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" sel ectiive oxidation of hydrocarbons This invention relates to a process for
<t We production of a conposition containing ;5 gold and/or sil ‘mmmMMmmrs,
m xed oxides containing titaniumand silicon which have bee“Mﬂml
surface-nodified, to the conpositions producible in this process.and.to the
use thereof in drocarbons in
the presence of3 tagiugy o ghe

wel | known and is used for the comercial production of ethene oxide ilnl_
t he gas phase. JThe typical, catalyst for this l.i cation contains nmetallic
o i oo o1 1 ver uishBby FiaGEi e Rbser Torht Predfiflet Rl o APrBOS Bh GhEPERSE and
activatorss Msgol8usdlocélal yatisled, mikeNbates RnRAiAK Gtanhd® hhd GREG Which HYRPOr t
having a smal|l surface area, such as for exanpl e al pha-al um ni um oxi de,

onto whi ch t he Rgenvirfagen@odifisdaie dhescampasitivas arodupible iadthis precess end tof the ee
direct oxidatio L . Of. I silve catal ysts
has been conpi |@8’%%§ﬁ§§§’ﬁigﬁs§:f"tép ﬁ%?%l&?lﬁlgégf%kfzﬁg%%%éolggrv?gr:ls g’cfhérp(fgse&ce}/o}
Engi neering, 23oxyk&2)andl27+ddi@ingl A8dnt. T2 ratalyticallys actiad S@nigreidnt hatigihese
silver catalysts and.the reaction cgndi fions which have proved favourable

t
for ethene oxi d“eonﬁﬁaB%E'tgihéﬁle&‘b“%ﬁta“ PUREUFiYEES o conparably good results in
t he directg oxidation of higher olefins, such as propene (US 5 763 630, US

03 254, US 5 760 254) and propene oxide selectivities of at nobst approx.
Yo are 25 achi EReedireqt pxglatien S ethghe ¢ tvickk iedhand onide derctiotuslanbxydeasie walgher

olefins with nole . 0 ener al | [ ed in,.the gas ase at
bel ow 200C, even Sﬁ! i delsQ?égcggogﬁ%eecgrﬁ%grgfaéﬂ/%tu %t,yc"g%tgeqﬁﬂ F QUi ft\gegas Bnas.e'
production .of oRhdatpicah cpmiyei i shisepplidts dodtaim@xme@llicost ichuC ilas, gRewiydes,

| _S t hus --_di-__f_f_i C=u.eltdtditﬁ)snah}r']emgd?fque%v%hi \\//aerioLse(?)(r:cErL(?tgrss z?nfd ;ch%iteors. Most such catalysts
15 ... .contain a porous, inert catalyst support having a small surface area, such as for
example alpha-aluminium oxide, onto which the silver and promoters have been
. :app_lied. A review of the direct oxidation of ethene in the presence of supported silver
catalysts has been compiled by Sachtler et al. in Catalysis Reviews: Science &

Engineering, 23 (1&2), 127-149 (1981). |

20

. It 1s.also known that these silver catalysts and the reaction conditions which have
. “ i ... ... . proved favourable for ethene oxide production do not give rise to-comparébly good
.. results in the direct oxidation of higher olefins, such as prépene (US 5 763 630, US
5703 254,"US 5 760 254) and propene oxide selectivities of at most approx. 50% are
25 achieved. In general, direct oxidation reactions of these higher olefins with molecular
oxygen do not generally proceed in the gas phase at below 200°C, even in the
presence of catalysts, and the selective production of oxidation products sensitive to
oxidétion, such as epoxides, is thus difficult as the consecutive reactions of these
products frequently proceed more rapidly than the oxidation of the introduced olefins
30 themselves. Another problem arises from the sensitivity to oxidation of the allyl

groups present in higher olefins.
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products frequditdy3 §8odeeaiemBewntriespi dl y than the oxidation of the

i ntroduced ol efins 30 thensel ves. Another problemarises fromthe
sensitivity to oxidation of the allyl groups present in higher olefins.
-Lé& A 33 635-Foreign Countries -2- For this2reason, only indirect, liquid
phase nethods are currently used for the industrial production of propene
oxi de. 5 Sonme 50% of propene oxi de output- worldwide is currently produced
using the "chlorohydrin process”, while another 50% with a rising trend,
is produced by -the "oxirane process”. In the chlorohydrin process .

(Wi ssernel et Far.thisnrehsodysintyi éddirctorigaind phise ©htoie ared chirrenkl @eidt fNthe

Wi nheim 1994, 8-289 chloro drin is first fornmed by reacting -
propene with thf @W@P@ﬁ“%ﬁ@‘%ﬁ¥%¥ﬁ%@¥ nd the propene oxide is then formed
therefromby elim.nation of HO with a base. The process is cost-intensive

but, when properly optimsed, exhibits high selectivity (> 90% wth
el evat ed éonver%WnéO%T%féprolpm ogifde chitpnt i werldwide he cohbatholpyathiced pisimgets i n

the form of worih caIC|unLch rid i um chl or,i de s | ut.i ons and
t he associ at ed % ﬁi St 8 ater Ve ?mf%ﬁgg ﬁY@k??smSBE“Pe§égP Hefdn Beseek
out chlorine-freﬁnmxmdahmﬂn systens. The oxirane process (Wissernel et al.

in Industrielle organische Cheme, 4 ' edition, Winheim 1994, pages
289-291), uses organic conpounds to transfer 20 oxygen onto propene

instead of theyj Wﬂl@&bﬁy bcsésgl a9&Rhel 4 in Trﬂz'uglr{iﬂg br ea%sc%? gﬁle%a:[f ﬁgn I's

. based on the fact that org nic p roxi des such as oxl

| | qui d pHase. adexonpween,of%gebmmmmm% rcan)scﬂ@/ldrmng mﬁeﬂomaebﬂ%bﬁﬁg
e hydrogen

gen onto ol efins g}&ﬁgﬂl oxides. This reaction. converts t
Mom des i nt o PAIFEBRHAT! erp@}do%fi)ﬁ%‘?* A | e PIBRES PHdD 19 dhens formed
Hydr oper oxi des ti@dréfrdth 866 RknakibR MY HIE wifh LOREE. AR YAHis ngrngé ElQQBUIbXVhe?

autoxidation with air or nolecul ar oxygen. One 'serious di sadvantadge o
i ndi rect OX|daPFUﬁ”V§Pﬂﬁ@wécvﬁdh$él@M%éﬂﬂ@ﬂcv>%BGIWGhvEWwedcoﬁwmmomeﬁhe

oxi de on the m%%%&'cmglllhl@lnotfle Eljﬂgro?lgdxﬁ)n ;?rgg 551 %g fcgrpneo »ggéhlles%tceapcmm chloride

15 or sodium chloride solutions and the associated high waste water salt loads quickly

led researchers to seek out chlorine-free oxidation systems.

The oxirane process (Weissermel et al. in Industrielle organische Chemie, 4™

edition, Weinheim, 1994, pages 289-291), uses organic compounds to transfer

20 oxygen onto propene instead of the inorganic oxidising agent HOCI. This indirect

epoxidation is:based on the fact that organic peroxides such as hydroperoxides in the

. . liquid phase are'capable of selectively transferring their peroxide oxygen onto olefins
to form epoxides. This reaction converts the hydrogen peroxides into alcohols and

the peroxycarboxylic acids into acids. Hydroperoxides are produced from the

25 corresponding hydrocarbon by autoxidation with air or molecular oxygen. One

serious disadvantage of indirect oxidation is the economic dependency of the value

of propene oxide on the market value of the co-product and the cost-intensive

production method for the oxidising agents.

30 There 1s currently no industrial gas phase process for the direct oxidation of propene

to yield propene oxide.



Joroduction net hed 31635t heeiexicbugideg agents. 30 There is currently no
industrial gas phase process for the direct oxidation of propene to yield
propene oxide. 4 Le A 33 635-Foreign Countries -3- Catalysts are known in

<Wii ch gold particles are applied onto a sygport consi sting of dispersed

titaniumcentres on a silicon matrix (WO 98 00415 Al; WD 98 00414 Al; EP O
827 779 Al). Al these materials obtained by |npregnat|on wth subsequent 5
cal ci nati on becone deactivated over tinme (typical half-lives are 5-50 h)
and thus cannot be used in large scale industrial plants. Further
cauﬂyﬂs are i I e
i cropor oue, ooy aBaT T e D ORI BRldhaRiits & B Raror e B s B rbinig of,
in which 10 siisparend titetinmiredirenorsa siisorametrix(OV@ 19804 &3 Ay ; b 9BIODYL 24 1 by

titanium (for S.2, Ti lites, such as Ti-beta, Ti-ZSM 48
or MESOpOr ous - ﬁé%qghﬁgggg e g theyey H?E?WF ﬂ“???ﬁ%?dﬁﬂ“?ﬁ@ﬂo%s“#bFméﬁﬁﬁﬁle

Ti - MCM 41501 TealéiViion( WRoRRB0R4dBrated dver Whihd @rypichl hd1REGesIR05_56 |H) Cﬁh'tﬁ@s or
gold zeolite structures do indeed exhibit good selectivities, th _
hydr ocar bon cofarapshaoused it lasgegaele industriapplants.cul arly, the cat al yst 15
service lives are conpletely inadequate for. use in the chem cals industry.
The described processes for catal yst preparation are highly unsatisfactory
with regard tButladratyslystacirevilky RivvisahVivaihl ighRl phARUS! hicdlapPhQLC @R&ES

operating with lLow activity _catalysts require enornous reactors Low
cat al yst servi E@IPPRjRss: é:ﬁ}(%fiqmeptt‘?ﬁ&%&ﬁtc?@ﬁ hgingodusiciined @arg ﬁ&juqtllﬂfe, in which

regeneraghon phass, @fra}%%ﬂﬂteggfetlsérﬁé\xﬁ hl“{)est%ng tx@{lﬁm foxd e1 "gé-:)f s

!JS desirable to devel op catal ysts can achie eva ed
ivity conbi hedS+i {lh zexided, Isecht asdli-betnj Fi-Z§Mandl or mekssparbad hlpldd:saf‘ gleves

' | bj & th
orovi do 5 1 eonfiRand el sighoaPkEarn ot Sar R S st o

the selective @) dghil®sl Qfesélgﬂﬂ(%ﬂlcﬁﬂlrebﬁrg%ldlﬁéolﬂgs ﬁnﬂaﬁe%owufaéécﬂéﬁhmgé&ﬁm
on | ow cost solid catal %(lst S, which process conbines very high

“selectivities HIEPVHEEsHEi sl conueraipy ates endsi westl paréenlsdyt, Hhhicghlyst

15 service lives are completely inadequate for use in the chemicals industry.

The described processes for catalyst preparation are highly unsatisfactory with regard

to catalyst activity and service life. Industrial processes operating with low activity

- catalysts require enormous reactors. Low catalyst service lives entail production

- 20 downtime during the regeneration phase or demand cost-intensive redundant plant
design. It is thus desirable to develop catalysts which can achieve elevated levels of

o . L activity combined with excellent selectivity and industrially useful service lives.

One object of the present invention was accordingly to provide a technically
25 straightforward catalytic gas phase process for the selective oxidation of hydro-
carbons using a gaseous oxidising agent on low cost solid catalysts, which process
combines very high selectivities and industrial useful catalyst service lives with high

vields and low costs.

30 - A further object of the invention was to provide catalysts having better service lives.



yields and | owledsik63 BBordighfiduheresobj ect of the invention was to provide
catal ysts having better service lives. Le A 33 635-Foreign Countries -4- A
further object of the invention was to provide a process which yields
.catalysts having better service |lives. The.objects are achieved according
to the invention by a supported conposition 5 containing gold and/or
silver particles, titaniumoxide and a support containing siIicon

characterised iyn Ltn]lgl co Qgt gtu h@a} @enﬂgnkvk%% 0&991 étrlprgcegggr rssc&?q I ect ed

from anong al kyl's groups’ con B or

aryl groups. cbzm:agbntmgsefrtmetwene 10 The supported conposi t| on according to

. the invention contains gold and/or silver on a support material. In the
catalytically active state, gold and/or silver is primarily present as

el emental netalp{ ap %dfélcbészlrts, a@)ﬁe%d Q%o?&?ﬁ%lrtcgtéﬁegﬂtv%ﬁ?&{[ ? %ﬁedsher p%s)rtllcaxatl on

proportions of gold and/or silver e presen
state: On? t heorbasing gcﬂdT&ENdormrl&erogmaphs, titaham akglesindpacspppd&rt @6ntafnid

gol d and/or sil.yer present. 15 sur e of the support materi a in
the form of naﬂg‘ ecrha‘?ﬁtgflee]dg‘é‘l ‘g‘ataﬁ’ﬂlsblffacesf’{% CoURPSHiOnSbeans groypy gelected

particles prefgbabliordbaM ﬁlr@drﬁﬁgﬂﬁﬁcdnnaﬁ(PP oo @& ntdi S g%Q}uérlﬁgor &9] %l'mi%s fim

preferably fromO0.5 to 1 rimand particularly preferably of

The silver pafeiteinag fioenerably have a dianeter in the range from0.5 to
100 nm preferably fromO0.5 to 40 nmand particularly preferably of 0.5 to
20 nm 20 The gold concentration should be in the range fromO0.001 to 4

- % preber ablie tuppbrted coripd3ttiontaacetd infg. tdatanedvémiohicontadis| b |PERI & s@abéorf r OM
05-1.5 wt. % of gold: The si|ver concentration should be in the range
om 0. 005 to 2GUBROToMasriar dp 4Rt gatalyseallypiptige Gats, golds and/ongikved iparimiagy ar | y

preferably fr OHPeQeth- 10t Qehat %le‘?afl é'n!il 86 - bgggd glyag'lgyo 10%' Lpe@ froe8 e%t it I ons

hi gher than the stated ranges do not ncr cata ytic activi
economni ¢ gr ounpspoitives nbpdld andoasilveontagntsodiequiesdnbia & llmghermmiamumsqwam ty

required t 0 acm %a51s of itmjrmc?gérgptxst e %roest prtogértion of the gold and/or silver present: -

15 is on the surface of the support materal in the form of nanometer-scale gold and/or
silver clusters. The gold particles preferably have a diameter in the range from 0.5 to
50 nm, preferably from 0.5 to 15 nm and particularly preferably of 0.5 to 10 nm. The
silver particles preferably have a diameter in the range from 0.5 to 100 nm,
-preferably from 0.5 to 40 nm and particularly preferably of 0.5 to 20 nm." *-
. “The gold concentration should be in the range from 0.001 to 4 wt.%; preferably from.
. .+ -.2.0.001 to 2 wt.% and particularly preferably from 0.005-1.5 wt.%-of gold:

The silver concentration should be in the range from 0.005 to 20 wt.%, preferably

25 from 0.01 to 15 wt.% and particularly preferably from 0.1 to 10 wt.% of silver.

Gold and/or silver concentrations higher than the stated ranges do not increase
catalytic activity. On economic grounds, the noble metal content should be the

minimum quantity required to achieve maximurn catalyst activity.

N



30 Le A 33 635-IoA8BdisGougitn Cesntribs The crystal structure of the titanium
oxide and/or titaniunisilicon mxed oxide is, in principle, freely
sel ectabl e, but the anorphous nodification and the crystalline anatase
.and/or Si-OTi mxed oxide nodification are preferred. The titani um oxide
need not be present as a pure conponent, but may al so assune the formof a
conplex 5 material, for exanple in conbination with other oxides (for
exanpl e titanatgs). far as are aware and wi thout. wi shing to restrict
the invention iﬁ‘e)acﬁﬂ’/s%“gﬁufé ‘i’ffsm?ﬁlta“b‘é{?fa?‘@ﬁlaa of H_B‘“f‘i"_ﬂlé‘!ll‘f:%‘?rf’ﬁé‘?ﬁ 9dde ghirch
are chem cal 'y prcptd)efledlp ssictiabR, %@Vtﬁ’é amoRPHod8 Th&diBk At b ed t}ﬁ\@lcﬁ%t ”ii1ne _
constitute the catal ytical _Ié active centres. W furthernore assu THEt in
active cat al ystagatapq gadipi Pl ignixgé eatfletodifieation|are greferresi. [The attaniim dxide
form 10 of the 0xj, -SI -0 Ti (=0 - Si-]1. The_.catagl ytic
activity of thes?ea(rr%teo eeHraﬁregF%ga arrgﬁ?rﬁgongghlr?g m%)’é%%??&ﬁ‘eitﬁe o gfempigtnner
in accordance whathridlhéortextuimblet int nibinatioxivdien 6bBt exitled {fof Bearhplt A4 P de
content is > 4-6 nol % This showed us that--not, all the titaniumcentres
have the same .fA53C%E A19AWaEe A titheyt wishing &y essiict theripgention inanyesiyr dd @ t o
produce a cat alatculRVinRgitAfim WRALVnidOSH Rh&ndsh) Y asyred as the
sel ectively for@rérledcuqxi dat ilon pr)nroguctS peF uni ?hi&?%gﬁ}% (flrttgéhegrgoerfﬁlc i Morof
catal yst. The pnegercesilohtes whaeh amsttuonthewhiathicallye actdat @hyrts. o8tk Ifrthdi@bie OF
facilitate unwang ed ec.ond{alr%/ rqacti.ons, for e%ad(r]r(pl e .conbustion of
hydrogen, or tR&FE NRLNGRUET AR KLY WATNAR (U635 thotl g Yikiqate inghe finpes
rise to aatal ysiftsy/sd o@Mmpe: IRD-PRLONB.SiCRt al yst activity. The support
’ erials containing silicon according to the invention advantageously
nsi st of 50% preferably of 75% and particularly preferably of > 90% of
the oxide fornmQf . $i1LdCARy; mterials, containing.silicon.
according to the inve fciconjviyﬁgi%ggg{é&ggﬁ% aP%%rergl arc%n“rolr; %r% %i‘ﬁefic'Bna g’i“S%i de
~and silicates, nmrner imxéadedancé evithethanplae titaiumi oxidencaxémar (B HEQRNin e de .
etc.. Support materi.als, contginjng siljcon having a  |large specific surface
" area and a lar §8“t5Pto‘f)5r‘%gH}?tlo??f %‘lﬁg?‘%\‘ﬁ@ ‘é""l'tf‘aa‘m?l“aléﬁ@dﬁ%“‘é@éenﬁ?sehaéfféhﬂ spmgsed.
~ The speciibi ¢ sukfadiR RfiORy SACEENEraP Ak, 1188 3EsidabPh %ol £EAR Y hﬁir‘i?%e

greatest possible activity, measured as the selectively formed oxidation product per

unit time for a given weight of catalyst. The presence of titanium atoms which are
catalytically inert or facilitate unwanted secondary reactions, for example
combustion of hydrogen, or the.formation of other unwanted oxidation products

20 gives rise to catalyst systems having non-optimal catalyst activity.

. The support materials containing silicon according to the invenltior.l advantageously
consist of 50%, preferably of 75% and particularly preferably of > 90% of the oxide
form of silicon. The support materials containing silicon according to the invention

25 may also contain, apart from silicon dioxide and silicates, other oxides, for example
aluminium oxide, zirconium oxide etc.. Support materials containing silicon having a
large specific surface area and a large proportion of surface silanol groups are
preferably used. The specific surface area should be at least 1 m?%/g, preferably in the

range from 23-700 m¥g.



J ange from 25- za@d 3pop-Fapignoang®s635- Forei gn Countries -6- Preferred
suppor.t materials containing silicon are synthetically produced porous
silicon dioxides such as for exanple silica gels, precipitated silica,

.precipitated silica gels, silicalites or-g¢he |like and m xtures thereof.
Production nmethods for such synthetically produced silicas are described
in The Colloid Chem stry of Silica and 5 Silicates (R G Her, Cbrnel

Uni versity Pr e?x%ferwﬁwsu Bl‘t mg{%ﬁalsgﬁ;ﬂ mlg:%asmc%ﬁ XL:)S)}/n%h%gg{rRJ §§ f:e c;8%rous

silicas are pyrogenic SI I cas whi are obtal ne

tetrachl ori de eticeredioafdesigchdé fov etxlamlpmlmg@elsapnbcmxtygdml(cfappree:paﬂtpdl gilica
Cab-o0-sils from rgotljlat on c{ Aer osi

.. 10 '
Crystal line al %ﬂf’nf‘)?f?l arntkesit Eaf‘ﬁufeésthe‘i?ﬂgmggogegfﬂﬂsg%ﬁﬂoéﬁ for esypely,

such as fauj agjdtkotic RALES, sikekare dSMiBed @SMOCoEtM rbmid 18,
ZSM 20,  ferri ?r.te o 22, MOML AL~ MOMH48, MM EG atc. e %f@,{,c[%g%sed

as suppori rmabdiciiah §R Soritesi @ormgll sﬁmvﬁtmt’y Pricst, e ]Yprkodm r l%g ChygemVihi ne

silicates may al so articul ser penti ne nesi u

silicate), ci a@"%ﬁ“%‘é? af tg‘ese Sulécﬁs §%ep%%gte& S?]éca h?‘i %PB‘F}%("EES’M%%C&H% silicon
silicate), kaoletrachlbedd &nbtrARioaaE wWithGHdFigBRhR Sxypefk PfoRSxarblk QHBRJ 48 from
(al um ni um rragne5| um potassiumsilicalite) or simlar materials. t he

stated suppor t CRRRI&IreAratinpitAfatilidiosm Pegwad)- t he synthetical Iy produced
anor phous silicas and/or silicalites are particularly ;preferred-.- Support
materials 20 containing silicon having an Si Ox content of > 90% are
particul &1y pEefseallied alumnastidhates omdt eilitalitasniknownt fe ne0eqesi §ib@Rs sa®Cay di ng

the i t t d Il ed t ,
e o B ol IE PORAE el Ao Ss 7 S5y TaMBL) Echs ANt a0,
ni obi um and t apiaédta) MpMEDer ety 41 adca g MOV 6 22 %%Hsgbeﬂge%fa%r gﬁ;}%& Fe.

yttrium from group 4, preferably Zzirconium fromgro prefer
from group ‘15, m@tﬁélﬁbr@tﬂwma&tsnlmnyNafurdm g¢cocrp1g13rysqaﬂerb&nh¢1itqs ‘may whsonbeim

bor On_ t hg_lr-;l__;-.l:,umeapgn\ge? 1g‘ul§r gerr;:())n} ge ?rlr'{ gnesm a?e) la¥ rﬁmer smsd'lcﬁrl as hectorite
15 - (lithium/magnesium silicate), kaolin, bentonites and mica minerals such as

. phlogopite (aluminium/magnesium/potassium silicalite) or similar materials.

Of the stated support materials containing silicon, the synthetically produced
.- amorphous silicas and/or silicalites are particularly spreferred:- Support materials

. 20. ... | containing silicon having an SiOy content of > 90% are particularly preferred.

: . .+ 7r . wooIn addition to titanium, the compositions according to-the invention. may contain
further foreign oxides, so-called promoters, from: group 5 of.the [UPAC periodic

- system (1985), such as vanadium, niobium and tantalum, preferably tantalum, from

25 - group 3, preferably yttrium, from group 4, preferably zirconium, from group 8,

preferably Fe, from group 15, preferably antimony,- from group 13, preferably

aluminium, boron, thallium and metals from group 14, preferably germanium.

These promoters are very largely present in homogenous form, i.e. with relatively
30 little formation of domains. The incorporated promoters "M" are generally present in

the organic/inorganic hybrid materials in disperse form and are advantageously



srhese pronot er ke &r B @rfoemndeduptripsesent i n honogenous form i.e. with

relatively 30 little formation of domains. The incorporated pronoters "M
are generally present in the organic/inorganic hybrid materials in
.disperse formand are advantageously Le A 33 635-Foreign Countries -7-
attached via elenent-0O Si bonds. The chem cal conposition of these
.materials may vary over wi de ranges. The proportion of the pronoter

el ement relatiye o §fa| d1GRht- (9)35 ggndsSThg'clﬁég'ﬁcﬁl% 0E1E18m09 tﬂege %)Jtcﬁals ma
preferably fromO0-4 nol % Two or rent pronoters nm ¥ se

al so be used. ¥hg qyleomd@ramgas el mr;ﬁ'bmrabdl wf uilse promater élhﬁexitarerﬁtloé t@ 51E0A er

precursor conpounds solubl e i art ular saol vent, such as pronoter
sal ts and/or P’&gﬁ(ﬂs Bt Hifotagee E}Eﬂﬂ)gu dE‘O dPE?lferbtPlljafFﬁ”&/q hRY&ni Vo BF erse er

conpounds. Thedﬂfe@éﬁ?b%ﬁotgx‘%héy‘%? Bt Q%fbetdg@d e YblerGt | Yédeeébf}fuswe
COITpOSItIOI’l and the to service eo ECOITDOSItIOI’l |ncta

hydr ocar bdn oxindthtiferm péammo@q:rsprem CDmPQlllTEiSdeblbbClattbd patiatler sdlh:mt such
conposi tions accordl n L9l aed} nvent i on cont ai ni n g gi(]and/ or. | | ver,
particles and AatPEYTArS ROt BT ng SO R YE GLuR “8 o 8‘@6?‘8 oRgRMC
ternms by the fp,lolnmwrrtgn@ﬂphdslcal formul a (I) (wi thout taking account of 15
the residues fornmed on the surface after nodification and possibly
inconpletely reacted groups): SiQ * TiOr * MO, * E (1) 20 SiO and Ti OY
denot e not onl S . m X

oxi des bet weenﬁf{lﬁ«lg #(ggr]rrg(r){?é %Cf&geohb%l?\t étlt ?%‘%w@%fﬁlﬁ ‘gornggr?gﬁlgrn,an%dme
pref erabll§ Ta, sdreice liigf the cddhigsitiahrin cAalytiBhydiocar¥on Gadatéon res@ishi.nat i ons
'reof, E neans gold and/or silver (noble netal) and x, y and z denote
tTe nunber of oxygens actually required to saturate the valencies of Si,

Ti and M 25 TheaopRsdesicosted L&ted%Qﬁhﬁggtlmgoﬂﬁ% thhé/ﬁllrvleﬁ%no%%Faumlge
ranges. Relative to silicon oxide, the proportion titani umoxide is”

bet ween 0.1 anéoldiandden %lvqyreairéﬁlabla;ldbmawgeh corgaiamg &1 Onaplbyg dgsaribédcuhar |l y
~preferably bet X‘Fp@gx ghate terms by the following empirical formula (I) (without taking account of . -

15 the residues formed on the surface after modification and possibly incompletely

reacted groups):
Si10, * TiOy * MO, * E @

20 S10y and TiO, denote not only silicon oxide and titanium oxide, but also true- mixed
oxides between the elements silicon and titanium. M is a promoter, preferably Ta, Fe,

. Sb, V, Nb, Zr, Al; B, T, Y, Ge or.combinations thereof, E means gold and/or silver .-
(noble metal) and x, y and z denote the number of oxygens actually required to

saturate the valenctes of Si, Ti and M.

25
The composition (I) described above may be varied over wide ranges.
Relative to silicon oxide, the proportion of titanium oxide is between 0.1 and
10 mol%, preferably between 0.5 and 8.0 mol%, particularly preferably between 1.0
30 and 5.0 mol%. The proportion of MQ,, relative to silicon oxide, is between 0 and

12 mol%. The proportion of E, relative to the noble metal-free composition, is



30 and 5.0 nol % AB&6pY-Hprpigri GoundfiesMO, , rel ative to silicon oxide, is
between 0 and 12 cool % The proportion of E, relative to the noble

metal -free conposition, is Le A 33 635-Foreign Countries 8- between 0.001
.and 15 wt.% In the case of gold, this progortion is preferably between
0.001 and 2 wt.% in the case of silver preferably between 0.01 and 15
wt.% The noble netals may be applied in the formof precursor conpounds,
such as salts f ' ont o .t he 1materials
containing tit g‘gtl“%rr%n I@@E%g%,@%gé?& c%%)er 8%%%51%50)? O%foencl ¥ Blretf%{?%lé' rhetween
sol ution i npre@tliand 2 wirtsj ipitentaswvef siBesprefesqhly betviearg.0C ahd 05 8.2 CVD. The
conpositions according to the invention are surface-nodified in order to
achieve 10 long catal yst service lives. 0 Surface nodification nmay proceed

bot h before andnafbsle maaking W ihiitde Helben BBbARLurso &ffg{néo%dﬁ%?ﬁf%??alt%f
I o] an tHe

the invention, nodifications’is in particular taken t

appl i cati édn of ogpizaps complazteer dormponads nofodhdkmhtsiibls comtainargptitsniuinciarknoahky|
~groups containing fluorine or aryl gr. S cqontaining fluorine onto the

surface of the maglﬁ%rpg? t &6%'8BTp s?f’f?%ﬂgﬂ%e?og%% HBPITERR|PE- APBPISRt X¢ehrsast o

the functional sgiteipg, dollietds, exanpl e OH groups) on the surface by a coval ent

or coordi nate bond. However, any other surface nodification is explicitly

i ncluded within the scope of the present 20 invention. Mdification is

preferably perfgrng i & r si.l heo r. organosili con o or gani c
conmpounds cont ai ni nrgp%%&c}]rsiodﬁ%?g@ﬁéé Eahl%rin\ée?’ggélgrseiﬁ%f%%enmggl eét‘ﬂ‘na Chfogachieve
preferred0 . 2%or@qeahesskdrvicotivesonpounds (al kyl silicon, arylsilicon etc.)

A ch may be considered include any silylating agents known to the person

lled in the art, such as organic silanes, organic silylam nes, organic

silylam des andutfhe dediivaldnes, $B&s88bih lﬁ'ﬁg@%&aﬂe}ichﬁ@?§h tHR" BB Getal
si |l oxanes and ot her organosilicon conpounds, which may, ©

For the purposes of the invention, modification. is-in -particular taken to mean the

.15 application of groups selected from among alkylsilicon, arylsilicon, alkyl groups

containing fluorine or aryl groups containing fluorine onto the surface of the

supported composition, wherein the groups are attached to the functional groups (for

example OH groups) on the surface by a covalent or coordinate bond. However, any

other surface modification is explicitly included within the scope of the present

20 invention.

- . >+ oo o Modification is preférably performed .with .organosilicon- and/or orgahosiiicon or
organic compounds containing fluorine, - wherein ofganosilicon compounds are
preferred.

25
Organosilicon compounds (alkylsilicon, arylsilicon etc.) which may be considered
include any silylating agents known to the person skilled in the art, such as organic
silanes, organic silylamines, organic silylamides and the derivatives thereof, organic
silazanes, organic siloxanes and other organosilicon compounds, which may, of

30 course, also be used in combination. Organosilicon compounds also explicitly



#30 course, al séehk3 Fprei intagsi on. Organosi | i con conpounds al so
explicitly Le A 33 635-Foreign Countries -9- subsune conpounds prepared
fromsilicon and partially fluorinated or perfluorinated organic residues.

_Alkyl is taken to nmean any |inear or branched al kyl residues having | to 50
C atoms 5 known to the person skilled in the art, such as nethyl, ethyl,
n-propyl, i-propyl, n-butyl, 1-butyl, t-butyl, n-pentyl, i-pentyl,
neopentyl, hex ar e need not
be listed her em\’/\%ﬁﬁghcformé’gp‘g‘ﬁed?%‘%?o?‘%mﬂ‘r"ﬁmt“ﬁg??{sglr ﬁuo%neaﬂésa %rsp[ef ‘tﬂ”é‘ateg
Substituents whrginioresidies. consi dered in this connection are hal ogen,
nitro, or also alkyl or al koxy, as wel | as cycl oal kyl or aryl, such as 10
benzoyl, trinmethyl phenyl, ethylphenyl, chloronmethyl, chloroethyl and
ni tromet hyl . W]Eylh@fdﬁbﬁ'td(bﬁlearhﬂ}ﬁlu@é%} Gﬂahéwéd%l S §yg§§ Z%Y% gﬁéﬂt' ssand
al kyl aryl s, such as cl ohexane, benzyl, viny enzy
ethyl, n- éropykﬂownﬁﬁdéypemﬂnbbﬂ@ﬁlnthebUIyWﬂlasbm&yl ahyl, hQﬁzpmjlgm@ﬂ
preferred In t ta resiques i.ndi vi du nore or al so
all the C atorrrslﬂbm%sr1 B‘ﬁ s ?Ib ch ?)95?)% %%n&ﬁsneogergyghgxydrangf%rgﬁrrgxomomues
wherein sil OXaﬂ\Qﬁc}mﬁyr blanryemtsmnﬂ@%dbylomy Bte® @R | ehicKV ¥didded }n%geﬂ hion Mean
any nono- or polycyclic aryl residues having 6 to 14 C atons wn to the

person ski | | ed Gmselyes be subssitised. Rubyiteeny whwapmmlw gorfs|dgadeinythis oshiztion may

in turn thensel oS i d u nLs,, cons der ed
in-this 20 con%ﬁ%ﬁ? §:aggﬁ}ﬁ%q%QE%k§h&f$gsy Eﬁr Fsc¥aa¥g% PhEy fﬁf%&s

al kyl (ﬁr lai’yl IbelfaodllJesrrr[eﬁlyfl;ihenﬂS eb1ym1’tﬁ@jrt;le:3ylbron€éhl![l)ﬁf Glﬂb&i&?ﬂﬁ/,l ah@'rﬁbf&)rlnéﬂgl y
r ophenyl . , .. propyl ., utyl, nethoxy, ethoxy, cyclohexy
anoyl net hoﬁ@ qg‘e‘t ﬁ@?g?{‘e'ﬁh‘%w ylyn?zlb%tsﬁliﬂ”meél‘flyﬁ%lﬁhlén%ﬁld alkb‘law}ﬁl suplt as
nitr ophenyl ar @yqoiehend, 8enzy2 X ity 1§enR 6l §Qﬁo§lkMeltm étﬂ&lt{'ﬁ og)ﬁ' tep%gﬁ,lnhbadt agen .
u

to nean fluorine, chlorine, bromne or iodine, orithé and
bromi ne bei ng pPpbrithatyl agphbeizoykare peafptass lothe organiliy| sédidrgsndivilual, two

trialkylsil aneg; m%'r@gg 896 gh lfl¥e é'altgnQSersnay rt])letrg:;ﬂaced by St atoms, O atoms or S atoms,

15 wherein siloxanes may be mentioned by way of example.

Aryl is taken to mean any mono- or polycyclic aryl residues having 6 to 14 C atoms
known to the person skilled in the art, such as phenyl, naphthyl, fluorenyl, which
© may in turn themselves be substituted. Substituents which may be considered in-this -
20 connection are halogen, nitro, hydroxyl or also the stated alkyl or aryl residues, such

as bromophenyl, chlorophenyl, toloyl and nitrophenyl.

Methyl, ethyl, propyl, t-butyl, methoxy, ethoxy, cyclohexyl, - benzoyl, methoxy, -
ethoxy, phenyl, naphthyl, chlorophenyl, toloy! and nitrophenyl are preferred.

25
The person skilled in the art takes halogen to mean fluorine, chlorine, bromine or
iodine, with fluorine, chlorine and bromine being preferred.
Specific examples of organic silanes are trialkylsilanes, dihalodialkylsilanes, nitrotri-
30 alkylsilanes, halotrialkylsilanes, halodialkylarylsilanes, dialkoxyalkylhalosilanes,

alkylarylhalosilanes, trialkoxyhalosilanes, dialkylarylhalosilanes, alkyldiarylsilanes,



#30 al kyl si | aned.c 3} 637-Falelgpl Giungiees, hal odi al kyl aryl si | anes,
di al koxyal kyl hal osi | anes, al kyl aryl hal osi | anes, trial koxyhal osi | anes,
di al kyl aryl hal osi | anes, al kyl di aryl silanes, Le A 33 635-Foreign Countries
.10- aryl dial kyl silanes, diarylsilanes, tr.ijarylsilanes and perfl uori nated
al kyl - or aryl - al koxysilanes. Specific exanples of organic silylamnes are
N-trial kylsilylimdazoles, Ntrialkyl- 5 silylimdazol es,
N-trial kylsilyld) j.nes; trial kylsilylpyrrole N-trjalkylsilyl-
pyrrol i di nes, tl‘gil”g?;'{?@{ﬂs??ﬂ éiaah%Eear“F%i %?ﬁ%lﬁ eso%“d_ peifitortnats alky)(‘ S -
pent af | uor ophealkbdysilakasl si | yl am nes.  Specific exanpl es of organic
silylam des and the derivatives thereof are N, O bis- '
trialkylsilylacetam des, N, O bistrialkylsilyltrihal oacetam des,
N-trialkylsily ] | ks i al .Syl > i.de .
N-al kyl -N-tri albgffﬁg? %8?’?‘5%3? Sééﬁlﬁaérﬂnwéaes b ok Ot PRI AT N tiatiy -
N-al kyl - N5t r i abikylinsidhadigse Nagiabalsily | datkpemineSpeariflkglsdylapbes, NitrigkgiaiyiC.
sil azanes are hexaal.kyl di si es, .heptaal kyl - di sil azanes, . )
1,1,3,3-tetr aaPW&b‘i‘%‘%r gitgﬂ@aéﬂﬁ??-eﬁa’é’fﬁ%ﬂ%dﬁnWI“??@PF‘%@EW&E‘%PP&%@es,
1,3- 15 diaryl-1,1,3,3-tetraal kyl di sil azanes and ,
1,3-diaryltetraal kyl di si|l azanes. Exanpl es of other conpounds contai ning
silicon are N apxohyernmplpy sf picahicydikianyifles irtdathoateeitvatieasi thespf are N,O-bis-

N al koxy- N, O bi st lLsilyl ¢ . N,.O-bi strial kyl siJyl sulfamates,
trial kyl silyl P iphial et SR OAaRyhY I%*ﬁ"’-aﬁ‘?t%‘%]}‘{%et Rj%éi‘ﬁyk}r‘lﬁﬁlé%‘t 20
Pr ef err ed0al kyhsides,c dhalkesNdHgigyRilElatutarrides, hMldﬂkgﬂjNJt@dlEylsilyltrihaloacetamides
pamat hyl di si | oxane; hexa- nethyl disilazane an

met hyl - N-t ri ARt NaleiiNAalkflyi lybpeghalealiariamdes. Al kyl ene and aryl ene
containing fluorine are taken to nean any described al kyl and aryl
resi dues which bear at | east one fluoro substituent, in particular alkyl or
aryl 25 resi dBeerifavixagiptase of t evganit hsideandsoure, Hekwakyldiskazanes e epteitight and

nine fluoro substituen erflyorjnate kyl ~and aryl residues.
Texat ['uor o- 2. nBCHY S0 oroiaar K brits ok b Pl fitopadBifenes, 15
3-chl oro48-fl udraqhang),yltetedall@ldiﬂ&zar?esCdfhhOr,&-diﬁylfdtM@lsz@lml%Qérfés.aEkﬂmpIQBPr 0-
and br onopent af | uor oet hane, br onmoper fl uor ohept ane, exaf |l uoroglutaric acid

or pent af | uor oBEHZ GPMPEWIAST sURIBAE pEl§qmy gFeo Sty Ne@ héstyalkylsilyltrihaloacet-
; amides, N-alkoxy-N,O-bistrialkylsily! tarbamates, N,O-bistrialkylsilyl sulfamates,
| trialkylsilyltrifluoromethane sulfonate and N,N'-bistrimethylsilylurea.

20 Preferred alkylsilicon residues are:hexamethyldisilane, hexamethyldisiloxane, hexa-

methyldisilazane and N-methyl-N-trimethylsilyltrifluoroacetamide.

Alkylene and arylene containing fluorine are-taken to mean any described alky! and
aryl residues which bear at least one fluoro substituent, in particular alkyl or aryl
25 residues having one, two, three, four, five, six, seven, eight and nine fluoro
substituents or perfluorinated alky! and aryl residues. Hexafluoro-2-methyliso-
propanol, [-chloro-3-fluoroisopropanol, 3-chloro-4-fluorobenzoy! chloride, 2-chloro-
4-fluorobenzoic acid, chloro- and bromopentafluoroethane, bromoperfluoroheptane,
hexafluoroglutaric acid or pentafluorobenzoyl chloride or perfluorooctyltriethoxy-

30 silane are particularly preferably used.



+30 silane are parA BEYbsFbiigy €beftmddl y used. Le A 33 635-Foreign Countries -
-11- Preferably nore than 10% in particular nore than 50% very
particularly preferably nore than 80% of the functional groups on the
.surface (for exanple OH groups) of the supported conposition are coated
with the alkylsilicon, arylsilicon, alkyl groups containing fluorine or
aryl groups containing fluorine. 5 The polarity of the surface of the
supported conpgsiti accordi to the [nvention Jj pur poseful 'y
est abl i shed by ﬁﬁlﬁﬁgié%%ﬁeéﬁ%g‘?’@n‘& P&f“ﬁ?k’é magg fhélee{(’%/m"te%iz?gﬂc‘tlﬁré‘/ REgHdY ogy
and particle Sigife eantdte, SHRR i dd i _ '
i.nvention may apparent% be vglﬁ‘g%ngl\?%rg% %deﬂgéﬁgggﬁmg‘&% ?g{u%@g?ﬂé)tf it
is particul ar Ithe fuppotiécatrinepastionsee banwieitk thesalkylzididomardsidictrg iy gcedupyat ed
surface areascona>.20 nQ/g, grgferabky of. > 50.n2/g. This supported
conposi tion i s CHAPEE LHonng op 4ty) eroupLoaning HOFRS "bi ity in the chenica
conpositien; such as the nature of the netal, netal content and al kyl
content, and the purposeful control exerted on catalyst 15 activity,
sel ectivity andhgeplprieeofthe girfRge pf digtsipryTich 6ompeditiereadeprditaiiorthe mvpnteanant
deacti vati on/ bl L j 4 e achieved by a
process for thggggg ug¥g%%ﬂg%égﬁpgﬁgﬁggk%&gégﬁ%ggﬁ%ﬁgﬁgéontaining gol d
and/or silver particles, titaniumoxide and a 20. support containing
silicon, characﬁﬁgiéﬁgﬁin t a% t he surfﬁce of _the support containing_
silicon and/ or 48U JPPREO0RKABY PRILISH 1% PfrtBaswRportet spmpREtion Apesdiag of
the invenpion, ¢ pRALIERbN ntyl PpRafdy sélmreato%fe@i&eqaﬁ@e@,nwgmpw fdhd A ;L -
glﬁups sel ected from anong al kylsilicon, arylsilicon; alkyl groups

tai ning 25 phitigelailpdavnuragbig o gseohpsogrontusi mixed didesrhianmgoeitatddnaursige f ace

of the s ort i_ta, on, awher ei he,,gr. S ar ttached to the
functiongrpgroﬁgggﬁgggaégy f%&mﬁyﬁggo dgfgéﬁg¥ﬁ@pgﬁ??%ggxﬁ9mﬁ‘EBW&W@ﬁf or

coor di nat e bondsed HpuiBwEmicANgexibilier in (Bl feateal XBEhbbiiGaE s06h hsStheXRutChtthy

included within the scope of the_ present invention. L
- metal, metal content and alkyl content, and the purposeful control exerted on catalyst

15 activity, selectivity and service life by treating the surface in order to prevent

deactivation/blocking.

The stated objects are furthermore achieved by a process for the production of a
supported composition containing gold and/or silver particles, titanium oxide and a
20 - - support containing silicon, characterised in that the surface of the support containing

- silicon and/or the supported composition is treated.

- For the purposes of the invention, treatment is in particular-taken to mean application
of groups selected from among alkylsilicon, arylsilicon, alkyl groups containing
25 fluorine or aryl groups containing fluorine onto the surface of the supported
composition, wherein the groups are attached to the functional groups (for example
OH groups) on the surface by a covalent or coordinate bond. However, any other

surface modification is explicitly included within the scope of the present invention.



..Le A 33 635- Forlei 433 G3oHFordigsCAdurids eat nent i s preferably performed with
organosi |l i con conpounds and/or organo- silicon or organic conmpounds
contai ning fluorine, wherein organosilicon conpounds are preferred. 5

. Organosi i con conpounds which may be consigered are any silylating agents
known to the person skilled in the art, such as organic silanes, organic
silylam nes, organic silylam des and the derivatives thereof, organic

sil azanes, organic¢ sil oxanes_,and her anosi |.i con _conpounds,, whi ch may,

of course. al o BarRaCH PRRADRs Ao RTINS SR BAH LAY PR

explicitly subsumeneesnaHitdnpbusds dotRihiad duorldd, Pdkidimblginddiktdn daHBEnR! -

perfluorinated organic residues. Specific exanples of organic silanes are

chl or ot ri met hyl2¢ piefgaed. di chl or odi met hyl - sil ane, chl or obr onodlnet hy

silane, nitrotrinethylsilane, chlorotrinethylsilane, iodo- dinethylbutyl si

| ane, chl or odi et hyl phenyl sil ane, chl orodi net hyl sil ane, dinethyl-n 15

propyl chl or osi |@genostlicortchybbwals mdisH by be osisidend] are any silylating agents known

t - but yl di et hyl chl or osi | ne, trj- p ropy lchlorgsilane, . | . .

di met hyl oct yl cHP 6‘?%%‘?‘?%%‘,“ etdrlflﬁ{ﬁ PLHED D 8182 1aRgs; AEBRPICCRIVETYness PreaRis,

di met hyl et hyl chfi0ra5idsang theli PR AraAeGYAGOLIRL %! 838nic Py HABLY! -

chl orosi | ane, brononet hyl di net hyl chl or osi | ane, _

chl or onet hyl di rregdnpkidihdocompbants, whishe hagr oprcopsskdilset ey lusddl o asinbandon.

di met hoxynet hyl hlgr silane, nmethyl heng{. 0 c%lorosilane ' "

triethoxychl or o3Pl aRe. ° i%%?%&“%%éﬂ§1eﬁ SPEE; SYOHNRS RRBR ARy pilicon and

vi nyl chl oroosi | giagiallgenidyihstedrst perfiedimteddrganesesidughenyl chl or osi | ane,
henyl - net hyl chl or osi | ane, di phenyl vi nyl chl orosi | ane,

I benzyl chl orosi | ane and 3-cyano- propyl di net hyl chl orosilane. 25 Specific
exanpl es of or L:G: .Sl 1 e | i-Jret i i | ani ne, ;-pent a-
fIuorophenyldi%gﬁths%%¥#§%?ﬂ§§g?ﬁgfﬁé%%g (?%#§%¥%§ g%&g%1§?%§%%?§f@yﬁ
N-t-butyl - di netlhyd, shloyétromddizethy]sibhdinimedttipletiylsylasd, Ichlarofriganioliglane, iodo-

N- di net hyl - n- pr | silyl- imdazol.e, N-dinethylisopropylsilylimdazole,
" N-trinethylsil yﬁ%%%l%‘amﬁ%@?lme&hy H%F%%/’ieyFfb‘yfqd&ﬁ;%t?‘y‘sﬂanes dimethyl-n-
N-trimet hydl si | yrgpebroiiane, diveliy1RBsbYyY1shlbMsimRe tibd i@ nRRe 1Ichiosilane, tri-

1- cyanoet hyl (di et hyl am no) di net hyl sil ane. _
propylchlorosilane, dimethyloctylchlorosilane, tributylchlorosilane, trihexylchloro-

silane, dimethylethylchlorosilane, dimethyloctadecylchlorosilane, n-butyldimethyl-

chlorosilane, bromomethyldimethylchlorosilane, chloromethyldimethylchlorosilane,
3-chloropropyldimethylchlorosilane, dimethoxymethylchlorosilane, methylphenyl-

20 chlorosilane, triethoxychlorosilane, dimethylphenylchlorosilane, methylphenyl-
vinylchlorosilane, benzyldimethylchlorosilane, diphenylchlorosilane, — diphenyl-

. methylchlorosilane, diphenylvinylchlorosilane, tribenzyichlorosilane and 3-cyano-

propyldimethylchlorosilane.

25 Specific examples of organic silylamines are N-trimethylsilyldiethylamine, penta-
fluorophenyldimethylsilylamine, including N-trimethylsilylimidazoles, N-t-butyl-
dimethylsilylimidazole, N-dimethylethylsilylimidazole, N-dimethyl-n-propylsilyl-
imidazole, N-dimethylisopropylsilylimidazole, N-trimethylsilyldimethylamine, N-tri-
methylsilylpyrrole, N-trimethylsilylpyrrolidine,  N-trimethylsilylpiperidine and

30 1-cyanoethyl(diethylamino)dimethylsilane. -



.Le A 33.635- Fokeigh ChuhereisaCatriegpeci fi ¢ exanpl es of organic silyl am des

and the derivatives thereof are N,O bis- trinmethylsilylacetam de,

N,O-bistrinethylsilyltrifluoroacetam de, N-tri methylsilyl- acetani de,
_N-nmethyl -N-trimethyl silylacetam de, N-nmethwl-Ntrinethylsilyltrifluoro-

acetam de, N-nethyl-N-trinmethylsilyl heptafluorobutyram de,

N-(t-butyldinethyl- 5 silyl)-Ntrifluoroacetam de and

N, O bi s(di et hy (o) e X | (o} ani c

St I azanes are PEXEIOEkHPS Pf UL REREL B PREEaA & ARG Sreo IHH

1, 1, 3, 3-t et r anutirhethdsidylhazanide, JNB)—Ihsm(xteltﬂydml@ttﬁﬂhgrb)cteﬁmﬂaﬁtmwdudetﬁylsaﬂane

1, 3-di | 3- | di |
1, 3- d: ;V)'hgﬁw tef“‘reé"f}%'fl%v&it\la%? Ylg%ﬂ@sé{hy %@aﬁw% O mehpbN-tEimsahd it dgero-

conmpounds are %e@ﬁ@@xy\ll\'nghf’l ﬁltmnmtyh;y%ﬁﬂeﬂ;ﬁéhuor%?%r?llaﬁmﬁé)aCI@t(@Bﬂt?ﬁrmethyl—

I\I—rrethoxyNOblstrlrrethy Si car bama ri methyl - si

sul famate? tri snbtlhwtsuﬂluytqamtamubraom Gstm(dlsthyﬂtydméylamdluhlydﬁbetmsien met hyl -
silylurea. 15 Exanpl es of fluorinated organosilicon conpounds are
perfluorooctyltriethoxysilane, perfluoropentyltriethoxysilane or

per f | uor opent yKpéditititRamisitd an6rgalicafil@rdnesl asl hakh@bhMidi RAGRN hSptakEihyldisil-
hexanet hyl di si |l azane, hexanet hyl di si | oxane, N 20

met hyl - N- (tri nétang sﬂllyli J-tetramephyidisazans, o ababishderomstmAtarmethyldisilazane,
trinethyl chlor 3. cﬁL P?,Ilafgr&?ram%ﬁlé/ﬂdyl?a& ne' i 183J gi h&%lt%H%gtg&@%ﬂ%gan\é\at er

treatnment. befofe. ron 1n |n6re se-sur

Wat er treéat nent rreans in this connection that, prior to 25 the S|Iyl ating
cess step, the catalyst is braought into contact with | qgui d water or an

ﬁeous Sat Ut aF ST BGhPT &ﬁ&a&Pflﬁ IS BTGB AT TR AFRON Qe S PRy iy -

sol ution, or {ffucescb@nse:, vwin#etmywai SRLintRhIART RS SNIRbEIA drﬁélﬁ 10f
for exanple, Ca2+ or Lai+), for exanple the catalyst is suspende

treat ment nedi eitilandfamae dmmethlylsof/l@rrlﬂwarnpthematsutfm argl Nhéb(sairad:ty,slt |s
treated W.t_h_.sgi?ﬁmeg_t > 100C, preferably at

15
-Examples of fluorinated organosilicon compounds are perfluorooctyltriethoxysilane,

perfluoropentyltriethoxysilane or perfluoropentyltributoxysilane. .

- Preferred silylating reagents are hexamethyldisilazane, hexamethyldisiloxane, N-
20+ methyl-N-(trimethylsilyl)-2,2,2-trifluoroacetamide . .- MSTFA. - and . trimethylchloro-

stlane.

.. The catalysts may also be subjected to water treatment before silylation in order to
increase surface OH groups. Water treatment means in this connection that, prior to

25 the silylating process step, the catalyst is brought into contact with liquid water or an
aqueous saturated ammonium chloride solution and/or ammonium nitrate solution, or

ion exchange with polyvalent cations (aqueous solutions of, for example, Ca’ or

La™"), for example the catalyst is suspended in the treatment medium and then dried

(for example at 300°C), or the catalyst is treated with steam at > 100°C, preferably at

30 150-450°C, for 1-6 hours. The catalyst is particularly preferably treated with steam at

200-450°C for 2-5 hours. Excess water is then removed. Water or the aqueous salt



.30 150-450C, fde A3bohotioignBeintadsal yst is particularly preferably treated
Wi th steamat 200-450C for 2-5 hours. Excess water is then renoved. Water
or the aqueous salt Le A 33 635-Foreign Countries 14- solutions used nay

.also be applied onto the catal yst support. py. spray inpregnation. Spray
inpregnation is in particular preferred with noul ded support materials.
Organi ¢ conpounds containing fluorine which my be considered are any al kyl

F S R A D A e

| east one fluoro sSubsti i'cular “a

one, two, thre&prayampreghitica iss particavigferred ghth rdded Pphit HMkRials.
substituents or perfluorinated al kyl and aryl residues.

Hexaf | uor o- 2- net hyl i sopropanol, 1-chl oro-3-fl uoroi sopropanol,

3-chloro-4-fl u@r@ﬁni@@&ﬁ&)ﬂnd? %rgﬁllgg'%’n%%)gﬁgl\ﬂ{x@ﬁ ﬁlé%lblé%roggﬁgr% i fce z%]%/l aghdcm or o-

and bronmopentaflUoro 10 et hane, | uoro tane, hexafluoFo 4t ¢
acid or pént af hgbretibrz dybwnahltor pelsoaslallpdirt thewdramhjchpbek at aaky oS 86bro

There are no limtations ta the sequence of treatnment of the supported

conmposi ti on aé@&%‘&eﬂb i parfiflag ﬂg%lﬂ%ri%f@i%%rhﬁ@ﬁgrogﬁ P ge. fpwre el sby
appl yi ng titanksuehO¥igieatniie! Ao sebstilRnidi dper St saaeNkyeRR LSt 00 Of
gol d and/or silver allrgld 2;ur?a(;e trezsit melnt,n orrhpteirt ani um anéy go %ﬁg%\%ﬁig?s'
si | ver cent r es Hesgiluprerdtnethelsgpropand, abphlped3-Onowisappentls F-ohlbai-fiflagro-

silicon and. t f LT oy . titanium .gold and sjlicon conponents
" are 20 simul tta grh%gts?ﬁ;@%g é’a?%’lélgpqp-r?_guoég%eg ‘&‘S%&gn%@ﬂ%naf?‘l«e&é?mwn OFre
surface tlbeat edthand, btdni@mriflmrotepthne SiteksMDENNRANCRE BF €p&itaMldraRaAUS! ¥
r’ct ed in a copol.gcondensati on reaction, coated with gold and the
Wiace treat edV8Fdt pERATGHIAE S EFle@blyrused heni cal Iy bonded to the silicon
di oxi de, the surface treated and subsequently coated with gold and/or
silver. 25 The titanium oxide may be produced in situ on support materials
cont ai ni ng si | iTbens ar¢ pommitativanioutie pr@eucs of treompouciige siipporexdadplpsibiyn

saturation fr Ogéc%lrjcﬁr?é &b Mvention.. -

15
Preparation may proceed by applying titanium oxide on silicon oxide ‘with
subsequent application of gold and/or silver and surface treatment, or titanium and
gold and/or silver centres may simultaneously be applied onto supports containing
silicon and the surface treated, or titanium, gold and silicon components are:

20 simultaneously reacted in a copolycondensation reaction and the surface treated, or -
titanium. and silicon components are simultaneously reacted in a copolycondensation

‘ reaction, qoate_ci with gold and the surface treated or titanium centres are chemically

bonded to the silicon dioxide, the surface treated and subsequently coated with gold -

and/or silver.

The titanium oxide may be produced in situ on support materials containing silicon
from- titanium precursor compounds, for example by saturation from supernatant
solution (impregnation) and/or be applied with a quantity of solvent corresponding to
the absorption capacity of the support (incipient wetness), precipitation (deposition
30 precipitation), vapour deposition, and by sol/gel methods and equally well by colloid

methods, sputtering or vapour condensation. In the case of saturation, titanium



_solution (inpregnati @) Favh@oubgicapplied with a quantity of sol vent
corresponding to the absorption capacity of the support (incipient

wet ness), precipitation (deposition 30 precipitation), vapour deposition,

. and by sol/gel nmethods and equally well by.scolloid methods, sputtering or
vapour condensation. In the case of saturation, titaniumLe A 33
635- Forei gn Countries 15- precursor conpounds capable of reacting wth the
surface sil anol grou s are advantageopusly used. Titanjum oxide is also
produced in si PIFCHFOGCAPPPHYSwFaPROE; PhERcHRG i dPF deTgRe slane}p gronps are
containing. silb&ARag PARE Ry i n the presence of a base. In this case, the
(r15-C5H2) 2Ti C12 reacts wth term nal surface silanol groups. After
grafting, drying and calcination, (=Si O 3Ti OH conpl exes probably formthe
dom nant titaniym. species. The s rt materials contai.ning titanium are
coated wi th golld AR RIS gisP PPRER el D% SN 0" & i AaBreme el euRn
precur sor s conpewspdets @dnGalid ¥licén,t pdsFBiyWUM BREFlERcATE KB If KR catdr@ppri or
art, such as soluble titaniumsalts (for exanple titanium halides,
nitrates, sul {ategh)liChmeastn wahttsrmyhali wwolaggpilanobgrawpgahfter aeiftog, angng

titanic acid esters). 15 Titanli umagderivatives h as tetraal kyl t.itanates
wth G -5 al kgt Gbimplon AL QTR bt oDy B, e ity ttankihd
i sobutyl, tentspdeibsyThedippo@ina@drla@y contgang Eitanidn? Bicldhted PAG 51d SHEBr &Bver
titanyl acetyl acetonate, dicyclopentadienyltitaniumdichloride are
preferably usetl hTEE¥HLHR- but yl ort hotitanate, titanium acetyl acetonate,
titanoceng dichloride and titaniumtetrachloride are preferred titanium
cursor compounds. 20 Si-OTi- groups are al so advant ageousl'y generated
wsi nmul t aneouSuipdlly fenivsapieoirsorofongiouhdddsecaGilytandadiumpipedes seGowhdFom
exanpl e copol ycondensati on reactions to yieI? anor phous .xerogel s or
aerogel s, or bR AThaPeRPS sAYRIE HiLatumisglis, (far gxapR/s dianipRhaliges @drass de
zeolites, 'silicakddseBiaffunt fiffis ok ke aﬂl?or%@%e[ngﬁicid%ra(ﬂﬁ‘ﬁ%id sidasad).on the 25
pol ycondensati on of hydrol ysed, colloidalTy dissolved netal conponent
m Xt ur es : T

15 Titanium derivatives such as tetraalkyl titanates with C,-Cg alkyl groups such as
methyl, ethyl, n-propyl, n-butyl, isobutyl, tert.-butyl efc. or other organic titanium
species such as titanyl acetylacetonate, 'dicycldpentadienyltitanium dichloride are
preferably used. Tetra-n-butylorthotitanate, titanium acetylacetonate, titanocene
dichloride and titanium tetrachloride are preferred titanium precursor compounds.

20
-Si-O-Ti- groups are also advantageously generated by simultaneous polymerisation

.- e of suitable Si and Ti precursors, fot éxample copolycondensation reactions to yield
amorphous xerogels or aerogels, or by hydrothermal synthesis to yield crystalline
mixed oxide zeolites, silicalites or the like. The sol/gel process is based on the

25 polycondensation of hydrolysed, colloidally dissolved metal component mixtures
(sol) to form an amorphous, three-dimensional network (gel). The following reaction

scheme is intended to clarify the process:



.(sol) to form paaadwsPhYESion idLEReE Mensi onal network (gel). The foll ow ng
reaction schene is intended to clarify the process: Le A 33 635-Foreign
Countries 16- acid / base acid / base ..0SiO 0SiO.. RORo\Si-OR RO RO Si-OR
5ol ..0Si0 ~Si-OS\ osio.. RO RO hydrol ys_ilg_condensati on OCSio CSio..
gel -network Suitable precursor conpounds of the correspondi ng support
materials are, for exanple, al koxides of silicon and/or titanium Typical
nol ar H20: hydrol ysable 5 Si(Ti) species ratios are, for e rg)l e, 0.5-32,
preferably 0.5-® SuitabFe. catal ¥ *8ypport ndtErFals, sichas, r_ogg(?gni c
silicas, AerosRPs5SoPRCa}%,%19% TRy be suspended or di spe gd rnXhe -
col | oi dal silicBOsots. Ad# tional hoendensabl e, cntaidunct i'onal  noP&ul es,
such as for exanple nmononeric or polyneric glycols, netal cem(t)wroirkdes or
sim lar conpounds may al so be used for purposeful "materi af* des gn". Like
the 10 hydrol ysed al koxynetal | ates, these polynmers nmay be honpbgeneously
i ncorporated Siitabld Ipeecgsbr netpoukds Afdhégobgshoapihgbigpportg atlitdtiafkO e s t 0.
the sol phase (dispersed phase), for exanple nmonofunctional aliphatic
al cohol s havi ng*aRie tRardesephstlicear BErPratigrEm. pfymigH @BB&tHIQibWﬁ@b’ﬁmki: on
of an emud si on NS : l,.ph d hospg Ihsi L Ouj and
t hus pr ov}i5 des ?%gbo%gg?fgaﬁﬁ)? yar?’of;ﬁﬁe L)I(I? i{nﬁ(raér’ dgi)g?t %?Fegﬁ%?%? ) tsﬁgagr%%& 3%?’? .
Cel s. of virtusippyrtadterrly, atch asenrogepicallicas, Arorsilvet 8hb-oxdi Besayaeesulspumded and
many of themare.suitable for th ~oduct i of xerogels and aerogels. The
sol / gel proces® }?B?{é%dai”t %beogglilod?az {% C%Féﬁagg‘?‘“%%ie‘?o“ F‘i‘sé?%eﬂ‘fl%ﬂ’éwonal
honbgeneous Si \%le];hl@g X 8 for 2Rample Q¥d i@ eric Ak p@?@r\@-ffc? (_Eoilg Qﬁgté{mhwge?m s (>
pwt.%, dormains are % fornmed- due to the preferre )i_I.-C)-TI‘ _
nocondensat i gMikeegempewndsi maxmaiserbe heedofor atverpsaful Tmateswordgsigat. i loike Khown
from pure,Ti 02 ' a f di stems, "Ti Ln S ox! (<
7 ue TS, o PR BolihddfuGI8RsEbpBindd Bad R fiossmbiito igmerd
wherein the Tiink sbe agesureegorkheAdding fhotibphotdt dirgadit o lymes a5 rie Ry stakd con.
These

- (dispersed phase), for example monofunctional aliphatic alcohols having more than
etght carbon atoms, brings about the formation of an emulsion (dispersed sol phase
.and homogeneous emulsion liquid) and thus provides the opportunity- for further

15 tailoring of the material.

. Gels of virtually all metal, semi-metal or non-metal oxides are known and many of

them -are suitable for the production of xerogels and aerogels. The sol/gel process
--makes it possible to prepare, inter alia, extremely homogeneous:SiO/TiO, mixed -

. 20.-- .. --oxides. At-elevated titanium contents (> 15 wt.%), domains are-formed due to the
preferred - Ti-O-Ti homocondensation reaction, in which the octahedral’ Ti

_ coordination known from pure TiO; prevails. In the case of dilute systems, "TiO, in

S104" (<7 wt.% Ti), a homogeneous, ie domain-free, Ti distribution occurs,

wherein the Ti also assumes the fourfold coordination preferred by silicon. These

25 centres are probably the mentioned catalytically active centres (site-isolated centres).

We have found that selectivity and, especially, activity may be increased in the
described heterogeneous catalysis 1f the catalytically active metal centres are

incorporated 1nto a defined pore architecture. In this manner, sécondary reactions



25 centres arelprfobhbl yFodeen@nintged catal ytically active centres
(site-isolated centres). W have found that selectivity and, especially,
activity may be increased in the described heterogeneous catalysis if the
.catalytically active netal centres are ingarporated into a defined pore
architecture. In this manner, secondary reactions Le A 33 635-Foreign
Countries 17- may be suppressed. Once coated with noble netal (gold and/or

silver), SiO/TiOy  mxed axides i ch.have. been- produced eneous
copol ycondensaf138rP 14BREETS hbtnﬁ%scg\%% wr”?‘s‘bc’%hfi 5‘ﬁ{3’§/ (go(:l&a&g{%r §3f5%@t ?‘g)g})ﬁoy

oxi dation cat ak)igdds oxidés @hiGURVRCK:entIréRIcBR By, 2 HURDEWDLEFBp&¥ R Mkisation
i-ndustrially useful catalyst service |lives of many 5 nonths and nore,

combi ned with &saeben éits ewniise| Miphly eastivepeselpgiive urdatiproatplystsal Afterf pufade t hat
sol / gel based t . i al ysed hydrol.ysis
condensat i on aﬁ‘gl‘tglé?(gtsi“%%%%%%%feg@gﬁ génus?gﬁ“gn‘jsggjﬁ Csa%il? Sgﬁf%lces{‘%/ Sc¥nmany
titani um and aedintlisandimopé, @bBibaled pridciedizhsseldatitiewi t h and wi t hout tenpl ate
10 conpounds) conprise, after surface treatnment, highly selective and
active oxidation catalysts. The foreign oxides of titaniumand the already
described promgyehs,dMlirskkind) GidoNGAAP HaRsEFd Bhdl Hifal gt!gy&%sdq)ggé' Heacid

| attice are very largely present in honogeneous for iCe. W 197t 19
formati on of domalyssi hifdrelyisisc oopisnsatied adegatation (capeyprrelsasation) of keaitable

anor phous m xed.,oxi des .i n hi,ghl.y. disperse form an re.|largely 15 attached

to the inor ganf‘é‘%’bﬁ_@%‘?m g%gﬁhﬁ%ﬂ ?@ﬁFr ‘?58%%0.’[5’%‘? TWHE@F é‘flx‘olﬂbﬁﬁ@é‘it?i on

of these 1anor phempouRd¥eehnipeisd CatemBRR tHAMh&E VRN sWieti®v e AUIRIive Wldafibn
duction in the sol/gel process. The catal ysts obtained in this nmanner

par ti cul acdplypiseflesr fgptign pridesghfttithmpm andikaelready Whscobgd mrametelsyideh on
reagents befor . i.dati on ot on,. These ' rphous ,or. . after .
hydr ot her nal sgrr?t E%gﬂg%;hg(g %%yst{'eglaslﬁlgcggddlr%xggd%gicl%ggrsepare SadEEToR™TRY Hhsi s
of Si Ox are extembgmieoushogh| ie. vadi letcit ifsenatied ok derdkiak.yBieSincorpbita®dd elements
application of gold and/or silver and surface treatnment, the sol/gel

‘process yi el d&™tHESSR t B a510TRALYF HSTLrddsuiB U s dlipsip e i2Bh sraltEsidi ng

to the inyenti@fached to the inorganic polymer via element-O-Si bonds. The chemical

composition of these amorphous mixed oxides may be varied over wide ranges
during production in the sol/gel process. The catalysts obtained in this manner are
particularly preferably brought into contact with organic silylation reagents before
the oxidation reaction. These “amorphous or, after hydrothermal synthesis,
20 crystallised mixed oxides produced ‘on the basis of SiO, are excellent, highly

selective redox catalysts.

After application of gold and/or silver and surface treatment, the sol/gel process

yields the micro- or macroporous supported compositions according to the invention.

25
The desired surface polarity may, however, be established not only by bringing the
supported compositions into contact with organic silylation reagents, but also
advantageously by hydrolysis of, for example, alkyl(aryl)silanes and/or alkyl-
(aryl)silanes containing fluorine of the type RSi(OR');, or of the type RTi (OR');, 40
30 yield alkyl(aryl)-modified silica gels or silica gels containing titanium. The

hydrophobic or lipophilic properties in the pores and on the surface of the silica gel



25 The desiredLsuy 3268&5-potein Cyunmays, however, be established not only by

bringing the supported conpositions into contact with organic silylation
reagents, but also advantageously by hydrolysis of, for exanple,

. alkyl (aryl)silanes and/or alkyl- (aryl)silJgnes containing fluorine of the
type RSi(OR )3, or of the type RTi (OR)-,,,to 30 yield

al kyl (aryl)-nodified silica gels or silica gels containing titanium The

o oa el Lo’ ResBREdnchs BgREEhFirie PEMORTERe 87 ab] sitieoRie B by
sel ecting the ajikyh. SiRéKHIEORMRIyRI ¥ sUi@BledRiRsTBr b1 cathlyiigon. Silica

gels of this type are suitable matrices for netal catal ysts.
Copol ycondensati on of suitable silicon, titaniumand pronoter species is

another 5 preferr . fo - r ti.0n. e rted conpositions
according to tﬁ%pggﬁgﬁﬁﬁggﬁp(gﬁ%ggggéﬂgﬁﬁ’%%ﬂgﬁga%?&ﬁ§$§%95853?%$ngplﬁrn
princi pl esany apgferoq@r mathed feothp pustlistidmofuhe tsoppdied pempositisks hdcoiingitd the art
whi ch nmay serve as precursors. for the correspondi ng oxi des or hydroxi des.
Pol ycondensat i ORAEYh2¥EOEr 8k eBdldn PromidotRSCIey S il PERCIPI 8Py fRPE@Pnate
systens. 10 Ap s bl i1 I Wty Ftabl e
silicon specie36&%§gﬁgg§gkhggggﬁ§§§n§§¥$g§?E§f§%??ﬁgsiIigg%g%ﬁﬁgﬁgﬁﬁﬁgﬁ
t et ranet hyl or thosetiréspatdng tegideaeirhlyydroodesh dsiycondeneaticBunfagcieerp girareed yini s
pur poseful |y adhusted Q advantageousl% partially or entirely substituting
proportions of 2 ?%FF&%%%??“BPPR@ [9Y85P8&s by trial koxysilicon 15. species
such as figr exanpl e trial koxynet hyl sil ane and/or trial koxyphenyl sil ane

/or trial koxychl orosj|ane. Apart from nononeric al koxi des, polyneric

tems, such Apartffgm é&lg@rgq:lé srbléﬂays()@iag{i N@f@ygia}s@ﬁé}i}table stlicon species which are
pol y(di et hoxysi | S- al um r I | bhe used. .20
In an anal ogousus%‘rsilﬁ%rt?p!tigl%/%n?ﬂﬁsgg\lta%’ ?P(g)hr aé)%ﬁg&l% i ({%%hﬁa ealtiet(ﬁzéegt,’yl
nitrates, sul foatheslicasmBonfactnpdiexiafid ppodefitl Braljie)edeiyeadonebgdaably\pattsadlel ors
suitable titanium specjes. Titanlun1dFrivaIi es such as tetraal kyl
titanates Wit h~e&t1r_eb6 sﬁ‘)sféwmr&, @ﬁ(fj)grtlons of  tetraalky! orthosilicates by -trialkoxysilicon

15. - species such as for example trnialkoxymethylsilane and/or. trialkoxyphenylsilane

and/or trialkoxychlorosilane. Apart from monomeric alkoxides, polymeric systems,
. such as for example poly(diethoxysilane), poly(diethoxysilane s-butylaluminate) efc.

may equally well be used.

220 ... --In an analogous manner, titanium salts (for example. titanium halides, nitrates,

. sulfates, ammonium hexafluorotitanate) are preferably used' as suitable titanium

. R .- - species. Titanium derivatives such as tetraalkyl titanates With ‘C-C¢ alkyl groups
. such -as. methyl, ethyl, n-propyl, n-butyl, isobutyl, . tert.-butyl,- or other organic

titanium species such as titanyl acetylacetonate, dicyclopentadienyltitanium

25 dichloride are also preferably used. Tetra-n-butyl orthotitanate is another preferred

titanium component. If small quantities of tetraalkyl orthotitanate are substituted by

trialkoxytitanium species, for example trialkoxyphenyltitanium, surface polarity may

additionally be adjusted. Apart from monomernic alkoxides, polymeric systems, such

as for example poly(diethoxysiloxane/ethyl titanate), poly(octyleneglycol titanate)

30 etc. may equally well be used.



_such as.. nethyle A8BBYE-Foreigt OPyitsiesn- but yl, isobutyl,.. tert.-butyl,. or
~other organic titanium species such as titanyl acetylacetonate,
di cyct opentadi enyltitanium 25 dichloride are al so preferably used.
. Tetra-n-butyl orthotitanate is another pr e{ rred titanium conponent. |f
smal | quantities of tetraal kyl orthotitanat’e are substituted by
trial koxytitani um species, for exanple trial koxyphenyltitanium surface
polarity may gddlltl onal I be ad usted. Apart from nononeric al koxi des,
pol ymeri c syst ‘a%cfﬁly QEHBIEE SPANR At BFasERgss i Ploseuegseothyiomoter
titanate), pol ykeetyle ﬁgrmspranulrra asalil v be used.
Le A 33 635- Forelm%n COEntI’I es -19- g?(tlnﬁ §P|§§’°ﬁ%%§“d§?grr?§tg’?h%é‘P?§%Pm%
suitabl e as pr @licsgreglsorsusahle. ddthoogh pmosaiis.euch axfalesample hadides, @ittadds and
t ant al um oxi de, antinpony o |de ron, oxi.de .and al um nium oxide, are al so
suitable. Alt hgﬁ'g OXK@S) “¥a useéiué}he nlgo’flg?s dXarsie lfenﬁihPé'I% PHIPOK e e &/carnd
hydr oxi des may tmeu&&ds ar@l@&f@{é@om des, for exanple ethoxide, propoxide,
etc., of 5 these netals are preferred Copr eci pitation products or co-gels
of Si, Ti and pronoter, Si and Ti, Si and prormter T| and pronoter or Si
and pronoter Sost agent s Prod cts oduced by
a process base ?flc Qtf‘g?“ g’§§§1§%( ?irrsl a&ueo%frsgsgﬁl e ;'E’fcini‘%tﬁ’i %48'{ oh and
hydr ol ysed underoractediTc awbprdinbted 08 Sf aid pexaoRt @aRhlsebe uddl £%ENRAGI2)RE.
processes in which the silicic acid is transferred into an organi C sol vent
and then condensed in this nmediumw th acidic, neutral or basi c catal ysis
are partijgul ar Ipyoduc&Ulr I st ri al
lications. 15 The% gi‘gﬁgé’ﬁgﬁﬁg’t@?(%‘%‘{egﬁ VJa?errSngS?(igég ﬁc'g(rjmﬁr §fig3f e
rting mater salugod oy hlrdrelysirhurpt@sesxdwf cdnldmomsnienéxample %&ehwhee)&uﬁr@eb%lrnw y
found that, for_the catal Ythl ¢ Xl' datr ? nes and al kenes, 20 the
e it he Taedtes

supported. conpositions have PYUAY EBS SRlVERt andstbper al

orders of magroddededgineai€metifaan vstﬂhO&,le@f ndUitahSF 1hasik %Wys(féara?el ¥§[It1c§1¥r°l§/ ens.

suitable, especially for large scale industrial applications.

15

The said products (water glasses) are further preferred starting materials for the

purposes of the invention.

We have surprisingly found that, for the catalytic oxidation of alkanes and alkenes,
20 the supported. compositions havea catalytic activity and service life several orders 6f -

magnitude greater than those of hitherto known catalyst systems.

Using the supported compositions according to the invention for oxidising
hydrocarbons is thus another way of achieving the stated object and is also provided

25 by the present invention.

Use according to the invention may, in principle, be applied to any hydrocarbons.
The term hydrocarbon is taken to mean unsaturated or saturated hydrocarbons such
as olefins or alkanes, which may also contain heteroatoms, such as N, O, P, S or
30 halogens. The organic component to be oxidised may be acyclic, monocyclic,

bicyclic or polycyclic and may be monoolefinic, diolefinic or polyolefinic. In the



Using the suppoyd gd1co LitLensn@dggeording to the invention for oxidising

" hydr ocar bons isﬁm%m*o’%achi eving the stated object and is al so
provided 25 by the present invention. Use according to the invention may,
_in principle, be applied to any hydrocarbons. The term hydrocarbon is
taken to nmean unsaturated or saturated hyd? Carbons such as olefins or

al kanes, which may al so contain heteroatons, such as N, 0, P, S or 30

hal ogens. The organi c conponent to be oxidised may be acyclic, nonocyclic,
bi cyclic or polsegef ¢rgaripdompyndnés hawmgdvefor mocs dadibdd tedrids; the doutde byadsehdyni C.
In the Le A 33 ,635-Foreign Countries -20- case of .Qrganic C onents. having .
two or more doull BBEH g,gcotnhu(,ga{gfgu eu%8ﬂ’3§atﬁ§§°mbe E%‘éﬁfargg%c@ﬁﬂﬁ%tagd

and unconj ugat egtefetrei thddte fldydmaeal BRIRS oRdhiirS BEbdaER arB’ BLGEL 8fhitRasE. fr om
whi ch such oxi dation products are formed which have a sufficiently |ow
partial pressur@ffigeny low rapialipatsenrs to aliyy sontivoushyemer aldefahe prodaet fioen Bhe
catal yst. dUnsat avi to 20 r.ef erably.
2 to 10 ngr bon&gzﬁ%s?mdug%g“%r%g% é@%@grat’%&%{y%go% &gﬁfgir.'w%% 23%?,0 ’ 8?%%{%@,9 2ptf’o ene,
propane, isobutann atomebrtpréfened, id phtitelaesthéheheth@iRe propese, PrédisneNeobutane,

t rans- 2- but ene,. 1, 3- but a{oliﬁgne, Eentene, L)ent ane, 1-hexene, 1-hexane,

hexadi enes, cycFIHEKENe -iHISefRuteNg,FISTRBUEH, dBPt-2dutsfpbiibutasirnenpaptaner e
be used for oxiglatdne-h&ant] 0RSahd RMIARS HE0heRRY BefAlnef Orm for exanple
ground powders, spherical particles, pellets, extrudates, granules, etc..
A preferred use is the gas phase reaction of oxygen with hydrogen in the

presence 15.t he su rted conpositions accarding .to the invention. This

g sel ecﬁjlf vel >5/T f§/e| eP %‘Qg‘fe)%%’}ﬁ"a@‘s" q?%% 51% ?%S‘??%é)f‘b‘%ggn FrEHP RSN AT dsgtred
ondary hydr ggaskensranthraxe@prl groudd powdRd, UpRdrREl patitiear YelRKIEQEALRONS.

Dependi ng upon the educt used, catalyst service lives anount to many

nont hs or nor e.8@tl9herel ative nolar ratio of hydrocarbon, oxygen,

hydrogen and optionally a diluent gas may be varied within wi de ranges. S

A preferred use is the gas phase reaction of oxygen with hydrogen in the presence of
15 the supported compositions according to the invention. This use selectively yields
epoxides from olefins, ketones from saturated secondary hydrocarbons and alcohols
from saturated tertiary hydrocarbons. Depending upon the educt used, catalyst

service lives amount to many months or more.

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

gas may be varied within wide ranges. |

The molar ratio of the introduced hydrocarbon relative to the total number of moles

of hydrocarbon, oxygen, hydrogen and diluent gas may be varied within wide ranges.

3]
wn

Hydrocarbon is preferably used in an excess, relative to introduced oxygen (on a
molar basis). Hydrocarbon content is typically greater than 1 mol% and less than
00 mol%. Hydrocarbon contents used are preferably in the range from 5-35 mol%,
particularly preferably from 10-30 mol.%. As hydrocarbon contents rise, productivity

1s increased and hydrogen combustion reduced.



_-The ol ar rati @eQf 33 Bes-FhlefRAtsigeilydrocarbon relative to the total nunber
of noles of hydrocarbon, oxygen, hydrogen and diluent gas may be varied
- within wide ranges. 25 Hydrocarbon is preferably used in an excess, _
. felative to introduced oxygen (on a nolar ﬂa_si S). Hydrocarbon content is
typically greater than 1 nol % and | ess than 60 nol % Hydrocarbon contents
used are preferably in the range fromb5-35 nol% particularly preferably
from 10-30 nol . % As hydrocarbon contents rise, productivity is increased
and hydrogen c&hdEdt maybe serddadhe mostvangd glgmﬁﬁg-eFéfF‘éieg'ﬂ01€E}}quX:Y89n;agland
Oxygen may be i ed. - r_,oxygen,
it and i tr ot B ABREbal BEEH it Al incBRPLE R SRSt R
content, rel atitwetotabnuthbe df odcdés ofmybmtanbbn,rmdggm, (hfygd'mgdm @@cadilnmg( S HES e
hydrogen and dil uent. gas,. . may be varied within w de ranges. . en Is
p)r/ef e?abl y useda‘i"?ﬁp‘é{‘t%ﬁl“é{?e H%\g?scﬂ"ygeé’l ‘éﬂ%?“’e‘a*?léf UsgbInca |OKE Sﬁféﬁ*b@i;%"%@én is
pref erabl g useqyicirBén /GAGEn i ProfdraBlyRESbin QY Edngl! iAnh M -6 ASRE" thei'cmahgom
6-15 nol % As oxXxygen contents rise, productivity i's Increased. Rn oxygen
content of | esgraférablyZeomdlbh mhbal 4s beysel @oteath mse, pafdatyvigr 'tsu'ﬂdsased.nAhhe
absence of hydrogen, the s t co sitions. accordi to the invention
10 exhi bi t o%l )?xg%ewofl%w ﬁgﬁg‘%@aﬂa%%oé‘ﬁli’?/?elki?.?ed&“ %ageg%ErroéfPﬁsres of up to
180C, productivity is very lowin the absence of hydrogen, while at
tenperatures of greater than 200C, |arge guantit.i_es of carbon dioxide are
formed t oget hefn Wiet 3bspreetafdlydragrn.dae isepposted saepssitipps adeasiime Fythedgesmtisour ce
may be usgd, s s _for le. .mol ecul ar.. hydrogen from dehydr i on
yhydrozgr bong%glﬁlg Oa"l%dﬁ@ﬁs%.rwIagmélﬁgtaﬁéé%elfgwé oA(Ej}i ﬁe{en 1Y 1§ an&gﬁg&t ,
t hydr ogen nmayodatswtybie vpryoducadhd fbssndelbfinyd@@en, Upisitd f asthp@aatRlof gfQfer
exanpl e by dehydrogenating propane or isobutane or alcohols, such as for
exanpl e i sobut &8l 200 d iy ge fupriticsl efocaskon dioxisiguaediamed tpméherrewrimmalh
systemas a co Le I co ex. The
morar | hycr ogentSansep®aiciy 2y LAy ARG G2 AE bR ER GORP Rinil
hydr ocar bon, oxyden]ar 2@dlogelr bgendcapdrogédatientbf gadrpcarbynshmdvaddoherd. W idaicierwi de

: [ rogen _ . ,
ranges -|1_¥pl Calemtggglmegt of the invention, the hydrogen may also be produced in situ in an

upstream reactor, for example by dehydrogenating propane or isobutdne or alcohols, -
such as for example isobutanol. Hydrogen may also be introduced into the reaction
system as a complexed species, for example catalyst/hydrogen complex. The molar
hydrogen content, relative to the total number of moles of hydrocarbon, oxygen,

20 hydrogen and diluent gas, may be varied within wide ranges. Typical hydrogen
. - contents are greater than 0.1 mol%, preferably 5-80 mol%, particularly preferably

. : 10-65 mol%. As hydrogen contents rise, productivity is increased.

- In addition to the essentially required educt gases described above, it is optionally

25 also possible to use a diluent gas, such as nitrogen, helium, argon, methane, carbon
dioxide or similar gases which behave inertly. Mixtures of the described inert
components may also be used. Addition of inert components is favourable for
dissipating the heat liberated in this exothermic oxidation reaction and from the
standpoint of safety. If the process according to the invention is performed in the gas

30 phase, gaseous diluent components are preferably used, such as for example nitrogen,

helium, argon, methane and possibly steam and carbon dioxide. While steam and



_contents are great 8t 63 N@hretbnlcdPh s Preferably 5-80 nol % particularly
~preferably 10-65 nol% AS hydrogen contents rise, productivity is

increased. In addition to the essentially required educt gases descri bed

. above, it is optionally 25 also possible {0 use a diluent gas, such as

ni trogen, helium argon, nethane, carbon i oxide or simlar gases which
behave inertly. Mxtures of the described inert conponents may al so be
used. Addition of inert components is favourable for dissipating the heat
liberated in tKrt&oREwkisr 3F indsd aat Fsncly angst itesy Bave o pasiviverréfecs ataytpdowt  of
safety. |If the r.di i i: i r.f in.the gas
30 phase, gasegﬁéggﬁégggggggﬁ%%ﬁéﬁﬁgﬁ2%@“%¥ggeHggfggaggd?qéggﬁuggﬁ?%?ag
exanpl e ni tr ogenidatitvetdsisnnt and)ahermaily haabde aretk HQsdi il gonstdaitlyaseleqed b

di oxide. Wiile steamand Le A 33 635-Foreign Countrjes -22- carbon dioxide
are indeed not eéﬁ?ﬁﬁfeéﬁ?h‘?lﬁé’toﬂxa?ctoﬁ%? pRbYRheES: halogenaled etdree@bort)- very | ow
concentragions (< 2 vol.% . Wen the invention is perforned in the liquid
phase, an oxidation-resistant and thermally stable inert liquid is
conveni ent |y sdhestrndried cpmpestiagnslaecafliog hoihe, inywtipalacotisl syitaplel ipebdbqsd

hal ogenat ed hydyocar.bons). 5 The s rted conpositions according to the

i nvention are gﬁ%ﬁ gﬁi@ﬁ%f&“kﬂo?h%PﬁggﬁFﬁ'Oﬁhgggﬁﬁd? ?ﬁep5§?ﬁﬁtpgnm§Pmc
hydr ocar bons. Botfperdxides (ROESE)) Giguidf pHasdalBiifs aldHIEPaEIRXHWas c&RePnto

| i quid phase olefins are highly selectively converted into ‘epoxides on the

descri bed cat alcpetides ghthei ¢esernhedpragdystic andfin dheyprsenan@f ivypgogerd hidrogémui d

phase ol efyi ns ar.e: hi t: j e . des on the .

- ped” " candrigarat et TR U SRR e P B BN e oibet  on
cri bed aboveatalystii ghly sensitive to catal yst structure. Wen

nanodi sperse gold and/or silver particles are 15 present in the supported

conposition, an increase in productivity of the selective oxidation

product was obsesvads (JhRl sRath@lsk¥cle0s@dhtne Fathd PR kb Mg d{ higril | ver

with titaniumoxide (perinetric interface) is particularly effective,”i.e.
excel | ent epoxisergttiveniocetayy stryctiure. tWeenpranodiperse gold and/or silver particles are
15 present in the supported composition, an increase in productivity of the selective

oxidation product was observed:

The spatially close interaction of gold and/or silver with titanium oxide (perimetric
interface) is particxilarly effective, i.e. excellent epoxidation catalysts in the presence
20 of oxygen and hydrogen are obtained when amorphous or crystalline mixed oxide -
support materials containing titanium, for example SiO/TiO, mixed oxides, are
. used. The activity of the gold/titanium dioxide/silicon dioxide catalysts and catalyst
 service life may be further increased by incorporating small quantities of promoters,
for example foreign metals, especially by incorporating tantalum and/or iron and/or
25 antimony and/or aluminium. Surface treatment according to the invention ultimately
brings about industrially useful catalyst service lives of many months. These mixed
oxides may be produced on an industrial scale without processing problems and at

favourable cost.

30 The characteristic features of the present invention are illustrated in the following

Examples by means of catalyst preparations and a catalytic test reaction.



.20 of oxygen Q@Ahg®3@g%pelg_,§ eo@Rtial ned when anorphous or crystalline m xed.

oxi de support Materialrs contarning titanium for exanple Si Ox/Ti Oy m xed

oxi des, are used. The activity of the gold/titaniumdi oxide/silicon

. di oxi de catal ysts and catal yst service I?%e may be further increased by
incorporating small quantities of pronote for exanple foreign netals,

especially by incorporating tantalum and/or iron and/or 25 antinony and/ or

alum nium Surface treatnment according to the invention ultimately brings

about industrially useful catalyst service |ives of many nonths. These

m xed oxi des t I processi ng
pr obl ens and aﬁy?g%élﬁpa%:dgg%ége?n&qgﬁgﬂéﬁt %ﬁ’z&‘S?’?‘% st cﬁ%gatures of the

present invention are illustrated in the followi ng Exanples by neans of
catal yst preparations and a catalytic test reaction. Le A 33 635-Foreign
Countries -23Examples nyention is, of course, not linted to the foll ow ng
Exanpl es.; Exanples 5 Catal yst testing protocol (test protocol) A metal
tubul ar ‘reactor of an internal dianmeter of 10 mmand | ength of 20 cm was
used, the tenpEstalystrtestmf prdtoadl (wstpretomel) ol | ed by neans of a
tenperature-controlled 10 oil bath. The reactor was supplied wth educt
gases with a set of four mass flow controllers (hydrocarbon, oxygen,
hydrogen, nitrQagAdl tuBuldr eabr BEAY &téth@NdiaGakabl 86 mMaheE Iéddki bAbO ¥m was
i ntroduced for the reaction at 150C and 3 bar overpressure. The educt
gases wer e netweédhg mrm)etrﬁererce‘a*dv@‘r wag eprtroHed bb;ﬁ“ea& aﬁam%av@rwtroll@hdu ng
vas 4 U@ catyf BunPrapeiRidasaSel il et iiYedity (s HAMPLE &Sfow stRpdard
rocar e OXI o BRBE T ons e & % ornmed Usin F eam of
havi ng an ¢dncrbnasQﬁydrmatrumgenygaanhmbgerhartmgeﬁ)‘ erg af\pﬁbVSnﬂ@ftQﬁtﬁ@Gt to
as the standard gas conposition: N2/ H2/02/ CSH6 = 15/63/ 10/ 12% The
reaction gaseswmrl@t‘a%mtﬁoﬁa‘fqdv@{ {hredpratipaat YC e R oyrmEsEEphYE edpre
i ndi vidual re r I g a
combi ned Fl Of éé)(l/eﬁe(r) gﬂ%‘iécﬁ r?%c“ﬁﬁ‘et Eeea@ﬁ‘)agt’éogﬁ r;g%s/ ggﬁsstaﬁ%&)%%{ UL
4 1/g cat./h. Propene was selected by way of example as the "standard hydrocarbon".

15 - The oxidation reactions were performed using a stream of gas having an increased
nitrogen content, hereinafter always referred to as the standard gas composition:
N2/Hy/0,/C3Hg = 15/63/10/12%. The reaction gases were quantitatively analysed by
gas chromatography. The individual reaction products were separated by gas
chromatography using a combined FID/TCD method in which the gases passed

- 20 through three capillary columns:
FID: - HP-Innowax, 0.32 mm internal diameter, 60 m.long, 0.25 pm film thickness
. ' TCD: Columns connected in series
HP-Plot Q, 0.32 mm internal diameter, 30 m long; 20 pm film thickness
'HP-Plot Molsieve 5A, 0.32 mm intemal diameter, 30 m long, 12 um film
25 thickness.



20 through thr C . FID: HP-1nnowax, 0.32 nminternal
) dlameterg 60 B8 L30bI4 Rk *hi ckness TCD: Col unns connected in
" series HP-Plot Q 0.32 mm i nter nal dianeter, 30 mlong, 20 Itmfilm
. thickness HP-Plot Mlsieve 5A, 0.32 mminternal dianmeter, 30'mlong, 12
.tmfilm 25 thickness. Le A 33 635-Foreigni Countries -24- Exanple 1 This
Exanpl e descri bes the preparation of an anorphous catal yst support
consisting of oxides of silicon and titaniumwhich is coated with gold
particles and thxempdetface- 5 nodified. 26 g of tetraethoxysilane (120
mol ) (TECS, Acros, 98% were placed in 22.5 nl of i-propanol m xed
together, conbined with 2.25 g of 0.1 N HCl and stirred for hours. 1.06

g of tetrabut owtslE@mwméssnﬁesmbbepéxﬁﬁmsga&ﬁ%rpﬁ&iseca@plﬁdu RPWRRRLAP to
this solution and stirred for 15 m nutes. The honpbgeneous batch was

combi ned wit h opaxigdes ffsilpon gad BBnsINMBIcE dY ¢ratedrvithTirdd particles peditiva durfive- gel

poi nt aft? 4. 9 mMnutes, was left to stand for 10 hours and dried at
120C, i ni |aIIy P hour at standard pressure, then for approx. 20 hours
under a vacuum (50 nbar) and cal cined at 300C for 3 hours 15 2.5 g of the

i al ini.tiall d h f 1, 1 h h
Ther | hohne (3 Hsiol POy aRE 028 rm R SRS tras Sl Tvere piserd 1o popr 2
hours at 60C, 5%515(9' 'rrﬁ'i?edV\ﬁ‘vg@thEr' lb&beLdd Qltn 2%@%8(‘3’0"1‘ Nhﬂgpfam sf?r.trech?(g)a/{'e

and dried for 5 hours’ at 120C under a vacuum rface no I cation
silylation was hpeqseh@@d of Zﬂrabuwmfanmlhe(leuplp@rl)t (Acoos, ABI) vgerd Rddediduopwies e

02102 O WELIARC! SRS R ML 0 1 o LU
K2CO3, sti kigd2] Qﬂil SO029% Mile6Ss NAH;MWol@fon. The batch reached the gel point after
approx. 5 minutes, was left to stand for 10 hours and dried at 120°C, initially for 1
hour at standard pressure, then for approx. 20 hours under a vacuum (50 mbar) and
calcined at 300°C for 3 hours.
15
2.5 g of the material was initially introduced with 0.5 g of 1,1,1,3,3,3-hexamethyl-
disilazane (3 mmol) (Mgrck) into’ dry hexane with stirring, stirred for 2 hours at
60°C, the solids were filtered out, washed with 50 ml of hexane and dried for 5 hours
at 120°C under a vacuum. Surface modification by silylation was repeated.
20
4 ¢ of the support containing titanium were initially introduced into 35 m! of
. methanol, combined with 70 mg of HAuCl; (0.178 mmol) (Merck) in 5ml of
methanol, adjusted to pH 8 with 1.1 ml of 2 N K,COs, stirred for 30 minutes, 4 ml of
monosodium citrate solution were added, the pH readjusted to pH 8 with 2 N K,COs
25 and the mixture stirred for 120 minutes. The solids were then separated, washed 3 _
times with 40 ml portions of water, dried for 10 hours at 120°C at standard pressure
and calcined for 3 hours at 350°C. The gold content of the gold/titanium/silicon

catalyst was 0.52 wt.% (ICP analysis).

30 On testing in accordance with the test protocol, steady-state propene conversions of

1.5% were achieved over 300 hours at constant PO selectivities of 94%.



‘nmonosodi um ci t rat l, ded, the pH readjusted to pH 8 wth 2 N
" K2CB 25 and t%%lﬁgiguigbéyﬂﬁgedﬁﬁéﬁ 120 m nutes. The solids were then

separated, washed 3 tines with 40 m portions of water, dried for 10 hours
_at 120C at standard pressure and calcined for 3 hours at 350C. The gold
content of the gold/titanium silicon catalyst was 0.52 wt.% (| CP
analysis). 30 On testing in accordance with the test protocol, steady-state
propene conversions of 1.5% were achi eved over 300 hours at constant PO
selectivities of 94% Le A 33 635-Foreign Countries -25- Exanple 2 This

Exanpl e descri st tge preparation of an amorphous catalyst support
consisting 5 &8 xi des of silicon, titanium and tantalum which was

surface-nodified and then coated with gold. Catalyst preparation proceeds
ina simlar manner to Exanple 1, but 60 minutes after the addition of
t et rabut oxyt i t dhiuxanpie dasmbgethe powatraivs lof wagsmocgwbs nadlysl suppdit Somisting. 86

and. modi fPed | A STRE anhelt B e, MR e pomied o fance

with the test poatoealh, g(ﬂﬂ e@@tyrysﬁ @E@r@mp@ﬂ@eeaenﬂers&hnﬁsm%er% %%hrWEfeel
achi eved over 300 hours at_ constant PO selectivities of 94% Exanple

Thi s Exanpl e dé>§&6@ mt@wepﬂ@paéiﬂawm tfasrabawxmmpmd@ m%eymusmpbo‘rats
consi st ng Of i nt a
surface-nodi fi & é gﬁ’]&; gt 55% Iarg 6@3& gﬂi/%‘fp 3%%%%% 1§ lB‘r“(‘)’ieéeds

inasimlar rranmgellddowﬁrdadpﬂpanamodh”wtd lhhexrgldﬁrdnzﬁ‘ﬂarttedix@ﬂip@é yst support is
treated th steam at 300C for 3 hours before 20 silylation, then dried at

ﬁ)c for 9 hours and fi nal ly silylated in a simlar nmanner to Exanple 1.
testing in @P@Etﬂ?g‘ﬁ%cﬁbrﬁﬂn&hﬁnﬂ grtef 5)‘?&9&9' stezﬁfy%@gé{ g%p%hce c&ﬂ%&?&% of

conversions of 2.4%were achi eved over hours at. nst ant
sel ectivities 204% 94¢ achieved over 300 hours at constant PO selectivities of 94%,.

Example 3
15

This Example describes the preparation of an amorphous catalyst support consisting

of the oxides of silicon, titanium and tantalum, which was surface-modified and then

. coated with gold. Catalyst preparation proceeds in a similar manner to Example 2,

but the gold coated catalyst support is treated with steam at 300°C for 3 hours before

20 . silylation, then dried at 300°C for 2 hours and finally silylated in a similar manner to

Example 1.

On testing in accordance with the test protocol, steady-state propene conversions of
. 2.4% were achieved over 200 hours at constant PO selectivities of 94%.

25

Example 4

This Example describes the preparation of a hydrophobic, amorphous catalyst
support consisting of the oxides of silicon and titanium, which is coated with gold

30 particles and then surface-modified. Catalyst preparation proceeded in similar



25 Exanple 4 TrLiesA%%%)_lF% qes ri l?es the preparation of a hydrophobic,
anor phous cat al ng of the oxides of silicon and
titanium which is coated with gold 30 particles and then
. surface-nodified. Catalyst preparation proceeded in simlar Le A 33

635- Foreign Countries -26- manner to Exanpi®e 1, but 5 nol % of TECS were
replaced with triethoxy- nethylsilane (Merck). A uniform cal cination
tenperature of 230C was selected. On testing in accordance with the test
protocol , st eadyerstatie Propgael,conysr slaSoRTES a6t WitEGdnNeT
300 hours at consg nﬁ;}nppg sel ectivities of 94% Exanple 5 This Exarere
describes the Prepys Megk)- A uniformycalcinatipp damipecasnesi oS RO whs sdiestaii des
10 of silicon and titanium which was surface-nodified and then coated with
gold. The <catalyst support containing Si and Ti is obtained by
i npr egnati ng siQn teating tohaccoidh@rocienthedest kaolbédl,esteaag’-s&t@ﬁro?@ﬁ@&dve%ﬁﬂls of
(Degussa) .are ﬁggg,};)ended in 150 ml__of saturated ammonium 15 chl oride
sol ution, >stirred®MEre Fhiryad 8vef 308 dours pf qanglapiPQ selectivatitsed 94% i mes with 50
m portions of water, dried for 3 hours at 120C and cal ci ned for 3 hours
at 300C. 1568 ng of titanocene dichloride (Merck) were dissolved in 300 m
of chl orof orm Example 5f dry Aerosil 380 (Degussa, pyrogenic silicon
di oxi de, 380 nR/g) were added, 20 the m xture stirred for 30 m nutes, 1867
ng of triethylam ne were added, the m xture stirred for 120 m nutes, vacuum
filtered and washeEkamgld dSQrinds BE pephhafid | sty
nitrogen at 120C and tﬁhen_ cal ci neg or 3 ﬁ%ﬁaéﬁgitggpﬁgfgog)ﬁglspg?'B?Lthg%gﬁc{esat
?c. 2519 g off silispaaed iatual Thieh vit amfagermadifiedianidithed ¢optddnwitbdultie@hé nt o

m of hexan anet hyl di s}l azapne. wer.e added, the m xture

stirred for lzgatrﬂygtu?lé Og{ C&gég@sg%aaggtsféd%aﬁ%aﬁ‘\lé\?ew érf’pﬁﬁﬁf‘q%rsmfé Widlr s.
64 m of nethamddnocerteatichdaddeor oauric acid solution (1.25 g of Au/l) were
initially

20 g of Aerosil 380 (Degussa) are suspended in 150 ml of saturated ammonium

15 chloride solution, stirred for 3 hours at 50°C, filtered out, washed 3 times with 50 ml

portions of water, dried for 3 hours at 120°C and calcined for 3 hours at 300°C.

- 1568 mg of titanocene dichloride (Merck) were dissolved in 300 ml of chloroform,

10 g of dry Aerosil 380 (Degussa, pyrogenic silicon dioxide, 380 m%/g) were added,

20 the mixture stirred for 30 minutes? 1867 mg of triethylamine were added, the mixture
stirred for 120 minutes, vacuum filtered and washed with 50 ml of chloroform, dried
. for 3 hours under nitrogen at 120°C and then calcined for 3 hours at 300°C and for 1
hour at 500°C. | |
25 2 g of support containing titanium were initially introduced into 20 ml of hexane,

0.4 g of hexamethyldisilazane were added, the mixture stirred for 120 minutes at

60°C, separated and dried at 120°C for 10 hours.

64 ml of methanolic tetrachloroauric acid solution (1.25 g of Auw/l) were initially
30 introduced, 4 g of the material containing titanium added, adjusted to pH 8 with

1.0 ml of K;CO;y (2 N), stirred for 30 minutes, 4 ml of monosodium citrate solution



.30 introduced, 14 4 30f35R 4Rt EbluRkiecONt @i Ni ng titani um added, adjusted to
pH 8 with 1.0 n of R2ZCO (2 N, stirred for 30 mnutes, 4 n|I of
nonosodi um citrate solution Le A 33 635-Foreign Countries -27- were added,
the pH readjusted to pH 8 with 2 N K2CGC3, £J§e m xture stirred for 120

m nutes, the solids were separated, washed times with 40 m portions of
H2O, dried for 2 hours at 150C and calcined for 5 hours at 350C. 5 On

testing in accordang/aa with the test protocol, steady-state propene
conver si ons of V&€ 34dade the PIL Fradiveied ¢y eH Bocth RoNHeCa, thersixure sed for 120

selectivities 0 I [ | c par ation
of a catalyst gﬁggggtth%%tﬂg?;{% fegsgeijo ?—e{ahgla%é?ggls"?es v‘(’)‘Fh éq 1“?88 108?151: }[?I?(Sladrﬂeém
whi ch was sur f dee2 hods hi Bd°@ndd tileined ertsaduwid hs@el. d. The catal yst support
containing Si and Ti was obtained by inpregnating silica with

tetrai sopropoxytitanium 15 70 g of Aerosil 380 were treated with anmoni um
chl oride gol uti r 0 of Aerosil 380
(Degussa, pyroge?ﬂtle(b:tnnsgﬁmlsé(:cglr)lrld | OXi eﬂ%tgégj %é‘%ﬂpiteaélyzs e B%pene conversions of

t et r ai sopr opoxytli% averammhicyed onarGiop h()Marac&)nstafht IGOgeleétmta&QifEb%et onate and
200 M of dry isopropanol were initially introduced with stirring,

honogeni sed for 30 mnutes, the solids filtered out, resuspended in 50 ni
of 20 isopropamxanigé 6washing, stirred for 10 minutes and refiltered. This
washi ng process was repeated. The solids were dried at 120C under nitrogen
and cal cined for 3 hours at 300C and for 1 hour at 500C. 2 g of the

&t?n'ea' 155 IR A S I bUR  pleRipalih o g e s Gl te peides
ture stirredfsibicod 26d tituniun %mﬁhtwfsoﬁrfaS@ﬁx@ﬂﬂfeQQn@%jendéda?éa Rk ggrlq ?Rg\r

at 120C. 70 ml of nethanolic tetrachloroauric acid solution (0.7°g 0

were initiallyCS3RHEY SRPCEdCoMRIBing St ppdl e elitaipesh by lmpmggntatmgmlmm \anilded

the pH adj ust egilako ro%m,targgml 0 nil of KRKCAB (2 N), the m xture stirred

for 30 m nutes, 2 nonosodi um citrate sol uti on were added, the pH
readjusted to pH 8 W|th 2 N K2CO3, the m xture
15 70 g of Aerosil 380 were treated with ammonium chloride solution in a similar

manner to Example 5. 50 g of Aerosil 380 (Degussa, pyrogenic silicon dioxide,
380 m%/g), 2.2 g of tetraisopropoxytitanium (7.7 mmol) (Merck), 1.6 g of
acetylacetonate and 200 m! of dry isopropanol were initially introduced with stirring,
homogenised for 30 minutes, the solids filtered out, resuspended in 50 ml of
20 isopropanol for washing, stirred for 10 minutes and refiltered. This washing process
was repeated. The solids were dried at 120°C under nitrogen and calcined for 3 hours

. at 300°C and for 1 hour at 500°C.

2 g of the material containing titanium were initially introduced into 20 ml of hexane,
25 0.2 g (1.2 mmol) of hexamethyldisilazane were added, the mixture stirred for 120

minutes at 6Q°C, separated and dried for 10 hours at 120°C.

70 ml of methanolic tetrachloroauric acid solution (0.7 g of Au/l) were initially
introduced, 5 g of the material containing titanium added, the pH adjusted to 8 with
30 1.0 ml of K,CO; (2 N), the mixture stirred for 30 minutes, 2 ml of monosodium

citrate solution were added, the pH readjusted to pH 8 with 2 N K,COj3, the mixture



Le A 33 635- Foreigr . 8Ss~-28- stirred for 120 m nutes, the solids were
separ at ed, was LE 0% SRR 2ABNT portions of H2O, dried for 2 hours at
150C and cal cined for 3 hours at 350C. The catalyst contained 0.6 w. % of
~gold (ICP). 5 On testing in accordance with the test protocol, steady-state
propene conversions of 1.8% were achi evet?bver 300 hours at constant PO
selectivities of 93% Exanple 7: Conparative Exanple 10.This Exanpl e
describes the preparation of a catal yst support consisting of the oxides

of silicon andstiredrpun0 whingreswtte edals ederai tehargedd waahdd @l gsies Wieh eatnal yst

support containing Si d,Ti obt ai ned _hy i npregnating silica with
titanyl acetyl Poﬁif’gf 855@@: dred %Szgh%’frs %¥5§SEI3“§G@C($9rfB‘g%%PErss‘it BP86n The

di oxi de, Degus$gtalv20Q iR 0. 86 €, StsHE | in 250 nl of dry nethanol,
conbined with 0.98 g of titanyl acetylacetonate and stirred for 2 hours at

room tenperature. The suspension was evaporated to dryness in a rotary

evaporator, the solid was then dri.e t 130C and calcined in a stream of
air for 3 hour%)sn téaft"@o’(f)ldcc?%a'bc.el‘%mbH}??teité)tr?tg‘é% %f’%@_{ﬁt?tﬁ PERACHC fRMETIEY ved
in 500 m of diiss hetshonpdved ovadiousbed at @onsiibt B0 8cbditias & Mogodium
hydr oxi de solution, heated to 70C, conbined with 10 g of the above silica
containing titaniumand stirred for 1 hour. In this manner, gold was

i mmobi lised in } . urface of the silica-containing
titanium The A Q&bg@%?&e@?ﬁ%‘n{&%&éouh washed with 30 ml of distilled
water, dried for 10 hours at 120C and calcined in air for 3 hours at 400C
According.to | CP.anal ysis, the catalyst contained 0.45 wt.% of gold. On
ting gﬂ accﬁ&gé}f‘é‘yﬁﬁ 3?f°flﬂ%s ‘f’%gfepbrraﬂ?‘b‘é%‘"!‘ catalystpsgppedt evtsIshingioéshegixidzady a
pene 30 coyefigh®An@titahidn! PRIAOWBS 0 ACHIvEUEL 18 LAIIZ0 THE Qg&ﬁéz s@lpon
version

propene conversion of 1.5 nol%after 100 m nutes, "a propene co
1.0 rnol % af t econtainng St aand Al eas AoI3BnGBHyFonwegrti@ousticd egth titanyl acetyl-

acetonate.

of

15 30 g of Aerosil 200 (pyrogenic silicon dioxide, Degussa, 200 mz/g) were suspended
in 250 ml of dry methanol, combined with 0.98 g of titanyl acetylacetonate and
stirred for 2 hours at room temperature. The suspension was evaporated to dryness in
a rotary evaporator, the solid was then dried at 130°C and calcined in a stream of air
for 3 hours at 600°C.

20
0.16 g of tetrachloroauric acid were aissolved in 500 ml of distilled water, adjusted to

. pH 8.8 with a 2 N sodium hydroxide solution, heated to 70°C, combined with 10 g of
the above silica containing titanium and stirred for 1 hour. In this manner, gold was
immobilised in hydroxide form on the surface of the silica-containing titanium. The

25 solids were filtered out, washed with 30 ml of distilled water, dried for 10 hours at
120°C and calcined in air for 3 hours at 400°C. According to ICP analysis, the

catalyst contained 0.45 wt.% of gold.

On testing in accordance with the test protocol, at PO selectivities of 92%, a propene
30 conversion of 2.3 mol% was achieved after 20 minutes, a propene conversion of

1.5 mol% after 100 minutes, a propene conversion of 1.0 mol% after 4 hours and a



-29- propene copWEE SEPNFOfeil Solih @after 10 hours. Catal yst deactivation
proceeded furfﬁ——ﬂ*ﬂ“rﬁa—ﬁxa'rrp e 8 5 This Exanple describes the

preparation of an anorphous catal yst support consisting of the oxides of
Silicon and titanium which was surface-nmodjfied and then coated wth
gold. In contrast with Exanple 1, the cata%yst support containing Si and Ti
was obtained by acid catal ysed copol ycondensation. 10 9.15 g of TEGCS (44
nmol , Merck) in 100 nmol of ethanol were conbined with 0.65 g of
t et r ai sopr opoxPIOPERMFAHE(OB ofrPp] Jnodtpdafter 0 bourg Ratpigst deace vatpmopiokasded
dr opwi se. Hydrﬁlr%%mv, erigndensation and gel ation were performed for 3 days
in a closed polypropylené beaker. After 3 days' drying at room
tenperature, the gel was 15 heated to 340 K at a heating. rate of 0. 1
K/min, kept at _this tenperature for 4 hours, heated at the sane heating
rate to 530 K 51’-5@-“125& at that tenperature for a further 5 hours for
calcinatign. Cooling to roomtenperature was performed at 2 K/'mn. 2.5 g of
the material containing titaniumwere initially introduced with 1 g of 20
hexarnet hyl di si szaﬁmmpm (besdmlyashbe(ampammbdnoﬁhn amb@goussédtznmduﬁgwrt é’orQQHﬁ
60C, the SO|IdeI|t rﬁcé)] shed V\nthiom of hexane ied at 10C
under a vacuun?® 4§ % e(?fo {9980 tHan ey 2dihoyeatiface-madifiedornsk them cp@ed0 g
of Au/1l) were ivithidofd. IY codtPlst QAN EREmpR I i ni.ng
titani umwere added, the mi xture 25pa ?dgceagﬁ%%sp?—lﬁog%ve%%i&g (r‘)%F(]i %f YR>cos
(2 N, stir r edolitanedby asid grtelysedeapolyspndmonamodi um citrate sol ution were
added, the pH value readjusted to pH 8 with 2 N K2CO3, the mxture stirred
120 mnutes, the solids were separated, washed 3 times with 20 m

ti ons of mes. h&l‘g)bfTﬂUSedMarhmb50Mech§ i 1b@umﬁola@1detﬁa{cﬁl»m#€| calénbu{éQQQn{ or 3
A3

hours. The cat st contained 0.6 w.% of gold (zl Le
635- For ei gn CO@ﬁgIgloééetralsopropoxytltamum (2.3 mmol) and 2 ml of8 N HCl were appomoned

dropwise. Hydrolysis, condensation and gelation were performed for 3 days in a
closed polypropylene beaker. After 3 days' drying at room temperature, the gel was
15 heated to 340 K at a heating rate of 0.1 K/min, kept at this temperature for 4 hours,
heated at the same heating rate to 530 K and kept at that temperature for a further 5

hours for calcination. Cooling to room temperature was performed at 2 K/min.

2.5 g of the material containing titanium were initially introduced with lg of
20 hexamethyldisilazane into dry hexane with stirring, stirred for 2 hours at 60°C, the

solids filtered out, washed with 50 ml of hexane, dried at 120°C under a vacuum.

40 ml of methanolic tetrachloroauric acid solution (0.70 g of Auw/l) were initially
introduced, 3 g of catalyst support containing titanium were added, the mixture

25 adjusted to pH 8 with 1.0 ml of K,CO;3 (2 N), stured for 30 minutes, 2 ml of
monosodium citrate solution were added, the pH value readjusted to pH 8 with 2 N
K,COs, the mixture stirred for 120 minutes, the solids were separated, washed 3
times with 20 ml portions of methanol, dried at 150°C for 2 hours and calcined at
300°C for 3 hours. The catalyst contained 0.6 wt.% of gold (ICP).

30



-30- On testing, IA”%;%—?&%Q%%oun nhst he test protocol, steady-state propene
conver si ons of over 100 hours at constant PO
" selectivities of 93% Exanple 9 5 This Exanpl e describes the preparation
of a crystalline titaniumsilicalite catalyst support consisting of the
oxi des of silicon and titanium which was -surface-nodified and then coated
with gold. The catal yst support containing Si and Ti was obtai ned by
hydr ot hermal synthesis. 10 275.5 g of TECS (1.32 nol) (Merck) and 95.4 g
of 0.05 N HO ®Brtestmgutuaa¢drgrancamtt’notductcfsdpwn@mﬂ maggamatespuolpéﬁdcdrﬁzlérslor{awr at
room t enper at u ool ed t and 11.25

h
t et rabut oxytit gﬁi/ ?J%F%nl\?ﬁﬁlgmd OV§ gg&‘%ﬂa‘l GongaatP %g‘ﬂ?c“"i‘téf‘éﬁlf éé‘iﬁ’nol ( Mer ck,

anal ytical grade), were added dropwi se over a period of 3 hours. 15. The
yel | owi sh sol ution contained small quantities of solids, but these
subsequent |y Exaingled) ved. Over a further 30 minutes, the batch was
adjusted to roomtenperature (200, 22 g of 20%tetrapropyl anmoni um
hydr oxi de” sol uti on (Sachen) were added dropw se over 3 minutes. The gel

poi nt was reacihid Bfdngile dedttibed 88. prépdr@tonss BAArReallideOtitahfind QHicHlitet @é@alyst
comm nut ed batch was transferred into a Teflon |ined autoclave for 20
hydr ot her mal sSHPPRESPESISHIE OfAh%%’ﬂF’%s ftsilicpp@nd tianiyag whichans waefhesdmadifiedres

with 30 m of adder 0pAPkin dblaefnAlud S, A00h Shohivs 615 71 Dl hafedpynder

a streamof nitrogen to 560C, kept a Rour R

cal ci ned in ai hydrothedful sprobesss.at 560C. 25 2.5 g of the cal cined materi al

were ini H}al ly introduced with | g of hexanethyl- disilazane in dry hexane
h stirring, stirred for 2 hours at 60C, the solids were filtered out,

hed with 502795 of ohexae (Ao ) %ﬁre?ék) Ja%@@)slw%eéf 8 08aQUKT B8 i)

met hanol i ¢ tetrachloroauric acid solution (0 /1) were 1niti aYI y
30 i ntroduced, ingogduesfl undypsarap,istiered doral feur a%mpxpontmp@mmlaa MGmgcddléM| QrD, Wer e

?g?ego ';nhﬁut renSXt rl“? 2§d0| l(lg mmotl) OP tetrabutoxytlgilmum (II\/ICer)KZdlSSOIVgg in 66%_th ror ed

1sopropanol (Merck, analytical grade), were added dropwise over a period of 3 hours.

15 The yellowish solution contained small quantities of solids, but these subsequently

. redissolved. Over a further 30 minutes, the batch was adjusted to room temperature

(20°C), 22 g of 20% tetrapropylammonium hydroxide solutioﬁ (Sachen) were added

dropwise over 3 minutes. The gel point was reached after 5 minutes. After standing

for 10 hours, the comminuted batch was transferred into a Teflon lined autoclave for

20 hydrothermal synthesis-for 24 hours at 170°C. The batch was washed 3 times with

+ 30 ml of isopropanol, dried at 110°C and slowly (10°C/min) heated under a stream of

. : nitrogen to 560°C, kept at 560°C under N, for | hour, then calcined in air for 10
hours at 560°C. '

25 2.5 g of the calcined material were initially introduced with 1 g of hexamethyl-
disilazane in dry hexane with stirring, stirred for 2 hours at 60°C, the solids were

filtered out, washed with 50 ml of hexane and dried at 120°C under a vacuum.

40 ml of methanolic tetrachloroauric acid solution (0.70 g of Au/l) were initially
30 introduced, 3 g of crystalline catalyst support containing titanium were added, the

mixture adjusted to pH 8 with 1.0 ml of K,CO; (2 N), stirred for 30 minutes, 2 ml of



Le A 33 635-Foregj ri.es -31-. nonosodiumcitrate solution were added,
* the pH value r I?eﬂ'}:;%% H;torel Cgunt 2 N K2CC3, the mxture stirred for
120 m nutes, the solids were separated, washed 4 times with 20 ml portions
of H20, dried at 150C for 2 hours and cal cined at 350C for 3 hours. The
catal yst contained 0.6 wt.% of gold (I1CP):35-On testing in accordance with
the test protocol, steady-state propene conversions of 1.5% were achieved
over 200 hours at constant PO selectivities of 93% Exanple 10 10
Tr ans- 2- but ene mawssaéhectiede aslutibe wers addéd athe gHdiOLadaged ik stieadifh N
propene. An ag(?{gpr&ous catal yst consisting of the oxides of silicon,
titanium tant sl ML $treedgior d 2Qaeinysedthe gelidh eveprasenasdtedy xvashed dn of
trans- 2- but ene.; Cat [ - e [ imlar nanner
Beampi o 2. 15 el 2 mipbBRAL IR0, PR AT (Sl Tt PR a1 ac e
trans- 2- but ene focdhves sTtenatabfst 2ord8imek0.6 vachbeysd (lapgr 100 hours at
const ant 253-epoxybut ane selectivities of 91% 20 Exanple 11 Cycl ohexene
was sel ect’'ed as the unsaturated hydrocarbon instead of propene. An
anor phous cat al | St i L14.C i.tani tant al um
and netallic g%?gesﬁés@u?égﬂfgg%f\tvﬁlg%peg%%tﬁg tog(ili %g%dly os‘r?fngip %cpfg%]cc) @f&sﬁ(gs ot
Cat al yst pr eparlat’orere 2higyed ora@d@ honrsat somsianaPOralkeaevritiéso Eganpl e 2. On
testing in accordance with the test protocol, steady-state cycl ohexene
conversions of 1.8% were achieved over 100 hours at cycl ohexene oxi de
selectivities afxa9%e 1tbe A 33 635-Foreign Countries -32- Exanple 12

. 10
Trans-2-butene was selected as the unsaturated hydrocarbon instead of propene. An
amorphous catalyst consisting of the oxides of silicon, titanium, tantalum and
metallic gold was' used for the partial oxidation of trans-2-butene. Catalyst
preparation proceeded in a similar manner to Example 2.
15

On testing in accordance with the test protocol, steady-state trans-2-butene
conversions of 2.0% were achieved over 100 hours at constant 2,3-epoxybutane

selectivities of 91%.

20 Example 11

. Cyclohexene was selected as the unsaturated hydrocarbon instead of propene. An
amorphous catalyst consisting of the oxides of silicon, titanium, tantalum and
metallic gold was.used for the partial oxidation of cyclohexene. Catalyst preparation

25 proceeded in a similar manner to Example 2.

On testing in accordance with the test protocol, steady-state cyclohexene conversions

of 1.8% were achieved over 100 hours at cyclohexene oxide selectivities of 90%.



1, 3-But adi ene was sel ected as the unsaturated hydrocarbon instead of
* ‘propene. An ahBfphbodd-Eereignfquniigasi sting of the oxides of silicon
titamium tantalumand 5 netallic gold was used for the partial oxidation
~of 1,3-butadiene. Catalyst preparation proceeded in a simlar manner to
Exanple 2. On testing in accordance with-t3e test protocol, steady-state
but adi ene conversions of 0.7% were achi eved over 100 hours at butene oxide
selectivities of 85% 10 Exanple 13 This Exanpl e describes the preparation
of an anor phougyg@abid pst support consisting of the oxides of silicon
titanium and tantalum which is coated with silver particles 15 and then
surface-nodi fied. Catal yst support production proceeds in a simlar manner

to Exanple 2. cat.al yst s ort |,s coated wth silver particles instead
of with goi d. ACPGRURY Shs YRR b B FRADE A hidto i ins B3 b Petvent a7y
of silver nitraherphbusMcatitys?Qo@istiig! ¥Rhd ekaki \WF §iRcdmtH@SUFCdagHRROREY i N

100 ml of water at roomtenperature with stirring. The suspension iIs
stirred for 1 A6taliggold amecdipethararnial oxigaiongfilgsbyladiene. Sagrdyshpragaration

washed once mﬁbpm egﬁnggmﬁg&g&nm;gggg@%@%zsolids are dried at 120C for 3

hours and then calcined In air at 2 hours and at 350C for 5 hours.
25 On testing in accordance with the test protocol, steady-state propene
conversions of . 0.4% were %fhieveg over 50 hqurs at constant PO

sel ectivities OF 'G492 17 AFQEERNGRY IR hedestPLR!aF]) stteadystate Priadienc epnversipnaaf be

substanti at ed, 0708 wealRlcGed Q¥r $60 ALk &b R Bk R SRRENVifes SEG3RY: DRIFTS
(diffuse reflectance infrared Fourier transform spectroscopy) is a Le A 33

- Foreil@n Countries -33- well established vibrational spectroscopy nethod

the structyral acterisation of functional groups and adsorbates on
t he surfaces ogiggpﬁggg Details of the principle of the nethod and sone
sanpl e applications fromthe area of heterogeneous catalysis nmay be found,
for exanple, in the article by G Mestl, H Knozinger in Handbook of

This Example describes the preparation of an amorphous catalyst support consisting
of the oxides of silicon, titanium and tantalum, which is coated with silver particles
15 and then surface-modified. Catalyst support production proceeds in a similar manner

to Example 2. The catalyst support is coated with silver particles instead of with

gold.

10 g of catalyst support are added to the solution of 787 mg of silver nitrate (5 wt.%

20 of silver relative to introduced support) in 100 ml of water at room temperature with

stirring. The suspension is stirred for 1 hour at room temperature, the solids were

. - separated and washed once with 20 ml! of water. The moist solids are dried at 120°C

for 3 hours and then calcined in air at 250°C for 2 hours and at 350°C for 5 hours.

25 On testing in accordance with the test protocol, steady-state propene conversions of

0.4% were achieved over 50 hours at constant PO selectivities of 94%.

Investigation of catalysts

30 Surface coating may be substantiated, for example, by so-called DRIFTS spectro-

scopy. DRIFTS (diffuse reflectance infrared Fourier transform spectroscopy) is a



S Heter ogeneousg gﬁgl {m S, . vo: ume. 2, pages 539 et seq. (VCH, Wi nheim
1977) and the=K e therein. The catal yst materials
according to the invention were characterised in the wunsilylated and
Silylated state by storing appropriate sanples for some hours at 10 200C
in a drying cabinet, transferring them whi33e hot into an inert gas cell and
subjecting themto DRI FTS spectroscopic investigation w thout further
contact with air (in order to avoid readsorption of H2O onto the sanple
surface). Fi guiellksabigsied viveatldRhiFspScteResHy HEMEd fdr 'R st AlcBSk a8 Hsation of
unsilylated materials, 15 which were produced according to Exanple 1.
silylation, pefistera) giquph andadserratasyondhe syraeemel, sobids (etails dfiihey prinaiple lof
conpl ete convepsi r.m.pal . S p S on the surface of
Che unsi 1 y1 at odranadi e S e ahBE orplihlon PR AL e e BB b SR RS
sharp band at 8&gGedoudd, fiteanipkt imiht ahihdsy Gr Mesd, BORAARBet in FMahi®ok of
spectrum %Lat hg{ silylated nmaterial are attributable to the hydrocarbon
coating ( 2 (felerageleqys) Calriyits 1 YRUTEE Ly Pages A st (VGHe Wairfiein) 59700 and
mat eri al al so gRN&Lise %ggtri&ggrt Q. 'esidues, which possibly originate from
the sol/gel process used to produce the support (these hydrocarbon
resi dues were obviously not conpletely thermally deconposed by treating
the materi al a?ha t ef\ratyr.e of 20%)0%. Le A .33 635-Foreign Countries -34-
Patent C ai ns .es‘iﬁgggsrtgﬁ Bl 8SrHIBR LofisiRYSHYOY ol area ibpraricdsedy dt the
particles, titamiym@xhge snﬁuafidast&angogtbrif;%abafiophag Shipl&Ofyr HRAT AGLETt sed
in that the surface of the 5 conposition bears groups selected from anong
yl silil@on, 299Csin pcloving slakyket, tgnsfapmgabemavmiapotf introrn neerdgaacsll agd oups
taining flugrine. 2. S I conmpositi.on according to claim1, .
charact eri sed fthbj?cﬁlélg%rlfcow g&p m?g36%%?00{3??6‘“851%?%%‘%‘“%9’(“S%h%&??‘é%tew’élf t he
supported conpaisiiniopderas evaid dadebrptidlo A1Y, Ry kil danp@urfaédyl si li con, al kyl
groups containing fluorine or aryl groups containing fluorine. 3.
Supported conposition according to one or nore of clainms 1-2, characterised

Figure 1 shows the DRIFTS spectrum of two silylated and unsilylated materials,

The

15 which were produced according to Example 1. The silylation, performed with
hexamethyldisilazane, resulted in virtually complete conversion of the terminal SIOH
groups present on the surface of the unsilylated material and may be identified in the
spectrum by the sharp band at 3740 cm™. The distinct bands around 3000 cm™ in the
spectrum of the silylated material are attributable to the hydrocarbon coating (CH;

20. groups). from the silylating agent. The unsilylated material also contains hydrocarbon
residues,” which' possibly originate from the sol/gel process used to produce the

. support (these hydrocarbon residues were obviously not completely thermally

decomposed by treating the material at a temperature of 200°C).



in that the corrp05| tion contains additional foreign oxides selected from

15 groups 5, 3Led 3B63FBoreion Goatries of the | UPAC 1985 periodic system or
m xtures of forel gn oxides. 4. Process for the production of a supported

conposition according to claim 1, characterised in Uwﬂgace of the
support containing silicon and/or 20 supmeried conposition is eated. - 5.
Process according to claim4,' characterised in that the surface treatnent
is performed with organosilicon and/or organic conpounds containing
fluorine. 25 6,Bte§Has according to one or nore of claims 4 to 5,
characterised Im that srloxanes, silazanes, disilanes and/or chlorosil anes

or a conbination of these are used as the organosilicon conpounds. 7.
- Process according tgﬁone nore.of clainms 4 to 6, characterised in that

;
the 30 support- i ‘Eﬁo&?gé‘fami’Bs‘V\%{ eqntipiag eeldandfRssyyer Raricles, fifaginn oxide
treatment and the Qﬁ‘cp%sﬁlpg@&eJon?aﬂﬁnQRﬁllc@ﬂal:llla}fa@téﬁsteé i @at BRNLEARY, etdt Le A

33 635-Foreign Countries Process according to one or nore of ¢Faims
4 to 7, characteri se@tnpcrwtudmlteats@ou;gwmrcéflrmdamo@alkmsmom arplsiliabmiatky|
silicon is coated Wlth? q non- greous solvents or in mxtures of
organi ¢ sol vents an8 W8t &7 algmé UPPBE R AY LRI AORGITRE BRI nore of cl ai ns
3-8, characterised in that one or nore of the particular sol uble pronoter
precursor conpounds is/are additional Ic}/ used. 10 10. Use of the supported
conposi ti on acéor di AEPROGLEE FEMEPSitigt eccarding b ¢lgim 1t ehamcterised lromablm@rentyan

hydrocarbons in thes (gf %?%@quro gﬁ“ﬂe ap c@o ﬁg%ﬁweé% osxtlgrlj are coated

according to claiml char act®eri'se rocar b

bsat urated hydrocabpatiglsilidh, a3lsilida, atkgbgﬁhulpg comathiey fludthe 6haffgtRbs sed

that propene is oxidise ield
prop contglmsng uonng

3. Supported composition according to one or more of claims 1-2, characterised
in that the composition contains additional foreign oxides selected from
15 groups 5, 3, 4, 8, 13, 14 and 15 of the IUPAC 1985 periodic system or

mixtures of foreign oxides.

4. Process for the production of a supported composition according to claim 1,
characterised in that the surface of the support containing silicon and/or

20 supported composition is treated.

.- 5. Process according to claim 4, characterised in that the surface treatment is

performed with organosilicon and/or organic compounds containing fluorine.

25 6. Process according to one or more of claims 4 to 5, characterised in that
siloxanes, silazanes, disilanes and/or chlorosilanes or a combination of these

are used as the organosilicon compounds.

7. Process according to one or more of claims 4 to 6, characterised in that the
30 support 1s subjected to water treatment before the surface treatment and the

excess water and optionally salts are then removed.
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10.

11.

12.

-35-

Process according to one or more of claims 4 to 7, characterised in that the
surface-modified support containing silicon is coated with gold in non-

aqueous solvents or in mixtures of organic solvents and water.

Process according to one or more of claims 3-8, characterised in that one or
more of the particular soluble promoter precursor compounds 1is/are

additionally used.

Use of the supported composition according to one or more of claims 1 to 3

for oxidising hydrocarbons in the presence of oxygen and a reducing agent.

Use according to claim 10, characterised in that the hydrocarbons are

unsaturated hydrocarbons.

Use according to claim 10, characterised in that propene is oxidised to yield

propene oxide.



