, 5678e3eLi Lbbcev"fi 6Ji Ti} WO 00/ 64581 PCT/ EPOO/ 03214 Q?O,QGQES&'(// B
NobI e met al - cont awoiowgssspl - gel hybrid materials as cat al yst BCT/BroopiPes
partial oxidation of hydrocarbons The present |nvent| @ﬁ;‘f pr ode
for preparing a conposition containing 5 gal-d and/ or 03 tircles a
an anor phous titaniunsilicon m xed oxide, conpositi ons whi Th can be
prepared in acCondBncmetiicbuthiling RSIQEE RFbAA dndtBRhIs ddsﬁtaﬁ§st§%rakﬁégj§rtfapr the
partial oxidatio ydrocar bons. € sol-gel process 1s known [L. C
Kl ei n, Ann. Rev.oxWationQdihydrotarbion9g85) 227; S.J. 10 Teichner, GA N coI aon,
MA. Vicarini and GE E Garses, Adv. Colloid Interface Sci., 5 (1976)

245] . However, this process has not been used hitherto to prepare
conposi ti ons whi Tie prREdnRiinVedndpdnidéDs peddesselor PRdphiigy &Sompokitivh comifihYUs

titanium silicon m xed oxide, 15 as a method for preparing catal ysts, for
direct oxi ddti ongdhtadies| Sber pertisley and ar amorpheys | tHeRsHicon FaSd sidene
suitability of CW SRR i tion
of hydrocarbons %ﬁhﬁ‘ggﬁpgl scl rgibggéaqg%gfag}lélﬁ%ﬁ dtﬂﬁt%ﬂ%eﬁén%ﬁ gltﬁngae(lsk??e

cat al ysts are kncatalystOfor th8pArtid] Gadios of jdsaseibbess crystal |ine titani um
silicalite catal ysts which enable the effective epoxidation of olefins with
t he oxi di si ng agent hydrogen peroxide in the liquid phase. In silicalites,

a smal | proporti oRe @f-gblngosesd isq@rawhvth:he;lduatAﬂncaeha\sarbsan15¢msa¢e:u7 sya.
titanium (US-A 4,410, 501 25 On ati num_ et al - contal ning titanium
silicalitesiO pr og@ﬁ‘@lebﬁ GaNFC@F?OB’rﬁc’%e\ﬁ'gaW‘ erd SrfaF1 Gynes 48V Gelipid Inferfaco o
and propene oxi dg, sg yﬁstles of 60 - 70 %in the liquid phase due to in
mu hydr ogen perOX| dcti on using a gas m xture consisting of

ecul ar oxygen and rml ecul ar hydr ogen (JP—A 92/ 3 52771, WD 97/473 86-A 1,

30 WO- 96/ 023 023- dro enat | on u s a secondar rea
lead to large a W%"éerl_%lsp? %eé%é Stbeg%c‘f‘%%jolgﬁ? Sy poﬁlymlf @Cfg hat
this is a |iquidcontain émaQ@’bﬁﬁﬁ@ﬂ-pm&ﬂ?ﬁ%Qﬁﬁ)ﬂﬂlous’ztlﬂaﬁh&ﬁﬁllﬁc@ﬁeﬁlkﬁbm@ whi ch

the epoxi de being produced accumul ates in the Iiquid phase means that this
process is Of |i8%3 methad dorgyeparipg C‘itﬂéiﬂ%fqudéfFCtt?é‘@atl‘Uswﬂh sofesalap o¥yegR &t i bes
a gas phase di refetduaﬁ%qg%n't% @fse B RRAS :&q)f%ﬁa@sn@on%r&%reé thérbAorh Gbidhl Vel y
| ow propene conversio ow f pf opene conversion, wth respect to
a 10 % strength wdmxdaeledothudwatbpasha@m)ltmdmlowdpr opene oxi de
selectivities of > 90 %wth oxygen as the oxidising agent. This is a
gol d/titani um di oxi de catalysed gas phase oxidation with nolecul ar oxygen
in the presence ofyshyicheq@g@iunatilitARpatdisy Rsk@wnd0- 70C. The catal yst which
is used is coomercially 10 available crystalline titaniumdi oxide with a
very high p¥bportion of the anatase nodification (P25, Degussa; 70 %
anatase and 30 %jgul il @k 26WAEERBAsS: rfﬁﬁﬁ&dm‘%lh}% ﬂ%ﬁfes&?all}%tsg@llngh BRibld b es
using a deposition- précipitation me hi's process hds the |arge

advant age, i neffieitiive epaxidagion of abﬁv%whltmmd@pemeer@émdl@gm mtgmdft hathet he
di'scl osed cat al y act | reatlv.with .ti T V. t
at nospheric 15 p 8%%&’5%“ daé g‘]ﬁ‘are rg%lil orrtﬁorrllﬁ }ahse stifte ngrl%ztsthse mc? hasel%eﬁ‘
t enper at ure and/ &rplalaécels}smﬁﬁumrlUSWe,mlm,ﬁJOIr)al se the conversion shortens t he
hal f |lives even further. In another enbodinent, with the same reactant
gases, cat a?fysts are used in which gold particles are applied to a support

consisting of fipgl a{atg.iﬁ ﬁtﬁfﬁ;n&ﬁﬁﬁ@hﬁﬁ‘uﬁﬁﬁﬁ&ﬁ&s%& %bﬂe %xﬁh 161f3 chowiHe

matri x (anal ogous to variant [US-A 3 erogeneous
titani um and si| soahyields{abowt Ing2 %Mmimrewenﬁ 9x1ds @Qilectlmhle%ﬁ 603 7|9r%paﬁhe&iqtb9

i npregnating Si O2, wi t.h precur so sol ution 8 415- A1,
W08/ 00414- Al: EP"H® é&#"?“?é%%m B pefoRKl b f“‘Tn g %ﬁ g%%‘ar'{ég%%% o
frommterials bmdldmraﬁgﬂ?geh()ﬁdoﬁlolbhﬂarplw’dedynI(]ﬂDAgQIIB:Q?Sl I m9‘s/u73‘86€ﬁe1,vm th
titani um

30 WO0-96/023 023-A1). Hydrogenations which occur as a secondary reaction lead to

large amounts of propane as a secondary product and the fact that this is a liquid
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25 precursors in solution followed by coating with gold by

deposi ti on- preci pwoat/bsssn and subsequent cal cination in an aRCHERINEI2E4 Of
air, exhibit relatively | ow propene conversion and deactivate rapidly
(typical half lives are 10-50 h) and therebere cannot readily be used in

i ndustrial scale plants. 30 WO 98/ 00413- Al di scl oses catalysts in which
gold particles agfséfdidtioRGn Which Y GBRIAE beifly proanedd AbcumuSdtés i6 AeSliquid piasa
crystalline structure with defined pore structures (e.g. TS-1, TS 2,

Ti - zeol i t es suchmeansThat Bés process is pEiitle ntesest forrindyistiial usev\o 00/ 64581

PCT/ EPOO/ 03214 -3 contai ni ng, nmesoporous nol ecul ar sieves such as e.g.
Ti-MCM 41 or Ti-HVS). Although all these purely inorganic gold/silicate or
gol d/ zeol i te cateEbyst $22R90 Bestrilge adzas phase tirack bxidatiod o iprupepatotpreenonxidat i on,
t he conversions of h drog}a{obons and in @_ﬁ]l‘tl cy |_ar ;ﬁﬁe cat aI st lifetimes,
are inadequdte f¥Hh %ﬁf"e WoRropgTe copaversiensi 10%| (055 | Koy RoprsF © H"e‘“ﬂ‘é’t‘ﬁ‘&lbls
described for prepati RfatidevCateabMSiiSpdht Fedi SbHobntREH! bt il Propeid biide
respect to catalyst activity and lifetine. Industrial processes which use
| ow activity cat sedlegtvisiey efptiPo & wéhy»xywng’é theepidising agenbwiinised geld/titanfust i nes
restrict productlon 1 rLn r e
dupl i cat ed, cost -llo’rﬁl eﬁé‘?&ged ko UC%I gﬁhggﬂt‘gﬁgﬁﬁglaf)ﬁ gagﬁ%eohlg%e?lg%ﬁ
process to prepahgircgehak yeiﬁ;&raMréd”lom PrCeThe khtelyst wldtte &t used tis emnmerdlahy gh
activities can be achieved with i.ndustrjally rel eva lifetinmes, is
required. POt hefrdptde thé?angsmaa‘“‘r“Bdﬁ‘?xﬂ%ﬁfﬁg ;‘%ribﬂrﬁp?ﬁlf’? QL the ?‘ff&sﬁr e in
the catalysts. Tﬂl%fli?icétﬁ)na(!P?S) D%@ss@bﬁ@% aftitasé GAWI0 BE nith®, FhRAdY B6HOREN | N
t” process according to 2 rior art. Another object of the present
iM/ention is to mnowcade galdtp@mhelu@gz ealbwlt@nmmcan@mramy@p@ &his ppleasseas
process for the selectiy

oxi di si ng agent %’ 1aér§%ﬁl vanﬁg VI a {)an E%fu ?fgag ‘Pj’s eh@ @nvg% zlgfgtgattt(})leh gh
25 yields and | ogis€lost atalylsha deecrtboaﬂalgbatlsabﬂctlmw Tysical aaaht 1ivedusatmoqmepic

rel evant catalyst lifetines. These ohjects are achi eved according to the

i nvention by t hePisiytE adoR G FreéOﬂéeaaglgeSf B}creafl%ﬁ&eutﬂepeaat%rﬁﬁﬁ@{m@assure m

conposi tion whi chieoRtaldiRe StvesRALhRens thk YEIF 1iPATEFhRSer30 and an anor phous
titanium silicon m xed oxide, characterised in that the titaniunm silicon

m xed oxide is prepared by a sol-gel process and that organic/inorganic

sol -gel hybrid syste mgltXe rgeo% & rlitcgﬁse\é\g(r:]aq)%gs ] ;rgjused 1 which

e
PCT/ EPOO/ 03214 - A eéﬁm%oa %Ic]it corrp05| prep are according

to the inventi ongaolp‘amblasa@&bﬂleﬂndb@ﬁppmtlcumistmg offifielp ppdrsaduitatinralentlen t he
catal ytical]y-active stat oId an /or silve maj nl resen
el ement al al sOf &nuhspy; O’H alﬁ%%rtﬁttg‘%ﬁﬁ‘glpé‘g’tapbﬁég ;Szi‘ﬁ%ﬁ’l a

proportions of gﬁétaogéuééﬁrutahﬁﬁ{%ﬁd SRYonRoRRirEy REEFA N used, whikl 19 BRpa@s bgat i on
state. According to TEMinmges it has been ascertained t 'hat the majority of

t gol d and/ or #npregnating S&ze@émtamnmtmetuwrsr la@eluabn)t(w\éoé’l&/&%‘ilﬁ MAEtWPr al .
Tese G0 and! b S0l ek, YS! 815 1308 1P 28 Hhlse WuBsA0RAE! L€ BEFLS - rom

Supported conpositrons in t he ave a dr ane Inthe
range 0.5 10 nm tmatehifls nsy 1rpp1e§mnaﬂoldf tHe tpfilr61}5 mimrgemliuj silica padfice cwitlantitéhidmt o 10

nmare preferred. Silver ve a, di apet in the range. 0,5 to 100

A pref er aBl v 0PSSOt SR A<l B CPE A TRl b depgetip-predpitation and
subsequent calcination in an atmosphere of air, exhibit relatively low propene
conversion and deactivate rapidly (typical half lives are 10-50 h) and therefore

cannot readily be used in industrial scale plants.

30 WO0-98/00413-A1 discloses catalysts in which gold particles are applied to
inorganic, microporous, silicates with a crystalline structure with defined pore

structures (e.g. TS-1, TS-2, Ti-zeolites such as Ti-beta, Ti-ZSM-48 or titanium-



The gol d concentration should expediently be in the range 0.00l to 4 wt.%
15 preferably 0.0®0bob/es581 W . % and in particular 0.005 to 1.BCHER®RNIH4 gol d.
The silver concentration should expediently be in the range 0.005 to 20
wt.% preferably 0.01 to 15 wt.% and in pasticular 0.1 to 10 wt. % of
silver. 20 Higher gold and/or silver concentrations than the ranges
nentioned above gRtfhe Ph&SPSBusAMbleeier §i8%R dubh Gatedd. YHINMCRLAT Vi tY-HMS!
econom ¢ reasons the noble netal concentration should be the m ni mrum anmount
required to provibkoughelihthgiserurely dnergni¢ gold(silicotet r. goddzerlity easdlytinexiibit con
m xed oxide in the .c . Of . L.avent 1.on | .0 be a
silicon conponen%“ﬁ%%@ﬁ%?§”éﬁ8ﬁ$§%@@¢%@%ﬁ§ﬁ&é§C@f?ﬁﬁﬁg%??%ﬁ&%ﬁ%%%%%%ﬁgnt,
e.g. titani um oxpahcutur thy dianlkisdéifetiares, aptinadeghdty fot hgrichtizmeing theootiechixml
(promoters). This anorphous titaniunisilicon m xed oxide is brought into
contact with golﬂdﬁﬂﬂ/or silver. The polarity of the surface of a catal yst
according to the 30 invention may optionally be adjusted in a targeted
manner, e.g. using silylating agents and/or by incorporating hydrophobic
groups in the suppometheds deseriped §r psapriing tedyainlystsr yrp bighty pasagpfagtpiyovitihe) .
WO 00/ 64581 PCT/ EPOQ/ 03 5 y I i cl.es on
the titaniunisil Il%gpcf(r%{ %o%ga éfsﬁ?cﬁlgeft%gﬁ(gEfeg%e%gas{&gal %g(%%er&ggt&’%?iétug%foyog%ggy
nmet hod. To gener aitdysgolequireneholargs irta¢@ks. pawtchalysidifetimésawvstitot pmauetionafutput
met hods, such as _deposition-precipitation as described in EP-B-0 709 5 360
on p. 3, lilfe 38‘1‘&“%5@‘&.{6%‘? 18 PARSER P 17I9E (ERIGATY: ARSEHItEISTY e viIPFHESan
col | oi d processegytesputtering, CVD and PVD, are nentioned. It is also
F‘!sible to integrate precursor conpounds of the noble netals directly into
t sol -gel process. After drying and annealing the noble netal -containing
gel s, nano-scal e l d a il i e ai . [ pi ent
wet ness is underg oogieta;eqflﬁlgg?glg éﬁéi@?‘%&é g+ %zep?% %%11‘12% gﬁ{hcyri:l?c gi %’%%‘gén?
sol ubl e gol d andéebsctigitisaid highhqeduitidscande aciieed witdhdisirallg relevast lébtiméshie
vol une of the solutjon on the support is snmaller than or equal to the pore
vol une of tHe sufA®¥ed: Thus the support remains dry on a macroscopic scal e.
Any solvent may be used, as a solvent for incipient wetness, in which the
nobl e metal precursor conpounds are sol uble, such as water, alcohols,
ethers, esters, Beotreaners thetsisRaeqyitement ferlaslpaatier sipelnsdathseatlysian nes,
etc. Nano-scale gold particles produced by the incipient wetness and
i npregnati on nethods and nano-scale silver particles produced by the
i nci pi ent wet nesThere ispiseghasbjen ofirrdudepths disadvantpgea dn thie pedcesracereding dsthar e
preferred. %P Surprisingly, the generation of nano-scale gold particles
from sol ubl%® gol ‘33Hpounds, such as tetrachloroauric acid, e.g. by the
i nci pi ent wetness nethod, may al so take place in the presence of oligoneric
or_polymeric auxiliary substances such as pol yvinyl pyrolidone, polyvinyl
ohol , pol ypr opyothereokjpss caf| the puesgaicinyentiongie j te, pro|de actecknolagiratin simplesence
ol conpl ex-form i , I .
et hyl acet oacet at g%qalgt?%gg%gﬂrf%ﬁ enz{){%%r %&ntg‘ggs%?tf‘% v%)gga?g%:{ h&g?dgé}gﬁqoa%svfﬂheég.
al kali metal or gdskalsioxéliday ddentet edonemiallydeiable aokd patefes abick 1eade ch high

Conpositions accordin o the inventi ol dvant ly be furth
act | vat ed. B0 berbids Hhdivs oSy pah BBt Rgh CHR BRI, SERGEIS el coiys

t hermal treat mentifegilned 00 1000C i n vari ous at nospheres such as air,
ni trogen, hydrogen, carbon nonoxi de,

These objects are achieved according to the invention by the provision of a process
for preparing a supported composition which contains gold and/or silver particles
30 and an amorphous titanium/silicon mixed oxide, characterised in that the
titanium/silicon mixed oxide is prepared by a sol-gel process and that

organic/inorganic sol-gel hybrid systems are preferably prepared.



carbon dj oxi de. Thermal activation at 150-300C i n oxygen-containi ng gases
such as - WD 00/ 6w®/64360T/ EPO0/ 03214 -6 air, or oxygen/ hydrREkEPigH3214
oxygen/rare gas m xtures or conbinations thereof or under inert gases at
150- 1000C, such as nitrogen and/or hydroged-and/ or rare gases or

conbi nations thereof, is preferred. Activation of conpositions according to
the invention is particularly preferably perforned under inert gases in the

tenperature 5 range 200-600C. However, it may al so,be advant agequs t.o
anneal the suppoffie sepered cempRsiomyhight Nt bre PreRYEth aceRiding tPetgf)éP‘ﬁfPH?Iés in

the range 200- 10?091%1%”%01& BEPod QIveP8h atsng[iﬁ't_ WhieRaa i ale! GralRicAly-aclive LRl | ¥
activated (anneal e conpositions according to the inventionfrequently
exhi bit a signi f gddrandApr Hsilgéreare cimbialyy piesenacisi alérhgntal miietaly @ralpnsidy Kirket i me
when conpared w th known catal ysts,. 10 The .m xe id in the context of
the inventi gn co?ﬁsﬁﬁpﬂmbéﬁﬁg@?f’oé’.’ 1%3@ %p%?nso?fitgf%a‘?ﬂﬁa% Srhﬁf?refng?’a%sfoy ©
between 0.5 and gi@sePin AYfiglien ofiddtionGtated A cbrrling & TEMEmagd ithaBéen’dscerthinbd

respect to silicon oxide. The titaniumis present in an oxidic formand is
preferably cheni @l thy mairsy 96 e 8 pRA/Y Bhvebismaeent® PREUTRK O RexTHgROY i a
Si-O-Ti 15 bondsy,, kil ige&AbalY sdfor Oditve cfustedP e CHBEAE Bn NRMEhIMARY schle; O Ti
domains. In addition to titanium conpositions according to the invention

may cont ai n ot heBurported epmpoxitidesin veuchcthe Beld pprtioles haves, digmesen ig itheupngs GF t he

periodi ¢ system accordi ng to. | UPAC (1985), .such. .as. V. di ni Qbium and
tantal um prefer 3BI'9 Sﬂiﬁ‘?’ﬁrﬁﬁﬂab{lg for bnfgr2Be 3o §?m§‘§%rfgrg%ll§%?r?ipﬁe 7% om
group 4, preferapfiver phrticlofhatidla didridierdh Maﬁﬁem.ﬁfcﬁl’o@biny, préferablfy @9 ©40Ufn 15
mferabl y antinmony, fromgroup 13 preferably alum nium boron, thallium
amd netal s from #ddnpartigularf}.2fed0qdty ger mani um For the nost part these
pronoters are advantageously honobgeneously distributed, 25 i.e. there is
relatively little domain production. The pronoters incorporated, "M, are
general | y presenfhé rgotdheongentmtionm sholdd nxpedi¢ndlysbd mn dhaliranger&ed fordnwatd are

advant ageousl y bonded.via el ement- O Si__bonds e .chem, cal conposition of

t hese mat e?‘i%al s W&gf“g’&?@g%bt@%%é“‘? g ’s?}l%'r%'ga-%pc}p%‘?v'ﬁ’ooﬁgfﬂ@' pr onot er
element, with respect to silicon oxide, is in the range 0-10 nol %
preferably 0-4 nmol % 30 Cbviously, several different pronoters nay al so be
used. The pronot &he sihyes copeentation| Shopldeerrpdientlyebs i theorangs §H8P &P 29 BEU® sor
conpounds whi ch gle. 3 &Bif‘ofs’\vt.%\%9.1%%51%49.5’@4@89%&%%4. the particul ar
sol vent invol ved, suclt as pronoter salts and/or pronoter-organi c conpounds
and/ or pronoter-organi c-inorgani ¢ conpounds. These pronobters may increase
both the catal yti,c.acti.vity of.the conmpositi.on and also 5.the lifefi of
Che compos 4% on FIEPGaElE e Siier SoTanrR Bl B 16 Srés Brickrbane ot
principle, any cppaicl anytintkedsdrie canlytibactivdtye ot dcdnomid feasods lthe asble arepdnent ,
but the anorphous nodification is preferred. In principle, any crystal
s@uct ure may bec¥spEEtiay shopd theethe; muynyH, BIqUEE reqyifed 1A PTAET ;s%ﬁgghest
titani um di oxi de qmdid iGekyon is 10 preferred. The titaniunisilicon m xed
oxi de does not have to be present as a pure conponent, but may al so be
present as a conplex material, e.g. in conbination with other oxides (e.g.
titanates).,Accordi.ng.tqo .our infarnatian,  the ti i ym cent.res. which,are
chem cally ondeé‘ ttlga%?ln??]g(éonarr? Or o’luﬁeorlaatr}llle CcoélIECIXI% (;%gt tég,ﬁ‘a’ternelo h& gen%rall?
catal ytically acthdegstadnd bes silicon component which is chemically combined with a titanium

component, e.g. titanium oxide or hydroxide, and optionally other foreign oxides
(promoters). This amorphous titanium/silicon mixed oxide is brought into contact
with gold and/or silver. The polarity of the surface of a catalyst according to the
30 invention may optionally be adjusted in a targeted manner, e.g. using silylating
agents and/or by incorporating hydrophobic groups in the support matrix (e.g. alkyl

and/or aryl groups or fluorine).



15 The titaniumcontaining m xed oxide materials are prepared by sol-gel
processes. This twkewssssace, for exanple, by m xing suitabl BCT/ERSEI24 |y | ow
nol ecul ar wei ght conmpounds, in a solvent, after which the hydrolysis and
condensation reaction is initiated by addi-dg water and optionally catal ysts
(e.g. acids, bases and/or 20 organonetal |ic conmpounds and/or el ectrolytes).
Basically, a person skilled in the art knows how to perform such sol -gel
processes. Suitable precursor conpounds for silican, titanium and pronoter
centres are advabodegtion<ifyihe gpble Ippbdl partislasow He| Eeurasiligan-geRtainkg rysed ¢

m xed conpounds gaqdhl £l rékfoteith bAPMEMbE ol diferiR!goRGhdRE QRRE SarBlledh §hver abl y
a conbi nati on of correspondi ng 1 norgani ¢ and organi c/1norganic m xed
conpounds. Low nedaswples af nwdtioghtsutnag deposion-pretipidtiontse desevibed inoRP-BeG 769

nmononers or olig rs. Gven sufficient solubility, polymeric, precursor
Compounds.of st LIEH b Fo U dmth oo Frsnaied oo Pgient bl gl
titani un siliconpitesed, Suttstingl SV S1aFAD, Y mhifdhed. AN RQUD RSIVIERS indeidton Of
suitable Si and q’i precursors e.g. copolycondensations to give anorphous
Xerogel s WD 00P&A5Sr couppwms O)f Gho neble gnetaly disgtly jatosthy sok-grd progess. Adisr - gel
process). This sgh; b SioB1R $5:4h1 QBnthi R RISy £ARAEAS BbIdRIRE sil
hydr ol ysed, col Igﬁyg%ﬁkggé%g§§$gﬂg 0erlgt al gom%loné%tg S%]/‘lﬁxt ures%%sol ) V\,iSItvﬁrt he
producti on of anpatidespdreualsp dbtuired- bicipients iwetmeds imnendustéod( gdie) the Tddtidrobf @wi ng
schematic di agrami.s proyided further ,explanation: aci d/ base aci d/ base
RO RO . . 05115 06 WIUop ot saiple Bl SpdloF BIFER Sgmipoind B cupme et &
RO RO hy~. ol ysi syh&bidenswilifdlofdhd &hitfon@n -thegsﬂtﬁ)d?ﬁk ¥Rhlker #Qnldy 81l 6hépdré
;’formad by initially introducing hydrolysable silicon and titanjum
precursors i nto ¥lsmg ohBiecsupRarty, dhs e Upnosyermpis 45 0f & agkesepPicassale. Any

g (v h S ; . ) o ) 0
optironally Omggcﬁ{ée%hg-%?l b@%sgﬂ, %5 T'zlrsg}v\%tti%r helPiddt %kne&?%%&)‘&ﬂé n éée?d%{aﬁ" Ion

pronoter. Since olysis o 't con precursor conpounds un nor mal
condi tions is sl pwcurds coatpahndstagse soleble,egch redaien abaotiels, ¢thersreaiskse atdtatesp
proceed rapjdly and c | et el J. Livage. et al., Chem stry of Advanced

Mat eri al s: f/ﬁn OvEFREM2 @%ed{hy%‘.oc?r ?@r%ﬁ'ﬂfseetét al ., VCH New York, 1998,

p. 389-448). The silanols produced condense with the formation of siloxane
conpounds. Dissol ved pol ysi| oxane networks are produced in this way..
Branchi ng and t r Bassrecalsegdd aagticles npodiged dnt theuiasipigat vetnesfe ab i pRegNatign so 20

| arge that the t bt é | o pl.ac |y, d it al ists
of a solid pol yrr%‘r@@?:h%]ea? &D‘&ak Oﬁﬁ?gh‘cﬂl}'g‘k?’?\ﬁgieg rlgr'? %%gﬁy%grigg%lb%ﬁeﬁ%&z
subsequent dryi nompegetauand depdsdiongirevipitaticnmethkds ane prafeired.s of t he sol vent,
wherein a g&Iysi | oxane Xerogel is produced. If the gel is dried under
supercriti conditions, the product produced is called an Aerogel (A

Bai ker et al., CgtplisinglgV theSGenerftitd. of 3BBo-sele b Partlohd) fromr edieble egbld
solvents for the sol-gel process are al cohols such as isopropanol, butanol,

anol , met hanoforeRouRds sifbas &eshlereayiicacine g Wrtheinsivient wetngssmenthadamay
hydrocarbons. 30,901 k2Bla6e HlAL preffed B & 'bf%%ﬁ & SoLeicS kB Subitd fnd
titani um corrpoun%ls 61;( Phee gene g%g?orw{ga I% nown tco a1 p rélon sc%oﬁced in
the art and whi chs pelyvibgpyreBdbnaspolyvinyl alcohol, polypropylene glycol, polyacrylic acid,
25 etc. or in the presence of complex-forming components such as cyanides,
acetylacetone, ethylacetoacetate, etc. Complex-forming additives such as cyanides,

e.g. alkali metal or alkaline earth metal cyanides, are preferably used.

Compositions according to the invention may advantageously be further activated,
30 before and/or after being coated with a noble metal, by thermal treatment at 100-
1000°C in various atmospheres such as air, nitrogen, hydrogen, carbon monoxide,

carbon dioxide. Thermal activation at 150-300°C in oxygen-containing gases such as



starting materials for the correspondi ng oxides or hydroxides, WO

00/ 64581 -9 PCT/ BE#OOO0OSBR1L4 L~-M~(OR )a-Xj] (1)~ wherein 5 M PpGI/ERSPERU€d from
silicon and titanium R and R are identical or different and are sel ected,
i ndependently, fromthe group C -C 2 al kyl-g6-al kyl ene and C6 C, Z aryl,
wherein x = 0, 1, 2, 3 and R may also 10 be H Preferably X =1, 2 or 3.

R and R can al sg;, Qﬁ‘ Ayt RyREogen D |orPEM/181dChas aBixRred- ort d’dnmhiaméﬁsstﬂetébf ot N the
case of preferred organlcally nodi fied silanes, one or nore hydrol ysabl e
groups have beentundepingt @asengi k58r19P0FLl. suphas gitragen ergléfahyéqoa%qr@ér(r@e §aseeH3,
CZHS, 15 GH' et gr gonﬁ) %anu Hx%x%gyrléabl%ﬁe]n(eg ﬂctlv%(g;‘? ﬁ' 1t18n9£c%81% to the

Pol yfuncti onal organ05|al anes ) anol s and al koxi may also be
used. Silanes, whetrhien iopgeailabl bxyfembl:y perﬂnlm@d unrdnt ;near@sarselaahettmpﬁranine
presence of d| hydrcc _or on dric al COhOlg , h as 1, 4- but diol, to

gi ve organi cal | yraﬁ%llz?(?é “FoHp&iergx Ynwey a Pitﬁ’g AREFOPY, Y PR 51 e8Pt oups)
in the context Ofafehfs aPO6RAEE RNiHR iRyeRlibH SCdm &at%?d’leﬁttwﬁﬁgesml(ﬁ)WC and

chai n-shaped, star-shaped (branched), cage-s ri ng- shaped structural
el enents. M xed @gi geeoahihese wlgarmpblemt@étﬁfm@i ysacaw@eca@@maﬂqﬁédmasosﬂwns

nts.
acearding Lo t hotie a8 APk hen i Bt TRy Bt S CIAOE s

inthe Ti-Si net mlrdnexEEhealelﬂsmberwﬂemmpnieal“sthamewpczeilgm ed in the context
of the invention. 25 Pol ydi net hyl sil oxane (PDMS), optionally with
functional i Yed terninal groups such as hydroxyl or al koxy, and/or

di phenyl si | anedi ¢} miRY oRid8Pinlifke MEeigsﬂﬁ@vawldn%%ﬂ%a&e%ﬁ 0! 1@ 20198t Wor k
sgucture for the purpose of adjusting the polarity of the surface in a
t

get ed manner . o3@afihe, pﬂe@aahlscbfttwwgfaﬁ iand $0 ot &n imperticylatheitveangl-@end & or

conpounds may also e L Kk

producers such as' 2tr§§%ﬁ8f€g1 ane %me3Q3m%?%ﬁ@%fg%%w7EgégﬁgggT%$&¥%£

t et ramet hoxysi | apefeedbly chnticallyridensaited mtpoobereied td thermiatd pride alassi-G4di used

i nstead of the npnomeric al koxid such as. for_exanpl e,. S (OCZHS) 4.

Furt her nor €13 ol i BOWErALIVE FatplyTty pethis fynepentaiphatdly 4y %Er?% % hoxysi | oxane)

may al so be used 5 The nodified silanes preferably used here clearly differ

fromthe conventionally used purely inorganic networKk-producers, such as

al koxysi | anes [ SIn @djtin twitttémufrmmonmydhmswsmdleggrthgpsvenmi why geainpdigr e, g.

for preparing crystallij. ne sillcate struct ur Wt efln [ ures

(VIO 081 00413- A 170 gxidess36 caifed prorgarers andgff’éf? RTherBan HIER PLIHEL

cat al ysts accor dionJRAC {(1985), nventd vdhadiame afbttum amataufamnafpra&rhbpr@mmusl y

known catal ysts is that gold p rthles have been applied to

i nor gani c s%)ppor fromegren g|p§e ferpb @Y“’Elh‘at PR ETWBI% Hre%%%{“fﬁoél EE%QF’S reuf

purely inorgani cpl%rérm;orﬁeowe%r ?dﬁ I SFEYabINT SNMDAY, BBt Sroup S13Apkaférablp

under stood to be any term nal and/or bridged |inear or branched al kyl group
h 1 to 12 car blymitiemherem SwHivnand mesals Bamgxeup| 1ddprefsrablyegeamneniugych as

methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, t-butyl, n-pentyl,

|-pentyl, neo-pentyl, hexyl and other honDIogues whi ch may, for their part,

al so be substi t uFedthe Shost it &esmbmhio’tausambmdaxxmgaalsmmnogehédudyofistﬁbmeﬂ,

al kyl', hydroxi de, or al koxy nd cycl oal k or such as bepzoyl ,

trimet hyl phehyl | edhge ﬁﬁ@ﬁgwe? lilp domap Pctloeh %ﬂgﬂs m%ﬁwrﬁﬁ @ﬁ%ﬁw .

Non- pol ar - subst i LRI ﬁr’é&npﬁﬁftﬁé ritfled MR alateﬂmhml a dpddba BmPrRYdre

ipropyl, n-butyl, i-butyl, t-butyl and benzoyl. Higher nolecul ar weight

and/ or ol i goneri ed\@n@muelyubnmegafm demgentiQdhbandel Thie chemigsh compesitigoeidhese

al so suitable, sy p

3. 4- epoxycycl Ohexygngrtéhlg %vﬁii{w xysé? ﬁlé f)}OBE&IBI?W%'I‘AIm& element, with

1-(triethoxysil ykespét (tdlsﬂidonxgmm; hyllslthqlre)rge Hahe ,mdlr %s pteferabin) 0-4 mol %.

tri met hoxypyopyl ). i sogyanura eral kyl ated cycl osi | oxan such

hexanet hyl c3't| ot hb&oll aﬁeé’ era L@t‘@%@i hVPg’QfeFSag?aP'oé o‘l‘se81 The promofdfs are
decanet hyl pent asi,jpte usddah ¥i! foyrh Q)?-Fxbblrﬂﬁéﬂp%ﬁ:ﬁﬁ&scoﬁ%hn&swhlch are soluble in
pol ydi et hyl si | oxane are al so suitab 30 Aryl is understood to be any

nononucl ear or polynucl ear aryl group with 6 to 12 carbon atons known to a
person skilled in the art, such as phenyl, naphthyl or fluorenyl, which,
for their part, may al so be substituted. Suitable substituents are



WO Q0/ 64581 PCT/ EP00103214 -11 hal ogen, nitro or also al kyl or al koxy, as
wel | as eycl oal kywoen/e#By| substituents, such as br onophenyPCT/EROOR2bhenyl
tol uyl and nitrophenyl. Phenyl, fluorenyl, bronmophenyl, chlorophenyl,
toluyl and nitrophenyl are preferred. 5 Ex&nples are the correspondi ng

al koxi des, soluble salts and organosilicon or organotitani um conpounds.

Al t hough any sal {8, pagtitalir as1vB@l indlelsed, Nutl at @soradtet kultd radiod gometyr-figadis ed,

t he al koxi des, e.g. butoxide, isopropoxide, propoxide and ethoxide of these
el ements are 10 PARITOERGsARS/OTPRORIOITNITEABICIIYRIBINOMYGIS, 5

tetraal koxytitanates, with C -C, 2 al kyl groups, such as iso-butyl,
tert-butyl, n-butyl, i-propyl, propyl, ethyl, etc. or other organic

titani um speci esThase proawtdremay kicepseriothethh gatalytigactivity phthetempasitioaapd also

acetyl acetonate, .15 di cyclopentadj.enyl titani um di halj.de, .titanium

di hal ogenodial kowz‘&tm’c%/o%él?ﬁ meﬂﬂ“ﬂb%r‘fﬁtf‘tyg&Pﬁlg]%f(’&éeaﬁb%nspofbir%%ﬁ Mused,
particularly preferably in conbination with al kyl group-containing titanium
conpounds. Chlorine is preferred as a hal ogen substituent. Titanium

si | sesqui oxanes Bfpringipleyameerystalisgpefutegnay herelsptedfor thegiligogicamponest, Sut the ky| |
cycl oal kyl, aryl . v %g%%, [BAVE  aSy | i

hydr oxyl group a%é&éﬁ?ga%g%§%?%%é%?§ , cy§?3%%§§¥’8§y§§§%éﬁgg?§?'gébﬁg may
al so be used. Ti sedavtadnfor the prtanpox phidpttait thel anephoys tivhiugedioxidomaddicatipon is
preferably ysed. M xeS | koxi.de ]of ti.t niuglﬁnd oigertehpnent%:%ggqngs
e.g. titani¥m tr PPESST P ARIRIIcqn mrsH Apdmdice 18k U Ray PRrsT $et pideq.
The titani um pr egihSREntCRNRMY UKD UERYesaht2O a REmpISL thatefial, BE. PrRaEdHAROWith
c’!plex-forning conponents such as e.g. 25 acety| acetone or =

etnyl acet oacet at ether pxigeo(eg ditematesk tAcganding toopyrhigfarmnation dke il seEed by
trial koxytitaniu i - 'y A |1 ' -
polarity may aIsghﬁgggﬂﬁﬁgTéggb?ﬁbggl|@%5ﬁg@gxﬁ%%%ﬁgp#§£%%gﬁ§?ggéggggﬁalIy
ef fective pol yneadtive sgtsteens, such as e.g. 30 pol y-(di et hoxysil oxanet hyl
titanate), poly-(octyleneglycol titanate) etc., nay be used. WO 00/ 64581
PCT/ EPOO/ 03214 -12 Furthernore, tetra-n-butyl orthotitanate,

tetrai sopropoxy trhé¢ @Rafueh-crlifiap haRexoxidd marake ard plepditd BY 36keteY astedsednat e,
titani um i sopropoxyheptacycl opentyl silsesqui oxane and titani um chl orides
such as titanocedbisdthepplage for cxamplen by mitiag suigtbico srr@llydew pelequdarvedghts | n
addition to nono i i y. i : ‘b
poly(diethoxysiIg§éﬁ%??iggéf%§?g%ﬁgéygﬁ%%igi%ﬁ%@gﬁigﬁg Jﬁ?ﬁﬁ?%;“@?g?lﬁay
equal |y well be istdded by Gibdipg ewiteri bisd eptiomallg ocag@yss d€.gSiacidd,i basesl and/or
optionally pronoters, Si_.and Ti, Si .and optio I romoters.. Ti.and
optional ly orrof“égflg?m%?lhgfoﬁr?f’dl‘n%sp‘ﬂdg’ﬁﬁ‘ef"go%t?%%?%‘ia&’ Woﬁlsglge%@atﬁg &l as
starting conpounggowdhdwid pRffeBEsiSh 861GRT stoft@ses0 t he invention. In particul ar
for large-scale industrial applications, processes based on waterglass, an
l@aqueous sodiumsilicate solution is hydrolysed e.g. by ion exchange in
acrds or pr Qcess Qi ofiflors !cl,f#f&n@ fof AR fikdivh? A0 R6ABERE CeRRlsVERL and
is then condensed In this nediu In the presence of an acidic, neutral or
basi ¢ catal yst, advadageausly, coakesponging Vowlenqiecaiae megght staaganingixed sompoess i n

t he cont ext, of th;.%nventLg& $9 hat so-called wate | asses %refalsq
preferred. Pol"Richo P1a ftiEebles [19e ics SRR TIRCeRt BhBRE=oly ¢ CoRPHant ©

et hanol , i sopr opas@dsporditigainetganipra@d @Fgblcyin@fdiad tixedi @apoMRINDOwW afiolsrildaanol
or other polar organic¢c solvents known to a person skilled in the art which
do not have a det'eighitit dhe eppiextt ofpthet ingerion - Peans JRoROmEES oF PHBOHYS aBBEB e,
sulfol an or sim 'safﬁc%ﬂﬂ \Sibisity, o%fn‘?erri%bi)ﬁéaﬂ&ﬁt Opoufli ¥ SEkoRS iR ANt S
in the process according to the I'nvention when using water-sensitive

precur sor conpouipdsndi@s gre alkb lsaisabtes) . When usi ng so-cal | ed wat er gl asses,
wat er and o$ganic solvents which are mscible with water, such as al cohol s,
are used, preferably water. 30 The conpositions according to the invention
whi ch cont ai n golde aighigh/sidicdr alixddastide iseprepuiéll by tsimiltan@oan Bolymerisation of
silicon-containing materials may be approxi mately described in the dry
state by the enpistitabl Sigad dr RrechisPTgIZa cqnofycoRepsatonioBiye puphnus Xejgsels

00/ 64581 PCT/ EPO0/ 03214 -13 on the surface forned after nodification and
optionally inconpletely reacted groups are not taken into account here):
S * Og * TioOY * MZ * E (Il1) 5 SiOx represents silicon oxide, Og
represents the organic constituents in the formula, preferably produced in
a sol-gel process fromthe organic/inorganic precursors, Mis a pronoter,
preferably Ta, Fe, Sb, V, Nb, Zr, A, B, TI, Y, Ge or conbinations thereof,
E represents gold and/or silver (noble nmetal) and x, y and z are the nunber
10 of oxygen atonms needed for effective saturation of the val ences of Si,
Ti and M The conposition called (11) above can be varied over w de ranges.




The proportion of Org as a nolar percentage, with respect to silicon oxide,
-may be 15 betweeg, (gﬁq ;300 % It is preferably between 10 and: 'ﬁé’%z% in
particul ar betvveen ?3 and 120 % The proportion of titanium oxi

respect to silicon oxide is between 0.1 ang 10 mol % preferably between
0.5 and 8.0 % in particular between 2.0 and 7.0 % The proportion of MXZ,
wWth respect to si]icon oxide et.ween % roportion of
E, with respect F S PRS [l1sr18’blﬂ%—>‘3 Pr]éet §°P$?‘e%f°°f(§8 g[nrl?bgo§ ’tglggﬁroc?% i§ H (She001

and 20 wt. % | nhhiRonRaftieh of Hyrolysed, Tonbighiey aiaédrvéaelhw&bxﬁp&.@ﬂt m@'urés w .
in the case of srlver it is preferably bet ween 0. 005 and 20 w .

Furthernore, thdsabpithithe prdustionerd anmrmaerrkavs. Sugevdipensjongl mtryeérs@gelr)orhe
preparing 25 Co%fo% %Qﬂémgt? %ﬁ:ﬂ% QVIg&eas'tﬂ:‘fﬁé?%k Ahatifi.ch contain gold
and/ or silver par S an ni-u stlrcon-contarning nmaterials. The
sequence of5operational steps during sol-gel synthesis is not defined. The
generation of catal ysts accordi nga[ gcgbgsge i nventi ongﬁa be achi eved, for
exanpl e, by 30 ma nul t aned® hydrol'ysi's and/ or cofd i on absi§ and DBio.
precursors, byR¢e/aieDRor1 '&CP—/&rg&m::atr:nmEgamgo]pr e&rz&&&e&orrp@s@d(flw-t —05'0
appropriate Ti Bonpounds Rellowed by the optional addition ofo 0SiO..
appropriate Si conmpounds or by sitdrelssigous r eaceonsiensation WD 00/ 64581
PCT/ EPOO/ 03214 -14 organic/inorganic precursor conpounds of appro]prl ati
titaniumand silicon conpounds. In a preferred enbodi nent, the 8¢'R etwor
organic/inedganic silicon precursor conpound 5 preferred here isinitially
i ntroduced into_a sal vent dr sed, with the addition of a catal yst,
L’ng an excess SMMsEL}S, p"xﬁf]“%ﬁ ‘f&ﬁ%@lyt‘Bﬁ‘Pq’r@‘“&n@gFﬂlySﬁW€é &Py A% F‘Vm}{‘m

qui red, then theutsofsafha!m %ﬁ@@%ehﬁ aAdldRch ahging %f&m%atéﬁ’a&rﬁr othaBEl'l}D”a' Iy
al ong vvrth a catalyst, is added. After the production of a gel, which may
take place wit hihemogemsing thevimixture wéth a piramelequagitysof dissplatien n@rrmtprt Biace
conposition, th t et e re, the
Gel 15 ari ed i mpirsdebS sr Aol bR o Rbo Rpf o ey BIRRE T Hog;
I onger. Inigr dercataQ/stscm@Iratu&ed IiiEOWdtd)br)a‘bleﬁltaG@rmmmpRﬂiﬁ hﬁmcditﬁﬂletelyO(rJS t he
noi st and/ or al ready dr be treated, once or several
times, with an Bllf %@W@& 83’?@6@%}# @/ YeRgeV keds; k- Vo Intgmantsier ¢
gas is prefer ableyalperéﬂrmad%}k b@ésrees‘sgfwrsyﬂﬂm%ﬁ%rsﬂradle@crédne%senmﬂ%ewen
15 100 and 180C. The hydrophobicity-of the  organic/inorganic hybrid
mat eri al s accor domeption of sitoxarr/esmpontdsi Elsﬁév@mlmdxmmﬁtmm@laye prpdudeé imunber
and type of termg.nal nd Thes ave S npar. ed with
ot her organic b 5swa§’u§gan?ﬁlhg%({]g§§v%?eccgﬁs nkm&contl & é‘&HIE}w gﬁ AV Eht age
that they aoe |aﬁtge|tlyat('thbaffin&&ldnytold’lgdlttakeb.;ﬂacel iRy gelrigitialty eoissidtd ya ts6lid
hydr ol ysi s and oxidatj on re cth‘o ‘gl'he ‘2% e rretﬁ!)s may be added in the
form of precursdP YOS RANK wieh 15, dnfiltrgte ¥r Sobyegh P Wingofrsikseauent drying
c@ggrounds, dur i RgodeliteS M- 18BN orRI REAGSwitRNoB! STethaRPiVERT wRELRN a 2e1yBIRENCt | ON

the gel in a known manner e.g. by precipitation, inpregnhation in
sol ution, inci piXaiegehis preduced sﬁimlnqmlumgnedcmdemsmrcrm co T—‘l@&céhe product
nodi fication of ¢ tio t I i age.
o 1 cat i on OF sbRBEPTISRA o0 BRUARRLL 1 oL TP S eiobd sicoe,
nobl e 30 ngsal . 956).199 18 431 1 describes a supported conposition which
contains gold and/or silver particles, titanium oxide and a
silicon-containing support, which is characterised in that the conposition

has groups at thgefaied ﬁﬁ@en%eﬂoﬁﬁlte%gl-éeﬁ BfBcess are alcohols such as isopropanol, butanol,

ethanol, methanol or ketones such as acetone, or ethers or chlorinated hydrocarbons.

30 Suitable starting materials are any soluble silicon and titanium compounds of the
general formula (I) known to a person skilled in the art and which may be used as

starting materials for the corresponding oxides or hydroxides,



WO 00/ 64581 PCT/ EPOO/ 03214 -15 siliconal kyl, siliconaryl,

f1 uori ne-cont ai niwgoakdssl or fluorine-containing aryl groupBCT/ERM@O0IZéi r use
as catalysts for the direct oxidation of hydrocarbons. O ganic/inorganic
hybrid materials have not been disclosed a$-a support. 5 Mdifications in
the context of the invention are understood to be in particular the
application of groups selected fromsiliconal kyl, siliconaryl,
fluorine-containing al kyl or fluorine- contalnlng aryl groups to the surface
of the supported conposition, W& @itlhe groups may be borlled to the
functional groups (e.g. OH groups) at the surface in a coval ent or

coordi nate manner. However, any other surface treatnent is 10 expressly

i ncl uded wit hin wheeiacope of the invention. For industrial applications,
processes b%sed on wat ergl ass (an aqueous sodiumsilicate solution is
hydrol ysed, “e.g. after ion-exchange in acids) or processes in which silicic
acid is transferged tisaldrtddr fesinbificénQind €ifdnivald i S t hen condensed in this 15
medi um under acid, neutral or basic catalysis, as desired, also provide
suitable titani um silicon mxed oxides. In the process accordlng to the

| nvention, acidsg %%S%%%Sxdé’ﬁtﬁ HseslerdentCak Ak §etle°ctefd°{nd£ﬂéﬁde%‘a ﬂ@xln R Qx%gﬁs-

Sui tabl e aC|ds an ases are known to a person skil he art from
t he sol -gel literatur@-Gyalkyhslkile ardl @@, auyhrwheﬁm/x IOhil 2 Seind R' r_‘p@y 6ls@85)

ol o1 i @ face. Soibs Parpeabe 180 3. AGER Fon TRt hrcba Con SRS Bl

m neral acids such asefygmedyikidfli ¢ acid, nitric aC|d sul furic acid,
qlpsphorlc acid, hydrofluoric aC|d or simlar and organi ¢ aci ds such as

p- quyIsquonlc acids, formc acid, acetic acid, 25 propionic acid, my be
mentioned in par I NHo® hvdrolysabl
tol uyl sul fonic ayl gjléar 5«5 Bg?é I cuIa &%Iﬁcﬁl?lgflg?drlgdf Eﬂlaﬁ%sag)higjuogt S of roayrsa}i) %g
conpounds used cgupehavarteen replerd hy wertdanal andfer bilyged caturatal Grg. r@&; 6sHOf

V10Dl S Lk eI Gl b5 SIS S poish 0¥

materials such agrg@ndlilariRy) 89€6ildhoRi AdC AkoXi@ds MaySale BE Qlsedabibmbd, Switser al so
be suspended or di spersecf in the colloidal silica sols, Additional

condensabl e, mul prervieallyi madifiedrar Betyprsgeastrdringhe Bresencsygh didtc OPOIMdifer i ¢
gl ycols, netal h I lub g hy, I g | ar
conpounds 5 may acg}g)?%esugfs?eA fl ?&'Eaglgg%lf etg gl% &Fmﬁlléegllb glﬁb&]g%l}%gg%ggg i ke
t he hydrol ysed aBkidgednRt @bt (a&ylehhgmp@oinymercsnmayoﬂ)ﬁammvnntlpmrawt bridged

honbgeneous|y into the gel twor k. The on of.. hydr bi c, ani c
sol vent s t02(¥he §t6‘}°“}5?fa‘°g‘8h (‘%ﬁﬁ?ﬁleﬁh%%‘if? g‘é‘? raBChe%ﬁ%&}eﬂﬁg?ei%c?ﬁéﬁngéf‘%ﬁﬂatl c
al cohol s wi th noggchian eRmes. @«ﬁiéﬂoﬂxﬂé.@fﬂith Qigldﬁﬁscdnbﬂué}ft@dib@tdewﬂlbéﬂ a@hn
enul si on (dispersed sol phase and honpgeneous 10 enul sjon |iquid) and thus

ool es desi gn oPreppie/inpaganiq ybrid enagrsiatey Srgspicsenreanie bybridrpaieraleaccering he
process is perf O'EHE‘%Qve%orPEcﬁﬁaﬁh”Eérﬁldaf‘a&dﬂﬁ b'h@fv‘lﬂg oiggﬁfé‘g%dﬁg%?ﬁl%%(‘sl REGIRUI € O
10 bar, in particular at atnospheric pressu o1

These hybrid materials are preferred in the context of the invention.

25
Polydimethylsiloxane (PDMS), optionally with functionalised terminal groups such
as hydroxyl or alkoxy, and/or diphenylsilanediol, may also be homogeneously
incorporated into the network structure for the purpose of adjusting the polarity of
the surface in a targeted manner.

30

The organic/inorganic silicon and titanium precursor compounds may also be used

in combination with purely inorganic network producers such as tetraecthoxysilane,



The process is perforned at tenperatures in the range 0-100C, in particular
at 1060C: Any rea®D®p/6458nd reactor inserts which have been BEEERIOMEEA4 i n t he
prior art are 20 suitable as reactors. The wet gels obtained in the process
(call ed aqua, hydro or al ko-gels) are drietdin a conventional nmanner, that
is by reducing the pressure and/or by increasing the tenperature. The wet
gel s are advant agesuéhyxysildns teeﬂm@caxdmwﬁtgrprbatcmrtaerarfyhz}galsd e &bd mstehdled
itenms, not powders, are intended to be forned, the sol, is transferred into
appropri at e shapef gicomarpmgtislicedes rsugh ‘tsof‘lje?’tam& Pt Al Jurthgmoeng
dried. Conventi ogy géont%hx bPSblyferR & §BmASRAGE ﬁémxernot;&sletamerlt&agas@te Ldae
initially obtained gel structure’due to evaporation of liquid fromthe
pores. In order t o exchange pore I|qU|d for air while retaining the

filigree, I|d I ro el od Ln to be
used. "Su pe cr iti eafm&\lj:vgl r‘?a tsquré‘étr‘/ buc? ﬁergm e 2‘ dsff hegnrlretﬁ?t% V%gtegl\éﬁ%
frequently. , - ude@plRAy6ihbiEaniPadicROP Bk such és Bﬂ(emﬂaﬁiels {m((DR),,I Wigh fdunal
anor phous, nobIe net al - contalnlng conposition consisti

n
titani untsiliconhyfrolueblegrempsawbicly ateqisetheigder Bieparig cﬂéffaﬁirt?l sflicatestryefpres
restricted in any, (}%xﬁneﬁpltt%trﬂffmesg WBLR/G04TRK 1085 @dp@@l TiMEREs if A
precursor conpounds such as sa r organic conpl 'exes or compounds during
the sol -gel process, or else may be applied after preparation of the gel in
a known manper, e.qg. by inp natiaon Ri.ent t ness_or pr it on.
Surface modifi caf‘t g?\“ t f%@atég'ﬁtﬁo%cc?f%’ﬁ ﬁ?ay Copt FoIal Iy e rfl?rp f&t%ﬁrlgs f?%fage
when the surfacepfhlogdlpu@swar @tat@ue isethavighld pargeled Bagr Bdeappﬁad do Jfurelyir f ace

ification may al so take place after preparation of the g and before
appl i cation of t HETSIBIs|sHPRASE wpterigdird epthaihe é‘ﬁrﬁp%%‘f:‘ﬂlfeo siglg @b PHicfginpigaRife
invention may co 7o dndRERRAbLRRS ulfs. crystal line structures. 15

Al t hough the m)r%L@(} ogx?/lgézyncil par'lta?lzi:/l es%gl ge Sof the m xed oxi des nmay be varied
over a w de range honbgeneous, am)rphous m xed oxi des with hi gh surface

areas of > 20 referab > 50 articul arl ref.e d. The
specific sufir aceAﬁtYégt anerﬁtg?%%rhenagﬁ g rgl ﬁ({fg’ (Slﬁg’learr?ary?ﬁaglfh &Sal hygjgfoup
Brunauer, Emmet azlitﬂ 1tehd edrbén stBhOREbWNAO adersOu §Kiled iRt SRE as hﬁﬁ@l eﬁa@l 309,

the pore volune is determ ned by the centrifuge nethod accor di nq@

McDani el , J. Col PEFPYlAPEIPYh PG, i-bupggipbutylgn-peatyla frbentylengozhepvbinexyiagd s
det ermi ned_usi NG ofie! HohdofighesS W by, ABP! theif Part, m;@’belgubsgﬁtréd Tisasie! - gel
process offers the opportunity of préparing extremely hompbgeneous and 25

al nost conpl et el yulmtrltucrph@mshatogcrarmltmmrsalsor adloi, yidraxdleatiatkoxy, WtCMCIhﬂlg}H or

titani um coycentra (=10 r,0d ctlon he

preferred Lo TRY n'%%ﬁ%y&wf‘ﬁr‘/r?hylpﬂ &EI eElHR %het‘%th%‘ﬁ?rgt“e% Pcoc?ro r¥at i %n

known from pure Iiu@zn,et}@t MLﬂotar swstlﬁteﬁts hnt;ﬁefeﬁer&udhras Dich ], sy, arpropyd, il O
. % of Ti), honbgeneous, e Ti distribution takes place

ein the fourPEPY dbb‘ttldlr riét“?yént']a‘r‘té]f ér“r élin@()ll biieden modisules viglt andioEn on
by the titani um ,Ihesei-CefhniARoritc ﬁﬁl@%&tltﬁrﬂ@m%ﬁé&tskffs'a?@!ﬂkdf sitfableY fich

centres (site-isolated centres) used for the selective oxidation of

hydr ocar bons. | na%tddl taammat glecidariyprppyltpnahegsilanecor didigeposyayriehexyrethykon i s
very 645 00/0 all
metal , sem Pslrret a l%et Xgn ane '(é:lth%x |§1 \125 3‘%&"‘&5’@ Sangsetg%lf’ oﬁ-[ (%Lerglglg)ar e
sui table for thetrﬁﬁaﬁhi@btowl)of 1s}§eyaﬂgﬁte$ apetalkglaegel syclsdlokimet t becht araget ed

i ntroduction of foreiﬁ& oxj des into the | i ce of the tlté\?l unm sjlicon

mi xed oxides is nEraprEilypoBisHeas bpeamgh%ﬁﬁ%l%a%ahdiet HPROTASIIERS i vi t y
and in particul a'i’ofggl‘f( Re ok dhedbtich 39p& 1ﬁa|ebh§lsﬁ0)&5e hlRa1sexhigdld on of

hydr ocarbons can b %creased if the catalytically active netal centres are
incorporated in a defined pore architecture. Secondary reactions can be
suppressed in this u ] i i been
10 prepar edg(gy a%rgm)ﬁgﬁeééc}ﬁégd %:Oo%eo crg!r’téélhgaqrbr E'r gcéggég%}t[%r&@%gtq %‘ﬁé W th
a nobl e net al (g@hxdoraladﬁmrlqﬁwdnvrera) pésen biilldd in the tarty auchsad elmrtwetapln}xy]datl on
catalysts. In particular after optional treab @) of tﬁmfy ug)c t hese
types of systens TWQKPY; thishe fritaet Pak Ay 3189 Pg aWstifyied; FentS P8y ant
catalyst lifetinmes of weeks and | onger. 15 The optionally present pronoters
whi ch are described are present for the nost part in a honbgeneous
distribution, i.e. there is very little domain production, thanks to the
sol -gel process. 20 The chem cal flexibility of the chem cal conposition
(type of netal, concentration of netal) and targeted nodification of the
catal yst activity, selectivity and lifetine as a result of optionally
performed surface nodification, associated with the inhibition of

deacti vati ng/ bl ocki ng processes, characterise the product fromthe process
accordl ng to the |nvent| on. 25 QOtl onal I 'y perfor rred surface treat rrent

o o o, Y " o, o o b




organi c sil azanes, organic siloxanes and other silylating agents and al so
WD 00/ 64581 PCT/ ERO@6EBRI14A - 19 conbi nations of silylating rechermoeszsmy be
used as silylating reagents. Partlyfluorinated or perfluorinated
al kyl (aryl)silicon organi c conpounds are alisounderstood to be expressly
i ncl uded anong silylating conpounds. 5Specific exanples of organic silanes
are chlorotrimetpybsh! AR ofiishUIRA QFhiBE) 1 %¢ ®Ell &&/cloalkyl or aryl substituents, such
chl or obr onodi net hyl'si1ane, nitrotrimethyl silane, ’chl orotrinethylsll|ane,
i ododi net hyl - but 38l sirbmeghenydh| ererdphrenyly Fobhényndi hisraphesnl. on‘t!Wivlretﬂvytnglaane,
f"_ gﬁt Clygi gefL;}0gl'%rpgh'glgel%‘r}’g%ﬂgsr%%he%'yﬂ?éuﬁw lahS DRERAY G HeRkd ane.
tripropyl -chl orosil ane, 10di met hyl octyl chl orosi |l ane, tributyl chl orosil ane,
tri hexyl chl arosi | ane, di net hyl et hyl ch] or gsi |, ane, .
di met hyl oct adecyFEamRisoatel Qﬁe?OTW§H5’E}E‘5‘/‘Eo‘?1§‘§‘t‘%§’I SHPRIP c8lts gpg, organosilicon or
bromonet hyl di met gl cfakQ005 Ldrdandh! or omet hyl di met hyl chl or osi | ane,
3-chl oropr opyl - di iret hyl chl or osi | ane, di met hoxynet hyl chl or osi | ane,
met hyl phenyl chl orosi | ane, triethoxychlorosilane, 1
Sdi et hyl phenyl chl or osi | ane : . ;
nmet hyl phenyl vi nyf\!:tﬁ u@?oasnr"' I Sc%tse’, %lélﬁza)?Ih |lfjr%3t r?;l/tfa(t:%sl %lrd olllslldlr(g(ﬁ%e,s may be used, the
di phenyl chl or osi hiréadesdé. prbskidepisbptboxidel pepdadecand icfHogidy oy theyd dléthanwst | ane,
tribenzyl chl orosi | ane_and 3-cyanopr opyl di net hyl - chl orosi | ane. 20Speci fi c
exanpl es ofl0or gapictersil| yl ani nes are N-trinethylsilylinidazoles,
N-t-butyldinmethylsilylimdazole, N-dinethylethylsilylimdazole,
Mi met hyl - n-propyl -silylimnmdazole, N-dinethylisopropylsilylimnmdazole,

ri met hyl si | yl ditanéarhgderavatives, uch p$ tetradikaxgtitapates, stithyd </ alky! groups, such as
N-trimethylsilylpyrr . T
N trimet hyl oi | vl BUPP :"?tﬁri“r‘%‘é‘fyh"t‘?‘}%{'ﬂﬂ‘/’%lr PPPY? B} 1, &F other organic titanium
pent af | uor ophenykgétiget yttsi lay| astrakés(teif@thylsilyl) titanate, titanyl acetylacetonate,
1- cyanoet hy| - 25(dj et hyl am noz,di met hyl sj | ane. Specific ex(iamRI es of organic
si |yl anmi destland dikgsloregdicpytifapigm odibalideo. Waaipm (ipalogeapdiglkaries, o Hiargim
N O bi Stri et hy! flibathbchfibKBE SRGAIEHIY Gscd phrtibiTRt Wik oK) ACBHBIHaEh with
N-net hyl - N-tri met hyT si |yl acet am de,
N- et hyl - N-t ri netlkyl giohytcontaifing titaiemt comipdands3@hlorine is preferred as a halogen
N (- but 1 di et noSTeg SRFR B! 5P i formuls TILR S50, wherein
N, O bi s(di et hyl hisdaosiiyy,| ¢yictdafdyyr aplarinrdlkidaryl, alkox$ WOIXY/ 6A&E] amido or
PCT/ EPOO/ 03214 -20 Specific exanples of organic silazanes_ are
hexamet hyl di%i | abyhey! gepyp arbRAs# eyclqpentyh feclohexyl or cycloheptyl group may also be
|, 3, 3-tetranet hy|dissitiagane 1iso}5rc§9kﬁﬁeﬁt%ﬂ[o$9ﬁ§rlhBéhgekcﬁii&éﬂ@tiE‘ylhxéfeﬁdbl}ﬁzlﬁé@1
1,3-divinyl-1,1, 3, 3-tetranet hyl di silazane and

di phenyl t et r ¥iradmlkaridss phiztamiem ams atipt demets yrieay e.& ititapivm trisppravagidat s

are N 5 nethoxy-N, O:hji strinmethyl-si i fl.uor o 1

N et hoxy- N, Ob <P FPRRURUATECT e B b boeky A RERARefisor compgunds, el o o,
trimethylsilyltrakéd usr asst hartke pudsteade camgleddfdimily sbmpomsntsy kwdhl yd wrgaa.
Preferred silylatin reagents ar e hexanet hyl di si | oxane,

hexamet hyl d#%i | ai‘&ﬁ’g?cetfﬁ entylecetonsiAhy | si | ane,

N-nmethyl -N-trinmethylsilyl-2,2,2-trifl uoroacetam de (MSTFA) and conbi nati ons
of these silylating reagents. Conpositions which can be prepared according
to the inventi onlfrrouatsof tetrealkyljrdiotitenptesaraveplaced byctaialivexititaniune specigs, e.g.
silylation in order, to increase the n [ . SJ 0, S.
Wat er treatnent ?r}'?lilfoﬁ?'glet glﬁlﬁaélh |’6‘Ee ﬁgi}ﬁ%%ﬁ) lﬁ\g{y %%yegfééibgﬁﬁ u? {eél'gﬂbgrdgg%ﬁ;{ 5)i nt o
contact with |iquicdomericer alkexides, aguaibusSeffeativy ajoctgmaltnystens,clshdr | de e.g.

sol ution and/or anmmonjiumnitrate sol ution an /or is iQgn.exc anged Wi Elf?h

pol yval ent tht i oRely-(diethoxysiarggdyls faneteh ol fockienealysq) sitapgio) o piey gnid, &e
silylating procegggstep, e.g. the catalyst is suspended in water and then
dried (e.g. at 300C), or the catalyst is 20 treated with water vapour at >
100C, preferably at 150 - 450C, for 1 - 6 h. The catalyst is particularly
preferably treated with water vapour at 200 - 450C for 2 - 5 h and then
dried and surface nodified. Conpositions obtainable in the process
according to the invention nay be used in 25 any physical format all for
oxi dation reactions, e.g. powders, mlled powders, spherical particles,
granules (e.g. produced by spray-drying or spray-granul ating), pellets,
extrudates, etc. Conpositions obtainable in the process according to the
invention are extrenely 30 suitable for oxidising hydrocarbons in the gas
phase in the presence of gases which contain (atnospheric) oxygen and

hydr ogen or oxygen and carbon nonoxi de; this use is another object of the

VAN D S AN A FNAYT | s ] /NN A A ~ A o



hydr.ocar,bon, oxygen, hydrogen and diluent gas, nmay be varied over a w de
range. An excess wbobwasocar bon, with respect to the oxygenPCRERPIOI4 g
nol ar basis) is 15 preferably used. The hydrocarbon content is typically
greater than 1 nmol % and | ess than 80 nol-%- Hydrocarbon contents in the
range 5 to 60 nol %are preferred, in particular 10 to 50 nol % The oxygen
may be used in apyidanora! it@tayn-Bltyl QiihBtitatate). teff@is@bpoxly CraateN, tettdproparyd 20
nitrogen oxide. Ml ecular oxygen is preferred. The nolar proportion of
oxygen, Wi th respéeratet o IR ot afetylageimateof WANEE of SOPIRROSERFPRSYEIORS Y en,
hydr ogen and di | he. varhed v a, W g €~ OX: IS
preferably used #ﬁ&%uﬁgégrQﬂ%%ﬁ%?%ﬁé§ﬁﬁfg%§§%§B%ggﬁ?ggghgﬂﬁégr8@2%%@%? 1-30
nol % of oxygen iesaghieidesabprgfenrséd, in particular 5-25 nol % of oxygen . 25
In the absence of hydrogen, the supported conpositions according to the

i nvention exhi bit only very low activity and selectivity. Up to 180C, the
productivity in fhe,aha@nce GhoddW@HEOIaIKokisles, OWolyaerit €pRInA UsiRE abosg, 200C
| arge anmounts of carbon di oxi de are produced in addition to parti al

oxi dati on pr oducpely(dithexysiensnes opplydiegoxgiloxapgrsdybialpminats eifs aopys ee!lys

e.g. pure hydrog&gﬂbgﬁgﬁhesis gas or hydrogen fromthe dehydrogenation of
hydr ocar bons and a ol's. In another enbodi nent of the invention, the
hydrogen may al so be produced in situ in an upstreamreactor, e.g. by WO

00/ 64581 PCI/ EPOQ/ 03214 -22 the dehydrqgenati on of propane..or .Jsohutane or
al cohol s suh as“&PFonRalsH a?ﬂ'&leg g%h%’ &gﬁ?%ﬁ%or‘ﬁﬁ{/ pgqné‘gerﬁ’esﬁ N ild 28041 nt o
the reaction syshgignaiy pro&fofand, @X ahd Bptemalbp pohRters, ®r §i adl S@ioaklSHrolyeEHgen

| ex. The nol ar proportion of hydrogen, with respect to the total nunber
of nol es of hydr Biexplse he ustpgearting gempayads gtk ripjesiscording e thedgentin. v ar i ed
over a wide range. Typical hydrogen concentrations are greater than 0.1 nol
% preferably 4-80 nol % in particular 5-65 nol % In addition to the
react ant gases dasgattidnéd f@aliarge-scate indusaiabappdicationg praxrsssesismed orawaterglass, an

constituents, a diluent gas,.such as ni.trogen, heliu argon, mnet hane
carbon di oxide, 34rerysy sSFmSHise d‘@ﬁllgf’n & ﬁ*{‘ﬂa‘]ﬁe&a%%sbﬂﬂ“cﬁgﬁ%%\}a % ‘?S of
fundamental | y i ngfoked@SiaSwhidhPliAnt keiidred then Rdic sbiviitih@ss Bkn thiflchRer t

components descri bed may al so be used. The addition of inert conponents is
beneficial wth #egismeeduminthepreeregof en widie. meutrd gt basisi catghisb pedesied: @liei ng

this exotherm ¢ gxl ARG dReH AR AN LhRN & RALELNioR b Mar 8f-caffegt ! f

the process accofding to the rnvention 1s perforne t he gas phase,
gaseous dil uent ecawrpglasat sresldchprefistede. g. nitrogen, helium argon, methane,
and optiona%ly wat er vapour and carbon di oxi de may preferably be used.
Al t hough watter vapour and carbon dioxide are not conpletely inert, they
have a positive @blapsigait solfinys sabAs alcoBbIE M. mdtHa@BIS ethahod istptopiBol, Bitandg have
found that the sel ective oxidation reaction described above is very

sitive to thepesfargily gthanadsisqnsepapel of myashanolgoy ather pRlarprganis zobvegts Known
nano- di sper se 9ol fl, 3dhPliifidd ¥he BRWidh! Sndi Rafd\PaHBRL! St HBRSLELAN. AN
advant ageous increase in prodhct|V|ty to give the selective oxidation
product was obsepxeeks, bh kuacetoee, solfalan grsorbilasslves$, prafetally acdtenedare fussliagn  of
reactants a pr o UCtS'CZQ be nininiﬁed mhﬁp using Ca%a|¥%ts“?(§g&%HR% to
the inventith by SYEFHET ApePiPeatsi PTG ChiBC B 4IPe Wi PR MEIF 1"t he
requirements of Hhgueathpbinds (EAGIHoRIdes) Wher Géfig doacalled bRl aRsdspwatpraindr i ty
for the polymer while retaining sufficient nobility of the reactive
centres, cocoodeREanicosplvgtntvhichi e miseblomath Wolah otsh nalephle are ysed:30
integrated into $Q$ﬂ99§xggg. The polarity and swelling behaviour of the
support can

30 The compositions according to the invention which contain gold and/or silver
particles and titanium and silicon-containing materials may be approximately

described in the dry state by the empirical general formula (II) given below (groups



al sp be advant ageously nodified by incorporating oxophilic el ements other
than silicon, sucwoase4seron, alum nium yttrium tantalum e¢T/ERNi02N OF
titanium The WO 00/ 64581 PCT/ EPOO/ 03214 - 23 choice of these
heteroatons is restricted, according to thginvention, to el enments which
have redox-stabl e oxidation states. Basically, the process according to the
invention nmay be,p@plin@de FOmRA¥AS MVYEHEQGSE BN SptioldIF iRORIPISS @&hclY GFRpar bon
is understood to nmean an unsaturated or saturated hydrocarbon such as
ol efi ns or al kands hotipfentntaagconntdgretont ai n het eroatons such as N, O, P, S
or hal ogens. The organi c conponent to be oxidi sed may be acyclic,
nmonocyclic, bicyclic or polycyclic and nay be a nonoolefin, diolefin or
polyolefin. In the case of org8i0,c¢ @grPHochMOWEhHh two or rd@ye double 10
bonds, the doubl e bonds may be conjugated or non-conjugated. Hydrocarbons
are prefer abl y oxi di sed fromwhich the oxidation products which are
produced have pagio dprfeRs SiESSoiY, Oy RpRschdf the 6ie8RIE ConstiRBh @ tht AGmRloduct
to be continuously renoved fromthe catalyst. Unsaturated and saturated
hydr ocar bons wi t preferably produced f @sadigelprocesoirar thesorbasic/ mptgasic praguisenst Mdeall ar
et hene, ethane, pr , n IS , Ah SQD -
2- but ene, ci s-2-§3?031§°g;&’ P%ge%%%%uﬁgn%ﬁ?ﬁﬁgﬁt gg?@’ngf’%ﬁ 8?1%0,%}(%%{@%&
1- hexene, 1- hexathereof)®a@plicenasgoldatdd/od Bixe itobldma@l nad ay ¢amt £hretkethmbEhe
i nvention al so provides for uae of f%he conposi ti glgs whi ch §,an_ be abt ai ned
in the 20 pocess RYEB MY eded Reclfsriumiapaions! figmvalens of pin 1han4Mui d phase
process for the selective oxidation of hydrocarbons to epoxides in the
Wsence of organic hydroperoxides (ROOH) or in the presence of gases

I ch contai n oxVkgsrmpesitipy erlled @B abpversep he natgdpveravide rangemoxi de. 25
Conpositions according to the invention can be prepared on an industri al
scale in an economcally viable process which involves no chem cal
engi neeri ng pr obTkapropdtien chOrgat emoht parcitappewith espeat td dikcoproxiienmay be
invention are explained in nore detajl py the catalyst preparatiqns and
catal ytic tlst r beswparchand A0 er T i erraaﬁwq?a RIS %r@%%ﬁwee?t is
understood that sd1gnd MYEDL IR drSpot®n SeShilint B&liel FithNesped AR RiRNP! es.
WO 00/ 64581 -24 Exanples Instructions for testing the catalysts (test
instructions) PCRtEER@Y).DaRl W Bolyonpreterabiyubatwvean O pansh HP Yain partignlarrbetyrenm|
di ameter of 10 J e . ng. whi ..neen .set.
constant tenpera u%gggf}) ﬁbgﬁésp%)g Lrgﬁgé)?p@hg}tﬁr@o%? gc‘[tq?glhgcgneg’flaerﬁsegggg% (())r i's
supplied with reast adtmaja%esThes ipropoaionedl &f, wihrrespasts td |thev obBU heetadfise

(hydrocarbapn, oxygen,.hydragen, nitrogen). For reaction, 500, of wder ed
catal yst ar? ini %/qq%ﬂqsk’i‘_o ’nlsg%ﬂ’m?&g)'@tl ?%30%9 ﬁ'ﬁ%" R the ?Pﬁ%ﬁlﬁ@f’%c‘tg?@%ﬂ% The
10 reactant gasepetdtd 0.0017R0 YR 1A tHehBsd FIMR it i§ prefbrdBOVRweehtR00Saagd@r d

catalyst loading is 3 1/g of catalyst/h. Propene was s€el ected as an exanpl e

a 'standard hy#¥oecarbon'. To performthe oxidation reactions, a gas
streamenriched with nitrogen was sel ected, always referred to as a
standard gas conposition in the follow ng: Nz/ Hz/ 02/ C3H6 = 14/ 75/ 516 % The
reacti on gases aFwtlerabdrgsthd dbfecguaaitionat abek yar® Bolaedyby agitoasa fa@giragaking Gas
chr omat ogr ?thi c separation of . the jndividual .reacti.on i f ormed

di . . ﬁro ct§ I'S 12'6{
by a combi nred FI ¥ UoBt pRsardingnfo\fhs aryerton ghichs £ondin RO ANG og T Yoy Paticles
capi | lary col ummgig thdddimBhd sineeNtaifiagdRateials.nt ernal di ameter, 60 m | ong,
0.25 ~m |l ayer 20 thickness:
The sequence of operational steps during sol-gel synthesis is not defined. The
generation of catalysts according to the invention may be achieved, for example, by
30 simultaneous hydrolysis and/or condensation of Si and Ti precursors, by reaction of

organic/inorganic precursor compounds with appropriate Ti compounds followed by

the optional addition of the appropriate Si compounds or by simultaneous reaction of



TCD;, the followi ng are connected in series: HP-PLOT Q 0.32 mminternal

di aneter, 30 m | owg,008438pm | ayer thickness HP- PLOT nol ecul aPCEERNB3IZZ4 A
0.32 mminternal diameter, 30 mlong, 12 ~mlayer thickness: 25 Exanple 1:
Thi s exanpl e descri bes the preparati on of-®catal yst consisting of a
silicon and titani umcontaining, organic/inorganic hybrid material which
was coated w th gohflc/3Rrdasict ipfdc@Sor QomphdndY) ofiSdpp®ptifei Hita@fiim Wakdnelison The
concentration of non- hal rol ysabl e organi c conponents is 68 nol % and that
of titaniumis 3¢@RPBNASYH, with respect to silicon. WO 00/ 64581

PCT/ EPOO/ 03214 -25 1.9 g of a 0.1 N solution of p-toluenesulfonic acid in
wat er were added to 10.1 g of nethyltrinethoxysilane (74.1 mmol) and 15 g
of ethanol (AR) hnd prafermd xdmbodinwat the | orgadc/iorgaic holivon. prEbursor1copipoyndf

t et rabut oxytitaniu 4.3 nmmpl) were added 5 s|o . the m re was stirred
for a further 30P eﬁ‘g@ here 157‘.“352385'6‘?“0[‘18‘{ d%tpﬁo%?b?i{\ér ﬁ%CEOI{" #, ‘fﬁh#bel 3d\éﬁ}8f’8%
added, the m Xt ug RSt Sksinpl ffl ekks 36 Whtd?UnGHh, redpedi Xd e a@bunt. Bedethllp 0. 1
N sol ution of p-tol uéenesul Tgoni c acid in water was added and the m xture was

then all owed to teusired, theRdhartiepiymecompaundis agded prst furtherrwaler, gpippplly alepg er an
agei ng period of . i : Al L ; 8 h
at 120C under 10W§?ra Qatgfygt? bsgigb eds{\@\%t? gg‘?%ﬁ@t“ g?)lna a%glr]gyh}%pnrl gnlé%lgg&smm{ﬂﬁﬁa

sol uti on consi st from DfewSdbhutey toh faw days d¢peadiog bn et doapokition,ghd chtalpdtuthe on
(HAud 4 x 3H20; Merck) ., whi ct&\&gad been de Vﬁd&'odz'fs (g t\f,i\iyth t hanol , the
macr oscopi ¢l |y #pgunaf wetenand tnetegipeiafirg. dhe gel I disd apmp@aigly,of AEnA0A8HEE and
then anneal ed f OferhdNofiup 48080 WA br Abhgdt. MRSl € @bmpPleter B@CRydrdlPsial ah@st 1 n
aordance with the test instructions, a constant PO sel ecti vi téaof 95 was
a

i eved. The nasdndensaiie) sppesiogs, dfe moishandior alsgarle dued gef may optignally Rgitreateds 20
declined to 2.5 % af : ; ' ' :
preparation of a{%cgtogﬁévse?algﬁé ’o‘ﬁﬁ%pggg%s%zgn‘%%é i%wgﬁﬁg%{ﬂgqgalrt&%
gol d- cont ai ni ng imeftedas ad pferablly pérformednat betwemaiiael FHSCaimnpratiadarfbotwegnh at
400C under an atnpsphere of hydrogen. In a test in accordance with the test
instruction® a é%%‘idalﬁg %o sel ect i vi ty of 95 was achi eved. The maxi mum PO
yield of 4.1 % was achieved after 3 h, and this 30 declined to 2.8 % after
4 days. WO 00/ 64581 -26 Exanple 3: PCT/EPO0/ 03214 This exanpl e describes
the preparation &he diydwpbobjeity ebihsi egpmig/inorgagicshytiridomatgrials ;iccording to the

b ATl Com &1 "o RLAHACIRRLS UPHRE hiinbBRLRA bBL ol RbiRalRR HERBHE
Si-C bonds. These have, as compared with other organic bonds such as e.g. Si-O-C
20 bonds, the additional advantage that they are largely chemically inert, i.e. they are
insensitive to hydrolysis and oxidation reactions.
. The noble metals may be added in the form of precursor compounds, such as salts or
organic complexes or compounds, during the sol-gel process, or else applied after
25 production of the gel in a known manner e.g. by precipitation, impregnation in

solution, incipient wetness, sputtering, colloids, CVD. Surface modification of the

composition is optionally performed after this stage.

Surface modification may be performed either before or after coating with a noble
30 metal. DE 199 18 431.1 describes a supported composition which contains gold
and/or silver particles, titanium oxide and a silicon-containing support, which is

characterised in that the composition has groups at the surface selected from



particles (0.5 w.% by the deposition-precipitation nmethod. The sol -gel

m xture i's producwe wm4s8he sane way as in exanple 1. 10 2 gPOT/ERWpI#t were
initially introduced into 15 nl of nethanol (Merck, AR), 20 ng of HAud 4 x
3H20 (0.1 mmol, Merck) dissolved in 5 m et5sethanol, were added thereto,
the pH was adjusted to 8 with 0.5 m of 1 N NazZC03 solution, the m xture
was stirred for gfcdhalkyl, 4iliBbnaflll, ARAASOSHAIAME blkyPdrdludhditdrinib @ dryl g@lgs, PH =
8) were added, the pH was checked again and the m xture was stirred for 60
mn. The solids a8 tﬁ@f wseja gntaly ety for wesdiret axidatip of hdrasatbonsrOrgmiciipeaaniel
each time, dried . ' ressure, calcined for 5 h
at 200Cin air ahJa?{dr%%e%}]sﬂgg%éﬁ%%{rd1§&ﬁ9§?§‘ﬁ%8@>r8nder nitrogen. The gold
content of the gold/titaniunisilicon catalyst was 0.48 w. % (I CP anal ysis).

20 In a test_in dance with the test instructipon onst ant PO

sel et vi ty Sof | oBieHasA SRR e e oripRGon B TGRHABGS PRt o B8 TS PRRSUECHP eve
after 1 h, and thipiceRal 6MeRupd sdledted Frd! licchaltgly SilicoiATD| fRiofine-déntaliihg
exanpl e describes the preparation of a purely inorganic catalyst support
consi sting of thalkghardleripg-cagitainingpryherques to A syrfpcofitisupported Lemgosiiian gol d

particles by the o)l i g%g : - Q2] g of
t et raet hoxysi | angﬂf@goﬂéﬂ%%wmoﬁﬁg% c?%gbfjth%gﬁg%ﬁdv%é%gﬁgsd%b?o&g?%%ﬁ Qof

i - propanol, thor eutfaphé in acoveldnicordodidmateandtnery Hofveder,lany dtlEhr sunace tragtohenk is
thereto and the m xture stirred for h. 1.06 g of tetrabutoxytitanium
(3.1 mmol, Her os?"péﬁgly “6%‘%%6}*"6%% e%@%b?)%%“é‘fﬂ' -27 % were added
dropwise to this solution and the m xture was stirred for 15 mn. 23 m of

’)strength agueous NH, solution were added to the hom)&%geous m Xt ure.
e mixture reachRedingsstrigloanplicaifonsr pragrsees Wsed An widerglasy ueeuss seshiam  or

10 h and then dr|. il L1 ak | ne _h ) RS i .
pressure, then f%)l?g% 8{)}![[1 &%ESSM%&@%%TE? g\gagﬁirn%%%g%&%{?%e?& %gg?cogﬁg&ﬁgs *for 3 h
at 300C. 4 g of whichnilieirwahisaransfagedstopyparganvesodvennartdi ialthen condenesiuioahisi nt o

35 nm f , 70, HAud 4 .178 . | Me N m f t
Sdueq t ner oS bl witer it ncutslof bRty goy b idsyp Al5g Rebiss e " ©

m xture was sti r fRdiukiXilicod nitkéll ids10 4 m of nonosodiumcitrate sol ution
were then added, the pH was checked again and the m xture was stirred for
120 mn. The solids were isolated, washed three times with 40 m of water

each time, dri Edlrf t?lf: Bljogesg a@éor&igg 8t tﬁtt:e ing?%ﬁglflp&%si dt b?éegﬁ%ﬂ{sgd %n&ta%%#s%pﬁg for

3 h at 300C. The go content o titaniu I cone catalyst was
0.52 wm. % (| CP asdiggbpopess. 1Sui@ble agidofand biixet arrdmoando Q. fer@nakilled in the art,

1,1,1, 3, 3, 3;hexanet hyl di si| azane (3 I rck) re.inijial int raduced
into dry he¥ane ’E“h%gts‘?l'rgel ﬁtﬁra&rf g‘fcé‘rc?gﬁoq: }g/gﬁ” 160C; Nkﬁ’i'eéc'ébll%g]sdg\gk#%q
filtered off, washedeiohiids, GO MNidfacheXBAE VadainHahE€ G EW. Gurdtsahdi206lisiader
vacuum Surface nodification by si I%/ll ation was then repeated. 20 In a test

i @haccor dance wi ferfase Seies (1P QA CIPIEARIC, aquediis Of ApR-agiorusemistal geidssugh o5
hi eved. Th i um,. PQ Vi . Of i f . h...and
achreve fs ﬁ%&g%@?atc agd}/hlﬁ’gcdac ,E@ﬂ@a%‘ﬁﬁgh%ﬁmﬁ‘é@ﬁ, A dr&fiuokic Acidd?

this declined to 0.8 er 4 yS.
similar and organic acids such as p-toluylsulfonic acids, formic acid, acetic acid,
25 propionic acid, may be mentioned in particular. Hydrochloric acid, nitric acid and p-

toluylsulfonic acid are particularly preferred.

The amounts of starting compounds used can be varied over a wide range. Typical
molar ratios of hydrolysable Si(Ti) species to water are in the range 0.5-32,
30 preferably 0.5-10.



Thi s exanpl e describes the preparation of a catal yst anal ogous to exanple
1, but 60 mi n af twoob/bssaddi tion of tetrabutoxytitani um 0. I&ETYERNN/O3REL OEt ) 5
(0.75 mmol, Chenpur, 99.9 % were added to the honpbgeneous nixture, stirred
for 15 mn and 30 the m xture was then gelled, worked up, coated with gold
and annealed in the same way as in exanple 1. . WD 00/ 64581

PCT/ EP00/ 03214 - g a8l &taﬁ‘ysﬁ: %ﬁsﬁpoh%ﬁt@ﬁaﬁ dadiC® Wit Pyrbfdid Sfita, i AésildGhions, a
constant PO sel ectivity of was achi eved. The maxi mum PO yield of 4.6 %

was achi eved af t €abogilfymaypldo berpuspended prdigperssd an @GWH‘P@@rSﬂlFaGalﬁsAd‘B“‘E}@brrpI e
6. This exampl e UeAGLINES nhiiuRERA! Ablelebudh 81 Yibndbfifi OBk Goughene

exanpl e 1, but 60 1 n Ion of tetrabutoxytitaniu
Al (OC4H9) 3 (0.9 gwedls, rﬂhﬂﬂ’ﬁﬁdes Saluﬂ)s%mmhyle:eﬁuidad gtlatineh@r Ismmrtagenmpmmds

m Xt ure, stlrred for 15 mn thq, m xt ur.e.wgs then d, rke up,
coated with gol dméYldﬂS&n‘i’Fe&Feéldfqr ﬁa‘tgﬁt@ s HRisTigh gesign .Wf%%?&ﬁwgq% 'T‘ Hygro, in

accor dance Wt LRGhREIsASHESTHIERE may 6OTEbABIaEARREAToLY iio ‘ﬂfe @5 was

achi eved. The nmaxi mum PO yie % was achi eved after 2 h, and this 15
declined to 2.0 %twmtkeifhma@ht;@ ofmyérqph@buz orggniepRbienis io deaiopPlase fdispersed dance

wth EPAL 827770l 8 6?‘?1‘% S8R GibheR amﬁolpm% b Qbnealddh Gloms,

i norganic cataly consi t he oxi Icon and
titanium which vaSesCthet pddwitivh «foird epmrstdnc(Mcrsa'meols phasc(mdaminogeneous

titani um cont ainin yst support ned nat i.lica
with titanyl® acefP¥ ‘885‘8‘1‘?&1 andt eﬁalB‘Fsv@él%g %@“@%@hgg‘ﬁ 4?%&? o
di oxi de, Degussaexfl0 ne/g) are suspended in 25 250 nl of dry nethanol,

8 g of titanyl acetylacetonate (3.9 nmol, Merck) are added thereto and
the m xture is stirred for 2 h at roomtenperature. The suspension is

evaporated o dr e 3000 il BhALY s HHARREAN e hDPRSR b Ber 50l 650 2

130C and cal ci ne i ream 0

tetrachl oroauri Cbminq)a{tﬁulﬁrmmhosph&rche)ssurs di ssolved in 500 M of distilled
water, adjusted to a pH of 8.8 with 2N sodi um hydroxi de solution, heated to
70C, 10 g of’ the titani umcontaining silica described above is added

thereto and the ThVQO0kS¢pBfbrRid ABERPLRBRE 4 théJange 0-100°C, in particular at 10-
60°C.

Any reactors and reactor inserts which have been described in the prior art are

20 suitable as reactors.

. The wet gels obtained in the process (called aqua, hydro or alko-gels) are dried in a
conventional manner, that is by reducing the pressure and/or by increasing the
temperature. The wet gels are advantageously crushed to a powder before drying. If

25 moulded items, not powders, are intended to be formed, the sol is transferred into
appropriate shape-providing moulds prior to gelling and then gelled and dried.
Conventional drying is often associated with shrinkage of the initially obtained gel
structure due to evaporation of liquid from the pores. In order to exchange pore
liquid for air while retaining the filigree, solid network (Aerogels), special methods

30 of drying have to be used. "Supercritical drying" with carbon dioxide is the method

used most frequently.



m xture s stirred for 1 h. The solid is filtered off, washed wth 30 ml of
di stl 11 ed wat er, woisedssBor 10 h at 120C and cal ci ned for 3 RCHEPMOMI4| n
air. The catal yst contains 0.45 wt.% of gold according to ICP analysis. 5
In a test in accordance with the test insttbetions, with a PO selectivity
of 92 % a propene conversion of 2.3 %was achieved after 20 mn, the

propene conver si pRpMafonlofahdFiadll ShorphtilisMoble hétsl- d%&ﬂﬂﬁgec&%\éﬁbﬁlc&{hswﬂé 1.0
% after 4 h and the propene conversion was 0.5 %after 10 h. Catal

deacti vati on i nceltigrigmysiliconapixed ede and- godd prdjon sikyer pariiclesyis met eesigic £ in
Trans-2-butene ig, ys‘eiyect ed instead of propene as the unsaturated

hydr ocar bon. For t'he~partial oxidation of trans-2-butene, an

organi c/inorganic hybrid cat aI yst 15 consi sti ng of the oxides of sili con

d titani | d t
catalyst | Tpr opAPEEPT PG TR HE A0 Aot o et TR ceERHR A R of S of eot

in accordance wi Bx@aﬁll@@oﬁ‘lﬁgies'oB@&ﬁbUiﬁxﬂ@ﬂl&mg&h&Qﬂ‘-%El%&ce@s 3r a@@mpat Appied 0
selectivity of 91 % was achieved. The maximumyield of 3 % was achi eved

after 2 h, and t #fitss me@ratmcpfttbe 2eloimg knewp mlanaetygg X dmpregnagionp icipient

Cycl ohexene i's SGkf r@c’i 1&ﬁ9n°§ rRES BiARicATont SEmHT fsﬁh&ﬁ@&neﬁta%g gx}bon-

For the partial oxi atl cl ohexene, an organic organi c’ h

catal yst consi st 'fdhlgwaﬁlstsiage,mheniele sofface IQH gmnpmdcct\tewdmuthnrganm grbumaﬂaldbeen

coated with gold rtlcle i S use The cata i S edlnth sane

way as desc]rnged cation” may @fsgifa lﬁeaglaban%}% W’ptaﬁ‘ aé fg%ltaéquct? Yf an

evaporator. 30 agﬁ@cgwnwaglloagm@?om 03214 -30 In a test i n accordance

m the test instructions, a constant cycl ohexene oxi de selectivity of 90
s achieved. The maximumyield of 2.1 % was achieved after 3 h, and this

declined to 1.8 ene | d

i nst ead of prope'ﬁ‘e gﬁh%{’ he’ n&ﬁé%{) ﬂsrs?a %ytgroclg‘r/%mg;n Hﬁ%?g%tﬁlgesg{grﬁtp? c%oﬁ?o%‘?

oxi dation of 1, Sebarysiaihmuctamsorgam c/inorgani c hybrid catal yst consisting
of the oxides of silicon and titanium which had been coated with gold
particles, 1> 10 used. The catal yst is prepared in the sanme way as
described in exapph&ugh-thd MoPhbIBgY ardpaftichNiADTAR Mixbdlodill® hdHe vaed swéehi ons,
a constant butene oxide selectivity of 82 % was achi eved. The naxi mum yi eI d
of 1 % was achi ewéd¢ mngerhomogenegys amerphoge gikgdeoxides witly highn puréace praga s |
Exanpl e 11: Prop t rbon
For The parti al ool SRS B3 Phie RRARGREy pRTefRa Me GRUAD WL B68) )
consi sting of thi deterdimed ofa cﬂiﬂvmtlbnaimanaﬂdlsmgmmnaum Eimrrehaddatbllbnéseneth@ht ed

with gold partic use din e _sane as
described i exahnﬁré’ gl%hetnng"a‘: Ee]@t g‘?hggéﬁ%? teFH@eéE%fhe cntrifuigé
instructions, a aRSHaRtrAHE!BMAOMIACY] EbHMdQﬁteﬁch Sci. 1980, 78, 31 and the
. particle size is determined using Cornillaut's method, Appl. Opt. 1972, 11, 265.

The sol-gel process offers the opportunity of preparing extremely homogeneous and
25 almost completely amorphous titanium/silicon mixed oxides. With high titanium
concentrations (> 10 wt.%), domain production occurs due to the preferred Ti-O-Ti
homocondensation, in which octahedral Ti coordination, known from pure TiO,,
prevails. With dilute 'TiO, in SiO,' systems (< 10 wt.% of Ti), homogeneous, i.e.
domain-free Ti distribution takes place wherein the fourfold coordination preferred
30 by silicon is also taken on by the titanium. These centres are probably the
catalytically-active centres (site-isolated centres) used for the selective oxidation of

hydrocarbons. In addition the sol-gel process according to the invention is very



was .achieved. The maximumyield of 0.9 % was achieved after 4 h, and this
25 declined to 0.wo%eedsser 4 days. Characterising the catal PETEPIFAZ16r gani c
constituent of the organic/inorganic hybrid materials can for exanple be 30
coated on the external and internal surfacts- by so-called DRIFTS
spectroscopy. DRIFTS (diffuse reflectance infra-red fouriar transform
spectroscopy) i Sydsafifl bec@isk allsl Aot AN AbiaDemPRelal 0F GORIetallR! Hagesf¢ t he
structural characterisation of WO 00/ 64581 PCT/ EPO0/ 03214 -31 functi onal
groups and adsor knewesandmany|of thesgipte suitable fopthg reeduetion ofrXasegely andgferegels,

met hod and sone ,Cat.l an omthe.: fi f. hetear e

catal ysis may bea%)(%dr%dﬁ%. %?ge?@rél { é)(agcriolhcpt fE‘%‘%T{}eg%‘ ]ﬁ?é)ém},a kﬁogalqtﬁég%e(ra?sﬂﬁ , In
t he Handbook of tiehiemdsitcone eisedCxideb jsdn prindifae poRiblep. 539 et seq. (VCH,

Wei nheim 1997), and the 5 literature cited therein. To characterise the

cat al yst material s accor di ng to the invention with and wi thout organic

nodi fication to {RenRetNAE Khat ARPIQRETIBL SdSIAPRHRBSlaMRE Actif) Bffink QhtaBsik W
hours at 200C in a drying cabinet, transferred to an inert gas cell in the
hot state and 10therridatipyf dyydweabensoesaohsi igtepsedbf thee safalydgallpractrsmggal hout
further contact wth. air |.d - -0t g an : face
of the sanples). X%E%rasufgjg 1&&5%5%8%%%&%6@$0%8%§{@§h%f S%“‘E%’g&%%%‘%‘?%é’? géani C
hybrid material §ippreasedoindehisc svayd Thuse tieanjpingsilicon aniedaoxyidese vhich nisavg areen

sol -gel materi al roduced from 15 tetraethoxysil aee apd . .

t et r abut oxydi I an Bar?‘ﬂgy E?‘8‘3?&5eg?e%}@tCQB?lé‘fﬂnéelﬁaalﬁ)ﬁsPr%‘ieSSaBﬁﬁtcoé%wﬁw npblet he

spectrum of the ﬁ’x'éﬁiiQF&lé' SR adtiver) P righ1yBdcUd, Adeledtife, askidafibg ataBystsh@n
geneous i ncorporation of hydrocarbons (CH3 groups). The purely

i nor gani ¢ mat er i pdrtiedlayoafteo pptioned tiggtehenic af Bisrsugines phese ttyree «f )systpme isxgbigsi bl y

arise fromthe sol ggl . prpge u : PREL:

hydr ocar bon gr ouf)xscgg?n(ta Sggeglg‘éﬁ%sl j§/§d‘;6{d9§rﬁ£1§ﬁ?{l§vamg%tf§rlgﬁl @feﬁ’é‘(g’% g’gégee ?/ and

treating the nmathgal at a tenperature of 200C). Fig.l: DRIFT-spectra (OH

and CH region) of a gol d-containing organic/inorganic hybrid material (in

accordance W th exanple 1 ) and a gol d-contai ning purely inorganic m xed

oxi de material . ThesgioRlyesrbhSprBbRrsHiGhrelicsé UG aki ¥89enBfor 1hb @idst phet ifaS
prior to DRI FTS analysis.” Dashed spectrum purely inorganic gold, titanium

and si | i con- cont ahpimpgeneais-dissibution.de. Biriede verg ditflo dompirspregustion. thanks &) e
titaniumand sili q_%gr rQ%(tsﬁi ni ng organi c/inorganic sol-gel hybrid material.
WO 00/ 64581 -32 U / EPO0/ 03214 1. A process for preparing a
conposition containing gold and/or silver particles and an anor phous

titanium siljicon_m xed oxide, characterised in that the titanium silicon
i xod oxi de o pbnSiearica Sy of B Grmiakeomesiian prir el SR,
claim 1, charact gfns@ ahdtatddtdd rhdiridalibPoH tHEE 1) st GANitH) S6RBYIAH A8 HfHIR as
organi c/inorganic hybrid materials and contain term nal and/or bridging

ani ¢ groups i ATeshb ofieptigaally pearfprmed mrfsee meddicationorsapdigied with ithe iphibitisnd/ or
2, characterised j - S e I . [0 n 1 xed
in a sol vent andOJtD hrhg%]&l?lgu%@w;%gyg#@“ﬁ%/%&%@#&ﬁﬁ{gap fog{ri]&?grgfét ?%ngfoge@
initiated by addadegrdisg erthesindension.d or basic catal ysts. 15 4. A conposition
according to one or nore of clains 1 to 3, characterised in that one or
nor e organi%s acids are used as catalyst. 5. A process according to one or
nore of claims 10pRodhily GRAbAcddSNutB®0trdalindn? 3bnsisheo2Peatitig WathCor@inid KiB/lating
conposition is treated with organosilicon and/or fluorinated organic
conmpounds. 6. Argpeetedbe moelingitangposisionnase excelent.igfly gdlestingredox eptalysts.
characterised in that water glass is reacted with water-soluble titanium
conpounds. 25 7. A process according to one or nore of clains 1 to 6,
charact eri sed i nSufatie dilyinting ragaitd dro ey kawenailicemte@uboands winplearable ésreast t he
range 100 -_1000C.in an interyedi ate.or final step..30 8 A proces

Rihr? GHetpes O e G o, Sment e P iy Biept gRf atreree

accordi ng td cl ai
temperatures in LARn{cafB8es? WgaiBeHamines, organic silylamides and their derivatives,

organic silazanes, organic siloxanes and other silylating agents and also



WO 00/ 64581 PCT/ EPO0/ 03214 - 33 9. A process according to claim?7 or 8,
characterised i n Woa0/6438k titani uncontaini ng, organic/inor gBET/EPGIPEN4 d
material is treated once or several tinmes with a solution containing

sol ubl e gold and/or silver conpounds befor&or after the annealing step. 5
10. A process according to claim9, characterised in that the volune of the
sol ution on the sinifdiiond Sf siflati®y rédgats Ahiayelelalsed @s tshiglaply @cagentsinBarly t he
titanium and silicon-containing mxed oxide, .10 11. Titanium silicon m xed
oxi des, charact efiggtedn of npgriliqrmated palodry)silicer  greanisr GEMPRUNIH 0¥ a AR

hybrid material sulﬁfe&t&m&@éap}eﬂsgmﬂeﬁide@m&;gsnprahﬁigb&qm%aan' c groups in the
network. 12. A conposition accofding to claim 11, characterised in that
the 15 organic/inorganic hybrid naterial contains between 0.1 and 10 nol %
of titanium, wit pect to.the silicon.oxide, and opt| al | t her

forei gn oxi 3es S%%@‘%l | SFePPlsiot Hs. ofganicy pF‘E"E‘é &¢cor$ %&tr%ﬁ%'?sglf‘?ﬁ’ll
and/ or 12, char agicBlbtodftkthylsilahét ltc}ﬁﬁﬂbﬁhﬁﬂm?e%yhlﬂhﬁ@en OnifOkinReg1sfland, . %0 Of
gold or between 0.01 and 20 wt.%of silver or a mxture of gold and silver.
14. Use of the coHprogimstishsiansor dpipdimehytutdsilansr e dioredimeiglphenyisianey a5 a
catalyst. 25 15. ;i RaGAR%ihMY, the selective and pahid@Aln-HropahlordsiRte,

hydrocarbons in the preséence of ol ecul ar oxygen and a redUC|ng agent,
char act eri sed i ndinfettylisopeepyprbiresilame, etdm@ddimaglthblomsdar@r tripropylechlorosilams 11

t013|susdascaa 6. A praqce ccarding to ai 5. .
characteri s&d i ndPIFaY %’Fsyg%]é 881]1§e oxi gl %@é’?&ﬁﬁrpgkgﬁegom ofgilexyﬁ%mmane
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and 1,3-diphenyltetramethyldisilazane. Examples of other silylating reagents are N-

5 methoxy-N,O-bistrimethyl-silyltrifluoroacetamide, N-methoxy-N,O-

bistrimethylsilyl carbamate, N,O-bistrimethyl-silyl sulfamate,
trimethylsilyltrifluoromethane sulfonate and N,N'-bistrimethylsilylurea.

Preferred silylating reagents are hexamethyldisiloxane, hexamethyldisilazane,
10 chlorotrimethylsilane, N-methyl-N-trimethylsilyl-2,2,2-trifluoroacetamide (MSTFA)
. and combinations of these silylating reagents.

Compositions which can be prepared according to the invention may also be
subjected to water treatment prior to silylation in order to increase the number of
15 surface silanol groups. Water treatment in this connection means that the catalyst is
brought into contact with liquid water or an aqueous saturated ammonium chloride
solution and/or ammonium nitrate solution and/or is ion-exchanged with polyvalent
cations, e.g. aqueous solutions of Ca**, Eu* prior to the silylating process step, e.g.
the catalyst is suspended in water and then dried (e.g. at 300°C), or the catalyst is
20 treated with water vapour at > 100°C, preferably at 150 - 450°C, for 1 - 6 h. The
catalyst is particularly preferably treated with water vapour at 200 - 450°C for2 -5 h
. and then dried and surface modified.

Compositions obtainable in the process according to the invention may be used in
25 any physical form at all for oxidation reactions, e.g. powders, milled powders,
spherical particles, granules (e.g. produced by spray-drying or spray-granulating),

pellets, extrudates, etc.

Compositions obtainable in the process according to the invention are extremely
30 suitable for oxidising hydrocarbons in the gas phase in the presence of gases which
contain (atmospheric) oxygen and hydrogen or oxygen and carbon monoxide; this

use is another object of the invention.
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481 10% & () -" #Z#%W@ﬁgns@)gtgn&glé lb}ng{é %ﬂfcls’s according to the invention, epoxides are
obtained selectively from olefins, ketones are obtained selectively from saturated

5 secondary hydrocarbons and alcohols are obtained selectively from saturated tertiary

hydrocarbons. The catalyst lifetimes, depending on the reactants used, extend to

many months or longer.

The relative molar ratio of hydrocarbon, oxygen, hydrogen and optionally a diluent

10 gas may be varied over a wide range.

The molar amount of hydrocarbon used, with respect to the total number of moles of
hydrocarbon, oxygen, hydrogen and diluent gas, may be varied over a wide range.
An excess of hydrocarbon, with respect to the oxygen used (on a molar basis) is
15 preferably used. The hydrocarbon content is typically greater than 1 mol % and less
than 80 mol %. Hydrocarbon contents in the range 5 to 60 mol % are preferred, in

particular 10 to 50 mol %.

The oxygen may be used in a wide variety of forms, e.g. molecular oxygen, air and
20 nitrogen oxide. Molecular oxygen is preferred. The molar proportion of oxygen,
with respect to the total number of moles of hydrocarbon, oxygen, hydrogen and
. diluent gas, may be varied over a wide range. The oxygen is preferably used in a
molar deficiency with respect to the hydrocarbon. 1-30 mol % of oxygen is
preferably used, in particular 5-25 mol % of oxygen .
25
In the absence of hydrogen, the supported compositions according to the invention
exhibit only very low activity and selectivity. Up to 180°C, the productivity in the
absence of hydrogen is low, at temperatures above 200°C large amounts of carbon
dioxide are produced in addition to partial oxidation products. Any known source of
30 hydrogen may be used such as e.g. pure hydrogen, synthesis gas or hydrogen from
the dehydrogenation of hydrocarbons and alcohols. In another embodiment of the

invention, the hydrogen may also be produced in situ in an upstream reactor, e.g. by
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5 gas, may be varied over a wide range. Typical hydrogen concentrations are greater

than 0.1 mol %, preferably 4-80 mol %, in particular 5-65 mol %.

In addition to the reactant gases described above which are required as essential

constituents, a diluent gas, such as nitrogen, helium, argon, methane, carbon dioxide,

10 carbon monoxide or similar gases which behave as fundamentally inert gases, may

optionally be used. Mixtures of the inert components described may also be used.

' The addition of inert components is beneficial with regard to the transport of the heat
being released during this exothermic oxidation reaction and also from a safety point

of view. If the process according to the invention is performed in the gas phase,

15 gaseous diluent components such as, e.g. nitrogen, helium, argon, methane, and

optionally water vapour and carbon dioxide may preferably be used. Although water

vapour and carbon dioxide are not completely inert, they have a positive effect at

very small concentrations (< 2 vol.%).

20 We have found that the selective oxidation reaction described above is very sensitive
to the structure of the catalyst. Given the presence of nano-disperse gold and/or
. silver particles in the supported composition, an advantageous increase in

productivity to give the selective oxidation product was observed.

25 Furthermore, problems related to the diffusion of reactants and products can be
minimised when using catalysts according to the invention by deliberately adjusting
the polarity of the matrix to the requirements of the catalytic reaction. In order to
produce a low polarity for the polymer while retaining sufficient mobility of the
reactive centres, cocondensation agents with non-polar hydrocarbons have to be

30 integrated into the polymer. The polarity and swelling behaviour of the support can
also be advantageously modified by incorporating oxophilic elements other than

silicon, such as boron, aluminium, yttrium, tantalum, zirconium or titanium. The
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Basically, the process according to the invention may be applied to any

5 hydrocarbons. The expression hydrocarbon is understood to mean an unsaturated or
saturated hydrocarbon such as olefins or alkanes, which may also contain
heteroatoms such as N, O, P, S or halogens. The organic component to be oxidised
may be acyclic, monocyclic, bicyclic or polycyclic and may be a monoolefin,
diolefin or polyolefin. In the case of organic components with two or more double

10 bonds, the double bonds may be conjugated or non-conjugated. Hydrocarbons are

preferably oxidised from which the oxidation products which are produced have

. partial pressures which are sufficiently low for the product to be continuously
removed from the catalyst. Unsaturated and saturated hydrocarbons with 2 to 20,

preferably 2 to 10 carbon atoms, in particular ethene, ethane, propene, propane,

15 isobutane, isobutylene, 1-butene, 2-butene, cis-2-butene, trans-2-butene, 1,3-

butadiene, pentene, pentane, 1-hexene, 1-hexane, hexadienes, cyclohexene, benzene

are preferred.

The invention also provides for use of the compositions which can be obtained in the

20 process according to the invention as catalysts in a liquid phase process for the

selective oxidation of hydrocarbons to epoxides in the presence of organic

. hydroperoxides (R-OOH) or in the presence of gases which contain oxygen and

hydrogen or oxygen and carbon monoxide.

25 Compositions according to the invention can be prepared on an industrial scale in an

economically viable process which involves no chemical engineering problems.

The characteristic properties of the present invention are explained in more detail by

the catalyst preparations and catalytic test reactions used in the following examples.
30

Clearly, it is understood that the invention is not restricted to the following

examples.
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109 / & () - +ZsZZ[ dd ¥hiolY K4 Beldh set to a constant temperature by means of an oil thermostat is
used. The reactor is supplied with reactant gases using a set of four mass flow
regulators (hydrocarbon, oxygen, hydrogen, nitrogen). For reaction, 500 mg of
powdered catalyst are initially introduced at 140°C and at atmospheric pressure. The

10 reactant gases are introduced to the reactor from above. The standard catalyst
loading is 3 1/g of catalyst/h. Propene was selected as an example of a 'standard
hydrocarbon'. To perform the oxidation reactions, a gas stream enriched with
nitrogen was selected, always referred to as a standard gas composition in the
following: N,/H,/O,/C;H; = 14/75/5/6 %. The reaction gases are analysed

15 quantitatively on a gas chromatograph. Gas chromatographic separation of the
individual reaction products is performed by a combined FID/TCD method, in which

the gases flow through three capillary columns:

FID: HP Innowax, 0.32 mm internal diameter, 60 m long, 0.25 pm layer
20 thickness:
TCD: the following are connected in series:

. HP-PLOT Q, 0.32 mm internal diameter, 30 m long, 20 um layer thickness
HP-PLOT molecular sieve 5 A, 0.32 mm internal diameter, 30 m long, 12
pm layer thickness:

25

Example 1:

This example describes the preparation of a catalyst consisting of a silicon and
titanium-containing, organic/inorganic hybrid material which was coated with gold
30 particles (0.1 wt.%) using incipient wetness. The concentration of non-hydrolysable
organic components is 68 mol % and that of titanium is 3.8 mol %, with respect to

silicon.
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&1098& () - qbqqr Zpzur 1@5&8&3 wereladded, the mixture was stirred for 30 minutes, a mixture of 1.6 g
of a 0.1 N solution of p-toluenesulfonic acid in water was added and the mixture was
then allowed to stand. The mixture reached gel-point after 3 days. After an ageing
period of 48 h, the gel was ground up in a mortar and dried for 8 h at 120°C under

10 air.

5.4 g of sol-gel material were impregnated with a solution consisting of 540 mg of a
1 % strength methanolic gold solution (HAuCl, x 3H,0; Merck). which had been
made up to 2.8 g with methanol, the macroscopically dry material was dried for 4 h
15 at room temperature and then annealed for 2 h at 400°C under an atmosphere of

nitrogen.

In a test in accordance with the test instructions, a constant PO selectivity of 95 %
was achieved. The maximum PO yield of 4 % was achieved after 2 h, and this

20 declined to 2.5 % after 4 days.

. Example 2:

This example describes the preparation of a catalyst analogous to example 1, but the
25 gold-containing material dried at room temperature was annealed for 2 h at 400°C

under an atmosphere of hydrogen.

In a test in accordance with the test instructions, a constant PO selectivity of 95 %
was achieved. The maximum PO yield of 4.1 % was achieved after 3 h, and this

30 declined to 2.8 % after 4 days.
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This example describes the preparation of a catalyst consisting of a silicon and
titanium-containing, organic/inorganic hybrid material which was coated with gold

particles (0.5 wt.%) by the deposition-precipitation method.

The sol-gel mixture is produced in the same way as in example 1.

2 g of support were initially introduced into 15 ml of methanol (Merck, AR), 20 mg
of HAuCl, x 3H,0 (0.1 mmol, Merck) dissolved in 5 ml of methanol, were added
thereto, the pH was adjusted to 8 with 0.5 ml of 1 N Na,CO, solution, the mixture
was stirred for 30 min, 2 ml of monosodium citrate solution (32.1 g/l; pH = 8) were
added, the pH was checked again and the mixture was stirred for 60 min. The solids
were isolated, washed 3 times with 20 ml of methanol each time, dried for 10 h at
120°C at atmospheric pressure, calcined for 5 h at 200°C in air and then annealed for
2 h at 400°C under nitrogen. The gold content of the gold/titanium/silicon catalyst
was 0.48 wt.% (ICP analysis).

In a test in accordance with the test instructions, a constant PO selectivity of 95 %
was achieved. The maximum PO yield of 2.5 % was achieved after 1 h, and this

declined to 1.5 % after 4 days.

Example 4:

This example describes the preparation of a purely inorganic catalyst support
consisting of the oxides of silicon and titanium, which is coated with gold particles

by the precipitation method and then surface-modified.

26 g of tetraethoxysilane (120 mmol, TEOS, Acros, 98 %) were added to 22.5 ml of
i-propanol, thoroughly mixed and then 2.25 g of 0.1 N HCI] were added thereto and
the mixture was stirred for 2 h. 1.06 g of tetrabutoxytitanium (3.1 mmol, Acros, 98
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4 g of titanium-containing support were initially introduced into 35 ml of water, 70

mg of HAuCl, (0.178 mmol, Merck) in 5 ml of water were added thereto, the pH
was adjusted to 8 with 1.1 ml of 2 N K,CO,, the mixture was stirred for 30 min and

10 4 ml of monosodium citrate solution were then added, the pH was checked again and
the mixture was stirred for 120 min. The solids were isolated, washed three times
with 40 ml of water each time, dried for 10 h at 120°C at atmospheric pressure and
calcined for 3 h at 300°C. The gold content of the gold/titanium/silicone catalyst was
0.52 wt.% (ICP analysis).

15
2.5 g of substance and 0.5 g of 1,1,1,3,3,3-hexamethyldisilazane (3 mmol, Merck)
were initially introduced into dry hexane with stirring, stirred for 2 h at 60°C, the
solids were filtered off, washed with 50 ml of hexane and dried for 5 h at 120°C
under vacuum. Surface modification by silylation was then repeated.

20

In a test in accordance with the test instructions, a constant PO selectivity of 95 %
. was achieved. The maximum PO yield of 1.1 % was achieved after 1 h, and this
declined to 0.8 % after 4 days.

25 Example 5:

This example describes the preparation of a catalyst analogous to example 1, but 60
min after the addition of tetrabutoxytitanium 0.35 g of Ta(OEt); (0.75 mmol,
Chempur, 99.9 %) were added to the homogeneous mixture, stirred for 15 min and
30 the mixture was then gelled, worked up, coated with gold and annealed in the same

way as in example 1.
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Chempur, 99.9 %) were added to the homogeneous mixture, stirred for 15 min and
10 the mixture was then gelled, worked up, coated with gold and annealed in the same
. way as in example 1.
In a test in accordance with the test instructions, a constant PO selectivity of 95 %
was achieved. The maximum PO yield of 3 % was achieved after 2 h, and this

15 declined to 2.0 % after 4 days.
Example 7: Comparison example in accordance with EP-A1-827771

This example describes the preparation of a purely inorganic catalyst support,
20 consisting of the oxides of silicon and titanium, which was coated with gold
particles. The silicon and titanium-containing catalyst support was obtained by

. impregnating silica with titanyl acetylacetonate.

30 g of Aerosil 200 (pyrogenic silicon dioxide, Degussa, 200 m?/g) are suspended in
25 250 ml of dry methanol, 0.98 g of titanyl acetylacetonate (3.9 mmol, Merck) are
added thereto and the mixture is stirred for 2 h at room temperature. The suspension
is evaporated to dryness on a rotary evaporator, the solid is then dried at 130°C and

calcined at 600°C for 3 h in a stream of air.

30 0.16 g of tetrachloroauric acid (0.4 mmol, Merck) is dissolved in 500 m! of distilled
water, adjusted to a pH of 8.8 with 2N sodium hydroxide solution, heated to 70°C,

10 g of the titanium-containing silica described above is added thereto and the
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propene conversion of 2.3 % was achieved after 20 min, the propene conversion was
1.5 % after 100 min, the propene conversion was 1.0 % after 4 h and the propene
conversion was 0.5 % after 10 h. Catalyst deactivation increased further with

increasing time.

10
Example 8:

Trans-2-butene is selected instead of propene as the unsaturated hydrocarbon. For
the partial oxidation of trans-2-butene, an organic/inorganic hybrid catalyst
15 consisting of the oxides of silicon and titanium, and which had been coated with
gold particles, is used. The catalyst is prepared in the same way as described in

example 1.

In a test in accordance with the test instructions, a constant 2,3-epoxybutane
20 selectivity of 91 % was achieved. The maximum yield of 3 % was achieved after 2

h, and this declined to 3.0 % after 4 days.

Example 9:

25 Cyclohexene is selected instead of propene as the unsaturated hydrocarbon. For the
partial oxidation of cyclohexene, an organic/inorganic hybrid catalyst consisting of
the oxides of silicon and titanium, which had been coated with gold particles, is
used. The catalyst is prepared in the same way as described in example 1.
Cyclohexene is taken into the gas phase with the assistance of an evaporator.

30
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5 Example 10:

1,3-butadiene is selected instead of propene as the unsaturated hydrocarbon. For the
partial oxidation of 1,3-butadiene, an organic/inorganic hybrid catalyst consisting of
the oxides of silicon and titanium, which had been coated with gold particles, is

10 used. The catalyst is prepared in the same way as described in example 1.

In a test in accordance with the test instructions, a constant butene oxide selectivity
of 82 % was achieved. The maximum yield of 1 % was achieved after 4 h, and this

declined to 0.7 % after 4 days.

15
Example 11:
Propane is used instead of propene, as a saturated hydrocarbon. For the partial
oxidation of propane, an organic/inorganic hybrid catalyst consisting of the oxides of
20 silicon and titanium which had been coated with gold particles, is used. The catalyst

is prepared in the same way as described in example 1.
In a test in accordance with the test instructions, a constant acetone selectivity of 80
% was achieved. The maximum yield of 0.9 % was achieved after 4 h, and this

25 declined to 0.7 % after 4 days.

Characterising the catalysts

The organic constituent of the organic/inorganic hybrid materials can for example be
30 coated on the external and internal surfaces by so-called DRIFTS spectroscopy.
DRIFTS (diffuse reflectance infra-red fourier transform spectroscopy) is a well-

established vibration spectroscopic method for the structural characterisation of
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To characterise the catalyst materials according to the invention with and without
organic modification to the network, appropriate samples were stored for a few
hours at 200°C in a drying cabinet, transferred to an inert gas cell in the hot state and
10 investigated spectroscopically by means of DRIFTS without further contact with air

(to avoid the re-adsorption of H,O at the surface of the samples).

Figure 1 shows the DRIFT spectra of an organic/inorganic hybrid material (in
accordance with example 1) and a purely inorganic sol-gel material (produced from
15 tetracthoxysilane and tetrabutoxysilane). The clearly detectable bands at about
3000 cm™ in the spectrum of the organic/inorganic hybrid material are assigned to
the homogeneous incorporation of hydrocarbons (CH, groups). The purely inorganic
material also contains hydrocarbon groups (traces) which possibly arise from the sol-
gel process used to prepare the support (these hydrocarbon groups are obviously not

20 fully thermally degraded by treating the material at a temperature of 200°C).

. Fig.1: DRIFT-spectra (OH und CH region) of a gold-containing organic/inorganic
hybrid material (in accordance with example 1) and a gold-containing purely
inorganic mixed oxide material. These materials were dried at 200°C under an inert

25 gas prior to DRIFTS analysis. Dashed spectrum: purely inorganic gold, titanium and
silicon-containing sol-gel mixed oxide; continuous spectrum: gold, titanium and

silicon-containing organic/inorganic sol-gel hybrid material.
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2. A process according to claim 1, characterised in that the titanium/silicon
mixed oxides are organic/inorganic hybrid materials and contain terminal
and/or bridging organic groups in the network.

10

3. A process according to claim 1 and/or 2, characterised in that suitable low
molecular weight compounds are mixed in a solvent and then the hydrolysis
and/or condensation reaction is initiated by adding water and acid or basic
catalysts.

15
4, A composition according to one or more of claims 1 to 3, characterised in

that one or more organic acids are used as catalyst.

5. A process according to one or more of claims 1 to 4, characterised in that the
20 surface of the composition is treated with organosilicon and/or fluorinated

organic compounds.

6. A process according to one or more of claims 1 to 5, characterised in that
water glass is reacted with water-soluble titanium compounds.
25
7. A process according to one or more of claims 1 to 6, characterised in that the
compositions are annealed at temperatures in the range 100 - 1000°C in an

intermediate or final step.

30 8. A process according to claim 7, characterised in that annealing is performed

at temperatures in the range 200 - 800°C.
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organic/inorganic hybrid materials and contain terminal and/or bridging

. organic groups in the network.

12. A composition according to claim 11, characterised in that the
15 organic/inorganic hybrid material contains between 0.1 and 10 mol% of
titanium, with respect to the silicon oxide, and optionally other foreign

oxides, so-called promoters.

13. A process according to claim 11 and/or 12, characterised in that it contains
20 between 0.001 and 4 wt.% of gold or between 0.01 and 20 wt.% of silver or a

mixture of gold and silver.

14, Use of the composition according to one or more of claims 11 to 13 as a
catalyst.
25
15. A process for the selective and partial oxidation of hydrocarbons in the
presence of molecular oxygen and a reducing agent, characterised in that a
composition according to one or more of claims 11 to 13 is used as catalyst.
30 16. A process according to claim 15, characterised in that propene is oxidised to

propene oxide.



