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PCT/ EP99/ 00530V0 99/40077 Process for the catalytic direct o X CHERTH8°3
unsat urated hydrocarbons in the gas phase The invention
relates to a catal ytic gas phase process for the preparation of epoxides 5
from unsat urat ed hydrocarbons by oxidationl with nol ecul ar oxygen in the
presence of . eassss Tk Beotalivly 8128 in Bl el Hvab agndis i 353 o' "
di rect oxidati eOf unsaturated hydrocarbons with nol ecul ar oxygen in the
10 gas phase do not proceed below 200[err]C - even in the presence of
catalysts -and it is therefore difficult to prepare

oxi dati on-sensjtiyve oxidatjion products, such as e.g. . epoxi des,,
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pl astics sector with a proportion of nore than 60% specifically
for the prepargld BUskS.pol yet her-pol yols for the synthesis of

pol yur et hanes. In addition, even greater proportions of the market
are covered by propene oxide derivatives in the field of glycols,
in particul ar Ingeheral, divadtioxidatichsaTunéat@niee hydrd€arbons with mélecultr a8gewin the
propene oxide worldwide is currently synthesized via the "chlorohydrin
process” 10A f ugasihasssdomot progeed belaye 2@%’9 nevenria the presense o crtabystsy-andh i is

"oxirane roc ! 25 ln,the chlorohydrin cess : dr eas
et ‘Bl 1 pr opy! RS GRTERE o8, PEREe TSR A S BiodREST gl of 1Y
chl orohydri n i gokides,! alésHole6r EMeliydes; tseRbtivly, MR aRe s¥donbarkiQections o€ these
and chlorine), and propene oxide is then forned fromthe chl orohydrin by

splitting of f products oftgngirocsed faster Bwpdhe oidation of theoléfins cmployed themselves. but
wi th appropriate optim zation has a hi gh selectivity (> 90% wth
hi gh conversions. The loss of chlorine in the 30 chl orohydrin process

in the fqsm of papEddb:8ESisTRk O R Mo impartdt ¥ReChbRidafi®ARE chemical industry.
Its field of use lies in the plastics sector with a proportion of more than 60%,

specifically for the preparation of polyether-polyols for the synthesis of polyurethanes.
In addition, even greater proportions of the market are covered by propene oxide
derivatives in the field of glycols, in particular in lubricants and antifreezes.

20
About 50% of propene oxide worldwide is currently synthesized via the "chlorohydrin
process”. A further 50%, with an increasing trend, is supplied by the "oxirane

process".

25 In the chlorohydrin process (F. Andreas et al.; Propylenchemie [Propylene chemistry],
Berlin 1969), chlorohydrin is first formed by reaction of propene with HOCI (water
and chlorine), and propene oxide is then formed from the chlorohydrin by splitting off
HCl with a base. The process is cost-intensive, but with appropriate optimization has a
high selectivity (> 90%) with high conversions. The loss of chlorine in the

30 chlorohydrin process in the form of worthless solutions of calcium chloride and



-z - sodi um chl ori de and the associated high salt load in the waste

wat er | ed earl QV(E)??/‘PBWt he search for chlorine-free oxFPEHEF990530
syst ens. The oxi dation processes use organi c conmpounds instead of
the inorganic oxidizing 5 agent HOClI to transfer oxygen to propene.
This indirect epoxidation is based on the-2- fact that in the liquid

phase organi c per,oxides,. . |li hydr operoxj d an.transfer their
per oxi de oxyge ns°§81%g*§f”{}%ﬂ %"‘iétetbe %ﬁs‘é‘f’ﬁﬂiﬁ@h s;lgpﬁ‘? 8})@9 aale w aﬁjﬁ?‘ﬁﬁﬂé’}?ﬂ"éo the
process, the  search for CNEFHARBESOS iARPONARemenVerted into al cohols and the

per oxycar boxylic acids are converted into acids. Hydroperoxides
are produced from the corresponding 10 hydr ocar bon by aut oxi dation with

air or nol ecul oxygen. A serious di sadvanta of .indirect, . .
oxi dation is tﬁile&%%&m&wwﬁd@ﬁe@gw %moag&gﬁ@a%ﬂfa%e {norgamicypxidizing
mar ket valqe of. I g%geh <2 g LY | of
t he oxi di zsijng ag&ﬂq{éeg%etﬁ%sﬁfﬁ t@&?ot;ﬁﬂcgi ?ﬁﬁﬁ%&%ﬁ?@?g@%%@%‘?% a
cat al yst ( Not arfacthatdh the lidtidghake obddhicapretoxitfesAlikedHydroperoxides4&:d) tranisfer s

possible for the first tine to_ePoxidi ze pragpene w th hydrogen peroxide in
the liquid phaPeroxiiscoxxgen yelgetively toaplefips to frm epaxides Ppring: fhis: progess; dhe of

> 90% . , Oxjdation is
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silicalites conrbaveriedgirtd aididsim Mg tdperdkides dare afroduoedU HONE ARP! éditedfonding

nmol ecul ar _oxygen and nol ecul ar hydrogen (JP-A 92/352771).

US 5 623 Bbo ( hxeipcarben by putpxidation witl gir g elecplanoxyaens dcserions disadventags of

propene to 25 . .. gpene oxide with a 100%sele¢ctivity for the first tine.

Thi S T a cat aiflire! SREATRE, R &ohoind depeededt SFvia pinbrac idF alerodh the

the presence ofmirk& vaReeEiHREoaSIBNbrodUétaA MR cost-intensive HRPABAGH & thy oRUBidAD! €

titani um di oxi de coated with nanoscale gold particles is used as

the catal yst. Mgemdscal e gold particles here are understood as neani ng

particles having a dianeter in the nmrange. The propene conversion

and the propene oxide 30 yield are stated as a maxi num of 2.3% The
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conversion for only a very shop{ }/Ilaar?e; e.)és. ﬂ??%“?ggf’?aﬁ 4%2:??‘-3??‘\%?8'6{"[701
428), it was possible for the first time to epoxidize propene with hydrogen peroxide in

the liquid phase under very mild reaction conditions with selectivities of > 90%
(Clerici et al., EP-A 230 949).

20 Propene oxidation is also achieved with a low yield in the liquid phase on titanium
silicalites containing platinum metal with a gas mixture comprising molecular oxygen
and molecular hydrogen (JP-A 92/352771).

US 5 623 090 (Haruta et al.) describes a gas phase direct oxidation of propene to
25 propene oxide with a 100% selectivity for the first time. This is a catalytic gas phase
oxidation with molecular oxygen in the presence of the reducing agent hydrogen.
Commercially available titanium dioxide coated with nanoscale gold particles is used
as the catalyst. Nanoscale gold particles here are understood as meaning particles
having a diameter in the nm range. The propene conversion and the propene oxide
30 yield are stated as a maximum of 2.3%. The AwTiO, catalysts described achieve the

approx. 2% propene conversion for only a very short time; e.g. the typical half-lives at



-3 - 7 noder at e tenperatures (40-50[err]C) are still unsatisfactory

(Haruta et al. W&PHOHHEr | d Congress on Oxi dation Cat al YSTEPPE830 .

965-970, fig. 6). This process thus has the di sadvant age that the

yi el d of epoxide, which is in any case low, is severely reduced

further by rapid deactivation. -Bor econonic use, the devel opnent
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oxi dation of unsa ocarbons in the gas se in the
presence of a hiyadvaptapedhatghe yieldkofiepexidef which is in argypase fow, ds severelin radaeed
addition of an jnert gas, .on _a supported catal yst coated with gold
particles, charfBherbyFad deactivations cal cined catal yst which has been
prepared fgom optionally doped titanium oxide hydrate and is coated
w th nanoscal e gold particles is 15 enpl oyed. The process

accordi ng to tIForienshiconuse; ahe kizveloptletnofilchtalykief whk . sigiiificatly hisetigadniphins e
oxi dation expediently takes place at |ow tenperatures (< 120[err]C) on_the
basis of the activities Withha gregtly deareased catalyghliferthergfore confirries @ e absolutely
possible to oxin%égsgargll unsaturated 20 hydr ocar bons from which are
formed those oxidation products of which the parti al pressure is
sufficiently low for the product to be renoved constantly fromthe

catal yst. Unsat ur at ed hydrocarbons having up to twel ve carbon
atons, inlpartilhel amveatiorertberefore provides apamecess -foutthe eoxidatipnb of evnsatuzatesd

preferred. 2 he preparatipon af the catalyst .h a_deci sive .
L1 ence on ¢ Mciasekge B 3 gy pfite incthe préd@hét ¥E p iodiniaRied Hbupumy if
prepared here th‘ﬁpfo?ﬁat'é%ﬂpﬁlbtaﬂdiﬂoﬂbfﬁd Riektalal, Uh'a SBPOREH catdlyst coated withlYolkd = an
aqueous solution of an inorganic or organic gold conpound 1s added dropw se

to a stirred aqagmles, shapetersiedninothat lhecaldineincatalystxwhieh Hyadrbeer prepadedarotrhe

cat al yst sSupport. .A water-containing.solvent,is preferahly used.
O her sol vent s, 0PLigR#YAopgd {jtangn oxi ¢ bydiatrand is eosfpds nasloscal Bolg earticlin éf
bases (e. g5 Socgn‘éﬁ?feﬂr bonate or alkali netal or al kaline earth
met al hydroxi de solution) are added to this gold(H) salt solution up to a

The process according to the invention can be used on all olefins. Since the gas phase
oxidation expediently takes place at low temperatures (< 120°C) on the basis of the
higher selectivities which can be achieved, it is possible to oxidize all unsaturated
20 hydrocarbons from which are formed those oxidation products of which the partial
pressure is sufficiently low for the product to be removed constantly from the catalyst.
Unsaturated hydrocarbons having up to twelve carbon atoms, in particular ethene,

propene, 1-butene or 2-butene, are preferred.

25 The preparation of the catalyst has a decisive influence on the catalyst activity. The
catalysts are preferably prepared here by the "deposition-precipitation” method. In
this, an aqueous solution of an inorganic or organic gold compound is added dropwise
to a stirred aqueous suspension of the titanium oxide hydrate used as the catalyst
support. A water-containing solvent is preferably used. Other solvents, such as e.g.

30 alcohols, can also be employed. When bases (e.g. sodium carbonate or alkali metal or
alkaline earth metal hydroxide solution) are added to this gold(IIT) salt solution up to a



-4- pH of 7-8.5 gold precipitates out on the titaniu ' drate
surface in theVP8¥H04t Au(m chl or ohydroxo or oxohydr?ﬁééggzq? Xes
or as gold hydroxide. To bring about a uni form deposition of

ultrafine gold particles, the change in the pH nust be controll ed by
sl ow dropwi se addition of this al kaline atteous solution. Since in an 5

f al kal, h i Lution.th . '
e r e, anm o, ol B e RERe KR S R
this reason a g chRFOMNS8ROXE-GF- Sxoliid@bx® Romplexes or 8§ galdl hydieflde. To bring
Precipitated gold(111) hydroxide cannot be isolated as such, but is

converted i nt cabobta 1@iform depasitiod rafniltrafinagoldophrticles, Abg clrange dm therpH mapst béri ch
deconposes to el engntal gol . LWt he rel ease of gxygen_when

cal ci ned abovecoi‘ggﬁgi ﬁ}' éﬂ’“‘r&'@ﬂ’(&%‘?&é‘é‘é‘% °36'}“5 "B‘Q‘E’E“? gquegus solutioh. SRR LR i n
this way are | geqidriAGH ndtdl HydroRRHRSbkitiSh 1R ﬁbﬂﬁcoﬁgﬂﬁﬂdéde?b‘iifeﬁ‘afssol%‘ggaiﬁve
particle dianmeters of < 10, pfeferably < 6 mm The anount of gold applied
to the tosfopm antated € Par(@F) JrornAu@ Jufor s raabdres pHt dfibetvecen. 7-816 mibsé be
surface area, on_the pore 15 structure and on the chem cal nature of the
surface of thee%*ﬁ’&iﬂ%ﬁdt. The properties of t he support thus play an
I nportant role for the catal ytic action. Surprisingly, it has
been found that when anorphous hydrated titani um oxi de hydrates of
high surface apPesipitited gold(l0lyegdforidecraniotite ivelated gokuth, biieis wdhwdriediinto the
activities in the 20 epoxi dati on of propene to propene oxide are

drasti callPy hi wetahydrexide AuGOR i aAw: g8 drying, which glgeammposessipptlempenialgald

wat er contents 0 9 . .
Initial prope n‘gﬂ%g? ed‘IeePey?? ee?%é%ﬂ?§%$1§&?%b%&§§§?ﬁ' n.glaesl\?\nm[%%ceégé %cé{?gwl&es
whi ch has beengenerated in thik Q&gmnﬁﬁbﬁiﬁ@dmwﬁaﬁkﬁﬁg toahé bllﬁﬁ@itisﬁﬂ'ad%}’ﬂ{dﬂia% and
conprises 0.5 wt. % gol d. 5 The water content of the titani um oxide

hydr at es enpl opasticle dliamseters|of < &0,vereferablyasdd nm. The amounit ofygold rappliadatel the
between 7-20 wt.% In th reparation,of the catal yst old is

appl od fo t hestBPPHeRARG, by Kerebles, IS <6 G 1k Pusfioe (55 19 BP9y m
of Au(llhy structuré QAP 8K MetScheliRNE Nftre 1 {Be SHIBRE T thOpBErt] The PrspeREE
still has no catalytic activity. Only calcining in a streamof air
at 350 to 500[ thersppparthuesplay emingportantmld for the catalytioactioni al 30 out of this
precursor.

Surprisingly, it has been found that when amorphous hydrated titanium oxide hydrates
of high surface area are employed for coating with gold, the catalytic activities in the

20 epoxidation of propene to propene oxide are drastically higher. These titanium oxide
hydrates employed have water contents of 5 to 50 wt.% and surface areas of > 50 m?/g.
Initial propene oxide yields of > 4% e.g. are obtained with a catalyst which has been
prepared on the basis of titanium oxide hydrate and comprises 0.5 wt.% gold.

25 The water content of the titanium oxide hydrates employed is usually between 5 and
50 wt.%, preferably between 7-20 wt.%. In the preparation of the catalyst, gold is
applied to the titanium oxide hydrate in a precipitation step in the form of Au(IIl)
compounds. However, the support loaded in this manner still has no catalytic activity.
Only calcining in a stream of air at 350 to 500°C makes a catalytically active material

30 out of this precursor.



-5 - Lowsulfate contents in the TiQ OH), precursors I singly
have the effecVOS8P4®7 drastic inprovenent in the cat alpﬁfﬁ?&gﬁ)sﬂ

properties of the catalysts prepared with them Cat al ysts based on
titani um oxide hydrate with a sulfate content of between 0.1 and 6
w . % preferably 0.2-1 wt.% are therefor-e5'preferably enpl oyed. The sulfate

b dded d d
ubsequent |y thOY ruliiHasetieps 1 e SO, ool HiBliindd e The Syt »

reagents (e.g.dradcf 1H{ﬁr&veﬁfehfinpﬂw%ﬁﬁlﬂi@ proPerdseor. the catalysts é)rep-ﬁﬂﬂ with them.
concentration of the soluble gold conpound in the stifred suspension has a

si gni fi cant i nCatalysts based mhﬁammnai:gdel hydeate wuhtawuﬂitemhntemmfd)bm@rlewm
therefrom By 10 at j rec tati ver tines

W th siml| anctits PEFERY 48 ethergfow ool byl 35e Siube e
catal ystssw t t

conpar ed %thh%dgkg%lts‘?g% dtﬁm e sa hég%{é&r mSa‘\i/e\/?]llﬁ byr%e? °é‘ér?f
applied in the titanome oxitle pydrates mhpegpnts@:g sﬁHﬂlraigcmm'sodlummﬂate).nount s of

gold of between 0.05 to 10 wt.% preferably 0.1 to 1 w.% have
been applied repeatedly to t he support by the 15

"deposition-pr an e | L&l g ying, are
t herefore fﬁé B%Ir} e#lﬁ I '?/f %?"3@@%8%%%& ? ﬁﬁelp%@gc@ss ac{(y(.)erﬂd?"fggél}sg’El #}’ a
i nvention. Wegignifiesht lnﬁﬂdehee on the catalghio’ &utivity oif ded ¢atdlysdfpr ?aﬁﬁdeﬂi&eﬂﬂbﬁlh By
nol ecul ar _oxygen in the presence of nol ecul ar % rogen, the

catal yst 1fr epa@@ﬂtﬂlﬁ theprecipitption: eparafiangseveral Hees witinimal algmmi% b ;geﬁsle@e

de with yiel 40 | ect f
orLde 1 1, b gl T S SRRy i
preci pitated ogomp ared Mthtcaﬁly%tsrwf/ﬂ@&lets'ahﬁ%nﬂ{ a61d. ldéﬂilhg”lﬁlhiohehﬁfbe&i Bpphed ihf

sel ected reduci ng agents (e.g. sodium citrate, nesi um

citrate,..) ar@%ﬁ!@k@anchﬂprn@r@daecmmpatwm axnomtssoﬁeql@mb b@tsr:/eem@ .05 t(; 10
talyti t b T
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support ii§ al SQieﬁGJiﬁ&ilﬁx‘émbftaﬁJhe &r s§3€§9§5‘6ﬁmaﬁelaﬁ/§shﬁ%05ﬂ@€ryh% %&d’lhﬁfe?d}él

ot her supports err], Al[efr]O[err]
preferably employed 1n the process according to the invention. When used in the

direct oxidation of propene with molecular oxygen in the presence of molecular
hydrogen, the catalyst prepared in this way according to the invention gives propene
oxide with yields of > 4% at selectivities of > 97%.

20
In the preparation of the catalyst, the reduction of the gold hydroxides precipitated on
the surface takes place during the calcining. If selected reducing agents (e.g. sodium
citrate, magnesium citrate,..) are added during the preparation of the catalyst, the
catalytic activities can be increased slightly.

25

The specific synergistic interaction between the nanoscale gold and the TiO(OH),
support is also achieved if the two components are applied to additional other supports
(e.g. Si0,, AL,O,, ZnO).



-6- The anmounts of catal yst enpl oyed and the anounts of gas enpl oyed
are not |inmiteW099%40077 The "space vel ocity" of the gas streaprﬁ'[?q??%‘l?a t he
catal yst bed should usually be approx. 0.5 to 20 1/g cat. xh[err].
5 The process according to the invention is carried out in the presence
of the gases oxygen and hydrogen,-6f appropriate with the addition
of inert gas. t he presenqge of t hese gases, the o enat.es
propene o>g<’i de tﬁf‘da‘ae t%ﬂgc {lgstgp@&pypgaﬂ(bﬂ&an@@%eo?%aﬁfmpﬁyea( m?lilg’dt&?i‘t i on
to the main pregue EiBLity"PSOME %&leg%%ﬁ thebatdlydt YEAShBLM" @ublp} pEen
30- 60@}%’0 IyéN\?/at ng a‘?ld t;hgf:es of ot h%‘% cor?po)r’lents (approx. 1%
based on PO aampré@fcoD0 Vgcat.xbddditi on to the nain product propyl ene

oxi de (approx. 4%yield). The conposition of the gas phase,
conpri sing propene, oxygen, hydrogen and possibly an inert gas, is
| mpor t ant gnot dﬁg elti. 4 el .

nol ar comgosi t?gén?r%?&ti&u%&ga %%‘%o‘%ﬁeﬁ@’@%‘é‘gﬁy@# 2‘83&’?&???’%8% t%ﬁ\lﬁgsgg
enpl oyed 15  okxyiehhfdhydrogés ifapstopriare with 1 wdditiom oflinest gaa ghnthapeeskvewd t 0
be explosive in certain conposi tions (expl osive gas). Surgroi singly,
it has been fothese gass. theexysanaiss pegpene oxide and agepReyarecrdsnc foupd @t 480%e iBan

be carried out e rOX| e " [ ' |4 "

out o de. tne- oxBIBEFbt P HRHLEBIE ol HARRE B £0: A peemn Y iR 30,
addition to anggx Witerbrid tRABEI b otk ¥orMBénénts TEdpro:d 0] based@n FOYGE fouad e
enpl oyed. 20 The followi ng gas ratios are therefore enployed for the

oxi dat i orlOr eacin asiditionto the main produptyprepidencisxide/(approxy dfte yield)t r ogen: 20- 80
vol . %/ 10-50 vol.%/ 1-10 vol.%/ 0-50 vol.% Preferably, H2 /
hydr ocarbon / oxygen / nitrogen: 30-75%/ 1540%/ 3-8%/ 0-10% The
nol ecul ar oxyg @Mﬁ&ﬁfﬂi‘) a&dnh ing3fto ' | 44 v g.
pur e og‘gaen, air o({fqg%%éeg?h%%’ygenﬂhnert %égg,%%y%ﬂaﬁg?géz%ﬂd%ssﬂy I'n
addi ti on to then marcgass issinportdntnapt tonlyt foe thesmaetiome Yidd, butalsoxfod safetyn Al

unsat ur at ed hydr.qcar bons, the invention further.nore al so provi des
the catal yst eFSHEy@aIPPRIpR o the ases progparleygemhydrogen/nifiogen can be employe

- 7- 15 EX3AMe&S. Gas mixtures of oxygen and hydrogen are known to be explosive in certain

compositions (explosive gas). Surprisingly, it has been found that the oxidation
reaction described above can be carried out under approximately "hydrogenating
conditions" outside the explosion limits. "Hydrogenating conditions" means that, in
addition to an excess of hydrogen, only very small amounts of oxygen are employed.
20 The following gas ratios are therefore employed for the oxidation reaction: H, /
hydrocarbon / oxygen / nitrogen: 20-80 vol.% / 10-50 vol.% / 1-10 vol.% / 0-50 vol.%.
Preferably, H, / hydrocarbon / oxygen / nitrogen: 30-75% / 15-40% / 3-8% / 0-10%.
The molecular oxygen employed for the reaction can have various origins, e.g. pure
oxygen, air or other oxygen/inert gas mixtures.
25
In addition to the process according to the invention for the oxidation of unsaturated
hydrocarbons, the invention furthermore also provides the catalyst employed in this

process.



Di rect oxidation of ropene to propene oxide 5 St andard eaction
condi tions: Th¥OP¥4{br is a fixed bed tube reactor (1 cm ;E %zqogér?eter
20 cm |l ength) of double-walled glass, which is tenperature-controlled at
46[err] C by neans of a water thernostat. The reactor is preceded by a
static m xing and t enper at ure-com¥ol 1 i ng zone. The gol d supported
catalyst is initial I ntroduced on to a glass frit. The catal yst

| oading is 1.8%3%"-@% h. The educt gases are netered into the 10

reactor fromthe top downwards by neans of flow regulators. The educt gas
rati os are Oferr] / Herr] / (err]Herr]: 0.1/ 1.3/ 0.4 1/h. The
reaction gas rﬁ)irectroeudatloanﬁlpquiewprmneouﬁe gas chromat ogr aphy
with an FID (all oxygen-containing organi c compounds, exception
CJerr]) and TCD detector (permanent gases, CO Cderr], Herr]0). The unit
IS 2 cons{aahl.@d rédctioft Edidiiticis: SRk SR is §CRed Bl Tuﬁ)% Eaétet! T(FrE%{‘t

val ues. 1 the reactions under pressure, an anal ogous f1 xed bed
t ube reactor odianétér, vﬁ(l tmalength) of doublewvaliedeglassp wddchuisetemptmatire-oontsolled et i s
enpl oyed. Al'l the catalysts are anal ysed by TEM (transm ssion

el ectron mcr O%Gd@wmpﬁwmﬁaw@r tbmtat Theeacipris p@ﬁcefiwebsg@rsta%mmgm

[ exarpl e 20, el el IRIPLAYC Il D3k SRt BARES iitlly inrodyggh o

exanple 21, 1- ene prope

100 mg H(AUC [@gkdd frix. Theedtdigdt 16bdapak 18d/g dat. HOOTHe edder ga@esmamwtﬁrmtoache
added dropwi se to a suspension of 10 g titani um oxi de hydrate (BET

surface adPea oﬂeaqsoﬁméhwpgiowmmdmyémgansgf flow pegubptys.1 Thepdist gasaatigsase at

RT in the courge i r&ing. ..To gol d

nydr oxi de, ¢ neOptFe 6 on iy tek) §ah i BacslR B BSIelf brsea pomeai¥ ¢ Con:

the pale gas chromatography with an FID (all oxygen-containing organic compdunds,
exception CO,) and TCD detector (permanent gases, CO, CO,, H,0). The unit is

controlled via a central system for recording the measurement values.
15
For the reactions under pressure, an analogous fixed bed tube reactor of V4A with a

downstream pressure retention valve is employed.

All the catalysts are analysed by TEM (transmission electron microscopy) in respect of
20 the size of the gold particles.

In example 20, ethylene is employed instead of propene.

In example 21, 1-butene is employed instead of propene.

25
Example 1
100 mg H(AuCl,) x H,0O, dissolved in 100 m! deionized water, are added dropwise to a
suspension of 10 g titanium oxide hydrate (BET surface area of 380 m*/g, 12% water)
30 in 0.3 1 deionized water at RT in the course of 60 min, while stirring. To precipitate

the gold hydroxide, the pH is brought to 8 with a 0.5 molar Na,CO, solution; the pale



ﬁel | ow suspens‘;vgragﬁlt@ifs its colour. The suspension is sti rre%\ﬁqﬁ%gﬁ 3

and the id is separated off and washed 4 tines
conpl etely dem neralized water each time. For drying, the solid is
kept at 150[err]C for 2 h and at 200[err]C for 1 h, and the dried

contact is then calcined in air at 250[ertf§C for 2 h and at 400[err]C for 5

h. 5 A.cat al yst. wi.th Q.5 w . %ol d is.obtajned. terj zat
by TEM shows RIS ametsiof 1bdks g Soffur e sfiepefeiBP | UEH 2y RSP £l thd "
di ameters of ajyftgx sephrafed dtf and washed 4 tinlésSwiie3s! hﬂ%oﬁl?létélﬁ demin@tatizéd water

reaction, analogously to the standard reaction conditions, 10 are
sunmmari zed i n ¢aghkime] For drying, the sokid askept at2150°C for 2 h and hic20PS€ b1k h, andl the

prepared anal ogously ta exanple 1, hut t ou i is 15

heated up to 8‘8'[ r0 @ctb‘éﬁwg’glﬁ%&éfhﬁ?tigﬁggg‘ggﬁ@‘écﬂ%ga&@ér9 h. A cat al yst
with 0.5 wt.%gold is obtained. Characterization by TEM shows nanoscal e
gold particles with average particle dianeters of approx. 3-8 nm 20

The resul ts of Atchmlystitvith ¥tS wt.%czoid is@btaireda Clgracteriyation ByHEEMtshowanahasesdet i on
condi tions, are summari zed .in table 1, Exanpl e 3 25

The catal yst i8olppafisleewitapueragrppstisle digmeteryofiagprex. LMoo ny H(AuC 4),

di ssolved in 100 M conpletely dem neralized water, are added. A
catalyst with 1.0 wt.%gold is obt ai ned. Characterization by TEM

shows nanoscal Thgfesaltsoef the ehtaBtivirédetian,emagously to the spadind abactidh aoBdif6%s, Of
approx. 3-6 nm 30 . _The results of the catalytic reaction, anal ogously
to the stfndar#esunmerizul iBdahde 1 ons, are summarized in table 1.

Example 2

The catalyst is prepared analogously to example 1, but the aqueous suspension is
15 heated up to 80°C before the addition of the gold.

A catalyst with 0.5 wt.% gold is obtained. Characterization by TEM shows nanoscale
gold particles with average particle diameters of approx. 3-8 nm.

20 The results of the catalytic reaction, analogously to the standard reaction conditions,

are summarized in table 1.

Example 3

25 The catalyst is prepared analogously to example 1, but 200 mg H(AuCl,), dissolved in
100 ml completely demineralized water, are added. A catalyst with 1.0 wt.% gold is
obtained. Characterization by TEM shows nanoscale gold particles with average

particle diameters of approx. 3-6 nm.

30 The results of the catalytic reaction, analogously to the standard reaction conditions,

are summarized in table 1.



-9- 7 Exampl e 4 The catal yst is prepared anal

exampl e 1, butW28%*WY nonosodiumcitrate are added 0. %%ﬁ}@%g#ﬁt he
gol d hydroxi de precipitation. 5 A catalyst with 0.5 w.%gold is
obt ai ned. Characterization by TEM shows nanoscal e gold particles

Wi th average particle diameters of approx2-4-6 nm The results of
the catalytic éeact!i gn, anal ogously to the standard reaction conditions, 10
are summari ze e 1. Exanpl e 5 The catalyst is
prepared anal ogously to exanple 1, but 464 ng magnesiumcitrate are 15
added 0.5 h after the gold hydroxide precipitation. A catal yst

with 0.5 w . % T aitalyst tstyrepaneeichnaloigemshy tossxamatei 1o hutd64 TEg/monosediuma pitratedre
gold particles w ver age ticle,di aneters of approx. 1-6 nm 20
The results ofaﬂﬁégéi%ﬂleﬁﬁ@@?’%ﬁlﬁmﬁﬂﬁ‘l Busly to the standard reaction
condi tiong, are summarized in table 1. Exampl e 6 25
The catal yst is prepared anal ogously to exanple 1, but the dried contact is

cal cined for A catalyst with Y).5lwiadolPBB@bGinel0 Charsctetibatondry " BEMchowk natoseale
again reacted wiith 100 ny H(AuCl 4) washed, dried and cal ci ned,

anal ogous|y t o8U%p#irles with average particle diameters of approx. 1-6 nm.

The results of the catalytic reaction, analogously to the standard reaction conditions,

10 are summarized in table 1.

Example S

The catalyst is prepared analogously to example 1, but 464 mg magnesium citrate are
15 added 0.5 h after the gold hydroxide precipitation.

A catalyst with 0.5 wt.% gold is obtained. Characterization by TEM shows nanoscale

gold particles with average particle diameters of approx. 1-6 nm.

20 The results of the catalytic reaction, analogously to the standard reaction conditions,

are summarized in table 1.

Example 6

25 The catalyst is prepared analogously to example 1, but the dried contact is calcined for
only 1 h at 250°C. 10 g of this dried catalyst are again reacted with 100 mg H(AuCl,),
washed, dried and calcined, analogously to example 1.

A catalyst with 1.0 wt.% gold is obtained. Characterization by TEM shows nanoscale
30 gold particles with average particle diameters of approx. 1-6 nm.



A catalyst with 1.0 wt.%gold is obtained. Characterization %ﬁ;&%@ WS
nanoscal e 30 WORYMOF particles with average particle di amet

r ox.
1-6 nm - 10-

The results of the catalytic reaction, analogously to the standard reaction
condi ti ons, are sumarized in tabll@-1. Exanple 7 5

The catal yst i r epar anal pgous| ¥ to a e 1, but .the ti.tani um.oxi de
hydr at e fh%’i?ﬁ‘ﬁ%i %gﬂ‘@ F%@g’gﬁ |r?a§ﬁ%n, ﬁ%&%ﬁw e _syandarg reaction ORAIHONS, o ¢
with 0.5 w. % gekeningrigtiakshdsd;, Characterization by TEM shows nanoscal e 10

gold particles with average particle dianmeters of approx. 3-8 nm
The results of the catalytic reaction, analogously to the standard reaction

condi tions, e sumari zed in table 1. 15 Exanpl e 8
The cat al yst imged anal ogously to exanple 1, but the titani um oxide
hydrate g contains 4% sul fate and 12% wat er. 20 A catalyst with

0.5 wt.%gold is obtained. Characterization by TEM shows nanoscal e
gol d particl esThe tétalgsteisggepapal tnatdgously atoaixampleot, By ghe titandmB oxider hydrate
The results of the catalytic reaction, analogously to the standard reaction

conditi ons,  contains 4}% sylfpgigand } &4 wateri apl e 1. 25

A catalyst with 0.5 wt.% gold is obtained. Characterization by TEM shows nanoscale
10 gold particles with average particle diameters of approx. 3-8 nm.

The results of the catalytic reaction, analogously to the standard reaction conditions,

are summarized in table 1.

15 Example 8

The catalyst is prepared analogously to example 1, but the titanium oxide hydrate

contains 4% sulfate and 12% water,

20 A catalyst with 0.5 wt.% gold is obtained. Characterization by TEM shows nanoscale
gold particles with average particle diameters of approx. 3-8 nm.

The results of the catalytic reaction, analogously to the standard reaction conditions,
are summarized in table 1.
25

Example 9

The catalyst is prepared analogously to example 1, but the calcining is carried out at
500°C for 5 h.
30



Exarrpl'-'e 9 The catal yst is prepared anal ogously to exanple 1, but

the cal ci ning i"C¥4%P1ed out at 5000C for 5 h. 30 PCT/EP99/00330.

- 11 - A catalyst with 0.5 wt.%gold is obtained. Characterization
by TEM shows nanoscal e gold particles with average particle

di anmeters of approx. 3-8 nm Theltesults of the catalytic

reaction, anal Ly L. e g andard reaetjon condi.tion ) are
sunmari zed in ?gga?@y%_wﬁ 6? wt./E ggl%iz eigfﬁa;ractenza%wn %z.?“E%bl f%ﬂr::gﬁ;qang%cale
repared anal ogglEaridles WHRERY 4 1eldidmdtbls 358 £t abl i shed.

R cgt al yst w t%ggﬁ% wt. % gold i se%obt ai rlled. &ha?gct erization by TEM shows

nanoscal e gold particles with average particle dianeters of approx.

3-8 nm The results of the, catalytic reaction nal pgously . to the
standard react i rﬁ%ﬁﬁ io‘f ?‘%%a?alx%c reactiog, gnal ?/it@a@ ftandagreaction conditions,
Exanple 115 are summaryed GPkBle)St 1S prepared anal ogously to exanple 1, but

a pHof 7.5 is established. 20 A catalyst with 0.5 w.%gold is
obt ai ned. Characterization by TEM shows nanoscal e gold particles
wi th average pirticle gli aneters of approx. 3-8 nm

xample 1

The catalyst is prepared analogously to example 1, but a pH of 7.0 is established.
10

A catalyst with 0.5 wt.% gold is obtained. Characterization by TEM shows nanoscale
gold particles with average particle diameters of approx. 3-8 nm.

The results of the catalytic reaction, analogously to the standard reaction conditions,

15 are summarized in table 1.

Example 11

The catalyst is prepared analogously to example 1, but a pH of 7.5 is established.
20

A catalyst with 0.5 wt.% gold is obtained. Characterization by TEM shows nanoscale
gold particles with average particle diameters of approx. 3-8 nm.

The results of the catalytic reaction, analogously to the standard reaction conditions,

25 are summarized in table 1.

Example 12

The catalyst is prepared analogously to example 1, but ZnO is employed instead of
30 titanium oxide hydrate.



The results of the catal ytic reaction, analogously to the standar g%o%?ctlo

condi tions, 2509488 sumuarized in table 1, Exanp‘T(g/Ff

The catal yst is prepared anal ogously to exanple 1, but ZnO is enpl oyed
i nstead of 30 titani um oxi de hydrate.

-12- A gol d/ zi nc oxi de catal yst W|-t1I2-O 5 vvt % gol d i s obtained.

part il o df aneheddahe eide satalysl YR WESk gotd S Shfghed? SChriisifzatibn By TR 20°
catal ytic reacfjqm, naﬁ&%hlege}@ﬂayuél& &lhﬁav%@eﬁ%éler&ﬁﬁétéreaf '.tslmﬁn. 5

are summarized 1n table 1. he catal yst is
pr epared anal ogousl y to exarrpl e 1, but ZnO/ 3% TiJerr] (anatase) is 10

enpl oyed inste i t ani um oxj de hydr at zinc
oxi de/ ti t ani un&g? 153% £ pipbiti paction, %’al%@%b@& thei %aﬂﬁ@%afeﬁ@&n conditions,

Char act eriszati gn oy, TEM. ilaq epanoscal e gold particles with average
particle I anmeters o approx. 3-10 nm 15 The results of
the catalytic reaction, anal ogously to the standard reaction conditions,
are sunmmarized_in table 1.

Example 13

The catalyst is prepared analogously to example 1, but ZnO / 3% TiO, (anatase) is
10 employed instead of titanium oxide hydrate.

A gold/zinc oxide/titanium dioxide catalyst with 0.5 wt.% gold is obtained.
Characterization by TEM shows nanoscale gold particles with average particle

diameters of approx. 3-10 nm.

15
The results of the catalytic reaction, analogously to the standard reaction conditions,
are summarized in table 1.
Example 14

20

100 mg H(AuCl,) are dissolved in 50 ml completely demineralized water, 10 g

titanium oxide hydrate are introduced, while stirring, and the suspension is brought to

pH 8 with 0.5 molar Na,CO, solution. 464 mg magnesium citrate are then added.

After stirring for 2 h, the solid is separated off, washed 5 times with 100 ml water,
25 dried at 150°C for 2 h and calcined at 400°C for 5 h.

Characterization by TEM shows nanoscale gold particles with average particle

diameters of approx. 1-6 nm.

30 The results of the catalytic reaction, analogously to the standard reaction conditions,

are summarized in table 1.



Exanple 14 20 100 ng H(AuCl [err]) are dissolved in 50.m _ co etely
deni neral i zed WRP&F0710 ¢ titani um oxi de hydrate are ﬁ%@gﬁ@g d,
while stirring, and the suspension is brought to pH 8 with 0.5

nol ar Na2CO3 sol ution. 464 ng magnesiumcitrate are then added.

After stirring for 2 h, the solid is separldt-ed of f, washed 5 tinmes with 100
m water, 25 dried at 150[err]C for 2 h and calcined at 400[err]C for 5
h. Characterizati on by TEM shows nanoscal e gold particles with
average partiCk@ample1s dianeters of approx. 1-6 nm 30 The results
of the catal ytm‘gﬁt‘l on, anal ogously to the standard reaction conditions,
are summari zed in table 1.

- 13- anp] e 15 The catal yst i s, prepared anal ogously to
exanpl e 14, buirE%( ﬁ%taié()?ﬁ Saprepaed éﬁ@?g%ﬁg’i o 6’9‘“}33 1é’a]’\%i g‘ﬂ QJ‘&?at‘&P geHeRf C.

Exanpl e 16 carried out kffocgat al yst i's prepared anal ogously to exanple 14,

but the oxidatiron reactionis 10 carried out at 30[err]C.
Exanpl e 17
Example 16

The catalyst is prepared analogously to example 14, but the oxidation reaction is
10 carried out at 30°C.

Example 17

The catalyst is prepared analogously to example 16, but the dried contact is calcined
15 for only 1 h at 250°C. 10 g of this dried catalyst are again reacted with 100 mg
H(AuCl,), washed, dried and calcined, analogously to example 16.

A catalyst with 1.0 wt.% gold is obtained. Characterization by TEM shows nanoscale
gold particles with average particle diameters of approx. 1-6 nm.

20
The results of the catalytic reaction, analogously to the standard reaction conditions,
are summarized in table 1.
Example 18

25

The catalyst is prepared analogously to example 1, but the reaction analogously to the

standard reaction conditions is carried out under an increased pressure of 3 bar.

The results of the catalytic reaction, analogously to the standard reaction conditions,

30 are summarized in table 1.



The catalyst is prepared anal ogously to exanple 16, but the drj act
HopEdagds

i s cal ci ned 15WV0%% 77only I h at 250[err]C. 10 g of this dri st
are again reacted with 100 ngy H(AuCl[err]), washed, dried and

cal ci ned, anal ogously to exanpl e 16. A catalyst with 1.0 wt.%
gold is obtained. Characterization by TEM4hows nanoscal e gol d
particles wt hEaver 1 particle dianmeters of approx. 1-6 nm 20 The
results of the—@gpgﬁagi c reaction, analogously to the standard reaction
condi ti ons, are sunmarized in table 1. Exanpl e 18 25

The catal yst is prepared anal ogously to exanple 1, but the reaction

anal ogousl y t oTheeatalyst is preparedanidogously 4e example bait theeaction apalogously tothe
under an increase ressure af. 3 .bar.. .The results of. t.he

el yiic 1 enchruad D sauGHgR g caried e anderan b BEtE i 10Es, 20
are sumaki zed in table 1.

- 14- Exanpl e 19 The catal yst is prepared anal ogously to
exanpl e 1, but Théreesuktsacf the watalydic aggrtion,yanhlogoisty to the standatiamattiod corditiongn

conditions is carried out, under an increased pressure of 10 bar. 5
The resul ts of B emmgrizedinitable bact i on, anal ogously to the standard reaction

condi ti ons, are summarized in table 1. Exanpl e 20 10
Example 20
10

The catalyst is prepared analogously to example 14, but ethylene is employed under

the standard reaction conditions instead of propene.

The results of the catalytic reaction, analogously to the standard reaction conditions,

15 are summarized in table 1.

Example 21

The catalyst is prepared analogously to example 14, but 1-butene is employed under
20 the standard reaction conditions.

Comparison experiment 1:
A solution of 0.104 g HAuCl, x 4H,0 in 400 m] distilled water is heated up to 70°C
and brought to pH 7.5 with an aqueous 0.1 N NaOH solution, 5 g titanium dioxide
25 (anatase/rutile mixed oxide; P 25 from Degussa) are added in one portion, with
intensive stirring, and stirring is continued for 1 h. The solid is washed 5 times with 3
litres distilled water each time, dried at room temperature in vacuo for 12 hours and
calcined at 400°C for 4 h. A gold/titanium dioxide catalyst with 1 wt.% gold is
obtained.
30



The catal yst is prepared anal ogously to exanple 14, but ethylenpe is

enpl oyed ﬁnderv"o%gl“&)77 the st agdar dyreacti onrrpcondi tions i ns%/epg?%?gl??rs%?pene.
The results of the catalytic reaction, analogously to the standard reaction
conditions, 15 are summarized in table 1. Exampl e 21

The catalyst is prepared anal ogously to eX&nple 14, but 1-butene is

enpl oyed under, 20 t standard reaction condjtjons. . arison
experi nent 1: TR results &6@8 |°§‘ef>’§ﬁ r?ﬁ"gﬁt}’laé‘&g o‘ﬁﬁﬁb {h&sfa]ndydmcgpp]ca%{ﬁg%o n
distilled wat egelssmhab&Onigbid ¢ 70[err] C and brought to pH 7.5 with
an aqueous 0.1 N NaOH solution, 5 g titani um di oxide 25 (anatase/rutile

m xed oxide; P 25 from Degussa) are added in one portion, with

intensive stirring, .and stirripg is continued for 1 h. The solid is washed
5 tines with 3tomparson ekperment 4y sy | | ed water each time, dried at room

t enper at uge i N3yRMHY 3 8log r L b% o 4
h. A gol d?ti ta?u um glfélg? e gg%ﬁ@é‘?e%{)ﬂsﬁg\;\?g& 8§|"3@?§3 aﬂ% @dh(E)bt gtn}éd.
30 solution of Ti(SO,), (calculated as titanyl sulfate: Ti(SO,), + H,O = TiO8O, + H,SO,) The

results of the catalytic reaction, analogously to the standard reaction
conditions, and 1.08 gHAuGkdissplyed thepein, J¥gre added dropwise to 209,ml of jam gqueous

i ment 2: , , e iSi 05
o1 0%) of an aftion ofPfihe 2237 (5 B Rkt cBon GOMRELIDLY S e 2
titanyl sulfatgerioli ¢S89 efin] S-ndineés berthdieh®dfahe Hropwilecadditid, et Iesulting

and 1.08 8 HAuCl [err] dissolved therein, were added dropwi se to 200 nl of
an aqueod aqueouss sYspension of dhe mixgdh grepipitategando400 mipek 8 ) sagsated, pqueous

carbonat e 45 ghgeh SGASRun Bl f o i REGRERRRSS B Rl 52
pH was 8.3. Afier the precipitate had been washed, the solid was dried in vacuo and
calcined at 400°C for 5 h.
A gold/titanium dioxide catalyst with 11 wt.% gold was obtained.
15
The results of the catalytic reaction, analogously to the standard reaction conditions,

are summarized in table 1.



10 "aqueous suspension of the mixed precipitate and 400 nml of a saturated
aqueous WO@@NWT on of magnesiumcitrate (6 g/l) were Stplc;r@g%p%ogso
continuously for I h for ageing. The pH was 8.3. After the
preci pitate had been washed, the solid was dried in vacuo and
cal cined at 400[err]C for 5 h. A-d6l-d/ titani um di oxi de catal yst
with 11 M.%ws obt ai ned. 15 The results of the catalytic
reaction, anal ly to the standard reaction conditions, are
summari zed in table 1. -16- Table
1 Cat al yst Propene oxi de sel ectivity Pr opene oxi de
yield (9% : : o) 0
Y97 Catalyst Propene n%ﬁl%e sEIe@%@lty Propen Hptlglfij( %)
4.7 Exgnpl e 3 >97(%) 3.4
Exampl e 4 >97 5.6 Exanpl e |5
>97 16 Exanplg, 6 >97
5.8 Exanpl e 7]3""‘“‘1’1@1 2077 51770
Exanpl e 8 Example 2>97 >97 3.7 4.7 Exanpl e |9
>97 5.4 Exampl e 10 >97
3.5 Exanpl e 1HExample 3 >97>97 34 4.4
Exanpl e 12 >97 0.4 Exanpl e |13
~97 Examplg 4 Exanpl & 14 56 297
5.7 EXBT”D' e 1Bxample 5 >97597 56 5.1
Exanpl e 16 >97 4.6 Exanpl e {17
>97 Examplg 67 ExanpP®7 18 5.8 >97
5.7 Exa{rrpl e 1ﬁxamp1e7 >97 g 4049

Example 8 >97 3.7

Example 9 >97 54

Example 10 >97 3.5

Example 11 >97 4.4

Example 12 >97 04

Example 13 >97 0.9

Example 14 >97 5.7

Example 15 >97 5.1

Example 16 >97 46

Example 17 >97 5.7

Example 18 >97 5.7

Example 19 >97 49

Example 20 >97 50

Example 21 >97 55

Comparison example 1 >97 14
Comparison example 2 >97 0.5




Exanpre 20 >97 5.0 Exanple 21
>97 WO099/40077 5 5 Conpari son exanple 1 PCT/EE@P/00530
1.4 Conpari son exanple 2 >97 0.5

-17- Pat ent cl ai ns 1. A process for the oxidation of an
unsat urat ed hydrocarbon in the gas phase -ild- the presence of a
hydr ogen/ oxygeE m xture on a catalyst coated with gold 5

particles, ch 1 in that a cal cined catal yst which has been

pr epar ed fromoptionally doped titanium oxide hydrate and is
coated with nanoscal e gold particles is enployed. 2.
A process accot.di ngAtproedsaifontlis oxiiationaifeniunsaturated thydtocarben irathel gas phass in

prepared by 10 the "deposition-precjpitati on"@fet hod. , . 3.

A process accor di ngthedPresepere P arhiydrogenigxysgeg, mxture 1oy & Cplalyst, eopted, withagold

cal ci ned . t W : | ' xi de
Sec i ¢ PoicBe kSl 0hes GRSAPLEIGK sl B bt s

hydrat e doped with ein an a and
10 wt. % i s enpl oyedfrofSoptionally doped titAniRf06%ids hedrater sidnig doatednyitlo handsedles 1
to 3, characterized in that a catal yst coated with nanoscal e
gol d particles in tealdpanigles rampeyed to 10 nmis enpl oyed.
20 5. A process according to any of clains 1 to 4, characterized in
that the oxidation of unsaturated hydrocarbons is optionally
carried out in2the ArR6&REccoidimtoichitl, characterized in that tHé8atalystds pRepaed bt i O
of the gas m xture enpl oyed of hydrogen / unsaturated

hydr ocar bd® / oxygethe/"dépositionquecipitatiod’ methedo / 10 to 50%/ 1 to 10%/ O to

50% 25 6. A process according to any of clains 1 to 5,
characterized in that ethene,
3. A process according to either of claims 1 or 2, characterized in that a calcined

catalyst which has been prepared from titanium oxide hydrate doped with
sulfate in an amount of between 0.05 and 10 wt.% is employed.
15
4. A process according to any of claims 1 to 3, characterized in that a catalyst
coated with nanoscale gold particles in the range between 1 to 10 nm is

employed.

20 5. A process according to any of claims 1 to 4, characterized in that the oxidation
of unsaturated hydrocarbons is optionally carried out in the presence of an inert
gas at a molar ratio of the gas mixture employed of hydrogen / unsaturated
hydrocarbon / oxygen / inert gas of 20 to 80% / 10 to 50% / 1 to 10% / 0 to
50%.

25

6. A process according to any of claims 1 to 5, characterized in that ethene,

propene, 1-butene or 2-butene is employed as the unsaturated hydrocarbon.

7. A supported catalyst coated with gold particles for the oxidation of unsaturated
30 hydrocarbons, obtainable by a procedure in which a titanium oxide hydrate,
which optionally contains sulfate, is coated with nanoscale gold particles in an

A



propehe, 1-butene or 2-butene is enployed as the unsaturated hydrocarbon.

7. A suppor VOP¥BHE| yst coated with gold particles for thf BT of
unsat urated 30 hydr ocar bons, obtainable by a procedure in which a
titani um oxi de hydrate, whi ch optionally contains sulfate, is

coated with nanoscale gold particles in ar8-

g T M i or o5l 10 w34 based o the muppon substances by s denosifigta e,

by the "deposi ti on- precipitation” methdd] &td ther #hdled, dridRbA@Ealciadf ¢ hen washed,
dried and cal ci ned. 8. A catal yst according to claim7,

characterized in that before the calcining, the 5 catal yst is

coated with naposcale | d part{.icles several tines, by th ..
" deposi ti on- pr &ci pi Aaqa?agwt agpéxfci‘% to claim 7, characterlzedS in t}'lnat be(fa‘ore the calcining, the
5 catalyst is coated with nanoscale gold particles several times by the

"deposition-precipitation” method.
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