeSPEF’Eﬂet?genat ed
hydr O(iﬂﬁ.goi:@1e§pegalaﬁ.@&bﬁﬁv5ﬁﬁé§é$ﬁ§rvﬂ% t@;lecbbeesméf@% of the

hexaf | uor oet hane, hexafl uorobenzene or the |ike, dinethyl sulfoxide
(DNBO?GOHih%t¥Rﬂ#Qﬂqﬁ%@ datppar) cxganrife qompeund 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 1s described, for example, in "Optical
properties of natural and cation-exchanged heulandite group
zeplites", 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 gurface-coating composition, and
the composition obtained in that manner can then be used in

thin layers. Accordingly, using the molecular sieve according



Preferably, the reactants are nmade to react with one another in.a
solvent with 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 producing 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 advart®ageously suitable for producing

t he nol ecul ar sieve according to the invention because undesirable

nol ecbesheeigventidi, Meheey Bavingi €hi Gatesde@dl oEXaBBEethsh O |GOWN
reaction with the sjlane, make the reaction non-uniformor otherwise !
hi ndefcapt beapecomrbvaltec r dihiche 18 URFERREGIRAST dPnBRY 16U HBT ebll ar

ﬁl eve g ankaiPi 88a oL A9 RIART BbESok teda&?aﬂtq%gﬁeléel y1ReeobLta]

kewi se, in that manner undeS|rab e nol ecul es can e renove rom i
t he p@ﬁ@gneﬁgehespmﬂnnaﬁ<§ber@ppﬁnnbﬁIQTOQuQﬁdedﬁwﬁgSsDépacan be

carr! st PETAL Eal N dRa ShaPLnl g Gh Lhespoct Lebssate, 10!

using a su e“system’in or o free face
and/omothhepmneentxmnmtﬁuﬁgamsaﬂlEnlamubrgﬁnmdImompbendLeﬁonr i ons.

Especi al | ions present_in the particles can_. also be exc ed by
roons SAPTLR SxRRLATRF « GSEEGHE PR SHORICT &GRSRy CERBORE bhdr i s of
the papthghes, 15&&& Eﬂ%%ﬁﬂ@@% %EzfeséntﬁiEQSWhﬁhF&Q?e9§51&C#|ﬁ%

pur pose. Special preference is given to drying the particles by a

met hoshowki phetarsielect qoh ahamebpatially o & yacuum and freeze-dryi ng.
For heating, the particles are heated preferably for at |east 12
hours, preferably at |east 24 hours and especially at |east 48 hours

in anseleactribs Qd%héé&ﬂaerlsa tWAEUHAR Oho 1k 410af Be BckBPRERGIRY € Of
at least 150C, and especially at_least 180C, in order to renove

undesithebb.avest bl s Flhsomsuhsablef fee. disparsioss dfy adlhaeidd, the
partig %eﬁ%ﬁgﬁh ysd"%@faﬂt“%h@%?&%ﬁ(ggédbrzﬁ%uﬂdt Qoh*ﬂﬁ%ﬁiﬁ&”&e In a

preferr e particles are heating after coating
Wit h todesiilanesigee aradi rb@l propheSQQrwmgeﬁ cas tameant Ryeousty be

prevented fromformn %Eer%tgé N AN, £sp c%# Bi ferred

met hod™ ZF%S gbf|%¥ are &rlea 5 ﬁ |ng otz&b ore ﬁd al so after

CoatlmgmmbbhtéhﬁaseifHMs 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 also 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 |
gensitive materials even when it is introduced into {

relatively thick layers of organic compounds.



52 Preferably, the particles are, in a first step, freeze-dried. For
t he purpose of freeze-drying, the particles are, for exanple for at

| east 12 hours, preferably at | east 24 hours, and especially at |east
48 hours, in an appropriate apparatus under vacuum (10-2 nbar) at a
tenperature of not nore than 25C, preferably not nore than 20C, in
order to renove undesirable nolecules fromthe surface. Accordingly,
it is advantageously possible for he particles not to form any

aggl onerates. Freeze-drying is especially advantageous when the

nol ecul ar sieve is produced in agueous suspension. This suspension
can be frozen and dried by freeze-drying in order to advantageously
pr eveRrefreapdyt | the vdrtomliesr apmnpr dgy | omergerds. pentanlespecial |y

pr ef er. rt. irst..dri.ed by.freeze-drying,

t hen &r[h?’g gﬁégﬁgaaﬁ%?%ﬁa;s @%@%ﬁ%ég%% %tteh%v\é‘r% SUto8te %\n th the

si | andno@ganboasdli dd hepdetrablesigarydre draxddiky sh@afis ngthed a vacuum
after coating. Agcorgdingly.i.t is_advantagequsl ossi ble to prevent
e’ pSFPPEFBLOR L KB man LA T EReT o deSPHa AP LREFSELC
especicambyupdefiel cledidreirkedntt he postieheomze cdi/ssh1dihed by
freeze-drying, then coated with the silane and, after coating, dried
by he&?Fﬁ@a?gYaF§¥ﬁﬁﬁﬁ%1q§sSécFﬁPT?rwﬁﬁﬁi¥%ﬂﬁé§Pﬂﬂé-i§nu%@QF§%9n

mol ecylamesh®Veatidnd S dwho&&s%gca:@%ié&a_toﬂ REeZ 82! Mbfeber &idRY DY
freeze-drying before coating and by heating in a vacuum after

coat i A#§. the hasn bwednriso @¥d sthagroyrseahshef pefiioddgpevseny gy ef erred
met hod iita: .S i r tald ! . of t

pr oportiaiC pBPEE of Bulch B R(AR MERACTRRRe FRIPELPEE e
accor ditngst oPt&Bermac redaopl ebonf coath rgniwirtsh tiheaddf ahen tiwe ar ti cl es

are, in,a first step, suspended in_.a suitable_solv and, in.a
forl ofriBelehitn TEP PRI anlaR SR G L i e SR
sol veahs ol ¢0ANy, siteellisct Batohs winee drenwadaged ba okSagardi cl es and
the silane. Preference is given to_aprotic organic solvents, for

exanpee BEREP aPk LIy dedda FHBHES sBRK SHPO-F1CHREs, LT gCX{® e, hept ane,
oct ang@udkulkhx1 dd Gan TR sPHEEOCAH RS, 819 caPBNARNENs [ Ol uene,

xyl ene or the |ike, hal ogenated hydrocarbons, e.g. carbon

t et r abBIFER denienehldisnaakananipekaf fursisdétisanalonexatt udtobenzene
or the.like J f QX @) i f Ok 1 ) or
the | ?’ g?'P%%&%%%ﬁ E}éhs%aﬂge%%d ecgd |err%%%n r'lte i'o%g?ﬂ%égfg‘?é%)\/ﬂz

dr opwifsemaddi bé orgndsptsieghahl yhe nfendmi od urfernwicexkhmpdey ecitai®y.ef er abl vy,

;rSrLS%%559nlé§e£§¥rff%%é%%&kg?dgégég]égmgﬂé q%ie_ecgndgﬁggf or

aniong 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 agueous solutiom, gain oxr 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



In an alternative nmethod of producing the particles according to the
i nvention, for coating with the silane the silane is, in a first
step, mxed with a suitable solvent and, in a follow ng step, the
particles are added. A suitable solvent is as defined hereinbefore.
Preferably, the particles are added in portions, optionally in

adm xture with solvent. Preferablyi0the reaction is carried out under
an inert gas, e.g. argon or nitrogen. 54 Exanples Measurenent of
parti chR1SixhCaahbe: 8l 28 S tid R bansnaf ok iife MULCURY SHBV SLs
particles were determ ned by neans of dynamc |ight scattering
measurkaisg POSEoblenbe Poitpiosdha vxadehmebgeiabout thenfoyh af a

di spersi c LRLN c i exag 14N i | e
sol venﬁsdagﬂ;i% nagg%g%p%%%é]%“%m%r ?e%gégrgﬁe usi ngﬁﬁuahp%_r %#ggggart icle
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by freeze-drying, when being used for the molecular sieve of

the present invention.

Special preference is given to the particles being inorganic
particles which are selected from particles which include
porous aluminophosphates, porous silicoaluminocophosphates or
zeolites. Preferred examplegs of such aluminophosphates are,
e.g. AlPO-5, ALlPO-8 or AlPQ-18. Preferred examples of such
gsilicoaluminophosphates are, e.g., SAPO-5, SAP0O-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, P1, P2 and P3. Special
preference 1s given to there being used as particles small-
pore zeolites having pore diameters of less than 5 A

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

In a preferred embodiment of the present invention, the
particles are gelected from gismondine, zeolite LTA, zeolite
LTF and zeolite PlL, 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



a) Coating of zeolite LTA with isobutyltriethoxysilane: 100 m of a
20 % aqueous suspension of zeolite LTA having a particle size of 300
rimwere freeze-dried. A high cooling rate was ensured during
freezing. The powder, having been dehydrated in a fine vacuum (10-2
nbar) at a tenperature of 150C, was introduced into a m xture of 100
m of dried toluene and 10 m of i?Pbutyltriethoxysilane wth
stirring and boiled under ref lux f'or one hour. After cooling the

m xture, .the_product was filtered off. A white, nmarkedly hydrophobic
pomderlﬁﬁﬁgtgﬁgﬁFﬁE OXYTHATRS /s Wy 1 BREPPYL e igidsvsiid aPR &F kanes,

e. 0. patmpRene¥aifethe@pifiN&nedl cohols, e.g. ethanol, isopropanol,
and diethyl ether. The 55 hydrophobicised zeolite is, in contrast,

no | onger dispersible in water. b) Coating of zeolite LTAwth

pheny Iy ddze 9_@%&&@;@@&&%&@%@9&&&@@ &%seo]%é}x@aa@%ﬁpi@g gxcept

t hat phenyl Tri met hox ane was used Inste
i sobuttilet modEhvX§si $Beres atriding har Keall invsydriophobut pbader was

obt ai ichbsvery readil y.dispersible in.,o-xylene - Xyl ene,
ol uensiash sErbbas ShUIRIE Y Hias BOS S5d ey ¥R Senfrt e W o
i sobutsilevei effhekgspteneit iHvenpionetsreotdsintsdd thxanpke | a) except
that, instead of 100 m of 20% aqueous suspension of zeolite LTA, 100
m ofEﬂaf 'S86Bous suspension of zeolite F having an average
particle size of 400 nmwas used. A white, markedly hydrophobic
powder_ was obtai ned, which is very readily dispersible in alkanes,
e.g. PEnPARETIRBRANE! tindditard@vertesnol She anqfecalpansievesbpraisshol |
and digd By beetRermadiier ARl 6h2ed @golidiadigayl B16pRtrast, no
| onger dispersible in water. nparison Exanple 1

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 gieve according to the invention and
an organic compound. The expression "organic compound" herein
means a customary organic compound such as, fqr example, an
organic solvent, an organic solid, an organic ligquid 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 im the
form of granules, strands, platesg, films or the like, having

any desired dismeter 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



As a conparison exanple, a zeolite LTA having a particle size of
about 5 pm (determ nation by DLS) was dried and hydrophobicised in
accordance with the nethod described in Exanple 1. 56 Exanple 2 -
Testing of water take-up capacity 10 g of the dehydrated and

hydr ophobi ci sed zeolite of Exanple |a) are introduced into 90 g of
pol yet hyl ene (mp.; about 125C) iman extruder. Take-up of water by
t he pol yner conposite obtained is confirmed by neans of the increase

in wei 1-9LA g | I | week at a
rel at |@§t g?%ogpﬁer?% %?J}nm di trf/ﬁgof %a ou?qﬁ%%larwgdﬁigltée}nsger ature of

about 20Craafsi neprdserore vl dine dfke, 3Lq e awdardedi.ned. Exanple 3 -
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accor I'ng to are s rréd i nto 8 enr ng
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particles are brought into line with those of the organic
compound, so that the molecular sieve is dispersed in the
organic compound. The person skilled in the art will know
which coating is suitable for which organic compound, as

described hereinbefore.

Preferably, the organic compound contained in the composition
comprises a polymeric 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 also 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 isg present in
solid form, for example in the form of granules, strands,
plates, films or the like, having any desired diameter or

thickness.

Preferably, the polymeric compound is a thermoplastic
compound. In this context, “thermoplastic" means that under
the influence of heat the compound softens or liquefies
reversibly (that is to say without the compound being

destroyed) so that under the influence of heat the compound



obt ai nabl e from Henkel Loctide Deutschland GrbH). The resulting
suspension is placed in an ultrasonic bath for five mnutes. The
adhesi ve conposite can be cured using W |light and used for covering
over npi sture-sensitive substances. Exanple 4 - Conposite nateri al
barrier property In order to test the ability to protect

noi sture-sensitive substances (barpger property), the test structure
shown in Figure 8 was used. In the absence of npisture, pieces of

paper i i i ageter _of .15 and i npregpnated in each case
with SE%ﬂg %l? Egcrﬂ?fé%(éé, %g%uéx g tsri[’g‘l]me PAe™aeldedi K dtixedbst ance
are eawhtlpl fwsthean camgbaeats| aprefiavicdd eaBnpl 88 OF ALi%1aLken the

adhesi $1C°e Sositi onlgrgdgced in Exanmple 3 1s poured over one of the
gl ass % &5 5GhEC RS0 i chdl- PRLyrPhhBlere nftEByr GIIRE oe pi ece of

paper LBIE) ioWpRgRategylehd tHe) @531%%951@59%?"%?%0” t he gl ass

plate i s covered by the adhesive conposition and adhesi ve
conposPRHRmettylege dPAY) (e Inqdvoxyeshglenéar nmanner, but using a

pur e aghes k- " it " ai.nabl e from Henkel
ﬂ?\@@ﬁﬁlé%%%&?éa corrp)ér ?S%ﬁgé%% g“i‘hsbug:r ©&d. Both

Locti de Deutschl and
sanpl estunane epepdrmart hARBRY erorardet hékebhamydsr arte: Ghsameadevbsual | y.

Phot o S . qf e.of the test _are shown in Figure 9.
Penet %é%ug’n tnge %ﬂﬁgegﬁjr:l%ﬁcs’e]igc%eataicﬁﬁ r@bﬂﬁog?tgb% TR RBRePe s
shown #ivantelgengelininbermatausd of evbr s@badduaitgf i-depigdicator from

bl ue rk ey..n Figure to pink (light grey in F re 9). As can
beucl g%%?"%@%ﬁt%?oﬁ#‘%gw%) &0 ﬁg‘:arét ?glfl‘:"rg?\g%}?ﬁ%éc lé}ispéggﬁﬁ@al)ﬁ
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after 100 mnutes alnost the entire 1ndicator 1s pink ght grey in
Figure 9), that is to say has cone into contact with water. On the

Ot her a1t Becsarhe. ARLQLYICRI hOchDSBLAREN IUNEALLATShONS 1O

change of any kind during that test per 'S
i ndi cd@ dPvr WARFHsPerRaliidaity .gitbsti hs Rigusay $) wallirs peestalsioms, t hat
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Exanpl e
rrppre%erably less than 0.63 g'mm/m*'d, and especially less than

0.1 g'mm/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 g'mm/m*d at a gradient of from 0%
to 90% relative atmospheric humidity (wherein d = day),

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




1 g of zeolite LTL having a particle size of, on average, .150 . nm.is. .
stirred with 50 m of concentrated CsCl solution for one hour at room
tenperature, filtered off, washed, redispersed in water and

freeze-dried. After drying at roomtenperature in a fine vacuum the
zeolite is boiled for one hour under ref lux with 50 m of toluene :
and 5 mM of 58 isobutyldiethylethoxysilane. After cooling, it is :
filtered off and washed with acetokhe. The material thereby produced

is introduced into 10 g of polyethylene (mp.: about 125C) with a

m ni atyy %h%xgﬁyﬁséeﬁ&oétiw neioh B2hhg e omdcealcoptoperti es of
the conposite material cannot be differentiated wth the Eaked eye
from tdwwsgtlphewbmbe@mll@léﬁ?@@&ed@&nw el ht CHGERTRr ror test

O I A6818R3L NG, CATBOSHIA AN Jiag! E5EDSL L1 PIARET .65, Obne
surfad%i%%%tlng conpositions b calciummrror test, the follow ng
sanpl6§hﬁﬂaieccmaanngooomam&dmﬁpnmaﬁé EE@p@@ehﬂ2f%ﬂﬁﬂQ?§§FnP@ﬂ§

by o G B V3650 R SYokng S0 i aRaP 3 (SR nre Tram the T o

C0”pa”ﬁuﬂﬁéaémﬁoaﬁﬁnﬁebsmﬁmﬁﬁmiﬁniUV—tﬁatgngfPQ&yﬂ&iﬂBﬁmn;ersyst ;
#401, obtainable from Egques C.V., 5340 AE Oss, Netherlands,
or the surface-coating composition Loctite 3301 Medical !
Grade, obtainable from Henkel Loctite Deutschland GmbH, 81925

Munich, Germany.

preferably, the size of the particles is so selected that

they can be homogeneously distributed in the organic
compound. In order to obtzin a homogeneous distribution of
the particles in the compound in gquestion 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 he
capable of being homogeneously dispersed. For that purpose
the molecular sieve according to the invention is

advantageously suitable.

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

ig 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 nedicaments. In a preferred aembodiment,



Sanmpl e B) Surface-coating conposition as in Sanple A, with addition
of 10 % by wei ght of zeolite LTA having a particle size of 300 nm
Sanple C) Surface-coating conposition as in Sanple B), but with
addition of 10 % by wei ght of coated zeolite LTA having a particle
size of 300 nmin accordance with Exanple la). Sanple D)
Surface-coating conposition as in nple B), but with addition of 10
% by wei ght of coated zeolite LTA Having a particle size of 5 Rm 59

Cal ci um was vapour -deposited in a vacuum net hod onto four gl ass
sl i deSUChr PECRGGHBEF YepITTused FRECSH Yl e rde SOHPRSEEAPBd with one

of t he:cuipifiag agCenk | MG LAMASidileBS cof iR M RsAord @nB) ahn an
i mersion method in the absence of noisture, the drawing rate being a
const &FAPIEnFerPEed s| fofe £x¢gRled RAERIHOS U -Soes€8iefnglln

COMPOgYLas .95 PBIDS ,essa%hét%pg)ndwﬁ%g firied 9591033&5%& %Z at room

tenperature 1N an inhert atnosphere (argon,

sur f ageckegtingg, cenpositarmparentnpaskaginfs eoh fobd be coat ed and
dried _slj.des then .scratched off using a knife. The reverse sides
of th esqli% se,ﬂl%éac‘ﬁho?hvﬁwlgte £ t&%popae%iad}‘f@d%gt}fgﬁppﬁpé mirror
sur f aaghicheEe tsbneech fosp sefvehal odays, | dai e aidertdabapspteye (air)
and exam ned apnd conpared. |In the case of slides B) and D), pointw se
cl oudi’t&%s ¢oP° W@eﬁ@‘?@rﬁ?gr éfg'ﬁd{“?l%‘l’o‘éjéar’{/e"d:e‘ﬂﬁné’lfeégei n the case of

sl i de iAveathahgeTAUsherhad prdcrrelobao@meat W-ekasagyeds af t er

some tinme. Slide, Q) was the |ongest in exhibiting no inpairnment of
t he matheE netghieldo SHbwPAIRE  dseadeeardned plastics material

or polymer, metal or the like are sealed by being coated with
a polymer film or film 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
preferébly the coating is applied both to the outside of the
packaging and also tc 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
embodimenﬁ, packaging containers of another material, for
example a plastics material, a metal or the like, are sealed
with a film, a cap or the 1ike.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.



In order to conpensate for the variation in the humdity of the

at nosphere, the data was plotted against a relative tine axis. The
results are conpiled in Table 1, the life of the calciummrror being
given as the time for which no visible cloudi ness occurs. The
experinment shows that the addition of coated zeolite according to the
I nvention results in a longer life for the calciummrror (Sanple C
The addition of non-coated zeoliteé®of the sane size (Sanple B) and

al so the use of coated zeolite having a larger particle size of about

5 m crinEtdranceSanPl exBli e gilvier Rod thedugpsrdtdL bding anst ri ki ng
that the addition of uncoated zeolite particles 60 having a particle
si ze oIlSBFLeRL( SEnBlechyorit dHPCRGH t PEndeYifar faictegsgfed zeolite

parti cles, 13anplce oF) PoLPriasuldy ie'ieic@@higec%mx_gcgné RakLLSEe

property of the surface-coating conposition used. The significant
i npr ovasree ndicrohelbakroeneghrapaatly shgtene (MBS ) + £ut cedbdg 80 t he

L nvent] ot LA8HheERRECR! o LE B GnSULRELS! NS mi @R @b P30R! €
optical system (MEOMS), a DMD chip, a system-on~chip (SoC),
solar cells or the like. A preferred apparatus is a solar
cell, especially a thin-layer solar cell, a diagnostic kit,
an organic photochromic ophthalmic lens, a "flip-chip" or an
OLED (organic light-emitting device), especially an organic
solar cell, a CIS solar cell and an OLED. Preferably, such a
device ig 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 is 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
cuétomary 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: dissolution
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
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composition comprising polymerisable monomers or oligomers:
initiating a polymerisation reaction after application, e.g.
by UV irradiation or heating, optionally followed by removal
of an optional solvent; or the like. Optionally, a step of
cleaning the surface to be protected can be included prior to

application of the composition.

Special preference is given to a composition which comprises
the molecular sieve of the invention and an organic compound
being printed, by means of a printing nozzle, on the surface
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 fregquently 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.

Tn 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
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comprising the molecular sieve of the invention and an
organic compound. The expression "apparatus" herein has the
meaning stipulated hereinbefore. In such an apparatus, the
advantageous effects of the present invention are éspecially

brought te the fore.

Preferably, the apparatus according to the invention
comprises more than one layer of a composite material
comprising the molecular sieve according to the invention and
an organic compound, for example a polymer, an adhegive, a
surface-coating composition o;.the like, especially two
layers, three lavers of four lavers. 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 uged which, for example, fulfil a
further function of the apparatus, for example a control
function, an optical function or a c¢ooling/heating function,
or have a further protective function; for example agairnst
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 Filgure 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
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are made to react with at least one silane of the general

formula
SiRRZRRY,

wherein at least one of the radicals R', R?, R® or R® contains
a hydrolysable group and wherein the remaining radicals R,
R?, R® and R! are, independently of one another, an alkyl,
alkenyl, alkynyl, hetercalkyl, cycloalkyl, heteroaryl,
alkylcycloalkyl, hetero(alkylcycloalkyl}, heterocycloalkyl,
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 RY, 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

Application WO 02/40403 al.



5000 1 Exanple 7 - Transparent filnms For testing the properties of
films, the foll ow ng sanpl es and conpari son sanpl es were prepared:
Sanpl e E) 1000 g of pol yethylene granules (mp.: about 116C) having a
particle size of about 400 gm were processed, using a tw n-screw
extruder having a slot die, to forma band about 30 mmw de and 1 mMm
thick. Fromthe extruded material tfhere were produced, on a hot press
at 200C, filnms having a thickness of 100 gm Sanple F) 100 g of

zeol i tg, LTA NAKNG AP AVERAE PRI fhe particles are made to

react with a silane, with all reaction conditions being
included. For example, the two reactants can react with one
another spontaneously when they are brought into contact with
one another. In that case, the method can be carried out
under suitable dilution conditions or with cooling. Depending
on the slowness of the reactants to react with one another it
may, however, also be necessary to introduce energy, for
example in the form of electromagnetic radiation, e.g. heat,
visible light 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
hydrocarbong 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 preferemce
is given to boiling under reflux. Preferably, the reaction is
carried out under a suitable inert protective gas, e.g. argon

or nitrogen.

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

with the silane. Dried particles are especially



size of 300 nmwere added to 900 g of polyethyl ene granules 61
having a particle size of about 400 pm The resulting m xture was
processed 200C, using a twi n-screw extruder having a round die, into
a polynmer strand having a dianmeter of about 2 mm After cooling, the
pol ymer strand was shortened to produce granules. The resulting
granul es were processed in the sanmg, manner as described in Sanple A
to formfilns Sanple G Filnms were produced in the sane nanner as

described in the case o npl e F) except that, .instead of 100 g of
oo | (ENERRRSEERLY R LRl Hio PhOGRC LBt LA AR SETALRERI g a
parti cdecdiddagotol38fer tivedtih aRauBEOGNEESH #dh1X M leuh gy, Sanpl e
H Filns were produced in the sanme manner as described in t he case of

Sanpl 19 dREEHt MPhEEUL eHhstWEHE O CanEOLIT ofxawRI4 t € UoFAdOWHer e wer e

used 100,q3i0h gothedngeolidt L TAKRAYHRG & P4 Eio%-%héeggig ms;]}?wt 5000

nm (about 5 unm), which was produced in the sane way a e 1).
The fidthesaiseebimfer 1y, prsdysodved €hom Hemrerrfisees subjected to
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advantageocusly be obtained. Likewise, in that manner
undesirable melecules can be removed from the pores of the
particles. Optionally, 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
sﬁrface and/or the pores from undesirable loading with
molecules or ioms. 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 orxder 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 siléne. 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.




Table 2 Sanple Zeolite particle size [gn] Coating Transparency of
fil m Roughness

52

Preferably, the particles are, in a first step, freeze-dried.
For the purpose of freeze-drying, the particles are, for
example for at least 12 hours, preferably at least 24 hours,
and especially at least 48 hours, in an appropriate apparatus
under vacuum (1072 mbar) at a temperature of not more than
25°C, preferably not more tham 20°C, in order to remove
undesirable molecules from the surface. Accordingly, it is
advantageously possible for the particles not to form any
agglomerates. Freeze-drying is especially advantageous when
the molecular sieve is produced in agueous 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 costed 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.

Tn 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.

In 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.

Suitable gsolvents are any solvent that ig inert towards the
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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, hexafluorcethane, hexafluorcbenzene or the
like, dimethyl sulfoxide (DMS0), dimethylformamide (DMF) or
the like. Preferably the silane is added in portions, e.g. by
dropwise addition, opticnally in admixture with solvent.
Preferably, the reaction 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 scolvent and, in a
following step, the particles are added. A sultable solvent
is as defined hereinbefore. Preferably, the particles are
added in portiong, optionally in admixture with solvent.
Preferably, the reaction is carried out under an inert gas,

e.g. argon or nitrogen.
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Examples i
Measurement of particle sizes

The size distributions of the molecular sieve particles were é
determined by means of dynamic light scattering measurements.
For that purpose, in each case about 2 ml of a dispersion

containing the particles to be examined in a suitable solvent
or in a composition were measured using an ALV-NIBS Particle
Sizer, obtainable from the company ALV-GmbH. Langen. A typical

size distribution is 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 % aqueous 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 i
dehydrated in a fine vacuum {1072 mbar) at a temperature of .
150°C, was introduced into a mixture of 100 ml of dried
toluene and 10 ml of isobutvltriethoxysilane with stirzring
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, isopropanol, and diethyl ether. The
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hydrophobicised zeolite is, in contrast, no longer

dispersible in water,

b) Coating of zeolite LTA with phenyltrimethoxysilane:

The procedure was as in Example la) except that
phenyltrimethoxysilane was used instead of
isobutyltriethoxysilane. A white, markedly hydrophobic powder
was obtained, which is very readily dispersible in o-xylene,

p-xylene, toluene and benzene, but not in water.

¢) Coating of zeolite F with isobutvltriethoxysilane:

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% acqueous 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
hvdrophobicised zeclite 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.



Sampl e E), which contains no zeolite, serves as conparison for the
properties of a conventional film e.g. transparency and roughness.
FilmE) is conpletely transparent when | ooked through and it has a
snooth feel. The Conpari son Exanpl e Sanple F) conprises nanozeolite
LTA having a particle size of 300 run. However, the zeolite is not
coated and accordingly has only poas dispersibility in the nonpol ar
pol ynmer. Formation of aggl onmerates occurs. The agglonerates result in

a noti eganbYer PU0hnddd Mg 0¥ $AEB-r LRSI CaARYieyErates are visible
to the naked eye. Film 5 conprises zeolite LTA having a particle

size of 300 nmcoated with isobutyl radicals in accordance with the
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Example 3 ~ Preparation of composite material

2 g of the coated zeolite material according to Example la)
are stirred inte 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 ultrasqnic bath for five
minutes. The adhesive composite can be cured using UV light

and used for covering over moisture-sensitive substances.

Example 4 - Composite material barrier property

Tn 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 1ls poured over one of the glass plates so that an

additional margin of 8 mm around the piece of paper
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one, or two, or three hydrolysable group(s). 3 Ml ecul ar sieve
according to one of clains 1 or 2, wherein each of the hydrol ysabl e
radicals of the silane is, independently of the others, a
hydr ol ysabl e al koxy radi cal, and the remaining radicals are sel ected
from non- hydrol ysabl e al kyl radicals, alkenyl radicals, alkyl
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partichgﬁparison sample is produced. Both samples 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 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 chldride) is markedly slowed down by the adhesive
coﬁpositidn 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 wvacuum, the zeolite is boiled for one

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



7. Mol ecul ar sieve according to claim®6, wherein the inorganic
particles are selected fromparticles which conprise porous

al um nophosphat es, porous silicoal um nopt hosphates or zeolites. 8.

Mol ecul ar sieve according to one of the preceding clains, wherein the
particles are selected fromzeolite Na-fl (A S structure), zeolite F
and zeolite LTA, and the silane cosggains one al kyl radical and three
hydr ol ysabl e al koxy radicals. 9. Method of producing a nol ecul ar
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a temperature of 120. The optical properties of the composite
material cannot be differentiated with the naked eye from

those of the polyethylene used.

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 &) 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

size 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), hut

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

a particle size of 5 pm.
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before reaction with the silane. 11. Method according to claim 10,
wherein the particles are dried by neans of a nethod selected from
heating in a vacuum and freeze-drying. 12. Method according to claim
9 or 10, wherein the particles are first dried by freeze-drying, are
then dried by heating in a vacuun1qﬂg are afterwards coated with the
silane. 13. Method according to oneof 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

parti clogs cai® hé ShagbuLdidissf a8z ends Yy e thide o6eat gdu th the
silane and are afterwards dried by heating in a vacuum 15. Mt hod

accor ditgseosbhgedf rftsmmyvapous dgposheiern ther slides were each
coated with one of the surface-coating compositions of

Samples A) to D) in an immersion method in the absence of
moisture, the drawing rate being a constant 2 cm/s. The
slides coated with the surface-coating compositions of
Samples A) to D) were dried for two days at room temperature

in an inert atmosphere (argon, 99.999%).

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 slides B) and D), pointwise
cloudiness of the mirror was rapidly observed, whereas in the
case of slide A) a large number of small cloudy areas were
observed 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
life 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 reduged life. It is

striking that the addition of uncoated zeolite particles



coating with the silane the particles are, in a first step, suspended
in a suitable solvent and, in a followng step, the silane is added
to that suspension. 16. Method according to one of clains 9 to 14,
wherein. for coating with the silane the silane is, in a first step,
m xed with a suitable solvent and, in a follow ng step, the particles

are added. 17-Conposition conprisipgg the nolecular sieve according to
one of clains 1 to 8 and an organi ¢ conpound. 66

having a particle size of 300 nm (Sample B) and the addition
of larger, coated zeolite particles (Sample D) both result in
impairment of the barrier property of the surface-coating
composition used. The significant improvement of the barrier
property by the zeolite according to the invention is

therefore all the more surprising.

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

Example 7 - Transparent £ilms

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 pm were processed, using
a twin-screw extruder having a slot die, to form a band about
30 mu 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 pm.

Sample F) 100 g of zeolite LTA having an average particle
size of 300 nm were added to 900 g of polyethylene granules




18. Conposition according to claim 11, wherein the organic conpound
conprises a polyneric conpound. 19 Conposition according to claim 18,
wherein the polyneric,. conmpound is thernoplastic. 20.Conposition
according to one of clainms 17 to 19 , wherein the pol yneric conpound
has a water perneability of less than 0.9 gnminR'd at a gradi ent of
fromO0%to 90% relative atnospheric humdity. 21. Conposition
according to one of clains 17 to 2@z characterised in that it is
transparent. 22. Apparatus conprising a nol ecul ar sieve or a

conposition accordi.ng to.one q@f claij to 8 or 0. 21, 23
Appar alFELEE ot B30 B oabetl A ot s 08! REFRLE LAY THAC Wsgen

pr oduceds oprsesd fsh UDPE, augoAPOS| - RGEH dxBgulier ongvig ¢l ai ms 17
to 21. 24. par at us accordlng to claim22or 93, characterlsed in
t hat i Foprd Kgﬁxh@.polymer strand having a diameter of about

2 mm. After cooling, the polymer strand was shortened to

produce granules. The resulting granules were processed in

the same manner as described in Sample A) to form films,

Sample G) Films were produced in the same manner as described
in the case of Sample F) except that, instead of 100 g of
zeollite LTA, there were psed 100 g of coated zeolite LTA
having a particle size of 300 nm, which was produced in

Example 1a).

Sample H)} Films 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 pm}, 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 [pm] of film of film
E - - Transparent Smooth
F 300 ‘ No Cloudy Rough
G 300 Yes Almost Smooth
transparent
H 5000 Yes Cloudy Smooth




25."' Apparatus according to claim 72 or 93, characterised in that it
I's an el ectronic conmponent. 26. Abparatus according to claim 25,
wherein the electronic conponent is selected froma NM5 and an OLED
27. Apparatus according to one of clainms 22 to 26 , wherein a surface
to be protected is coated directly with the Iconposition. 28-

Appar atus according to claim97, wherein the conposition is printed
through a printing nozzle onto the surface to be coated. 67

Sample E), which contains no zeolite, serves ag comparison
for the properties of a conventional f£ilm, e.g. transparency
and roughness. Film E) is completely transparent when looked
through and it has a smecoth feel. The Comparison Example
Sample F) comprises nanozeolite LTA having a particle gize of
300 nm. However, the zeolite is not coated and accoxrdingly
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)lcomprises zeollite LTA
having'a particle size of 300 nm coated with isobutyl
radicals in accordance with the inﬁention. The film is very
gsimilar 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 £ilm E) and
film G).



29. Apparatus according to one of clainms 22, 23, 24, 27 or 28,
characterised in that it is a nenbrane. 30. use of the nol ecul ar
sieve or conposition according to one of clains 1 to 8 or 17 to 21 as
getter material,

63

Patent claims

1. Hydrophobically coated molecular sieve comprising
particles of a particle size of 1000 nm or less, the
surface of the particles being coated with a silane of

the general formula
SiRR’RR?,

at least one of the radicals R!, R?, R® or R! containing a
hydrolysable group, and the remaining radicals RY, R?, R
and R* being, independently of one another, an alkyl,
alkenyl, alkynyl, heteroalkyl, cycloalkyl, heterocaryl,
alkylecycloalkyl, hetero({alkylcycloalkyl}, heterocyclo-
alkyl, arvl, 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 hyvdrolysable 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 hydrblysable radicals of the silane
is, independently of the others, a hydrolysable alkoxy

radical, and the remaining radicals are non-hydrolysable

alkyl radicals.
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Molecular sieve according to one of the preceding clains,
wherein the alkyl radicals are branched alkyl radicals

having from three to eight carbon atoms.

Molecular sieve according to one of the preceding claims,

wherein the particles comprise inorganic particles.

Molecular sieve according to claim 6, wherein the
inorganic particles are selected from particles which
comprise porous aluminophosphates, porous

silicoaluminophosphates or zeolites.

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

alkoxy radicals.

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 RY, &%, ®3
and R* being, independently of one another, an alkyl,
alkenyl, alkynyl, heterocalkyl, cycloalkyl, heteroaryl,
alkylcycloalkyl, hetero({alkylcycloalkyl), heterocyclo-
alkyl, aryl, arylalkyl or hetero(arylalkyl) radical,
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Method according to claim 9, wherein the particles are

dried before reaction with the silane.

Method according to claim 10, wherein the particles are*
dried by means of a method selected from heating in a

vacuum and freeze-drying.

- g
Method according to claim 9 or 10, wherein the particles
are first aried by freeze-drying, are then dried by
heating in a vacuum and are afterwards coated with the

silane.

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

with the silane.

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 vacuum.

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.

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 sultable solvent and, in a following step,

the particles are added.

- Composition comprising the molecular sieve according to

one of claims 1 to & and an organic compound.
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1g. Composition according to claim 17, wherein the organic

compound comprises a polymeric compound.

19 Composition according to claim 18, wherein the polymeric..

compound is thermoplastic.

20 . Composition according to one of claimi!17 to 19, wherein
the polymeric compound has a water permeability of less
than 0.9 gmm/m*d at a gradient of from 0% o 90%
relative atmospheric humidity.

21 Compésition according to one of claims 17 to 20,

characteriged in that it ig transparent.

29 . Apparatus comprising a molecular sieve or a composition

according to one of claimg 1 to 8 oxr 17 to 21,

23. Apparatus according. to claim 22, characteriged in that it
has been produced or sealed using a composition according

to one of claims 17 to 21,

24. Apparatus according to claim 22 or 23, characterised in
that it 1s a packaging.
|

25, Apparatus according to claim 22 or 23, chavacterised in

that it is an electronic component.

26. Atparatus according to claim 25, wherein the electronic
component is selected from a MEMS and an OLED.
27. ppparatus according to one of claims 22 to 26 , wherein &

surface to be protected is coated directly with the

| composition.

28. Apparatus according to claim 97, wherein the composition

is printed through a printing nozzle onto the surface to

be coated.



29. Apparatus according to one of claims 22

30.
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22, 23, 24, 27 or
28, characterised in that it is a membrane.

Use of the molecular sieve or composition according to

one of claims 1 to 8 or 17 to 21 as getter material.



