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30 Many metals may be applied to supports by electroless deposition,
also referred tc as autocatalytic deposition. For example,
EP-A-0 875 235 describes a process for preparing supported
catalysts, in which a porous support is treated with a solution
of a salt of the catalytically active metal and a reducing agent,
35 and an electroless deposition of the catalytically active metal
is achieved in this way.

WO 00/59635 describes a process for preparing platinum group
metal catalysts on metallic supports, in which the metal is

40 deposited in the form of discrete particles. The deposition 1is
effected from an aqueous medium in which the platinum group metal
is present in complex form and has a pH of more than 4.

It is an object of the present invention to further improve the
45 activity and/or selectivity of the existing platinum group metal

catalysts, so that the space-time yield of the reactions

catalyzed by it may be increased. Furthermore, the platinum group
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t he 25 and/or heteropolyacid achieves a more homogeneous coating, i.e. a
more uniform distribution of the noble metal particles and a more
uniform particle size on the support, which leads to an improved
activity and/or selectivity. The homogeneity of the coating may
be investigated, for example, with the aid of scanning electron

30 microscopy and/or X-ray photoemission spectroscopy (ESCA).

The isopolyacid or heteropeclyacid is derived from an element
selected from niobium, tantalum, molybdenum, tungsten and
vanadium, preferably from molybdenum, tungsten and vanadium, more

35 preferably from tungsten. Isopolyacids are inorganic polyacids
which constitute the partial anhydrides of the orthoacids of
these elements and only contain central atoms of one type.
Examples thereof include heptamolybdic acid, hexatungstic acid,
dodecatungstic acid, bivanadic acid, decavanadic acid, hexaniobic

40 acid and hexatantalic acid. Heteropolyacids are inorganic
polyacids which, in addition to these elements, comprise a
further central atom, usually arsenic, iodine, phosphorus,
selenium, silicon or tellurium. Examples of such heteropolyacids
include 12-molybdophosphoric acid, 12-tungstophosphoric acid,

45 1l2-tungstosilicic acid and hexatungstoiodic acid. The iso- or
heteropolyacids may be formed beforehand and added to the
deposition solution or formed in situ in the deposition solution
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of palladium and iridium, of palladium, platinum and rhodium, and
of palladium, platinum and iridium. Particular preference is
30 given to the combination of palladium and platinum. In the
combinations with palladium, palladium preferably constitutes the
main component. The proportion of palladium is then preferably
[sic] more than 40% by weight, preferably more than 60% by weight
and more preferably more than 80% by weight, based on the total

35 content of the platinum group metal.

The catalytically active components of the catalysts according to
the inventicn may also comprise further elements apart from
platinum group metals as promoters or dopants, which influence

40 the activity and/or selectivity of the catalyst. These preferably
include metals such as cobalt, nickel, copper, silver, gold,
chromium, manganese, rhenium, aluminum, tin, lead, arsenic,
antimony and bismuth, and nonmetals such as boron, carbon,
silicon, nitrogen and phosphorus.
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antinony and bi snmuth, and nonnetal s such as boron, carbon, silicon;
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25 as glycolic acid, lactic acid, tartaric acid and gluconic acid,
and their salts. Examples of electronically neutral ligands
include alkylnitriles such as acetonitrile, amines such as
ammenia, primary, secondary and tertiary C;-Cg-alkylamines such as
ethylamine, n-propylamine, isopropylamine, n-butylamine,

30 tert-butylamine, hexylamine, dimethylamine, diethylamine,
diisopropylamine, di-n-butylamine, trimethylamine, triethylamine,
tripropylamine, N,N-dimethylethylamine,

N,N-dimethylisopropylamine and N,N-dimethylbutylamine, di-, tri-,
tetra- and polyamines such as ethylenediamine, diethylenetriamine

35 and triethylenetetramine, nonaromatic and aromatic cyclic amines

" such as pyrrolidine, piperidine, morpholine, piperazine, pyrrole
and their n-C;-Cg-alkyl derivatives, pyridine and phenanthroline,
phosphines such as tertiary C;-Cg-alkyl- and
Cg-Ciy-arylphosphines, in particular triphenylphosphine, and also

40 sulfides such as C;-Cg-mono- and -dialkyl sulfides, Cg-Cjz-mono-
and -diaryl sulfides and oxygen compounds, di-C;-Cg-alkanols and
phenols and also their ethers,

45
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25
Examples of suitable reducing agents include formic acid or
a-hydroxycarboxylic acids such as citric acid, lactic acid,
tartaric acid and in particular the salts of the carboxylic
acids, preferably the alkali metal, alkaline earth metal,
30 ammonium and C€;-Cjp-alkylammonium salts, phosphorous or
hypophosphorous acid, the salts of phosphorous or
hypophosphorous acid, in particular the alkali metal or alkaline
earth metal salts, C;-C;p-alkanols such as methanol, ethanol and
isopropanol, sugars such as aldoses and ketoses in the form of
35 mono-, di- and oligosaccharides, in particular glucose, fructose
and lactose, aldehydes such as formaldehyde, boron-hydrogen
compounds, for example borchydrides, boranes, metal borates and
borane complexes, for example diborane, sodium borohydride and
aminoboranes, in particular trimethylaminoborane, hydrazine and
40 alkylhydrazines such as methylhydrazine, hydrogendithionites and
dithionites, in particular sodium and potassium
hydrogendithionite, sodium, potassium and zinc dithionite,
hydrogensulfites and sulfites, in particular sodium and potassium
hydrogensulfite, sodium, potassium and calcium sulfite,
45 hydroxylamine and urea, and also mixtures thereof.
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hydr ox28easd|ratiasgium hydroxide, metal carbonates, in particular alkali
metal and alkaline earth metal carbonates such as lithium
carbonate, sodium carbonate, potassium carbonate, magnesium
carbonate and calcium carbonate, nitrogen bases, in particular
ammonia, primary, secondary and tertiary amines, such as those
30 described previously among the nitrogen-containing complex
ligands. Likewise suitable are buffer systems, in particular
those of the abovementioned bases, the salts of the
abovementioned bases and/or suitable acids. Particularly
preferred bases are ammonia and sodium hydroxide solution.
35
The deposition solution is generally agqueous, i.e. it contains at
least 10% by weight, preferably at least 30% by weight and in
particular at least 50% by weight of water. The portion other
than water is preferably selected from water-miscible solvents
40 such as methanol, ethanol, n-propancl, isopropancl, n-butanol,
sec~-butanol, tert-butancl, tetrahydrofuran or dioxane.

The supports used may be any catalyst support known to those
skilled in the art, either metallic or nonmetallic. Suitable
45 metallic supports are described, for example, in WO 00/59635,
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platlruﬁﬁ §r8eip fast grample, in chelatlte, steatlte, cordierite, anorthite,
mullite or pollucite. Preference is further given to ceramic
p g
composite materials.

Nonmetallic supports generally have to be activated. “Activation”

30 of the support refers to a procedure in which seeds are formed on
the surface of the support which support the subsegquent
electroless deposition of the platinum group metal. The seeds
generally consist of a metal, preferably a platinum group metal,
in particular palladium. To activate it, the support is

35 preferably treated with the solution of a sensitizer and then
with the solution of a platinum group metal salt. Useful
sensitizers are generally reducing agents, and particular
preference is given to tin(II) compounds, in particular tin(II)
chloride, and titanium(III)} compounds, optiocnally in combination

40 with other reducing agents. Other reducing agents advantageous as
sensitizers include salts of hypophosphorous acid. The activation
is described, for example, in EP-A-0 875 235, and reference is
made to its disclosure content.

45
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more than 70% by weight, preferably more than 80% by weight and
more preferably more than 90% by weight of the platinum group
metals used is deposited on the support. The platinum group metal

30 is generally so firmly bound to the support that it is not
significantly removed by contact with liquids and gases when used
in catalytic reactions. The elements on which the control agent
is based are found on the catalyst only in negligible amounts.

35 The catalysts according to the invention are suitable for the
hydrogenation of organic and inorganic compounds, and in
particular for organic compounds such as olefins, e.g. ethylene,
propylene, acetylene and butadiene, carbonyl compounds, e.g.
aldehydes and ketones, aromatics, e.g. benzene, and more

40 preferably for hydrogenating oxygen for preparing hydrogen
peroxide.

The present invention further provides a process for preparing
hydrogen percoxide by contacting the oxygen and the hydrogen in a

45 liquid medium, preferably a substantially aqueous solution, with
a catalyst according to the invention.



i s based are found on the catalyst only in negligible amunts. 35 Tg ‘
catal ysts according to the invention are suitable for the hydrogen t'%ﬁ‘%@«
organi ¢ and i norgani c conpounds, and in particular for organic conmpounds
such as olefins, e.g. ethylene, prop¥lene, acetylene and but adiene,

car bonyl Gﬁlﬂ’p@lblmt‘cat%lgstsaf@ierbf@e%yﬂlﬂdegﬁé e 4,08 HBLdeGEriBed; AGNZENE,
and o7 e 49,564 o1 ablos 0D V2088109, OS85 BLERSTI N Oger

per oxi de. i.nvent i on pr ovi rocess reparing
hydr ogen 58?7%3‘5? r:‘rb r&éﬁf%’é‘f‘? rg tgt’ré(EBXS‘z eﬁ“%‘t ﬁ@aE§‘a¥%g’éh “'ihr’rcg BBe | i qui d
medi um pFateledt >ﬁ°&°§éb§ﬂa?ﬂ q ynaqnéews kolnFeisent @b th bed oat ahyshe
accor di 13g foomt i qyri\mdrmomll)B cbrigRu2068 Qatﬁlys&ahhetsat@gt&ipilﬁeé t he

in which t a yst AcCOore N is present as a bed or in
the 5 form of cylindrically construct ed cat al yst units. Appropriate

shapi ng f 8hethgwighpbase prefarabilyuskjcidbs rirdeed topayo dnsitom ovet i then f | ow
condi t ilonsataygadedndThe ggisd matheel candstqinse poefieratd Yot ihckl es from

top to bobbomaNairrehe, Bk £ala1yS anbeg% wHggas mey be conducted in
cocurrent or in count ercurrent pref era in cocurrent. Preference is

given to feeg the h drogen to the reactor via one or nore internediate
feeds dowh&® %%Ergﬂcc?f 1fh er%‘ietﬂ f§ePdNHt the MHdreRen ok gldie sreacheraria The

super fi ci ahe vait goirey intermediaten fegds douhategeni ofi nipzlimemersnprpdiantabl y in
t he rangeofrem abguen26r tie ZAQQ whb, supsrer ipriafl evabbyity dftheehapgsn f rom 50

to 1400 nbhs Fhe Ireeaesbmnémmy proEelanapliy seﬁ;ef%gbd/f%m éa&& g anol s,

d
:Ng.t er20 5; %IO%HOO/ /\ga;g{';r%t oef%rer%gtlgl %%ht e rﬁf‘@?e?’é%rﬁy rrettohégg |u/rnn%§sge o

added. Wien an al coholic reaction nedi um | S wused, it may conprise 40% by
wei ght, pFes erefsityonphediymndspprefier gty memﬂedmlefcérébﬂ'lkﬁplql@ 59mby
wei ght 20opamat@rlarVeaye2Samphicri cekhanpl efitieanehei segitiem wedishngsewat er as
the sol e igeapddrQnupedsums By skabhtige dhe allﬁeﬁ@gerbﬂ%@fre%b% agai nst

GEaOS! bl Ol iy MO el ELCL AL 5oL el D et ¢

acid, in particula neral a s sul C. AC pJf'IOI’IC aci d
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reaction medium. To stabilize the hydrogen peroxide against

decomposition, acids whose pKa is preferably less than that of

acetic acid, in particular mineral acids such as sulfuric acid,

phosphoric acid or hydrochloric acid, are added to the reaction
30 medium. The acid concentration is generally at least

10-%* mol/liter, preferably from 10-3 to 10-! mol/liter. Traces of

bromide or chloride in concentrations of from 1 to 1000 ppm,

preferably from 5 to 700 ppm and more preferably from 50 to

600 ppm are generally also added. It is also possible, however,
35 to use other stabilizers, for example formaldehyde.

The reaction gas which, in addition to hydrogen and oxygen, may
also comprise other inert gases such as nitrogen or noble gases
generally has 0O;:H; ratios in the range from 2:1 to 1000:1.

40 Preference is given to using molar ratios in the range from 5:1
to 100:1, in particular 20:1 to 100:1. The oxygen used in the
reaction gas may also be added to the reaction gas in the form of
air.

45 In a preferred embodiment, the reaction gas is circulated. In
this case, the molar ratio in the fresh gas mixture is in the
region of stoichiometry, preferably in the range from 1.5:1 to
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30 The invention is illustrated in detail with the aid of the
appended figure and the examples which follow.

Fig. 1 shows the variation with time of the space-time yields for
the direct hydrogen peroxide synthesis catalyzed by a catalyst
35 according to the invention or a comparative catalyst.

Preparation of the catalysts

Example 1 (= comparativé example, cat. Blj}:
40
1200 g of steatite support from Ceramtec in the form of spheres
of 2 mm diameter were washed in succession with agueocus sodium
hydroxide solution, 25% sulfuric acid and distilled water. The
spheres pretreated in this way were then activated on a suction
45 filter by allowing a solution A (= 5 g/l of SnCl; + 10 ml/1l of
conc. hydrochloric acid) to act for 3 min, then, after filtering
off and washing with 0.5 1 of distilled water, allowing a
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Exanple 2 (= cat. B2): 25 The catal yst preparation of Exanple 1 was

repeat ed, g\ tlae( diff engnee that solution D additionally contains 405 ng
of sodium tungstate.

25 The catalyst preparation of Example 1 was repeated, with the
difference that solution D additionally contains 405 mg of sodium
tungstate.

The properties of the catalysts were tested in the direct
30 synthesis of hydrogen peroxide from hydrogen and oxygen.

Example 3:

A jacketed reactor having an internal diameter of 2.1 cm and a

35 length of 2.00 m was charged with the catalyst Bl. At 40°C and
50 bar of pressure, a solution of 5 g/l of phosphoric acid and
120 mg/l of hydrogen bromide in water was allowed to trickle at a
rate of 1.0 kg/h over the catalyst bed. At the same time, a
mixture of 3% of hydrogen and 97% of oxygen was pumped with the

40 aid of a gas compressor at a rate of 10 400 1 (STP)/hour from top
to bottom in a cycle over the catalyst bed. The gas mixture is
generated with the aid of two mass flow meters for hydrogen and
oxygen. Its composition is determined and controlled with the aid
of a thermal conductivity detector, over which a small bleed

45 stream is passed as an offgas stream.
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m xt ur 0l eavi ng the reaction tube was separated from the gases in a

separ at or Thdlithas sSoif| EhelNEef 1 @S SUE €ad L HeORYAYEAL MthyRkobbe P Ui gk
liquid foppy ﬂd@%&uH@'@P%d&%ﬁgggEMrﬂ%‘é Qbret D eﬁ‘ %{enSt the

d83S ¢ EES?{"
feed st The .hvd ent the | T
det er ni ngg%%:ﬁ?’htit bE¥ed G WaT e dthe RE26FT T HE SOtV BERF™ { i dorfent of

hydr ogen ifed aRdthhENTITRE LGP My dEGeacR obR UG SwBrE Wi ttige
cal cul dPebagrd oseltbet volume Isds stieonataidrsagbrd. The space-tinme conversion
(STC) is determ ned as the consunption of hydrogen in noles per unit tine

et o neg e B S Y e o it B8 100 e
on the vo 6]{90%58{. Bgﬁg’%@oﬁ"(}é‘?{’ a%g‘gt"grbler{d ilﬁeth%s?{]bod’l”gger‘é%ﬁc?%% ofrhe
results ate B SEnfiaFRLetf 9 AR 29I WPP1gAi ERAFEAY -oREe TRELVET ki on of
the splceqnafdzeieln vhe [Fabilgeli whiHoielBpwsi ¢Thel vaEiahpbe of 2% Exanple 3
was repeas@he-witnh yheldiWiftér enket tatsteahabyskid2 was used. This neasure

| eads to a higher space-tine yield owng to higher activity and a sonewhat

better sepgegldiw 4y (cf. Table 1 and Fig. 1). It can be seen that the STY
for the catal'yst according to the invention is always above the STY of the

25 Example 3 was repeated, with the different that catalyst B2 was
used. This measure leads to a higher space-time yield owing to
higher activity and a somewhat better selectivity (cf. Table 1
and Fig. 1). It can be seen that the STY for the catalyst
according to the invention is always above the STY of the

30 comparative catalyst.

No. | Catalyst | T [°C] Select- STC STY Running
ivity [molH>/1h} | (gH20;3/1h] time
35 3 Bl 509C 79% 3.0=-2.7 85-77 90 h
4 B2 sooC 81% 3.4-3.0 100-85 >400 h
40

45



30 conparative catalyst. 35 40 No.Catalystl | T [C] Sel ect- STC STY WWR”@DS
ivity[mol H2/1 h][gH2Q2/ 1 h] ti me 3B150C79%3. 0- 2. 785- 7790 h

4B250C8193. 4- 3. 0100-85>400 h 45 3 1 R 2005 13 W& claim 1. A supported

pl ati num group netal catalyst obtainable by 5 controlled el ectrol ess
deposition of at |east one platinum group neta]. froma deposition

sol ution Whickigonprises i) at | east one honbgeneously dissolved platinum

group netal conpound, 10 ii) a reducing agent and iii)at |east one con]trol

t | ect e i o) d f.ni m tantal um
?rglegbdzeu?nc 'g 2 Ijt%ap%%@ﬂ%o&%%p RS%%I ('paot ?’%I %Pﬁam quag’ ¥s on which
t he confrol a@%’?ﬁrqqé gag ﬁcﬁﬁ%%éjteé’é’ﬁéﬂl% ctﬁnét é&taﬁFy%rfe dHiayippm

negl i gi bl e an®ifis nexal Afsamad ydanass tébai sebhdierc Wailgh 1congrdseisn t he
platinumgroup 20 nmetal is selected from palladiumor a conbination of

| |
pal I adi um andj p aéErEHHst3oné feh&dRionds y Chﬁéégﬁkéd1 Qaﬁiﬂﬁédﬁfgé%gpﬁg fein

the platinum gr oup. %] conpound conprlses a platinumagro conpl ex
25 having a nltrogeﬁ)confalnlng ligand. 4. A catalyst as clained in any of
t he préeedlng clainms, wherein the deposition solution has a pH of from3$8
to 12. 30 5. ﬁ@baﬂeﬂ%ﬂﬂ?l&g ebanteand n any of the preceding clainms, wherein
the isopolyacid or heteropolyacid is formed in situ in the deposition

sol ution fromg fROongR: 'tcoﬁé e&hmr'g%ngxgé éh&edﬁ frémc FSfacdBsCLl Ted g
in any of the prelf o%?cf.y%\c EI‘EIg 35T't %]]s porﬁm)%e een activate
bef ore_the deposition %/a:& $UBr aF I e Wherein the
supporllshas beent¥1584€8d 208 'é?:rt‘? T Ot tRPER %216 uthene tementsensi ti zer
~and then with thevsigitutthgncefteoblagantuisgbasgyd etialg datected on the

catalyst only in negligible amounts.

2. A catalyst as claimed in claim 1, wherein the platinum group
20 metal is selected from palladium or a combination of
palladium and platinum,

3. A catalyst as claimed in claim 1 or 2, wherein the platinum
group metal compound comprises a platinum group metal complex
25 having a nitrogen-containing ligand.

4. A catalyst as claimed in any of the preceding claims, wherein
the deposition solution has a pH of from 8 to 12.

30 5. A catalyst as claimed in any of the preceding claims, wherein
the isopolyacid or heteropolyacid is formed in situ in the
deposition solution from a monomeric or oligomeric oxoacid.

6. A catalyst as claimed in any of the preceding claims, wherein
35 the support has been activated before the deposition.

7. A catalyst as claimed in claim 6, wherein the support has
been treated to activate it with a solution of a sensitizer
and then with the solution of a platinum group metal salt.

40

8. A catalyst as claimed in any of the preceding claims, wherein

the support is selected from ceramic materials and glasses.

45



40 8. A catalyst as clained in any of the preceding clains, wherein Tt@ﬁ? 0
support is selected fromceramc materials and glasses. 45 3 1 MAR 200 yl]
9. A process for hydrogenating nolecu] ar inorganic or organic conpounds, in
whi ch the conmpound to be hydrogenat edt4s contacted with hydrogen in the
presence Of- a cargrypss fer hoidrogedakanamolefcudhkai iorigand.cBorSodganik process
as claimed i n cimpioim8sf oin piMERAM tRY BYESQGRN toPBE OydigeWaeegi s t he

i norgani c COHQQHRQctéd”Pf@PHJ ro%éxg§ﬂ'ﬂkiﬁrAsQﬁggq§§a %&%gf%ggﬁ%;ncglgiggt

10, wherein th gen and 0 cg are contact
ina liquid m 12“353 g’F‘Br p‘i’ ;arlngacatalyst as claimed in
any of | ai N 1t08 in Wmch at |l east one platinumgroup netal is

deposi t ed I§nt & @rsupperis pladmedt ol ebsind@pdstt proepdrion aydbogkeposi tion

sol ution whi chhezoRREE S ashdreidl theashonsiamRorBasRaRYSlsy m@'l§§ﬁ)ié’le%:§)ﬁ%tn' num
group netal conpound, 20 ||) a redu0| ng agent and iii) | east

control agent selected fro acjds and heteropol yaci ds of ni obium

{antal um 1ol h@ERERT® 34 imRBon L 0 whotei RheLprESSD AT the 40, 45

hydrogen are contacted with the catalyst in a ligquid medium.
12. A process for preparing a catalyst as claimed in any of

claims 1 to 8, in which at least one platinum group metal is

deposited onto a support by electroless deposition from a

15 deposition solution which comprises

1) at least one homogeneously dissolved platinum group metal
compound,

20 ii) a reducing agent and

iii)}at least one control agent selected from isopolyacids and
heteropolyacids of niobium, tantalum, molybdenum,
tungsten and vanadium or their salts.
25
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