ce3ei} 2 z. ./4ow0r(mmﬂda] "o, ~ WO QO%__.-‘YQkSZ‘D \\_ PROCESS FOR FEZ/EPO9MIITON OF
DROCARBONS The present inv%nxigh re ates{hega process forsdhenqricdation
t s {] A r -

of hydrocarbons on a catal ysti'cont ajz n in the prgse a

hydr ogen/ oxygen mi xture. 5 Th Wf)aeatp} ogi_dla_ti on of et hene%%hgwﬂ%g’“
by nol ecul ar oxygen is well known and is . used commercially to produce

et hene’oxi de. The typical catalyst for this application contains netallic
or ionic silver, optional I%%{‘urther nodified with different pronoters and

activators. Mst of tHROCES}EPRFHEQRIARIQNQF SIMDROCARBONS ot al yst

support with small surfaces such as al pha al um ni um oxi de, for exanple,
onto which silyer _and pronoters were applied. revj ew of. .the direct

oxi dati on of eslfﬁ%ﬁéesfrﬁplpﬁ%&&légléﬁﬁéo 8f£§?f5?)g?rt fgﬁ °§f4a§8? of by gﬁ%ﬂ?’&ﬂ%&% %een
conpi l'ed by V06ht§l9§th:bh@[ni%siﬁ‘er ini the gg%%ké’éf§hﬁﬁ¥é%yg§ﬁn%&%. and

Engi neering, 23 ( 1 &2), 7-149 (1 15 1t is al S0 known that the
silver catalysts and the reaction conditions which have proved to be
favourabl e for.ethene oxjde production do not .|ead tq conparabl ood

resul ts in theld ?lé%ct% °5§da88’? %ﬁ‘g‘%‘?’e i e@h‘*é‘_? Byt @od %ggﬁ’?di)&%ér@_ 0815 763
630, US 5 703 zZitts bded Toffiferdiatly tGPebdiB biAR BXRBENEheOXbital SRURSL foti thises Of
approx. 50% 20 are achieved. Cenerally speaking the direct oxidations of

t hese hi gher o#nplicationyicontaims| metalligr onsgrge rsiiver, t dntiogally fhdber thodifed witke

pl ace bel ow 20 -.even.in the presen f .catalysis - dit is therefore
difficult sel St LALCH fF&ﬂgéég‘ﬁi?fﬁaﬁ‘?%sﬁgéﬁ%ﬁs? Y8R gL PRFOBEL,

such as gpoxi d@ﬁaliﬁlﬁlﬁﬁor’t REthS@EANERfa¥es” RRE s UshaCdluhif®R FXiRIYSH Sxapigien
proceed nore quickly than the oxidation of the olefins thenselves 25 which
are used. i ~~~onte-whi¢ginpilvier and-promoters Were0@phizd6 A REEMEFODE Q800X idatien.ofa .

-2 US patent 4,833, 260 describes titaniumsiljcalite catalysts which

ef fectively nal\%}gcr}‘:?ogls | BrepefEe @5&??6"5&%‘10?%{}815 CBﬁab'F{SnEas\Af’?eﬂ ?‘H’éplé‘éi e
hydrogen per oxggfitémettd1einl Cainlysls ReaR®s: |SRidnbe asd Eh%iﬁééﬂ@szﬁ(?&%'lzl?ﬂﬁ of
the lattice silicon is replaced by titanium (U S. 4,410, 501). e high cost
of hydrogen pel8%i)de as oxi dant precludes 5 | arge-scal e application.
TitaniunhﬁiIicalite-catalyzed epoxi dation with pure oxygen as oxidant is
successful in the presence of a redox system consisting of

al kyl ant hr ahy di g ulsoaawanthag kiteydinet batalgsts naaahé FacE® cBfdilionsl FhfeR kdvkani um

silicalites containing netallic platinum propene oxidation is achieved
with | ow yi el drresgshiodie favaurahle foggthspe pride prodpetionsdsl mat fi¢adito icomparblygopd% i n

the liquid ph \ a an. 1 N-situ roge eroxid i ith a
gas it ure oaeet b B ERecEGr BMoh Dy Ml MR RER P Blolis G S PEEBIO o

92/ 352771, WO A3 D, 438660 064 PAII0AB(iRAB) propil HGEN S dcBiRFicMdif apprbakenep! ace
as secondary reactions lead to | arge géantities of propane as a by-product

and the £8ct t#Ha@echipyed. i Qengrallypppaking s direeleidations af Wiese highpreolefieswith

which is for i r: | i qui thes rocesses
of little i n@%@?“%‘gg’?’g%égtt?%ﬁ%sg?ﬁra?g#’ B8 kAR IR 00 oD vl 0RO 55
descri bes a ggwessnas ef ditalgsts - and dtait itienefofe giffpENRlccvdly & pRAUEK beigatidrl h

hi gh selectivity. This is a gold-catalyzed gas phase oxidation with

nol ecul ar oxygERsiiKe Prdatnauadncts, schiry EPeRdss: sitzsiihe sedondrIy Teasteons ofithgse
titani um di oxi ' [ LA T ne Ji S ticles, is
used as the c g?lf/ésegt] bﬁ{% k) ﬁocggfﬁggen |1(E:1§V t}é;giu%:}%é %Jé%‘g@ ogﬁg?%(llae?ing %Iﬁsielrlrgﬁt
uses cat abyst swhishwafdwzbd.gol d is applied to a support consisting of isolated
titaniumsites in a silicon dioxide matrix (WO 9800415 Al; WO 9800414 A 1
WD 9800413 Al). These processes all have the di sadvantage of being very
expensi ve because of the gold content of the catal yst and are not therefore
considered for an industrial use of products such as propene oxide.
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30 . WD 00/ 079840, 00/7P6#PO9/ 05370 . , -3 The object of the BPCITERDN05370

i nvention therefore consisted of providing a catal ytic process for the

oxi dati on of hydrocarbons which |l eads to i nproved selectivities, yields and
costs. 5 It has surprisingly been found that this object may be achieved if
hydr ocarbons are caused to react in the presence of a hydrogen/ oxygen

m xture on a catal yst which contains silver and titanium The present

invention thus. relates to rocess for the oxidation qf hydr.ocarbons, 10
wherein a ni xt e PRGNt BIPm‘"%ag'%%I‘é’fé"&”{beﬁﬁ‘émﬁ%rsblbcéilf?oﬁa,‘tgﬁ?@_dgflaér? e?fyvgf'pyogen
i's converted OmaRe pBtMIY He YUxEAAIGPBE Slefifs ith B¢ oRAsht thylRIREN BerodliRNif ik t he

catal yst contains a support containing titanium and silver particles wth
an aver age par liquideptsise.e Infthé sHicalited @0somall padrs dfrthpdatticd pilieon he replacedstsy

according to the inv i be appl.ied t | hydrocarbons, The rm
hydr ocar bon i st‘Far‘H"E’i‘igxgé;' ?Qlﬁgﬁw @F&Eﬁl et Bt?hﬁﬁ%gﬂ“lﬂc %M%&P%i‘l@e% uch
as al kaneg; or glef ik Walichioxpy al so contain heteroatons such as N, O P or
S. Hydrocarbons Trom which those oxidation products, the partial pressure
of which is | ow enough consistently to renove the product fromthe catal yst

20 are forned, ,are preferably oxidized. Unsatjurated hydrocarbons with 2 to
20, “pref or abl y THeRBR A e APOTaN VIR O e OXpIE e, fuocesshu
1-butene, 2-bufemg, phiitAd 806 Aldx PSRN 8onddiRh h@%%ﬂ&%ﬂﬁ&,ﬂ&&{ﬂaﬁdm{he
catal yst containing silver contains silver par FI cles"which are preferably
applied 25 to alkylapphoaquinohlk€ER §2@P4®t cont ai ning silver contains fine
silver p rOti cles with average particle sizes of 0.3-100 nm preferably
0.5-20 nm“and particularly preferably 0.5 to 6 nm The silver content in
the catal yst i ®npitgdiehPRlidalifestohflithg Metadle pla pﬁﬁé&@oiiéatﬁﬁ/s BERR(QP370
Pul verul ent and pelletized supports are equally sultable as support

mat eri al s. Anowgithdow hielgh(approaxad 2%uppbptopasd exidalsslefitities uf 66.T8% n B
nk/ g, preferabl.y > 100 ne/g, are preferred, particularly those which
contain titani {]%{?PQG%FFC:E' ‘Plg‘l"érﬁla“ 'B‘F‘b}%’g‘,’ge?iﬂ‘?ﬁmb Emﬁti}ﬂ‘r‘éﬂﬂé 3 &8hH X Hieh g
titani um al Ungdlstih dfdfofceMbAbRy A ahdl IoRRhAMhylideal i (WhadboxKiseA wo
(anatases) or titaniunm silicon mXed conpounds such as Ti02 Si 02 m xe

oxi des, tli5t ani 82386, CAIQ t9%64023r 023 e dydzogenations swhichotake gdicei as vsacaidary
titaniumis present finely dispersed in a silicon matrix. .Tn pringi.pl e any
crystal struct TR o diEs ARRIES  RioRay = e PYarafich ancbe s ' it 7o
anor phous tit apgs phass<iedridiPnti WhieR theOehortit WhHidh 36 forle® iPEOARMAEd i B
titani um oxi de _does not have to be present as pure conponent but may al so
be present as bawpl Rhaseramakes dheseeprgeessey efohtilenuntdrest asi fan ast industoal usesis( e. g.
titanates). Acg(g)nrcdi ng to our know edge and wi thout wishing to restrict the
i nvention in any ., the titaniumsites in particular which are chemcally
bonded t@gsilica and/or inorganic 1 S silicates represent the catalytically
active titaniumsites. Furthernore we assune that in active catal ysts
titaniumis prEP8eht2hOABagsaribes pegas phiselitget exiflation: f prapenscofmepangfoxidee

oxide [e.g. - Sbvitﬁ}l';[él'( ?cq)éc'tgit?i “Phis is a gold-catalyzed gas phase oxidation with molecular
oxygen in the presence of hydrogen. Conventional commercial titanium dioxide,

which is coated with finely dispersed gold particles, is used as the catalyst. With

25 identical educt gases, another embodiment uses catalysts in which gold is applied to

a support consisting of isolated titanium sites in a silicon dioxide matrix (WO

9800415 Al; WO 9800414 A 1; WO 9800413 Al). These processes all have the

disadvantage of being very expensive because of the gold content of the catalyst and

are not therefore considered for an industrial use of products such as propene oxide.
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The support natwoi gU/¢796ant ai ni ng silicon according to the i ey
éd\/aﬁt ageously 20 consist of 50% preferably of 75% and parti cuITEg?Pg/OSMO
preferably of > 90% of the dioxide formof the silicon. In addition to
silicon dioxide and silicates the support ﬂaterials containing silicon
according to the invention may al so contain ot her oxides, e.g. alumnium
oxi de, zirconium oxide etc. Support materials containing silicon with a

| arge specific surface and a high proportion of surface silanol groups 25
are preferably TheedbjecThd thpguesent irventicac ehesdforal cbnbistedt of prvididg MPégalytic

preferably in the rapge, from 25-7 %H%é Preferred support materials
containing sil P’éocgﬁssa&g tg?/rﬁ’f‘{aé{li”&z??l %bﬂ’&se&’h’p?@r lsads &9 Imprgmedyiselggtivitiess uch
as silica gel syjiepisaaliRbitat ed silica, precipitated silica gels, 30
silicalites or simlar and m xtures thereof for exanple. Production nethods
for such synthetically produced silicas are described in "The Colloid

Chem stry of Sil.ica and. WD 00/ 07964., PCT/EP99/05370 -S Silicates (R G
|l er, Cornrell rh%é??flﬁ?gbﬁ%%eg,fgﬁ&ﬁfz‘%ﬁhﬁ objgsh maygresachigyed ifchydgpoarbonsasg| es
of these silicCasséd & RALCHEME présehdeCstSa Whdi6 ' gD Of
silicon tetrachloride or fl uofpirde W th r%@ﬁ]ﬁﬁﬁg%%ﬁﬁ%e&%ﬁ%&“ﬂm -sils
from Messrs Cabmttaigosiper atd Gtaniom. Aer osi | s from Messrs Degussa). 5
Crystalline alumnosilicates and silicalites, known as nol ecul ar sieves,
may al so be used as support materials containing silicon. Naturally _
oceur 1N ySTRL bichéShirfidh A Raed §0a ookt oRAGHRAMALY e AELAGALI e
(magnesiumsilicate), clay mnerals such as hectorite I Thi um nmagnesium

si | i cat e)l0 kaowhereinpemuixtire eontathing efaleastnercahiraadiona oxggenpMd godropén is

(al um ni um maggesi3 %iegot assium si| 'bcal i te)ﬂ&r sim]ar materials. The

titani um oxi de Oﬁlgﬁ BrioGHake Which sopkins’ stver And, teanivm; dibsreiy ths patalyst i n
situ fromtitagintihds SEpPoFOErRARAL I Sum Gnd sitiF paft tRn fofiat ant
l'iquid (inpregnation) g%]ﬁ(;l/ or wit hgan anount Sbf gﬂvﬂ%ﬁ%@%é&%ﬁhggﬁm o the
support's 15 atizeoefft3 tnl®apucity (inci pi ent wetness), deposition

preci pitation, vapour desposition, and by neans of the sol-gel nethod, but
equal ly well by colloid methods, sputtering or vapour deposition. In the

i npr egnatisons, Int ipHAEpLMRY Qﬁ&éprace&mguW%h&hh@éhtfbﬁnn{aga% Whifdat € an
surface silanol groups are advantageously used. 20 Suitable titani um
precur sor conpdidrerartensc dihgltem bydrocarboruin isieadide® mean $aturated faramsativatedr i or

art, such as g titanium.salts (e.qg. .titaniumhalides, nitrates,

sul fates, tita idyu%agoé’ln p 846 as{z‘lqu&%?ﬁ Oéefb‘% W@‘hﬂ% ﬂge ica%tméﬁ&t%rp%taw guddicasg

esters). TitarNu, deiok \St | NREosadsdhs aorh Ok high kMdset Miaﬁﬁineﬁro%ttb,l fHlekydrigr oups
y

of C -C6 such as 25 nethyl, ethyl, n-propyl, n-butyl, i1so-bu ,
tert.-butyl etRressare fpyhueh isdefgheughi consistantystoacnere thephodust fromahey tatalgsit vl

acet onat di cygl Le i i am.di chl gri r referably_use

Tetra- n- ggt yl %’?tfﬁ{)}?ﬁ ga(r%tﬂe}&efafbya%%ﬁ%egb e?‘@fﬁﬁrggﬁoﬁﬁ‘f@gﬁﬁﬂ’s‘t ME? 90’
tetrachl ori de preferablyed &b ri@dcdrbémiitonis) PArREUETP EtheMTRAGIHAS, 1-B0tehb ! ABLAFR OXi de
is also produced in situ by grafting with titanocene chloride on supports

cont ai ni ng si |§uaskienedpd penfsnesyand thexpres greprefered.of a base. In this case the
(ri5 WO 001 07964 -6

The catalyst containing silver contains silver particles which are preferably applied

25 to a support.

The catalyst containing silver contains fine silver particles with average particle
sizes of 0.3-100 nm, preferably 0.5-20 nm and particularly preferably 0.5 to 6 nm.
The silver content in the catalyst is preferably 0.5-10 wt.%.
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PCT/ EP99/ 05370 wWiSe0ya7Di64! 2 reacts with term nal surface sil @EI/EP99/08370
After grafting, drying and cal cination, (=Si0)3Ti OH conpl exes presunably
formthe dom nant titanium species. The support nmaterials containing
titaniumare coated with silver in the nexj step. 5 To increase the surface
OH groups the catalysts may al so be subjected to a water treatnent before
titaniumcoating. In this regard water treatnent neans that before titanium
application the catalyst is brought into contact with Iliquid water or an
aqueous sat ur aPulyeritand mndmpeligtized dwppertutareo requally/ suitablemsi suppaitt mategials.

e For 3 1 ap AriPhR ARt bihoBR et i B s SO atetrbbia 00 7
treatment nmedi ygange threRmed, BakticahrlyOflole Wche}safmhe)itanﬁ{m;éa%h CAL gtagt 1S

treated with steamat > 100 C, preferably at 150 to 450 C, for 1-6 hours.
Particul arly phedratesibeipct opdde drydrajs tcontrinting ditgduw talungingam axtide @ontamin50 C
for 2-5 haqurs. .The surpl.us wat.er is then renoved...15 To | ncrease, th

sur f ace gr oiFEPH glt%ﬂwl (*{’\g’flg%ﬁﬁﬁ'ﬂgﬁegwtﬁq“%?%écop rnéléfi gorppowys sych as

| npregnat i on Wrich-S¥e, ekix&d ogidks) titaMem QflicARieP b Mol dlat Sietds REIMYYiE Which
cations and then dried. 20 The silver may be applied to the support in any
manner. Cat al yttanjyneispresenioiingly dispertesiinlalsilidoy makréx.i npr egnat i on net hod. The
anount of silver, preferably 0.5-10 w.% applied to the support depends on
the surface, the pore structure and the chem cal surface condition of the
support. Amorp o€ aBp ciEMS baldnird @ f Hettafih Ak 8 8¢ tdbdied zmﬁ%?mﬁeg_)
such as titanyl hydrates, anorphous zinc oxide hydratee containing titanium
titani uml@i oxi guerpheusatitaniag) disxide madifigationi andcamatast awedprefempeduride titanimas
TiOz-Si2 m xegl .gé(iddess tti taﬁi Yo silli gal ites or nol %cgl ar 51i e¥es i n which
titani um sit esOare I0rAUNAYE 1O S ATEIRY AT BYTH GOMPAneERt BUE EYARIE PE PTesaRY 3¢
such as titanigdimgibt hiaddrial,@Sg. (iVcbmbiratiéh Wit othepQxlieS eS| RBMtesFO AcBBrdidgnd
pore system), Ti-beta and/or Ti-Al beta (three-dinensional twelve ring pore
system), Ti-ZS9 ouaknovdedgr ariSmithout wishing: foursstgice thet wentiong inc hrayn velys the

Ti - ZSM WO 00/ 07964, . .. P P99/.05370 .12 . ( ane- di si.onal _twelve ring
channel syst err?{ag‘%g’ 2%%@”%“%&%‘%1?&%@8??§Pd¥§ f}ﬁ‘éaf BraDT YPosEfMCanl e
as suppont mat gli¢adsSreproseORE icaglyichily sttiweetitaniint stk FirGleah&® WOWssume
titaniunsilicon m xed conpounds are preferred supports. Titanyl hydrates
are obt ai nabl ethByinAsHYSFatalysts ditaniirg dnpresent Bonded ite)thei siliqaj ar silicate i the fewr sor s
(e.g. treatnen Jd LUl e : rolysis to the titanyl hydrates may
al so take pl ac(téft?%lo%lﬁéf%?eglegj(’:gﬁ%@ %% fnert support materials such as

m ca, silicon dioxide. Subsequent calcination of the support materials in
the gas stream containi ngt oxygen at 250 to 600 Cis particularly preferred.
The support nats FUPPOR ARYEHE conipinbig sk asperdimg tpihg inventjongadyjsatagenisiyt at e.
Ti t anyl dr at AN 9 ' ' | S - 29 I

sul fate r(%nt en‘f%zls%'o?? Sgré’\év p%gfe d.bg)?ggge %%%nglq%g@%.%g\%{agi}é %ﬁeag(g’r ?*lp‘éilﬁ’l arly
preferred. Thedisxidé d6ren oRhesilig@inn dheadiitiomtp sidoe didxidesandsiicatdshBe subgoat e

process, or be added when the support s produced or be agfp:oi ed |
subsequent | y bjrenala: sontpining silicasoa¢cording, to dhgdnyentior 18ay o eqnitainaether or

sodi um sul f at ),.:4.kh InVihFon Skidens: i [0 .Sd | . may be
i ncreased slig )ﬁle}’ %:g?a%g{r%r 0X. 3 l-d%baf&g@ﬁggﬁd%g%%r %ﬁ%?é&t%%%énﬁ%@%@ q’%r om
groups 1, 2, Ssiticunh With @llbigdGpeuific ewlface 2yé banglopropbtion lof Reitice siR8S]) groups
particularly potassium tantalumand/or_ alum nium and the |anthanides and
actini de€? par ¥ SrAfeRPY used-o bhe ppeciicriurfasrushoulddbemt depsiobipnie. piefesably fie the
periodi c syste @;55% usly used. Advantageously the pronoter
content is 0.1- g/(é;ﬁ%r?le eré%ﬁ?g'o. 5-3% 20 The catal yst containing silver may
al so be produced by the deposition-precipitation nethod, in which an

aqueous sol ution_of an inorganic or organi ¢ silver conpound (silver
nitrate, sulfatefered JPpoR mptslcontaimng silicon dae syrtheiisallx prednosd RAFPUSat ed

suspensi on of the c t PROL:t: ol At I ¢h cont al . i
preferably 25 %E%gla%?kgg %bﬁ¢§n%§°%3%§’ g&Q%%%%BEB°§ﬁ§£§%§%£%§£%%e§&&|f
this silwger sadilicaditdsirisimilirsaindimiehresi thérebfoe sxdngplg. PoHddition methbdefdk euch

pot assi um car bonate, caesium carbonate or |ye or alkaline earth lye) up to
a pH of 7-9, sSWﬂ@FlCé}ﬂrYd@'PéilqeétS&Ca&ﬂretdﬁécrglﬁ‘fép@)‘r‘ThstPIﬂ(aé@h'ﬁWl&Uh’eoﬁ%ﬁ@ﬁ w1
sil ver oxohydroxo conpl exes or as silver hydroxide/silver carbonate. To
achieve a uniform deposition of ultrafine silver particles, the change in
the pH 30 may be controlled by a slow droopw se addition of this al kaline
aqueous solution. It has been found that the possibility of a digestion of
the precipitate with no WO 00/ 07964 _g_ PCT/ EP99/ 05370 aggl omer ati on of
the silver conpounds is inproved by adding a carboxylic acid or a salt



appli,ed to thevwgmomredy i ncipient wetness, sputtering (e.BCTHEPSY/GEIH
siflver on titanyl hydrate, titanium di oxide or nolecul ar sieves), chem cal
vapour deposition or fromcolloidal suspensions. A co-precipitation of the
support and silver conponent 15 is also ﬁgfsi bl e. The support catal ysts
contai ning silver produced by different nmethods differ by their silver
particle size. By the inpregnation nethod, silver particles are obtained

which are snmaller than by the deposition precipitation nethod by a factor
of 2-3. 20 Ml Silishtes (R tllet,i@umalf UniversitynBrasgidew diork rUSKepldi51 Chapter VI)”.
precipitation thad with small quantities.of silver .0...approx..1-3. w. %
of silver in eheAmREsEl e SR ArSEBeRS Blicae s ot AbRiaH B Conersionah y st
contai ning sil ¥fkon teirabiBrild OF Iorids WathdhiBoged dliCokypéRNEIEOTabeRiR! FehS are
therefore preferred in which silver quantities between | and 4 w.%
preferably 1- 2Messr9CabmsrGorpapiéent erdhgrosilsfioneMessys Degussg)pport 25 according to
t he described i npregnation nethod after washing and dryi ng. Wien used in
the direct oxidation of propene with nol ecul ar oxygen in the presence of

mol ecul ar hydr egapitide Guinfosiiéstbs MOGHEGHELs! EhowH & ¥BkcAKCAEHsBal AIsh e
invention (e.g. 5 w.%of silver on titanium di oxi de) produces propene

oxi de wi t h yi ehstd asbuppobi-1Batemals contaping siliogn.dNagied] byagccwiring exystallgted4ilic@dsy

IR T e
formed) . VO RQ4AIARE Pidth i ﬁﬁ?ﬁ%‘lﬁé%ﬁ@a&)‘?ka&hﬁ beftohitd hd Afical Mfed S@hi LN

catal ysts may decline slightly over tine. These catal ysts nay be

r egener atléd i nphlpgopitey(glumintmanagnasivimpotessitinshisialite) gogmilaomderiglsef er abl y at
300-400 C. Regeneration may al so be achieved by sinply washing 5 these
catalysts with water or dilute hydrogen peroxide solutions (approx. 3-10%

at room t enper ghdifiiniim Bkidh fayRIPEOREY bE SupMokt mteRNE QURBIni HiidHh i@lsithS0 to
250 C. On catal yst preparation a thermal reduction of the silver conpounds

used may take fribmcttaniny prefursongompbendsatigorbyasaturatipre rfrcnu rsuperaitonte ig@id C,
preferably at 300-400.10 C. The process according to the.inveption my be
arted out i PRI BT Rt T o GEeing AL SV e g anding et RPPUAS
phase at 1senpesibipiief cRSAHS BRciplnB RS depSsbrepteciphi@RdVHoul despbsilite
oxi dation according to the invention is undertaken in |iquid phase, work is

advant ageous| yangihy meghsmftheasol-gelmetbedirbat equally eellitty dedloil madiods; spiftering
presence of SOer\(raan%m Ialgl og%natlﬁc{hgol vent 084G, 85 net h Isoence chl o&i dﬁ. ﬁre
suitabl e as sofVERC T NRITCR: the ¢ ATl %at 'S sus%@n%fg TSOA COIRSHECS YRR as
met hanol , et haglreadt $QMBItRAO ARk silflo! Golips bl h@natagebush ugellr es t hereof , and
water are also suitable solvents. In the process according to the invention
the catal yst used and the quantities of gas used are not restricted. In the

event of gas e.r t titi of: s.streamthrough the

cat al yot ZBeq SNBOPR il prdhnla) SopRlkisl FRadhs AR Rl SRAR GG hoiR

vel ocity") Thethprpieess, ABGEGoRBld Btakille dalty €ap] @aniutn hildes R4S sulfatede
presence of the gases oxygen and hydrogen optionally with the addition of

i nert gases su’é‘lﬂm&@Fr@ilt‘e‘P%g’éfgan&rcgéfganﬁeqcl@m@ﬂt@w%eséﬁr@xi de. Tenperatures
between 30 and 70 C (Ag/titanium

Titanium derivatives such as tetralkyl titanates with alkyl groups of C,-C, such as
25 methyl, ethyl, n-propyl, n-butyl, iso-butyl, tert.-butyl etc. or other organic titanium
species such as titanyl acetyl acetonate, dicyclopentadienyl titanium dichloride are
preferably used. Tetra-n-butyl orthotitanate, titanium acetyl acetonate and titanium

tetrachloride are preferred titanium precursor compounds.

30 Titanium oxide is also produced in situ by grafting with titanocene chloride on

supports containing silicon, optionally in the presence of a base. In this case the (n5-



30 di,oxi de systw@;bd/@-yg(;io- 180 C (Ag/titanium containing syst@ipEroR5370
preferred for propene oxidation. Propene oxide is obtained wth a yield of

1.5-3% ' WD 00/ 07964 -10 PCT/ EP99/ 05370 The conposition of the reaction
m xture, containing at |east one hydrocarbgn such as propene and oxygen,
hydrogen and optionally an inert gas may b€ varied within a w de range. The
process according to the invention is preferably inplenented under 5
"hydrogenati on conditions”, which neans that only very small quantities of
oxygen are usedHy), Bl teacts with tammiezlcesfacobildnplprogpn. ATke giafling wiryigg gad
ratios are therefore preferahly used jn the process according to the,

i nventi on: hydr"&{ff&ﬁ‘uf‘m’h ?ﬁ@s‘%ﬂégn complexess Prosupiably o fum  the- damipant. Hganium 30
vol. %/ 1-10 v - Weri -hvdqr o ygen
/ nitrogen: 40%65(%{/%% I%e%gp;)(&%{ni?g%ﬂ/é%%&%g@égyg% oaggg?fl‘g‘%ﬁ%%@ﬁ&ﬁg %11145%6 for
the reacti on matepbe of diverse origin, e.g. pure oxygen, air or other
oxygen/inert gas m xtures. The process according to the invention provides
out st andi partial oxidation selectivities at hydrocarbon conversi ons of
1- 3% Because i j | M L, &5 11C r

by- products ar gfof lggﬁg%eﬂthﬁasﬂf%ét %ﬁc%ﬁglgﬁﬁec?\é%?}}sﬁ ata I gn%c%%biﬁc%g\t@.a #ﬁtgr
process accor ditregtment béferd titamintn anting. pathis eghdrwatemptreftaemstihyans what dbfoee f or
t he epoxi dation, of ol ef 1,ns,, pt,%rti cul ar | )é for the epoxidation of propene.
Epoxi de sel ect iNAYYB 2Pplieation the | catabst 1p E{S‘ﬂbtef‘r’ct‘é&oﬁtla%tfi‘”i*ﬁl Liguid yraterefed wi t h
ol efi n conver siyghs,QOfathrated SnidhiuhCLRbage 54 ?&ﬂ%ﬁﬁ(?regnﬂlbﬁ{uhphtra%o ofifon
characteristics 'of the present 1 nvention V\”l e rrustrated At he ’

f ol | owi nglGexanpt émn eichimgelveittapalyedlent abddnssolpti@paf aipren 2 tafd Tabpdryki Tt t est
reactions. " .\WD 00/ 07964 -11 Exarrlrasclﬂejs anple A 5 Specification for
testing the calXi)<k the cAalystis syspe i‘BE[;e %Wlﬁﬁ%?%%md,&h?%%da@t 4 al
reactor of 10 { ,gam i hH& by
means of an oi Fﬁ]{fﬁﬂ% m)sta)f,gll%ﬁggsﬁgyggg%reﬁgdﬁgﬂcﬁg?ﬁ%zwggpgf p%geré&ﬂ?ﬁﬂe uct
gases W th a séi 454 °C,dor 146ewmrs. | Ranianbarty prefeeatdy thie edrabyeaisttesatedoxistgsteam 20
hydrogen, nitr n For .the reactjon 0.5 g of pulverulent catalyst was
present ed at 4%8&“%%?/&({052?% ‘H?'otl?ecfé@l“%l%atﬁb‘rs thenyemoyedy/ Ti 0z Si 02 ni xed
oxi des) ayyd 1 bar overpressure. The educt gases were netered into the
reactor from above. The standard catalyst |oad was 2 1/g cat./h. Propene
was sel ected byoviegremsk tiexaunface Okbgroapsithe @ntdlyleysippad hizyrdlso Heotreased by guidy t he
oxi dation reactions, a nitrogen-enriched 15 gas stream .

denot ed) consi stBREEYAIL ‘?{%H%E?F gr é‘éllém%‘lfrﬂ)tl P‘HHmb‘@ftﬁ\?/,r PREYaler| eatippyand\y
HZ /| Oz | C3H6thenMpied. 62 / 10 / 12% The reacti on gases were anal yzed
quantitatively by gas chronatography. The gas chromat ographic resol ution of
the individual reaction products took place by a conbined Fni TCD nethod in
whi ch thr cagjﬁlglzrfx colburms. teéltl)assed throurﬁh. 20 F)D. HP-Innowax, O0.32
mm i nter il di ARECLYer T s epBl! ORSuPEoR i At Hthess. WD, HP-Plot O
0.32 mminternal dianeter, 30 mlong, 20 p filmthickness HP-Pl ot Ml sieve

5A 0.32 minternal dianeter, 30 mlong, 12 p filmthickness.
Catalyst preparation is preferably by the impregnation method. The amount of

silver, preferably 0.5-10 wt.%, applied to the support depends on the surface, the
pore structure and the chemical surface condition of the support. Amorphous and
25 crystalline high-surface materials (> 50 m?/g) such as titanyl hydrates, amorphous
zinc oxide hydrate containing titanium, titanium dioxides (anatases) or
titanium/silicon mixed compounds such as TiO,-SiO, mixed oxides, titanium
silicalites or molecular sieves in which titanium sites are present in isolated form in a
silicon dioxide matrix such as titanium silicalites (MFI structure; two-dimensional
30 ten ring pore system), Ti-beta and/or Ti-Al beta (three-dimensional twelve ring pore

system), Ti-ZSM-5 and/or Ti-ZSM-11 (MFTI structure; ten ring channels), Ti-ZSM



25 BExanple 1: %%’H@ﬁ“bf propene: Catalyst: 2 wt.% of Ag ?ggt[%i,@mgyo

hy:drate by i npregna calcination. This exanple illustra

preparation according to the invention of a supported 30 silver catalyst.
To dissolve 787 ng of silver nitrate (5 m.%of silver related to support
to be used) in 100 m of water, 11 g of titanyl hydrate (10 g of dry " WO
00/ 07964 PCT/ EP99/ 05370 -12 substance) are added at roomtenperature
acconpani ed by stirring. The suspension is stirred for 1 hour at RT, the
solid is separ g e@nadim¥idinl @b Mrgh cB&hnel 9bte@t ari-ZSMa8noTsM@alg1d i s
dried for 3 hours at 120 C and then calcined in the air for 2 hours at 250
C and 5 hours émesapyods) &e Rreferablyssniiahletas suppert yraterigly foroconting wiglosilver.| ver
(EDX) is obtained. racterizati.on with Transition Flectron M.croscopy
(TEN) shove nangeuk JhEREFs 50 Tanfetiect a8 oiipdints, 52 P SESRR e
range bel ow 3 manyl GyfrdiésORGNELtAERIHIE bS Slisid of Yrydhsc anrdii it Nit&nifu@st
according to the tyesty&gpeci fication, Inf)gtlwlglg) gel ectivities 8?“8%& rhléxﬁgﬁrrlgl e 2.
oxi dat i onSof i prgburserse.g.1Beatnert ofditanigmgresds blydmdysomtotthe ditgnlyl hydtates enalyy

I mpregnation, galc¢ination. .The catalyst was prepared in the sane as
Eanple 1 Thet g kP Pt in o Busfeefof Bl R MEPBE ety Aol od HiR g o5 e
test specifi cadioRide. 2Gubsdguentd vilaingdiors @i et | sppdre SmALrids Yotk 3GStdneam
selectivities of 5% were achieved in a test according to the test .

speci fi cati on, cantaining pxygerbatt 2500 S0 T€ is pantisulatly preferrad. 1The Fypporp roatgrial

oxi dation of 1-bhut.ene 25 tal yst:. . % of on titanyl r at

| mpregnati on, A 25?%5{1?18“&%#5%%%1&2@\@" éﬁgerﬁégggﬁ;edﬂtﬁn)ﬁ Hﬁ'gég%waﬁag‘gs
Exanpl e 30 30 dfagiuarIR dbhitend.04846) dn@lowt shghEatand @at &I J€90 peireiabiy,0 t he
test specification. WO 00/ 07964 -13 PCT/ EP99/ 05370 But ene oxi de

sel ectivities O2-1989¢ . Werase paticeledyl proferzedt dde sulfeto mefiyreyiginate from production
specification ar. 159%'[;51 e:conversir résadgg vlvhélo/ ExarH[:l;Je 4. oxﬁi’dahi on 0121
propene 5 Cat aTy {5 e F .B%oﬁﬁss’,&)g on tI anyl} ﬁlﬁﬁa?pa elstﬂ;ocf%ﬁ 8@ 31:“?9}}?,
cal ci nation. ThibSeq@¥@RPbe trdatingthélsBSpont PithRBiRhisOR. 2AGaIuHE RGidt 6r kotBum

invention of a supported silver catalyst. Preparation in the same way as
Exanpl e 1 excepifaiehailha agtiviy ofithel catalysts wihichicontainesilver mey e dicredsed slightly| at ed

to SUpporlg to 8%13%%6\ (;21()'%.5 %}Q OadH!ngogro%&%. Wedifioters from groups 1, 2, 5 and 13

(IUPAC periodic system of the elements 1985) particularly potassium, tantalum

and/or aluminium, and the lanthanides and actinides, particularly europium,
lanthanum and praseodymium, of the periodic system are advantageously used.
Advantageously the promoter content is 0.1-5%, preferably 0.5-3%.

20
The catalyst containing silver may also be produced by the deposition-precipitation
method, in which an aqueous solution of an inorganic or organic silver compound
(silver nitrate, sulfate, fluoride, lactate etc.) is added dropwise to an agitated
suspension of the catalyst support. A solvent which contains water is preferably

25 used. Other solvents such as alcohols may also be used. If this silver salt solution is
mixed with bases (e.g. sodium carbonate, potassium carbonate, caesium carbonate or
lye or alkaline earth lye) up to a pH of 7-9, silver precipitates on the support surface
in the form of silver oxohydroxo complexes or as silver hydroxide/silver carbonate.
To achieve a uniform deposition of ultrafine silver particles, the change in the pH

30 may be controlled by a slow dropwise addition of this alkaline aqueous solution. It

has been found that the possibility of a digestion of the precipitate with no



presented. A grg\§ 660 'A'tte catalyst with 1.4 wt.% of silver I
obt ai ned. Char act eﬂ)z?ﬁ on with TEM shows nano-scal e silver %@@Pcdlg@sssg\?t h

average particle 15 sizes below 6 nm The catal yst was used for propene
oxi dation according to the test specification. Propene oxide selectivities
of -95% were achieved in a test according t8-the test 20 specification at
propene conversions of 1.1% Exanple 5: oxidation of propene Catalyst: 5
wt. % of Ag on titanyl hydrate by deposition precipitation, calcination. 25
This exanpl e i ldgplehiepdtidn of tiy Ler GimppundCic Mgioved by alldifg b RuddKY N2 ofa
supported silver catalyst. 20 g of titanyl hydrate were added at RT
acconpani ed by saktj @rafergbly omagnesiymy or 159dpimmysitiate)s fpnng opj bettarestilh 2o the of
wat er. The pH i . it g tion for silver
deposition pr eé’? %‘?zfq%f ﬁ%‘n.gf% tag¥&tu%\§&gﬂp+1§éthg§é§9a§3? %égeot 3°1§§8 fols M the
suspensi on 1's $H fahgelrentiindat F-9)0hers is Aoty &f redagRRSITURR Silver 8bMpai Kosled
and stirring is continued for a further 2 hours at RT. The solid is

separated 3 ' cegbopdptionePn drpng/ preopitaisd sover hydroxide opasitvet carhprate whithe 70

m of dem neralj j [ olid.s dried for 1.5
hours at 150 Cs{éépg)g& %@%&(E:sa ng(} %‘ggn}'na@gdg \glltﬁgh a‘gcro%ogeguapg lla}t)terag%scpx()fggfhgh?'br S
hours at 400 Ccalkinéd @b&¥6 200- ot conQ&tedoyeématitdrd sfivemtbyHe@ictidh!(¥.8! hfdiQen! S
obt ai ned. Characterjzation with TEM shows nano-scale silver particles with

average parti chydszings Thepap-scale silvempartitles ergated s thisvray aeeunrhobilipsdogrene

oxi dati on accorﬂsg : speci fi iLon. 10 Propene oxide
selectivities 0O @g@éﬁgﬁrrga%ggrﬁ?@éu : é‘]ndaaﬁg%allse tlg%nélglf'di ng to the test

speci ficat0 on at propene conversions of 0.7% Exanple 6: oxidation of
propene 15 Cat al éSt:' 5 w.%of Ag on titanyl h%drate by sputtering,
cal ci nation. THil®matixehy te the Jepesihon precipitatianmetapd.dhe sidves paitislestnaay dleo be

deposi t 1 on_ un, FRRIECEE. SbbokEy RiBlelFventts, ERMIENe £ froy B Bl o PO
pressure: 1 x fi€n§l hjaats, titanitda digxife esmoleeularlsisves)) cBerieal Gp6iir %»_ggﬂbn bt ask:

1 1 round-bottgned f|ask with a 110 nm opening at an angl e of rotation:
6 rpm deposi t oM ¢qllpidal suspensions: A se-mErspigtierpof the suppoyy absilver gomponent
pre-driedid{2 h . Ol t r.are. . placed.in.the flask
and sput 182 4" a0 HosiBR. rnb'suBiet, MR EonbRE e pRIAEEE vl D! |
then cal ci ned inmethdde differ byrthedr bibwer pasticld6ize 5B taNtinfrognation aéodt siked C.

particles are obtained which are smaller than by the deposition precipitation method

b

by a factor of 2-3.

20 Multiple repetition of the impregnation or deposition precipitation method with
small quantities of silver (e.g. approx. 1-3 wt.% of silver in each case) is
advantageous for the production of the catalyst containing silver. In the process
according to the invention, catalysts are therefore preferred in which silver quantities
between 1 and 4 wt.%, preferably 1-2 wt.%, were repeatedly applied to the support

25 according to the described impregnation method after washing and drying. When
used in the direct oxidation of propene with molecular oxygen in the presence of
molecular hydrogen, the catalyst produced in this way according to the invention
(e.g. 5 wt.% of silver on titanium dioxide) produces propene oxide with yields of
1.5-3% and propene oxide selectivities > 95%. Only small quantities of ethane,

30 methane and acetone were found as by-products (approx. 1 vol.% of by-products

related to propene oxide formed).



. WO 00/ 07964v01(ﬁ))mEP99/ 05370 An ant hracite-col oured cgi@f)Sioonisihg S
wt. % of silver (EDX) is obtained. Characterization with TEM shows

nano-scal e silver particles with average particle sizes below 5 nm 5 The
catal yst was used for propene oxidation acgording to the test
specification. Propene oxide selectivitieS’of 93% were achieved in a test
according to the test specification at propene conversions of 1.0% 10
Exanpl e 7: oxidation of propene Catalyst: 2 w.%of Ag on TS 1 by

i npregnation, calcination. This exanple illustrates a preparation according
to the inventi of .a.su rted.15 silver catalyst. To dissolve 787 ng of
silver nitrat eq?‘% RAVey dﬁp@ﬂ%ﬁla@& catalysts @%’uﬂ%fgﬁ“? ighthy qyeedims-n These n
of vater, 10 goabiyk® fapbe rafleiticd!in 1RO B fARGAN S | 860-8¥0 °
stirring. The gus ensi%’ﬁl ?géésétlgﬂrire nf or 1" hour egltn Oﬂgﬁgﬁggw 36?@50 <
separat ed and wesftrellyci 36000 ?C20Regenefativm ineay. alsbhise sadiicved B9! dithplyswastigd f or
3 hours at_ 120 _C and t hen '&}? cined .in the air for, 2 hours at 250 C and 5
hours at 400 cthesgcatalystswithhvater endilyts bydiggemperoxidgpolutions @prrods 3-18%Xpt i s
obt ai ned. Char agfn@fdnftdrdi ofh T%E&ﬁié@s»@ Qibabtlefit di! f3gles with
average particle sizes bel cc))w ﬁrm he cat af&gst S u%gggrlﬁ%ﬁoo%sg}n?

oxi dation at 140 C according to the test 25 specification. Propene oxide

selectivities qf 94%%V\/ere ac.hi e\sltﬁd IPB‘I% t est fa\g}cordi ng to the test

speci fication ot BIOHEREEPAGHOR Adhgrmel mdugtignpt the silver compowds asgd maygake
Exanpl e 8 PCTLEROY 45370, WichafsaHb} L Bl | _

cat al yst support c’onésli st ﬁg oc?nat h@@gxﬁnﬁga?geé lsalgﬁeci(yr? %?%%%wgtmﬁv%?% was
coated wilbh siPQ@er particles. The catal yst support 5 containing Si and Ti

i s obtained by inpregnation of silica with titanocene dichloride. 20 g of
pyrogenic silicon dioxide (Aerosil 200, Messrs Degussa, 200 n¥/g) were
suspended i n atfe prddt RRine 1 et ih fdr ty %rri t f our 50
C, filtered off,eg\r/ashsesgdgﬁlrélg ti r?els W Pﬁ?%dgﬂr% oeﬁvol\élg @?@eérgég%%?’dg @u ours
at 120 C and 1ph#£e bpalse imsu@f@itiCal phase at temperatures between 20 and 200 °C and any

pressure.

15
If the oxidation according to the invention is undertaken in liquid phase, work is
advantageously carried out at a pressure of 1 to 10 bars and in the presence of
solvent. Halogenated solvents such as methylene chloride are suitable as solvent in
which the catalyst is suspended. Alcohols, such as methanol, ethanol, isopropanol,

20 tert.-butanol or mixtures thereof, and water are also suitable solvents.

In the process according to the invention the catalyst used and the quantities of gas

used are not restricted. In the event of a gas phase reaction the quantities of gas

stream through the catalyst bed should be approx. 0.5 to 20 /g cat. x h™* (“space
25 velocity”).

The process according to the invention is implemented in the presence of the gases
oxygen and hydrogen optionally with the addition of inert gases such as nitrogen,
argon, helium or carbon dioxide. Temperatures between 30 and 70 °C (Ag/titanium
30 dioxide systems) or 50-180 °C (Ag/titanium-containing systems) are preferred for

propene oxidation. Propene oxide is obtained with a yield of 1.5-3%.



1568.ng of titager ' jschloride (Messrs Merck) were di ssol ygep) of
chloroform 10 g o@gzg&tAerosil 380 (Messrs Degussa, pyrogenic }gi)lglgg)%r%%

di oxi de, 380 nR/g) added, stirred for 30 m nutes, 1867 ng of triethylam ne
added, stirred for 15 120 m nutes, suction-filtered and washed with 50 m

of chloroform dried at 120 C and cal ci nedl%or 3 hours at 300 C and for 1
hour at 500 C. Coating with silver particles took place in the sane way as
Exanple 1. 20 A grey-white catalyst with 2 wt.% of silver (EDX) was

obt ai ned. Characterization with TEM shows nano-scale silver particles with
average particle sizes in the range below 5 nm_ Propene conversions of 1.1%
were achi eved ilhegompssition elbthe reaghiomymixiere; contaimigg aijeest pnehydroearben sugh ag at

propene sel ectiyjti f _94% I - Thi | e desciibes the..
preparation of p_\éép@gg%f“j?/gﬁ%eéplﬁ@&? E%o%%d?%qt?oﬁaﬁ%%% a)?iraj@% %dg%?& ‘s”i‘tmnc%n,
al uni ni um and "téil@Rings) m§ﬂ6cmscmhgeb e ity etitibry R Ipré¥arablyGhplemeliéd under VWO
00/ 07964 PCT/ EP99/ 05370 -17 catal yst support containing Si and Ti is

obt ai ned by i nphedagenaten eenditiagisT, wliph eans hey enly vy smmallogiagtities sfeakygsn de

with titanocene dichl.oride. Preparati i Nt sane way . .as e 8
oxcopt 1 hat o g ERiT hddifion &' SRREAL bPRydBEen P BN ARHE LHENBE ol RIBIRE D
used instead ofpréerablidsed G0thé Wedcets/4colibpsto ShdREeRion: hydf@[%eaza%%a%&a p2,
170 n2lg). A grey-white catalyst with 2 w.%of silver (EDX) is obtained.

Char act eri zat i @XYgant/Hitresans RO Yo/ 339 wl.& [ 1dP vehta/ GH@ yolye HPrafeeablye

particle sizes,| r () o L. 3% wer e
achieved in a th g@ﬂogglgéféfcglg%éﬂq%op%g% Zgﬁpgf}gci _i%gg’t/icggyg? EMS?&SHQ[/}D? ene
oxi de sel grti Viokygm whick#%sed foMhORLETRGAay BSodiddrsS ot/ &5 52yden Lair
Process for the oxidation of hydrocarbons in the presence of a

hydr ogen/ oxyge®r Athgr oFygen/inest g8 fMHKYIES. whi ch contains silver, containing 5
a) a support containing titaniumand b) silver particles wth an average
particle size from0.3 to 100 nm 10 2. Process according to claim1,
characterized Mhetfratess! fbbramgate this evertion o widey BARtanding partial oxidation

selectivities at hydrocarbon conversions of 1-3%. Because of the very high
15 selectivities, distinctly fewer by-products are formed than with conventional
oxidation catalysts. The process according to the invention is particularly preferably
suitable for the epoxidation of olefins, particularly for the epoxidation of propene.
Epoxide selectivities > 95% (related to converted olefin) are achieved with olefin
conversions of 1.5 to 3% (related to converted olefin).
20
The characteristics of the present invention will be illustrated in the following

examples with the aid of catalyst preparations and catalytic test reactions.



3. Catal yst co%aldbl{ ﬁ§| | ver for the oxidation of hydrocar ?e%?ﬁﬁg"%%m ng

15 a) a support” con I'ng titaniumand b) silver particles” W an aver age
particle size fromO. 3 to 100 nm 4. Use of a catalyst according to claim3
for the oxidation of hydrocarbons. 20 5. Process according to one of nore
of clains 1 to 4, characterized in that tildanyl hydrates, titanium dioxides
and silicon/titanium m xed oxi des are preferably used as catal yst support.
25 6. Process according to one or nore of clains 1 to 4, characterized in
that before ti gzmmppesapplication the catalyst support containing silicon is
subjected to a treatment with water or aqueous salt solutions (e.g.

sol utions of anmmonium chl oride, ammoniumnitrate, calciumnitrate,
Ianthanun1nitr§te§ ﬁng the surplus water is then renoved. 30 T~ WO

00/ 07964 , - 15X 99/ 05370 7. Process according to one or nore of
claims 1 to 6, characterized in that pronoters fromthe groups (1 UPAC
periodic system 1985) 1, 2, preferably potassium caesium mnagnesium and
from t he dr oup8pé&ifiationcfon bdsting shret catalpists ftest specification)p 13, preferably Al
are used. 5 8. Process according to one or nore of clainms 1 to 6,
characterized in that sulfate contents fromO0.1 to 1 wt.%are favourable
when t 't tanyl hyduBa1as niel /reictdri IfAD MM it REmAELakS 20l cASIeAgthakhih was
suppor

A Al . AH. A] F. Afempiered/Yy, means/of\an, giHthermp statAwag Bsed ArTHe:. aagtor Wos siplied Swthirwr uc
v$x( r

{~{vql gb] X] ca] E4H°t Hses *dth: &) tet) fafout; mass dlovagprtglieny (hxdreessbon ) PiEe% cal ¢
a] ca] ca] qa] ca] pRdr6SdiC AitfRbRA] Kok MR 0:5 TR nfledcatalat Rt predliftad £l cal
ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca ca] ca] ca] ca] ca] ca] ca] ca]cal]ca]c
aU] ca] ca] ca] caft & &hg/titanium dioxides) and/or 140 °C (Ag/Ti0,-SiO,-mixed oxides) and 1 bar

#+3y $$" Uv R &&&S' E hc?

cal Za] ca] ca] caf tAR, Sgﬁ“ é( %)e§u® ?%sgi 8"2?]‘% Q%f@ﬁgkﬁ%%%grcé‘%%a%bea} a] g’? {
** 4+, ?-B--. . ] lotdndard catal st load was 2 I/g cat/h. Propene was selected by way of exam le as
. 1' ~<<>>\ >>’>’>’>P@i@@ CC}xsnl d Z]g] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]Fca] caj ca

] ca] ca] ca] ca] caqtzmi]a:ﬂa]whqmaq i) & ealycejtchs @a]d@aqmeqaemrxsa]am&wmm@d&ﬁ F
FGGG HHI LI 11 J JJK dKsKNr PPP

] ca] ca] carca] g%] gﬁ’]“%@%‘ﬁ?@%@ﬁ%&%ﬁ%ﬁ% %ﬁ?%ﬁ]"lg?l ]8‘]5]5 S?La{]L ca] ca
KB QUQARRD Sﬁ{T KWV/V&\HWVW\’%%ZZQ xshe " Mg bleddtich” gdsed eerd £e,@] Ca] c
a] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caJ ca] ca] c’\

U] c*a] c”a] ca] caudnifatively[ by mqmqmatvmllmx Y}F]lf ]g]a{)ol@matog@p C regq@uton of the
clvpkial W cal cabamdadkaglion slanbe alaabal 67k ahbRla WP Chaheabe ol Galge] ool
c<cac! ddde! er e&@@afa]gﬂlai—}f agahinddre bhdskld girdydd <j Ej | w mhc”~X] ] c”a] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca]ca]ca]c
a] ca] ca! B*\ j j kkl I 5Smmmné&n+n6nEnnnl coo=pSppDqgqqrrrrrsXscs| wnmhc”X] ] c”a] ca] ca

L] o8] ob] ob] ot B CHEANEELEE 0 R AR TSP R TR ER] obl 5 ¢
a] ca] ca] ca] ca] walDaHPRI6eDC@RT ol akaalicAdmats a0 eajos] ey film thickness

U] cMa] ca] ca] ca] ca] cgl)ca] cajcalca ca] calJcalcal|] it t2tt _UU2VAVVVVVVV~WWWGK X
xyMyPyzb{h{| {{{[[{v adagve U dafPoa) Simetrca) cafleng dd) ik ditwa] ca]
ca] ca] ca U] c”Ma] ca] cﬂ%&%a] caj ca] ca] ca] ca] ca] ca] ca] ca?bC

s109B& () - &10YB& () & ()- 109B& ()-! 3%10% & ()-k3109% & () -

#wr udE910%B& ()-109B& ()- Y109B& ()- 109B& ()-"1098B& ()- s1l09B& ()-ucvdE:/
10B 10B$: 109B& () - 8#510%3& ()-.10%B& ()-(109B&' ()-f&" 109B& () -

109B&' () - $xuVv7Example 1: Oxidation of propene:

Catalyst: 2 wt.% of Ag on titanyl hydrate by impregnation, calcination.

This example illustrates a preparation according to the invention of a supported
30 silver catalyst. To dissolve 787 mg of silver nitrate (5 wt.% of silver related to
support to be used) in 100 ml of water, 11 g of titanyl hydrate (10 g of dry
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silver particles with average particle sizes in the range below 3 nm.

10 A propene conversion of 1.5% was achieved in a test according to the test

specification, at PO selectivities of 94%.
Example 2: oxidation of isobutane:

15 Catalyst: 2 wt.% of Ag on titanyl hydrate by impregnation, calcination.
The catalyst was prepared in the same way as Example 1.

The catalyst was used for isobutane oxidation according to the test specification.

20
Tert.-butanol selectivities of 88% and acetic selectivities of 5% were achieved in a
test according to the test specification, with an isobutane oxide conversion of 1.1%.
Example 3: oxidation of 1-butene

25

Catalyst: 2 wt.% of Ag on titanyl hydrate by impregnation, calcination.

The catalyst was prepared in the same way as Example 1.

30 The catalyst was used for 1-butene oxidation according to the test specification.
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specification at 1-butene conversions of 1.4%.
Example 4: oxidation of propene
Catalyst: 1.4 wt.% of Ag on titanyl hydrate by impregnation, calcination.

This example illustrates a preparation according to the invention of a supported
silver catalyst. Preparation in the same way as Example 1 except that 475 mg of
10 silver nitrate (3 wt.% of silver related to support to be used) in 100 ml of water were

presented.

A greyish-white catalyst with 14 wt% of silver (EDX) is obtained.
Characterization with TEM shows nano-scale silver particles with average particle

15 sizes below 6 nm.
The catalyst was used for propene oxidation according to the test specification.

Propene oxide selectivities of 95% were achieved in a test according to the test

20 specification at propene conversions of 1.1%.
Example S: oxidation of propene

Catalyst: 5 wt.% of Ag on titanyl hydrate by deposition precipitation, calcination.
25
This example illustrates a preparation according to the invention of a supported
silver catalyst. 20 g of titany] hydrate were added at RT accompanied by stirring to
dissolve 1588 mg of silver nitrate in 100 ml of water. The pH is set to 8 with a two-
molar Na,CO; solution for silver deposition precipitation. After the pH has been set
30 the aqueous suspension is stirred for 0.5 hours, 30 mg of magnesium citrate are

added and stirring is continued for a further 2 hours at RT. The solid is separated
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and washed twice with 70 ml of demineralized water in each case. The moist solid
is dried for 1.5 hours at 150 °C and then calcined in the air for 2 hours at 250 °C and
for 5 hours at 400 °C.

A greyish-white catalyst with 5 wt.% of silver (EDX) is obtained. Characterization
with TEM shows nano-scale silver particles with average particle sizes from 2 to 10

nm.

The catalyst was used for propene oxidation according to the test specification.

Propene oxide selectivities of 94% were achieved in a test according to the test

specification at propene conversions of 0.7%.

Example 6: oxidation of propene

Catalyst: 5 wt.% of Ag on titanyl hydrate by sputtering, calcination.

This example illustrates a preparation according to the invention of a supported

silver catalyst.

Technical data: Leybold vapour deposition unit (A 1100); target: PK 200 (200 mm
diameter); starting pressure: 1 x 10° mbars; working pressure: 1 x 10° mbars of
argon; flask: 1 1round-bottomed flask with a 110 mm opening at an angle of 70°;

rotation: 6 rpm; deposition time: 120 mins; cathode output: 110 W,

15 g of pre-dried (2 hours at 150 °C) titanyl hydrate powder are placed in the flask

and sputtered with silver.

The solid is dried for 1.5 hours at 150 °C and then calcined in the air for 2 hours at
250 °C and for S hours at 400 °C.
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An anthracite-coloured catalyst with 5 wt.% of silver (EDX) is obtained.
Characterization with TEM shows nano-scale silver particles with average particle

sizes below 5 nm.

The catalyst was used for propene oxidation according to the test specification.

Propene oxide selectivities of 93% were achieved in a test according to the test

specification at propene conversions of 1.0%.

Example 7: oxidation of propene

Catalyst: 2 wt.% of Ag on TS 1 by impregnation, calcination.

This example illustrates a preparation according to the invention of a supported
silver catalyst. To dissolve 787 mg of silver nitrate (5 wt.% of silver related to
support to be used) in 100 ml of water, 10 g of TS 1 are added at room temperature
accompanied by stirring. The suspension is stirred for 1 hour at RT, the solid is
separated and washed once with 20 ml of water. The moist solid is dried for 3 hours

at 120 °C and then calcined in the air for 2 hours at 250 °C and 5 hours at 400 °C.

A grey-white catalyst with 2.0 wt.% of silver (EDX) is obtained. Characterization

with TEM shows nano-scale silver particles with average particle sizes below 6 nm.

The catalyst was used for propene oxidation at 140 °C according to the test

specification.

Propene oxide selectivities of 94% were achieved in a test according to the test

specification at propene conversions of 0.9%.
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Example 8:

This example describes the preparation of a catalyst support consisting of the oxides
of silicon and titanium which was coated with silver particles. The catalyst support

5 containing Si and Ti is obtained by impregnation of silica with titanocene dichloride.

20 g of pyrogenic silicon dioxide (Aerosil 200, Messrs Degussa, 200 m*/g) were

suspended in a 0.5 ml ammonium nitrate solution, stirred for 2 hours at 50 °C,

filtered off, washed three times with 50 ml of water, dried for 2 hours at 120 °C and
10 3 hours at 300 °C.

1568 mg of titanocene dichloride (Messrs Merck) were dissolved in 300 ml of
chloroform, 10 g of dry Aerosil 380 (Messrs Degussa, pyrogenic silicon dioxide,
380 m?/g) added, stirred for 30 minutes, 1867 mg of triethylamine added, stirred for

15 120 minutes, suction-filtered and washed with 50 ml of chloroform, dried at 120 °C
and calcined for 3 hours at 300 °C and for 1 hour at 500 °C.

Coating with silver particles took place in the same way as Example 1.
20 A grey-white catalyst with 2 wt.% of silver (EDX) was obtained. Characterization
with TEM shows nano-scale silver particles with average particle sizes in the range

below 5 nm.

Propene conversions of 1.1% were achieved in a test according to the test

25 specification at 140 °C at propene selectivities of 94%.

Example 9:

This example describes the preparation of a catalyst support consisting of the oxides

30 of silicon, aluminium and titanium which was coated with silver particles. The
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catalyst support containing Si and Ti is obtained by impregnation of a silicon
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U&

dioxide/aluminium oxide mixed oxide with titanocene dichloride.

Preparation was in the same way as Example 8 except that a pyrogenic mixed oxide
5 comprising silicon and aluminium was used instead of Aerosil 200 (MOX 170;

Messrs Degussa, 1% AL,0,/99% SiO,, 170 m%/g).

A grey-white catalyst with 2 wt.% of silver (EDX) is obtained. Characterization
with TEM shows nano-scale silver particles with average particle sizes in the range

10 below 5 nm.

Propene conversions of 1.3% were achieved in a test according to the test

specification at 140 °C at propene oxide selectivities of 94%.
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b) silver particles with an average particle size from 0.3 to 100 nm.
10 2. Process according to claim 1, characterized in that olefins are used as
hydrocarbons.
3. Catalyst containing silver for the oxidation of hydrocarbons containing
15 a) a support containing titanium and
b) silver particles with an average particle size from 0.3 to 100 nm.
4. Use of a catalyst according to claim 3 for the oxidation of hydrocarbons.
20
5. Process according to one of more of claims 1 to 4, characterized in that
titanyl hydrates, titanium dioxides and silicon/titanium mixed oxides are
preferably used as catalyst support.
25 6. Process according to one or more of claims 1 to 4, characterized in that

before titanium application the catalyst support containing silicon is
subjected to a treatment with water or aqueous salt solutions (e.g. solutions
of ammonium chloride, ammonium nitrate, calcium nitrate, lanthanum
nitrate) and the surplus water is then removed.

30
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and/or  titanium  dioxides are used as  catalyst  support.



