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*Cc0000z* BACKGROUND OF THE | NVENTI ON The present invention rel

-process for the epoxidation of hydrocarbons. This process corrpﬂm@,mmmmﬂmwlm”m
reacting at |east one hydrocarbon with oxygen, in the presence of anxrure
conprising at |least two elenents selected fromthe group consisting ot”" sc,

Y, Ti, Zr, H, V, No, Ta, &, M, W Re, Fe, Co, Ni, Sn, Pb, Sbmmﬂmwmmﬁi"’mﬂ
on a support M‘Pk:gc?ﬁﬁokufﬁégcﬁﬁ%ﬂbﬁ gﬁ%@ﬁ@%@ﬁs@ The "
i nvention al dation of, oo

hydr ocar bons. These catal ysts conprise a m xture conprising at |east two

el enents fromthe group consisting of Sc, Y, Ti, Zr, H, V, No, Ta, C, M,
W Re, Fe, Co, Ni, Sn, Pb, Sh, Bi and Se, on a support with a BET surface

area of Iessé R 8F m@lgﬁﬁéﬁ an inportant starting material in
t he pol yuret i 5 e are a nunber of processes given for

prepari g these, sonme of which have al so been converted to the industrial
scale. Currently, the direct oxidation of ethylene with air or with gases
whi ch cont ai nfheopresent Hyvenhignyretatesntotanpropess Jeinidie eppxidation glehydsersrbang; hbjs

catal yst, as described.in EP-A2-933 13 i sed f.or e industrial

bt epat at | on GFOGEhyT BN BATAGAE Tl i bydsSos BB utedh, Bl B o Bes on
an i ndust ri almixg@t empHisihe geltast ee iedRnfscley 8 Hohihelefoiptdnbigtihg 6$¢ Rhase
are generally used as oxidizing agents. EP-A -0 930 308 describes, for

exanpl e, the Tisdr,&lf, VolNbekaHemitod W.iReakieio.9Vi, Soalb, tSbs BiandhSe,aomed suppomsi t h

th t i dizi ts. Anqth | i dat i al yst i.ch
enab esitor opytiha M R ieeie s S a2 Bt o TG G BfyieneToelafs Has
phase, was dic%?ilﬁ%eﬂlifaﬁféefbtrg)fe ieﬁoxiﬁﬁfonﬁéfﬁﬂi&r@aar%ﬁ: ThedeCtHtalpstP 23mPHS aHere,

gold on anatase is disclosed as a catal yst, oxygen serves as the oxidizing
agent and t himsixiwge gemgrising ahizaprtes eteneents fromdhe geoup cbhsistingsofeda, is Ti, Zr,

characteri ze t raordinarj | i gh sel ect Vi Jd.e. S>95 wi t

respect to %gwpﬁg’piﬁe{%’é%%\ga%?’g%ﬁf %h@“%&%é@gﬁeaﬂha&@f@ﬁw Bon of
the catal yst @geuRRWBYE of 1L sipdvantgaeous. Very little information is

di scl osed in the liliterature about othefr active conponents, 5 apart from

gold anld silver, for the selective direct oxidation of propyl ene and hi gher
al kenes int as phase. Since none of the published catgl ysts, has

ot vl ous! y eOBIEs Qrasi FURRETORFUPE Sieril i T MOLGHT Bt n st Thore 2

sel ectivity ernEnHePE‘ofﬁ;%r%@&s&esogfvgﬁtfbp@rﬁiariﬂ%%é’éee@Smt-:Ooflgzh%oﬂé’\lee o Bekfle;

ot her active conponents are Being soudght as alternatives to the known
silver and gdodverteditaithe nglustaibbsoakt Curréntly, tho diremtoxplagive @fiietiyleneiveitf hiat t he

oxi dati on process does no oto c etion, .and formthe cqrrespondi ng

acid or the ardgﬁygeéew% (<Stain mgfq?ﬂar Oé}‘%}ms‘ﬂiﬂ't‘eaB‘leée“LcFlé??B)?ﬁH%ft"?o&F?‘?}F‘%cess

must t i nat t he i i e : r.em
&gm (ﬁta?jf, L ?‘%&?ﬁégdﬁeﬁpg%?ﬂﬁ?’& fs%;@éfﬁ HeShdAkirigl ﬁgﬁ%ﬁoﬁ of

groups 3-10 or ro System o enments acco ng to [ UPAC
1986 have al regladsnebexide.dinscldes el prepaten bonget-elrairt epexidésoon eaindhistrialmsealayr es

of iron, cobalt and nickel on a_variety of supports are used to 20, prepare
anmoni a. To pYEIAgaR PSEOXiderhypochioritp i %&smumr@ﬁ% arggensrally usedras oxidisigg ence

i's agents. EP-A1-0 930 308 describes, for example, the use of ion exchanged titanium

silicalites as a catalyst with these two oxidizing agents.

25
Another class of oxidation catalysts, which enables propylene to be oxidized to the
corresponding epoxide in the gas phase, was disclosed recently in, for example, U.S.
Patent 5,623,090. Here, gold on anatase is disclosed as a catalyst, oxygen serves as
the oxidizing agent and this is used in the presence of hydrogen. The system is

30 characterized by extraordinarily high selectivity (i.e. S>95 %) with respect to



.made here only to the review by M Appl [Indian Chem Eng., 1987, 7-29].
‘Furthernore, m xtures of iron and cobalt are also known and descri bed as
bei ng suitable for the oxidation of cyclohexane to adipic acid. See, for
-exanple, U S. Patent 5,547,905. The formati on of epoxides is not disclosed
by this reference; however. 25 It has now2surprisingly been shown that
propyl ene oxi de can be prepared by the direct oxidation of propylene with
oxygen or air, using mxtures of different elenments. This is all the nore
unusual beca t o] i . P@% age, ot
produce the (L:l%? P%E%o%?%gggc?géﬁg?e? g%‘%gm%ﬁrmdgﬁdg??;gg%%ﬁ? thélg:q 8%15&’&% OF
THE | NVENTI ONhoMeyer, dvsadvantagepusovi des a process for the epoxi dation of

hydr ocarbons. This process conprises 5 ( 1) reacting (a) at |east one
hydr ocarbon, with (b) oxygen, or air or nitrous oxide or other gaseous

oxi dents (pr : en) e 1y i sing
ot Toast oo Srnd ideRitkECR)qaclhd i RCRRRAG: dbobCiindr B oL 2,
Hf , V, Nb, TagpafirfrovgoldVdndRalver;€or tho selbbtiveSirecPbxidation & prapylerieandoltigher
inert support with a BET surface area of 15 | ess than 200 n2/g. Said

el enents nay Bkenss dsbgwLanBhasech or in the form of chenical conpounds. The
present invention also relates to suitable epoxidation catalysts for

hydr ocar bons. These epoxi dation catal ysts conprise: 20 (i) a mxture

conpri si ng atSiheaabnd oo tie) piblzhed sathBets dfis fprevivishe eghibited caisfacséry ngsulfs Sc,
Y, Ti, Zr, H, V, Nb, Ta, O, M, W Re, Fe, Co, Ni, Sn, Pb, Sh, Bi and Se,
(ii) on an inwith regasgoior agtivithi andasetectivityafos the edirest oxidation hafh prapylene/tg.

Sai d 25; ¢l ene present..as_ such in.the far hem.ca
cormount. DEPAPYIER BEBERBRT thyBrodtiehe Rioeh e e el & EPER, e the
expressi on hyjHoagasibeR and goldlebmhingth tQalgay eAnUinfktdhtdpReeqRisitdOis tatuihat ed
hydr ocar bons, such as, for exanple, olefins or alkanes which may al so

cont ai n het ergadasion psoeshs deesnot g tercorgplgtion aind derm Heesresprnding asidyanthe
hydr ocarbon aldehyde or ketone. Rather, any suitable the oxidation process must terminate at the
epoxide stage.
15

A few mixtures of elements from groups 3-10 or 14-16 in the Periodic System of

Elements according to [IUPAC 1986 have already been disclosed in the literature.

For example, mixtures of iron, cobalt and nickel on a variety of supports are used to
20 prepare ammonia. To provide an example of the very extensive literature, reference is
made here only to the review by M. Appl [Indian Chem. Eng., 1987, 7-29].
Furthermore, mixtures of iron and cobalt are also known and described as being
suitable for the oxidation of cyclohexane to adipic acid. See, for example, U.S. Patent
5,547,905. The formation of epoxides i§ not disclosed by this reference, however.
25
It has now surprisingly been shown that propylene oxide can be prepared by the
direct oxidation of propylene with oxygen or air, using mixtures of different
elements. This is all the more unusual because the oxidation remains at the epoxide
stage, and does not produce the corresponding acids, ketones or aldehydes.
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-4 conponents which are to be oxidized in accordance with the present
invention nmay be acyclic, nonocyclic, bicyclic or polycyclic, and may be
nonool efinic, diolefinic or polyolefinic. In the case of organic

hydr ocar bon conponents with two or nore doubl e bonds, the double bonds may
be conjugated or non-conjugated. It is preferred 5 that the hydrocarbons
whi ch are oxidized in accordance with the present invention, form oxidation
products with partial pressures which are | ow enough, at the reaction

t enper at ur e, %gimq)pgﬂ?mlm%al of the product fromthe catal yst.
Unsat ur at ed urat e y s wwth 2 to 20, preferably 3 to 10
carbon 10 atons, are preferred for the present invention. In particular,
hydr ocar bons such as, for .exanple, proPerned )ropane, isobut ane,

i sobut yl ene, Thepnyeskian providsehprocessfopths apexidatien ghhydrogaibesise This process
3-butadiene,cgﬁ@h§%e, pent ane, 1-hexene, hexane, hexadi ene, cycl ohexene,
benzene, are preferred. 15 The oxygen used in the present invention may be
in a vesy wide variety of forns. Suitable forns of oxygen include those
such as, for exanple, nolecular oxygen, air and nitrogen oxi de. Ml ecul ar
oxygen is préberr&pctingitable mxtures of at |east two el ements for the
epoxi dation catal ysts i nvention include preferably binary
m xtures of the nX@alsgggkgg?ghﬁﬁggﬁP%ﬁe group consisting of Sc, Y, Ti, Zr
Hf, V, Nb, Ta, C, M, with Re, Fe, Co, Ni, Sn, Pb, Sb, Bi and Se. It nmay be
advant ageous to add conventional pronoters or noderators to the el ement 25
m xture, such as &bkal OK¥REBaPE AIr OF IHIUSONIEA Pr otemBaseowssoxidenis &preferahly
exanplﬁ t he hydroxi des caﬁbonates, nitrates, chlorides of one or nore

al kal i 8 earth and/or QI¥&™ netals and/or silver. These are described in
EP- A1l- C 933 130 on pagehthe prdsB® 039 et. seq., which is believed to

correspond to U S. Patent 6,087,299, the disclosure of which is herein
i ncor por at ed by réfer eAJRIXtBO comprising at least two elements selected from the group

consisting of Sc, Y, Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W, Re, Fe, Co, Ni,
Sn, Pb, Sb, Bi and Se, on an inert support with a BET surface area of
15 less than 200 m%/g.

Said elements may be present as such or in the form of chemical compounds. The
present invention also relates to suitable epoxidation catalysts for hydrocarbons.

These epoxidation catalysts comprise:

20
@@ a mixture comprising at least two elements selected from the group consisting
of Sc, Y, Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W, Re, Fe, Co, Ni, Sn, Pb, Sb, Bi and
Se,
(i)  on an inert support with a BET surface area of less than 200 m?/g. Said
25 elements may be present as such or in the form of chemical compounds.
DETAILED DESCRIPTION OF THE INVENTION
As used herein, the expression hydrocarbon is understood to cover unsaturated or
30 saturated hydrocarbons, such as, for example, olefins or alkanes which may also

contain heteroatoms such as N, O, P, S or halogen atoms. These organic hydrocarbon



-5 The different elenents and pronoters in the mxtures can be in the range
‘fromO to 100 % by weight of the total weight of the active ingredients,
preferably from0.01 to 99.99% even nore preferably in the range fromO0.1
to 99.9% with the sumof all elenents in the mxture totalling 100 % by

wei ght. The preferred range for the 5 progoters is fromO0.001 to 35 % by
wei ght of the total weight of the active ingredients. Preferred m xtures of
el enents to be used in the present invention include m xtures conpri sing:

CoFe, Cone, CoCo, Ni ..N Cr, - Fe,. -R - . =N, N = .10 - Fe,
o Fe- g o SPPRREThis a to R ofized n BEeqrtick il freehl i Vepticrpgpal

Pb- Fe- Ag, Co-HeScf@icAgho (6,-Uieyche iBj andtmayNbe mMbnditetiic, diblefihiche- Ag,
Ni - Cs- Pb- Ag, Ni - a{ Fe- R?cNi - Ba- Pb?zg?yﬁi&?lCo- Sr -?g";’e Ni I-1Co€-: Fe‘-: Ag, 1eEur-cEr - PbW
Mb- Pb- Sr - Ag, podyolefingg.- Ingthereaspipfpremeic Idrogarbon. geimpanentsr with- tagp, or more

Cr - FeRe- Ag, - Fe- Sr- A < Fer Pb- Ag. .Cr - Fe- Mp-.Pb, Co- Fe- Sr -

Co- Or - e Ay, Qo000 e ARPICROs iy & confighfy Fpoligohigne) W mpfered

Co- Or - Fg- Pb, 1f#-thE hE@oMaboftOwhicRRrd\gxidized e abrdshce GatreRRed: irfvendidir, K- Ag,
Co- Cs- Pb- Ag, Co-Cs-Fe Ag and SbFe. Suitable supports for the el enent

m xt ur es whi dhrmaosidatien produéts with: paetial posssargs whichoye dew ghqughs af te redetion
present invention are co unds, with BET rfage areas of from <200 n2/g,
preferably <IBHPHBMLE. twr%?epqc@]stépgﬁwv ﬂﬁﬁeﬁrﬁﬁﬁﬁﬁ%g‘* cﬁp&:‘fsgr ably <1 n2/g.
It is preferred that the supports conprise conmpounds sel ected fromthe

group consisting of A1203, Si Oz, Ce02 and TiOQz. O course, these conpounds
must satisfy Wisetuated end tsatueated dgjdiocaient sitho? 1@E20, gueferbly arteald rarbbe

sui table supports for the. 25 present .invention. Jt_ i referred that_the
bor ooi Y of " RS apsRyelestes fon PE TS BBBOR (B PETisHIBBIERONS HGRLF most
preferably fr t Y - h LCk j ofy. I e,
gover ned by te?]lg?n g%bc@g@e(%haer? ?a(]){r%’sq?o%?{aég’s ll%ﬁg Zﬁgkild%@%oe?]@%g%a IS)?

sui t abl e par thutdne, stramss2-butene,n I,Bvbutadiege, 1pentehd, t peritade?0 leliexehe rheaateyr

di aneter. .
hexadiene, cyclohexene, benzene, are preferred.

15 The oxygen used in the present invention may be in a very wide variety of forms.
Suitable forms of oxygen include those such as, for example, molecular oxygen, air

and nitrogen oxide. Molecular oxygen is preferred.

Suitable mixtures of at least two elements for the epoxidation catalysts of the present
20 invention include preferably binary mixtures of the metals selected from the group
consisting of Sc, Y, Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W, Re, Fe, Co, Ni, Sn, Pb, Sb, Bi

and Se.

It may be advantageous to add conventional promoters or moderators to the element

25 mixture, such as alkaline earth and/or alkali metal ions such as, for example, the
hydroxides, carbonates, nitrates, chlorides of one or more alkaline earth and/or alkali
metals and/or silver. These are described in EP-A1-C 933 130 on page 4, lines 39 et.
seq., which is believed to correspond to U.S. Patent 6,087,299, the disclosure of
which is herein incorporated by reference.

30



5 The specific surface area of the support is determned in the usual way
‘usi ng Brunauer, Emret and Teller's nethod as described in J. Am Chem Soc.
193 8, 60, 309 (DIN 66 131 ). The porosity of the support is determ ned by
mercury porosinmetry, and the particle sizes of the elenent particles on the
support surface are assessed by neans of-gkectron m croscopy and X-ray
diffractonetry. 10 The el enent concentration on the support should
generally be in the range of 0.001 to 50% by wei ght (based on the total

20% by wei ght e naersa eRuRERar SR skenping e R B Rechie o B Rliet o
of the el emenfomPRIty Wéight cfthé fb@alit&?%lﬁroftﬁe?acﬂ% ifgediérits; tpesfeiaBlyofiém MEG1hed. A
few exanpl es of suitable processes for generating netal particles which may

be nentioned $e9¥si enenumieret profecably i dsrasge: froms 0. 11tor9%Kanpitle the sum of all
deposition-precipitatipon, .as described jp EP-B-0 7 360.0n.p. 3, ipes 38
et seq. . bel i SoREE gn B ulfish S5 GG E00 P By Weilg the cBRr A CranEe o8 o o
whi ch i s5 her ehBmioRE®iP Itk QoMY td Shevengeweight bIMhedsal iviiglitNofs tleUhdtR,

i nci pi ent wetness, colloid processes, sputtering chem cal vapour deposition

(CVvD) and phyisgredlentsapour deposition (PVD). |ncipient wetness is understood
to be the addition of a solution containing soluble el ement conpounds to
t he support material, wherein the volume of the solution on 25 the support

is less than peferdahixied HEIBRERS YO b W8edPin ﬂm@%rés@ﬂﬁ%éntioﬁhﬂéludé RfxtarRpor t
remains dry on a nmacroscopi c scale. Any solvent in which the el enent

precursor is couising: GoFep€oRecloGs CoNipNiEntCd-be, CodlepiCorCr, Wed-NesNi-Cr,

Sui t abl e sol vent.s ingl ude ¢ unds.such_as, for e | e, r | cohol s,

(crown) 1&t her ,'i:%s‘t‘é‘%g'.%&&"g%g& ﬂ&?g@@aﬁé@'ﬁﬁd%@%ﬁ& 8@‘5’@?3‘3&’ C(’)‘)'The

support is prgfeL: sealkedh W hera pRoA 4t dOm . GeNk ai Kt_paA.h et A PNS
pp Prsy-ge ?@r, gﬁggﬁ?%‘gcﬁc@% A ?ﬂ@a%’i A?,i Ki-PE-Fellgp ENRERRE A%i

and then dried an er nor e, e solution may arso contai
conponent s kri¥inGs{Pb- &g, pNi-BatFeskg,| NeBaiPb-AfeNaCo-ShA g, hNGEo-FeaApe Badrt e
solubility of | erent salts) jn th ol vent and whic |ter the redox
potentials) o ’Bﬁ%ﬁ)@rg‘eﬁ%&t é?'PéT%ﬁﬁv é%ﬁb'gﬁRGSFAT@B‘ 'a@g’ﬁﬁ'ﬁ’e e-Af a(?ﬁ'ﬁés,
hydr oxyam nesp al Idsq, S 866 PIA o NG MIGH04b0-FBRPA, 8 . ehtd oned
in particul arl.{@%%’ g?)ggfsr{g&%ﬁf%ggﬁﬁ’ ace by i ndfb[)ci igl%tgpést @g?ﬁgﬁgiq&i s

not restyi ct eCr-Pb-RehiCo-GePb&d, ColE-MoeAgi Go-Criiet Sre $o-0r-Be®dbs Cualr-Fe-dMaide
the follow ng_ste with aone el enent. and/or nultiple

s: 10 siri)gble coatin
coating w t h Gorde PRTALRIGaNAPD-Agi GaTFeRhohEi hg T KAG drRsCarbrAe Eptteiibs. or
with all the Eéﬁﬁ@%ﬁe.i n one step,

Suitable supports for the element mixtures which are used to form the epoxidation
20 catalysts for the present invention are compounds with BET surface areas of from
<200 m’/g, preferably <100 m*/g, more preferably <10 m%/g and most preferably <1
m?/g. It is preferred that the supports comprise compounds selected from the group
consisting of Al,O3, Si0,, CeO, and TiO,. Of course, these compounds must satisfy
the above stated requirements for BET surface areas to be suitable supports for the

25 present invention.

It is preferred that the porosity of the supports is frcm 20 to 60% (by volume of the
support), most preferably from 30 to 50%.



mul tiple coating with several elenents in one or nore steps in 15 sequence,
‘multiple coating with several elenents alternately in one or nore steps. 2.
Drying the support with active conponents obtained after step 1 at a 20
tenperature of about 40 to about 200C, at atnospheric pressure or also
reduced pressure. At atnospheric pressur€9-the process may be perforned
under an atnosphere of air or also under an inert gas atnosphere (e.g. Ar,
N2, He et al.). The drying tine is in the range of from2 to 24 h,
preferably ofpf.r.am: : Wl I < Pregur

obt ai ned aft el;ﬁes‘?acﬁaqééagﬁﬁgg? hea%lﬁllp ﬁretrltggggésfﬂé a{%gﬂg%ﬁ%@%@dmgﬁs fol gﬁ?f) Rase
subsequent | y/exiddtioni Gehsraliyydauitablegpesticle nawep heee dn vthe alingeo18i 10S1/28 fethe The
concentration of oxygen in the gas streamis advantageously in the range 0
to 21 vol . % (BREYFFRetethe total vol ume of the 30 gas stream, preferably 5
to 15 vol.% The tenperature for calcination is _g_ adapted to the

el ement m xture, and is therefore generally in the range 400 to 600C,
preferalsl y 45rhet speDHRCsurfard 4384 tof ik asipporpriefdetemdinedSROthe 4suaRadaic usigigt he
catal yst precursors obtained after step 2 and/or 3 at elevated 5

t enper at ur e Uryagues, Emmeb ard Tellers spetbodasigseribesoint hidm. GhemoSen 193860,

010 25 vol . YO BINE T T boRBiey SLUE Sesor el ity Mherdl ofosihing ™ ¥

preferably 5 anglthdparfible siRdE thtdeléomaianticléstsh teSu Sigthck Qrd AReddad biycul ar
el ement m xture and are between 100 and 600C. 10 nventional ly, the

epoxi dat i on pnesss o eleetrgyamicspseeply anst ¥iray diffrgctometthe gas phase, under the
foll ovvilrbg conditions: The nolar anobunts of the hydrocarbon used, with
respect to the total nunber of 15 noles of hydrocarbon, oxygen and

optional |y ditHéam&Rsoncdiffatidior Bk sippoet SHBlilAgeh@hilPBe B the Mehge ATRLVENES NMBY
be varied over a wide range. These nolar amounts and ratios are generally
gover ned by t39&0 bxpleighi thaséd on the edtak weightyafrtbe corhbinédrlpmentsranst ther sippdit)e
process is genera erformed either above or bel ow ex ion.limt.
20 An excess Pof e@@@aé(h&ﬁ%v{ﬂ lP)hWF‘@ébé’&‘?mtoét R r@i%/%‘geashg‘bgd%iﬁ weight ar
basis), is preferably used. The hydrocarbon concentration in the oxygen is

typically either < 2 nmol.% or > 78 nol.% (based on the total nols in the
gas striéan) . Baydirctionobthe demempartaddsomsthe suppvet isanoyeestict@l ® ¢ rRethod.. A when

wor ki ng bel ow t he | oywer 25 .explosion |i.mt are preferably chosen, an
concen'? rati o\rlfgwi %Wﬁgr‘?fﬁﬁﬂtaﬁ% PIOCESIe T nERNCHIRA e P%‘T[Pf'{lljs a‘ﬁ%ﬁlé n(“Wegﬁpper

expl osi on | i Mdnidh&d RérehRIGR! oGBS sﬂbﬁam&%@ e, YepSitforPecifartd Of
78 to 90 nol.% respectively, are particularly preferred. 30 The nol ar

proportion ofascleyagibad imiEPRB 109340 0w pt Belinest3dl etrsaqb beliofed o lcemespond to
hydr ocar bon, ygen a il uent , | e varjed over a w de range.

Oygen is 45 B?‘é?‘_eﬁg%ﬁ)%éﬁa d&ﬁf%aurﬁd%aw g9 ?rewclycwmtqded@w??remt he
hydr ocaibon. ; Yéé’ﬂﬁkidr?irpgﬁﬁt?&ﬁ%éigféﬁ@q’eme%"cﬂg%igeprf)@é}&%, Q utgerittglg c%%?-ﬁ%ll - %

(based on the total nols In the gas strea nost preterably o to 21
nmol . % vapour deposition (CVD) and physical vapour deposition (PVD).

Incipient wetness is understood to be the addition of a solution containing soluble
element compounds to the support material, wherein the volume of the solution on

25 the support is less than or equal to the pore volume of the support. Thus, the support
remains dry on a macroscopic scale. Any solvent in which the element precursor is
soluble may be used as a solvent for incipient wetness, Suitable solvents include
compounds such as, for example, water, alcohols, (crown) ethers, esters. ketones,
halogenated hydrocarbons, etc.
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5 1n addition to the hydrocarbon and, oxygen, a diluent gas such as, for
‘exanpl e, nitrogen, helium argon, nethane, carbon di oxi de, carbon nonoxi de
or another simlar gas which behaves in a largely inert nmanner, may al so be
used. M xtures of the inert conponents described above nmay al so be used.
The addition of an inert conmponent is bengticial for the transport of the
heat which is evolved during this 10 exotherm c oxidation reaction, and for
safety purposes. Wien a diluent gas is present, it is also possible to use

expl osi on 11 il RsBpoR HEREIReA aRe b Sk cRb il S EenR tosh g g e
contact tine dfdd Mddediced aiHhRARe athe syRitioh Pad AR @ntain tompoiRntsAHBINAD 5 tO
60 15 seconds. In general, the process is performed at tenperatures in the

range of 120 a perS@0skilled if the it Which chincrense SeGoludlityaf the kleowinh saléxanpl es
further illustrate detajls. for the proces f, this, invention. The

| venti on,  wHPERONETSE YBiebiRleh HaBapE paBanHE) B dbf Sleieet ] wdlet e e
linmted ei t hegminthn$diahiihesOHiaffiMRE Mok AR ResAANMRIRSsuc RO FCISKING S H,60,,t he
art will readily understand that known variations of the conditions o? t he
f ol | owi ng pr odgty sy bamengonskid pattivubgss ot herwi se noted, all tenperatures

are degrees Cel sius and all 25 percentages are percentages by weight. -10
EXAMPLES Exanple 1: 5 2.468 g of cobalt nitrate were dissolved in 3 m of

water. This spl utisuakigfggmegﬁ%@ S;il&eaaoyfcgyilﬁugv&ﬁeséﬁ&% iPAst ﬂé@tgicﬁhltg"iﬁﬁ to

be absorbed by the Al ol 1 d “obt ed inthis way was dried for 4 h

at 100C i n a vacuunettog.iTig indpienewetnesdgroass/cantinctudd thafollawibg steps:Hg. 10
Then 0.042 g of rhenic acid were dissolved in 4.5 mM_of water. 'This

sol uti o) was al | ovied t Gigde £oating il apg elgmet anséorynuliipls caling vafinaratheso| j d
and dried overnight at gahouf 15 nm Hg and 100C in a vacuumdrying cabinet.
Finally, the precursor prepared in this way was reduced for 12 h at 500C

using 10 15 vol . %d2 i rsifgle tobRMgNGitiakord® bf the dbineritso2dMie blPhe dRn@nfint he
catal yst obtained in this way was tested in a continuously operated fixed

bed reactor with a resiapensteg, ti me of about 20 sec., under a reactant gas

conposition of 79 vol. % pr.opyl ene and, 21 vol . % oxygen. At an_internal.
tenperature 20 of 'ZSOC,m&@P@oﬁ?:aéWgr &@qlof‘%’e@:l ezi%ﬂ%{ 68 ﬁ?ﬁn%‘?‘@redé{eg? Mned

in the gxit gas streamgeqyence,

. multiple coating with several elements alternately in one or more

steps.

2. Drying the support with active components obtained after step 1 at a
20 temperature of about 40 to about 200°C, at atmospheric pressure or also
reduced pressure. At atmospheric pressure, the process may be performed
under an atmosphere of air or also under an inert gas atmosphere (e.g. Ar, Na,
He et al.). The drying time is in the range of from 2 to 24 h, preferably of
from 4 to 8 h. N
25
3. Calcining the catalyst precursors obtained after step 2 under an inert gas
atmosphere, and subsequently/exclusively under a gas atmosphere which
contains oxygen. The concentration of oxygen in the gas stream is
advantageously in the range 0 to 21 vol.% (based on the total volume of the

30 gas stream), preferably 5 to 15 vol.%. The temperature for calcination is



Exanple 2: 2.468 g of cobalt nitrate were dissolved in 3 m of water, and
this solution was 25 allowed to be absorbed by about 10 g of A1203. The
solid obtained in this way was dried for 4 h at 100C in a vacuum dryi ng
cabi net under a vacuum of about 15 mm Hg. Then 0.202 g of chromumnitrate
were dissolved in 4.5 M of water. This sBlution 30 was allowed to be fully
absorbed by the previously prepared solid, and dried overnight at about 15
nm Hg and 100C in a vacuum dryi ng cabi net. -11 Finally, the solid was

A tor reduct on: ARSHIOTD T driekddie Bl RUERR SRl P IR Be R °

tested in a conti ngomag) yrem@ﬂﬂﬁnwtofssoed Qﬂcba&m@ar@rprwfei&blyaswe dence tine
of about 20 sec., under a reactant gas conposition of 79 vol. % propyl ene

and 21 vol. %oxygen At an internal tenperature of 215 C, PO concentrations
of about 90 p e. determn in the exit gas stream, 10 3: ,1.298
G of cobal't Mt r acRedERe TE SBEGb dricHaR s bige okt SBE 2Pt 38 vt s
al l oned 40 be absogRgerafife G\Qﬂkﬁt alRit@el afthdébhere! WhiGOlcbhtaRRt By MHehi S
way was 15 dried for 4 h at 100C in a vacuum dryi ng cabi net under a vacuum
of about 15 nmm Hg. coﬁhematxan ©2hgdrogermhay)h¢ hﬂ:twnen Gané 108 vel. Wi, batak peaferiably4 i

of water. This sol |1 o orbed evi ously
prepared solid, an ‘EI et ovél \é\ﬁtona eZthL %%P"P%@gdlrﬁorﬁ
vacuum dryi ng_cabi sieferat} B3ld1%. THaCreaQlihd 5&5&9%&1 & tecPROHe }%n}hﬁ‘ér 500C
using 10 vol . %)HZI?n Rb % owlno at §01fﬁg 2 After 3 ﬁ%?on out 10 g of
t he catal yst obt aleierdentnnlkhlrsarvxmre\beﬁv&ehé@@aﬂﬂ6(‘D‘O°€.cont| nuous| y operated
fixed bed reactor with a residence time of about 20 sec., under a reactant
gas conﬂ%sition of 79 vol.% propyl ene and 21 vol. % oxygen. At an internal

tenmperature of I?x?e%onag’lg e éppd [daftbh Phstel isARLRImMES, MRS ird HepAl PiGLe,

the exit gas sPream
under the following conditions:

The molar amounts of the hydrocarbon used, with respect to the total number of

15 moles of hydrocarbon, oxygen and optionally diluent gas, and the relative molar
ratios of the components may be varied over a wide range. These molar amounts and
ratios are generally governed by the explosion limit of the hydrocarbon/oxygen
mixture. The process is generally performed either above or below the explosion
limit.

20
An excess of hydrocarbon, with respect to the oxygen used (on a molar basis), is
preferably used. The hydrocarbon concentration in the oxygen is typically either < 2
mol.%, or = 78 mol.% (based on the total mols in the gas stream). Hydrocarbon
concentrations in the range of 0.5 to 2 mol.% when working below the lower

25 explosion limit are preferably chosen, and concentrations in the range of 78 to 99
mol.% when working above the upper explosion limit are preferably chosen. The
ranges of 1 to 2 mol.%, and of 78 to 90 mol.%, respectively, are particularly

preferred.

30 The molar proportion of oxygen, with respect to the total number of moles of

hydrocarbon, oxygen and diluent gas, may be varied over a wide range. Oxygen is



Exanmple 4: 1.303 g of nickel nitrate were dissolved in 4 ml of water, and
‘'this solution was all owed to be absorbed by about 10 g of A1203. The solid
obtained in this way was 5 dried for 4 h at 100C in a vacuum dryi ng cabi net
under a vacuum of about 15 nm Hg. Then, 1.299 g of cobalt nitrate were
dissolved in 4.5 mM of water. This solutign was allowed to be fully
absorbed by the previously prepared solid, and dried overnight at 10 about
15 mm Hg and [ 00C in a vacuum drying cabinet. Finally, the solid was
reduced for about t 500C us

0% HZ i fl i 601/ h. 15
Loy e ctoct | Batrably, e in”8 Tagte pltichy P Toshs b oSy oyt
tested in a Cﬁ@fe&a{%@tﬂ&ﬁm&ﬂﬁt}%ﬁﬂ%&‘ b<Eth PEhol SAGRRI I the téial B8IsdR MeLgdsi e

of about 20 sec under a reactant gas conposition of 79 vol. % propyl ene
and 21 vol . % stregupgrand Agosapreferatly 0f b tctéhpmﬂ%t ure of 225C, PO concentrations
of about 40 ppmwere determned in the exit gas stream 20 Exanple 5: 0.13
g of nickel nitrate were dissolved in 4.5 mM of water, and this solution

was al | oye 25 ﬁﬁﬁ@a ttedhgaepé&b&l %d%%ggéxy al Bfuct®! a§| QB alsnest Hnddld,s way

was dri ed for at 100C in a vacuum i ng cabi net under a vacuum of
about 15 nm Hgtroddne rheliBny GBgap, ahethmtmaldarbunt dmixglenwearbodi swobxide ornambthdr of

E"?ES; ed ol .Sﬁrln tar'hganwvﬁeh%gﬁeﬁmrght ety b %@ggrﬁfrﬂgte%lsgnfef} SSGOMHERRL um
drying cabinef,e i3l comﬂ)@nents described above may also be used. The addition of an inert
component is beneficial for the transport of the heat which is evolved during this
10 exothermic oxidation reaction, and for safety purposes. When a diluent gas is present,
it is also possible to use compositions for the reactant gas mixtures within the range

of the explosion limits of the undiluted mixtures of hydrocarbon and oxygen.

The contact time for hydrocarbon and catalyst is generally in the range of 5 to 60

15 seconds.

In general, the process is performed at temperatures in the range of 120 to 300°C,

preferably of 180 to 250°C.

20 The following examples further illustrate details for the process of this invention.
The invention, which is set forth in the foregoing disclosure, is not to be limited
either in spirit or scope by these examples. Those skilled in the art will readily
understand that known variations of the conditions of the following procedures can
be used. Unless otherwise noted, all temperatures are degrees Celsius and all

25 percentages are percentages by weight.



Finally, the solid was reduced for apbout 8 h at 500C using 10 vol.%H2 in
‘N2 flowing at 601/ h. After reduction, about 10 g of the catal yst obtained
inthis way were tested in a 5 continuously operated fixed bed reactor with
a residence tine of about 20 sec., under a reactant gas conposition of 79
vol . % propyl ene and 21 vol.% oxygen. At amp.nternal tenperature of 225C, PO
concentrations of about 35 ppmwere determned in the exit gas stream 10
Exanple 6: 2.475 g of nickel nitrate were dissolved in 3.0 nl of water and
this solutio ‘gmed to be absorbed by 10 g of A1203. The solid
obtained in t& was dried for 4 h at 100C in a vacuum dryi ng cabi net
under a vacuum of about 15 mm Hg. 15 Then, 0.202 g of chromumnitrate were
dissolved in 4.5 m of water. This solution was allowed to be fully

absor bed by tEganmmlevi ously prepared solid, and dried overnight at about 15
mm Hg and 100C in a vacuum drying cabinet. 20 Finally, the solid was
reduced for about 8 h at 500C using 10 vol.%Hz in NZ flow ng at 601/ h.
Alter reductifhes g%?% AChiftawdrb 8isSALE Y3 nft U Wl ITHO sbitiSn VP a0
tested in a con uou op Braled Fixe d reactor h a residence tine
of about 20 sghout 10pdef A2§0§ andawhaallowed te depatsbibiedrbyothe’ Al THepsadidy | ene

and 21 vol. % oxygen, At an internal t emperat ure of 200C, PO concentrations
of about 310 anedincthifeway wamdeed forthb abi9Q°Coinst wacuumndrying cabinet under a

vacuum of about 15 mm Hg.

10 Then 0.042 g of rhenic acid were dissolved in 4.5 ml of water. This solution was
allowed to be fully absorbed by the previously prepared solid and dried overnight at

about 15 mm Hg and 100°C in a vacuum drying cabinet.

Finally, the precursor prepared in this way was reduced for 12 h at 500°C using 10
15 vol.% H; in N, flowing at 60 l/h.

After reduction, 10 g of the catalyst obtained in this way was tested in a continuously
operated fixed bed reactor with a residence time of about 20 sec., under a reactant gas
composition of 79 vol.% propylene and 21 vol.% oxygen. At an internal temperature

20 of 230°C, PO concentrations of about 60 ppm were determined in the exit gas stream.

Example 2:

2.468 g of cobalt nitrate were dissolved in 3 ml of water, and this solution was
25 allowed to be absorbed by about 10 g of Al,O3. The solid obtained in this way was
dried for 4 h at 100°C in a vacuum drying cabinet under a vacuum of about 15 mm

Hg.

Then 0.202 g of chromium nitrate were dissolved in 4.5 ml of water. This solution
30 was allowed to be fully absorbed by the previously prepared solid, and dried

overnight at about 15 mm Hg and 100°C in a vacuum drying cabinet.



- 14 Exanple 7: 2.468 g of cobalt nitrate were dissolved in 3 ml of water,
‘and this solution was all owed to be absorbed by 10 g of A1203. The solid
obtained in this way was dried for 5 4 h at 100C in a vacuum dryi ng cabi net
under a vacuum of about 15 nm Hg. Then, 0.19 g of iron nitrate were
dissolved in 4.5 m of water. This solut-ildn was allowed to be fully
absorbed by the previously prepared solid, and dried overnight at about 15
nm Hg and 1 00C in a vacuum dryi ng cabinet. 10 Finally, the solid was
reduced for about 8 h at 500C using 10 vol.% H2 in N2 flow ng at 601/ h.
After reduction, about 10 g of the catalyst obtained in this way were
tested in a IEingiey)ttheWEHS lWwasoRaiHEMr labs@ds hegt 56FCt Qsiny 0hval. % e gemse
time of about 20 'sec., under a reactant gas conposition of 79 vol.%

propyl ene andfl@tingat 60d/bxygen. At an internal tenperature of 225C, PO
concentrations of about 45 ppmwere determned in the exit gas stream 20
Exanple 8: 0.129 g of cobalt nitrate were dissolved in 4.5 mM of water, and
this solqiti onapesraabbnednba e ga@fsm@b&@hlﬁy obthifedofn MLWAy Whe t8Q8kd ¢ a
obtained in this way was dried for 4 h at” 100C 1 n a vacuum dryi ng cabi net
under a vacuwnnghu@isbuepetfiedfixédybed2Bactrewith 2 residenge timerifabett 24 secatiedarer e

dissolved in 3 mM of water. This solution was allo to be full bsor bed
by The. o evi GETtER S BHPOTIipE of oio Ak BroBYeRe BRI Fo LG mYeEl Ay and

100C in a vacyum t¥hfdahALoB5°C, PO concentrations of about 90 ppm were determined

in the exit gas stream.

10
Example 3:
1.298 g of cobalt nitrate were dissolved in 4 ml of water, and this solution was
allowed to be absorbed by about 10 g of Al,O3. The solid obtained in this way was
15 dried for 4 h at 100°C in a vacuum drying cabinet under a vacuum of about 15 mm
Hg.
Then, 2.02 g of chromium nitrate were dissolved in 4 ml of water. This solution was
allowed to be fully absorbed by the previously prepared solid, and dried overnight at
20 about 15 mm Hg and 100°C in a vacuum drying cabinet.
Finally, the solid was reduced for about 8 h at 500°C using 10 vol.% H; in N,
flowing at 60 1/h.
25 After reduction, about 10 g of the catalyst obtained in this way were tested in a

continuously operated fixed bed reactor with a residence time of about 20 sec., under
a reactant gas composition of 79 vol.% propylene and 21 vol.% oxygen. At an
internal temperature of 220°C, PO concentrations of about 40 ppm are determined in

the exit gas stream.

30



30 Finally, the solid was reduced for about 8 h at 500C using 10 vol. % H2
‘in N2 flow ng at 601/ h. -15 After reduction, about 10 g of the catal yst
obtained in this way were tested in a continuously operated fixed bed
reactor with a residence tine of about 20 sec., under a reactant gas
conposition of 79 vol. % propyl ene and 21 12al . % oxygen. At an 5 internal
tenperature of 215C, PO concentrations of about 15 ppmwere determ ned in
the exit gas stream Exanple 9: 10 0.646 g of antinony chloride were

di ssolved in %a%g% 4,of ethanol, and this solution was all owed to be

absorbed by T 1203. The solid obtained in this way was dried for 4 h
at 100C in a vacuumdrying cabi net under a vacuum of about 15 mm Hg. 15
Then, 1.9 g of iron nitrate were dissolved in 3.5 nl of water. This

sol uti on was h80beeaf niskdenitrafe| Weraislissobed iby4 mieofpwater.ousl thipselytieravasol i d,

d dried i b 0C.in_a. dr yi. bi net .
Bl 1yt he AphRY a2t Baihe B pBT IR L0 4B STA i FRHHER S HGER=E s
N2 20 flow nogld 18040 &t-10068¢ ¢4 avaSTh ldRfing 84kt uhBeda QhcuuRfo ot 15 tmm

obtained in this way were tested in a continuously operated fixed bed
reactor wth HBgresidence tinme of about 20 sec., under a reactant gas
conposition of 79 vol. % propyl ene and 21 vol . % oxygen. At an 25 internal
tenperature of 225C, PO concentrations of about 30 ppm were determ ned

Then, 1.299 g of cobalt nitrate were dissolved in 4.5 ml of water. This solution was
allowed to be fully absorbed by the previously prepared solid, and dried overnight at

10 about 15 mm Hg and 100°C in a vacuum drying cabinet.

Finally, the solid was reduced for about 8 h at 500°C using 10 vol.% H, in N,
flowing at 60 I/h.

15 After reduction, about 10 g of the catalyst obtained in this way were tested in a
continuously operated fixed bed reactor with a residence time of about 20 sec., under
a reactant gas composition of 79 vol.% propylene and 21 vol.% oxygen. At an
internal temperature of 225°C, PO concentrations of about 40 ppm were determined

in the exit gas stream.

20
Example 3:
0.13 g of nickel nitrate were dissolved in 4.5 ml of water, and this solution was
allowed to be absorbed by 10 g of Al,Os. The solid obtained in this way was dried for
25 4 h at 100°C in a vacuum drying cabinet under a vacuum of about 15 mm Hg.

Then, 2.468 g of cobalt nitrate were dissolved in 4 ml of water. This solution was
allowed to be fully absorbed by the previously prepared solid, and dried overnight at
about 15 mm Hg and 100°C in a vacuum drying cabinet.

30



in the exit gas stream -16 Exanples 10 to SO: Preuaration of Exanples 10
- 50 The catal ysts used in exanples 10 - 50 were prepared using the

i nci pi ent wetness net hod. Aqueous sol utions of the elenents were prepared
using the starting materials listed in Table 1. The sol utions contai ned
52.6 g of the pure elenent per litre of -wWdt-er for the elenents |abelled
precursor in Table 1 and 5.26 g of the pure elenent per litre of water for
the el enments | abelled pronoter in Table 1. 10 Table 1: starting

mat eri al r ol ee}. nt . o . .
Sy nbol Cobai (TR0 s lis aves, eabcd i ShPtted i 7 AT CaPaips dOuYLhdh Ve 11 n
i trateprecur spgkbaremi/ahept anol ybdat e* 4

HzOpr ecur sor MoLead( 1 1) nitrateprecursorPbStronti umitrateprecursorSrRheni un(
VI ) oxi deprecur sor ReSi | verni trat eprecursor AgCesi ummi t r at epr onot er CsNeodyn{ |

I itrat t Pot i it t i, thpi.trat -Bi Ni ck
()t o b ephBEoieBrRrmappiin & ok BF GRS ST T By SPa BHeT i el b,
u( L1 1) g trat @pkian@ishl ffenred HRIEbAL rédst »Qﬁl%%b!i&%:éé SifieVWf abott 207 0udiid}y t o

t he nunber of the el enents required fox a particular catalyst up to five
aqueous sol utd oeestant gaheomipesition of 4% vold$epropylaneriand @1syel. Ygexygenpat iant 0 a

2m. gl ass vessel. The total | Y f the sqlutipns ip_ the glass vessel is
450 nicrol it rigEmal ﬁemﬁ%ﬁterezoﬁ'?g?éngggﬁtqoamtﬁae%% 31904 A% PPRGWETe Sleteaminetle
correspondin nt 5 solution of the total volune of the

sol utions ingitnﬁgéjg’gggagl%.hg g of A1203 is then added to the solution

m xture. After the solution mxture is conpletely soaked up by the A1203

the material is dried overnight at ca. 100C and 200 nbar in a vacuum drying
1 Example 6:

2.475 g of nickel nitrate were dissolved in 3.0 ml of water and this solution was
allowed to be absorbed by 10 g of Al,O;. The solid obtained in this way was dried for
4 h at 100°C in a vacuum drying cabinet under a vacuum of about 15 mm Hg.

15
Then, 0.202 g of chromium nitrate were dissolved in 4.5 ml of water. This solution
was allowed to be fully absorbed by the previously prepared solid, and dried

overnight at about 15 mm Hg and 100°C in a vacuum drying cabinet.

20 Finally, the solid was reduced for about 8 h at 500°C using 10 vol.% H; in N,
flowing at 60 1/h.

After reduction, about 10 g of the catalyst obtained in this way were tested in a
continuously operated fixed bed reactor with a residence time of about 20 sec., under
25 a reactant gas composition of 79 vol.% propylene and 21 vol.% oxygen. At an
internal temperature of 200°C, PO concentrations of about 310 ppm were determined

in the exit gas stream.



cabinet. The material is then calcined for 4 h at 500C in air. The catal yst
‘is finally filled into a fixed bed reactor and conditioned for 4 h at 200C
in a mxture of 10 hydrogen and nitrogen ( 10% hydrogen of the total gas
streamvolune) with a flowate of 0.08 1/h. At 200C and normal pressure, a
gas stream conposed of 24% propene, 4.5%ldxygen and 71.5% air (percentages
as fraction of total gas volune) is passed over the catalyst with a
flowate of 0.35 1/h. The effluent gas is tested with gas chromatography to
determ ne th; conaei_t of propylene oxide. In Table 2 "yield PO®% 15 refers
to the volu f-on of propyl ene oxide as part of the total volune in
the effluent gas stream Table 2: Exanpl eConpositionYield

PO¥40Co0, 3333Fe0, 3333Ag0, 33330. 00280411Co0, 3333Pb0, 3333Ag0, 33330. 01259212Ni
0, 3333Pb0, 3331440 g3¥3bad oduare 18 GliseBeddn, B3d igwars38W. hivs sdlptidrCy®s 25Fe0

25Ag0, 250, O1ADNE (3 6c FRTGIISAUE Yohan: Fo8 011 DS TSEH0 5080 S5 RHY" BEaqo, 2
50. 00551019000, 26RRRCE Bl SAPHirA o RR AR~ AN AP BPRboR s Rk 0. 250. 0063

POYR1Ni 0, 25Cs0, 25Fe0, 25Ag0, 250. 01840222Ni 0, 25Cs0, 25Pb0, 25Ag0, 250. 00253623Ni
0, 25Ba0, 25Fe0, 25AgQ, 250, 00357724Ni 0, 25Ba0, 25Ph0, 25Ag0, 250..00390025Ni 0, 25C00
, 25Sr 0, 25Ag0, B59, 83262 25 sRpivaiesrere Sitssplve A@d;%gg. 0‘5@89213%6912390‘{&25%0,

0. 0010523070 DSRG, S5 SSRl6 28 TReHsERAs MRt R AR g0 5

332Cr 0, 25Sr 0, ¥R RRAHR 475 VG2 A3A3GHA e BabiidRe0, 25Ag0, 250. 00187034Cr 0,
25Fe0, 25Sr 0, 25Ag0, 250. 00202435Cr 0, 25Fe0, 25Pb0, 25Ag0, 250. 00246736Cr 0, 25Fe0, 2
5Mb0, 2510, 250. 00314837

Co0. 25Fe0. 2 25Pb0, 250. 00122138C00, 25C 0. 25860, 25A00.250. 8439C00, 25
Cro, 25Pb8, 25 éB&E@gE‘E}éﬁ%‘gé"fﬁéS%“FE ?ﬁ)a%g%?’zés?@g 5565.“8%&@1‘?4%0 BER20 25M
00, 25A0, 250. ARKAE3REPR, 2501 0, 25Fe0, 2551 0, 250. 00222543C00, 25Cr 0, 25Fe0, 25Pb

0, 250. 00182144Co0, 25Cr 0, 25Fe0, 25Mb0, 250. 00249945C00, 25K0, 25Ph0, 25Ag0, 250. 00
663346C00, 25Nd0, 25Pb0, 25Ag0, 250. 00347647Co0, 25Fe0, 25Pb0, 25Ag0, 250. 00589648C

00, 25Fe0, 25K0, 25AgQ, 250. 008485 -, 19 Exanpl eCormosi i onYi el d .

POY#9Co0, 25@%&?5‘%%6?‘?%&&‘55@ 66%?1%‘9%33%? ?E@éfg’E?@F'i‘tf YERJEEro 4ot B a4
Al t hou t he j i 1k hd 134 i or
t he pu?lg ose o%oayﬁ%dg ?rrb t ?%%djﬁ?éta t|5E?SrtE %&‘E‘g‘d‘ﬁ%géﬁg"gﬁ%“{“ﬁa@'ﬁf Qgﬁl%?oﬁgéplgde{rs

sol ely for thateaptanpgse camgoditiart of 319 weli% nEropdend endridevaell¥éer @iygeiyAt anse

skilled in the art w thout de agti n(g fromthe 5 sq%iQrit and scope of  the
i nvent i on exdBsmahéemperstite Hel25’ G P gopsenirions| ofjgpgut 45 ppm were determined

in the exit gas stream

20 Example 8.

0.129 g of cobalt nitrate were dissolved in 4.5 ml of water, and this solution was
allowed to be absorbed by 10 g of Al,Os. The solid obtained in this way was dried for
4 h at 100°C in a vacuum drying cabinet under a vacuum of about 15 mm Hg.

25
Then, 2.475 g of nickel nitrate were dissolved in 3 ml of water. This solution was
allowed to be fully absorbed by the previously prepared solid, and dried overnight at

about 15 mm Hg and 100°C in a vacuum drying cabinet.

30 Finally, the solid was reduced for about 8 h at 500°C using 10 vol.% H; in N,
flowing at 60 1/h.



-20 WHAT IS CLAIMED 1S: 1. A process for the epoxidation of hydrocarbons
‘conprising: 5 ( 1) reacting (a) at |east one hydrocarbon with (b) oxygen
or air or nitrous oxide or other gaseous oxidants, in the presence of 10
(c) a mxture conprising at |least two elenents selected fromthe group
consisting of Sc, Y, Ti, Zr, H, V, No, -Ta,- &, M, W Re, Fe, Co, N, Sn,
Pb, Sb, Bi and Se, on a support wth a BET surface area of |ess than 200
n2/g. 15 2. The process of Caiml, wherein the BET surface area of said
support is less than 100 n2/g. 3. The process of Claim1, wherein the
support conprises A1203. 20 4. The process of Claim1l, wherein (a) said

hydr ocar bon i sft&etedaétesh, faboud (g 6ff Y acyss iobtaimkd of thiy oy |vedie tediel in a
butyl ene. 5. The process of Claim|, wherein (c¢) said m xture conprising at
| east two el espmtinuously epsrated Bxed beshreadier witlh apesidanse Hmernd abputQIrsec., updrs,
CoCr, CoNi, 25 N Cr, Co-Fe - Re - Cro -NEL N v Shy F - ke- Ag,
Co- Pb- Ag. N PR eTsoRposTRo BE 27 Vhs elplpnetha 1 ot Sragth AP

Co- Cs- Fey AJ, iR} 1éhpedbtureSr B3°81 PALondimzRokeof Mout 5 pBmRRert@etermined

Ni - Cs- Pb- Ag, N Ba-Fe-'Ag, N -Ba-Pb-Ag, N -Co-Sr-Ag, N -Co-Fe-Ag, Eu-Er-Pb-W
Mo- PbSr - Ag, He-tlbex3r gabgirede- Pb- Sr- Re, Fe-Mo-Sr-Ag, Cr-Sr-Re-Ag, Cr-Fe-Re 30
Ag, Cr-Fe-Sr-Ag, Cr-Fe-Pb-Ag, C-Fe-M-Pb, Co-Fe-Sr-Ag, Co-Cr-Re-Ag,
Co-Cr-Pb-Re, Co-Cr-Pb-Sr, Co-Cr-M-Ag, Co-Cr-Fe-Sr, Co-Cr-Fe-Pb, Co -21
Cr- Fe- Mo, Co-fRbnédg, Co-Nd- Pb-Ag, Co-Fe-Pb-Ag, Co-Fe-K-Ag, Co-CsPb-Ag,

Co- Cs- Fe- Ag an €. 6. A catalyst for the epoxidation of hydrocarbons,
wherein said catalyst 5 conprises a mxture conprising at |east two

o T ! LG oy A SR S s St o
BET surface af&affwddicdShd %%grsbt%QSO\XD"% of ?Aﬂ%d-gh%ﬁastoﬂhyqﬁaiﬂéd Qf ﬁﬁ%@% wygerein

the m xture conprising at efenments is selected fromthe group

consi sting ofdrfedHer 4 Goael000 G a vaoiNim dNikg cabigkt Jaler a vacuum of about 15 mm
(A3N?. Ay AS{ Ayh, e AUATH A ARD. AA B AAS. AA AV, AU AN@ AU Y. Ah. AA, . A
g.

15 Then, 1.9 g of iron nitrate were dissolved in 3.5 ml of water. This solution was
allowed to be fully absorbed by the previously prepared solid, and dried overnight at

about 15 mm Hg and 100°C in a vacuum drying cabinet.

Finally, the solid was reduced for about 8 h at 500°C using 10 vol.% H, in N;
20 flowing at 60 1/h.

After reduction, about 10 g of the catalyst obtained in this way were tested in a
continuously operated fixed bed reactor with a residence time of about 20 sec., under
a reactant gas composition of 79 vol.% propylene and 21 vol.% oxygen. At an
25 internal temperature of 225°C, PO concentrations of about 30 ppm were determined

in the exit gas stream.
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Chromium(IINnitrate precursor Cr
Iron(IlD)nitrate precursor Fe
Ammoniaheptamolybdate* 4 H,O precursor Mo
Lead(IDnitrate precursor Pb
Strontiumnitrate precursor Sr
Rhenium(VII)oxide precursor Re
Silvernitrate precursor Ag
Cesiumnitrate promoter Cs
Neodym(III)nitrate promoter Nd
Potassiumnitrate promoter K
Bismuthnitrate precursor Bi
Nickel(IDnitrate precursor Ni
Bariumnitrate promoter Ba
Europiumnitrate promoter Eu
Erbium(II)nitrate promoter Er
Sodiummetatungstenate precursor w
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According to the number of the elements required for a particular catalyst up to five
aqueous solutions of the elements are dosed via micro syringe pumps into a 2mL

glass vessel. The total volume of the solutions in the glass vessel is 450 microlitres.

In Table 2 “composition” refers to the fraction of the corresponding aqueous element

5 solution of the total volume of the solutions in the vessel. 1 g of Al,Oj3 is then added
to the solution mixture. After the solution mixture is completely soaked up by the

AlOs the material is dried overnight at ca. 100°C and 200 mbar in a vacuum drying

cabinet. The material is then calcined for 4 h at 500°C in air. The catalyst is finally

filled into a fixed bed reactor and conditioned for 4 h at 200°C in a mixture of

10 hydrogen and nitrogen (10% hydrogen of the total gas stream volume) with a
flowrate of 0.08 I/h. At 200°C and normal pressure, a gas stream composed of 24%
propene, 4.5% oxygen and 71.5% air (percentages as fraction of total gas volume) is

passed over the catalyst with a flowrate of 0.35 1/h. The effluent gas is tested with gas
chromatography to determine the content of propylene oxide. In Table 2 “yield PO%”

15 refers to the volume fraction of propylene oxide as part of the total volume in the

effluent gas stream.

Table 2:

Example (Composition Yield PO%
10 Co0,3333Fe0,3333Ag0,3333 0.002804
11 C00,3333Pb0,3333Ag0,3333 0.012592
12 Ni0,3333Pb0,3333Ag0,3333 0.006409
13 Ni0,3333C00,3333Ag0,3333 0.006942
14 Co0,25Fe0,25S5r0,25Ag0,25 0.004742
15 Co0,25Pb0,255r0,25A20,25 0.012488
16 Co0,25Pb0,25Fe0,25Ag0,25 0.013624
17 Co00,25Cs0,25Fe0,25Ag0,25 0.011009
18 C00,25Cs0,25Pb0,25A¢0,25 0.005510
19 Co0,25Ba0,25Bi0,25Ag0,25 0.002667
20 Ni0,25Pb0,25Fe0,25A20,25 0.006396
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2snL#10%N;ié; 2(5)300 '2BiSro ,25Ag0,25 0.002614
26 Ni0,25C00,25Fe0,25Ag0,25 0.005089
27 Eu0,25Er0,25Pb0,25W0,25 0.008260
28 Mo0,25Pb0,25510,25A¢0,25 0.001332
29 Fe0,25Pb0,258r0,25Ag0,25 0.001852
30 Fe0,25Pb0,25510,25Re0,25 0.002056
31 Fe0,25M00,25510,25Ag0,25 0.004513
32 Cr0,25510,25Re0,25A¢0,25 0.002423
33 Cr0,25Fe0,25Re0,25Ag0,25 0.001870
34 Cr0,25Fe0,25510,25A¢0,25 0.002024
35 Cr0,25Fe0,25Pb0,25Ag0,25 0.002467
36 Cr0,25Fe0,25M00,25Pb0,25 0.003148
37 C00,25Fe0,25M00,25Pb0,25 0.001221
38 C00,25Cr0,25Re0,25Ag0,25 0.002484
39 C00,25Cr0,25Pb0,25Re0,25 0.001226
40 C00,25Cr0,25Pb0,25510,25 0.001912
41 C00,25Cr0,25M00,25Ag0,25 0.001843
42 C00,25Cr0,25F0,25510,25 0.002225
43 C00,25C10,25Fe0,25Pb0,25 0.001821
44 C00,25C10,25F0,25M00,25 0.002499
45 C00,25K0,25Pb0,25Ag0,25 0.006633
46 Co0,25Nd0,25Pb0,25Ag0,25 0.003476
47 Co0,25Fe0,25Pb0,25Ag0,25 0.005896
48 Co0,25Fe0,25K0,25Ag0,25 0.008485
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3. The process of Claim 1, wherein the support comprises Al,Os.
20 4. The process of Claim 1, wherein (a) said hydrocarbon is selected from the

group consisting of propylene and butylene.

5. The process of Claim 1, wherein (c) said mixture comprising at least two
elements is selected from the group consisting of: CoFe, CoRe, CoCr, CoNi,

25 NiCr, Co-Fe, Co-Re, Co-Cr, Co-Ni, Ni-Cr, Sb-Fe, Co-Fe-Ag, Co-Pb-Ag, Ni-
Pb-Ag, Ni-Co-Ag, Co-Fe-Sr-Ag, Co-Pb-Sr-Ag, Co-Pb-Fe-Ag, Co-Cs-Fe-Ag,

Co-Cs-Pb-Ag, Co-Ba-Bi-Ag, Ni-Pb-Fe-Ag, Ni-Cs-Fe-Ag, Ni-Cs-Pb-Ag, Ni-

Ba-Fe-Ag, Ni-Ba-Pb-Ag, Ni-Co-Sr-Ag, Ni-Co-Fe-Ag, Eu-Er-Pb-W, Mo-Pb-

Sr-Ag, Fe-Pb-Sr-Ag, Fe-Pb-Sr-Re, Fe-Mo-Sr-Ag, Cr-Sr-Re-Ag, Cr-Fe-Re-

30 Ag, Cr-Fe-Sr-Ag, Cr-Fe-Pb-Ag, Cr-Fe-Mo-Pb, Co-Fe-Sr-Ag, Co-Cr-Re-Ag,
Co-Cr-Pb-Re, Co-Cr-Pb-Sr, Co-Cr-Mo-Ag, Co-Cr-Fe-Sr, Co-Cr-Fe-Pb, Co-
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